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PREFACE

This Proceedings follows the format of those for the 1973 and 1975 symposia, Much new material
had been presented in it, however, and while it appeared for a time that the subjects under
discussion had reached a plateau, it now seems that new impetus has been given to failure
analysis, its accompanying tools, and to methods of correlation of reliability testing and
nondestructive techniques. It has become apparent that we must turn to fleet operators, their
suppliers, and their rebuilders to join with the practitioners of the various disciplines to
learn the significance of particular anomalies, to learn how and if the anomaly can be related
to failure mechanisms, and to develop instrumentation that can detect significant anomalies at
the earliest possible stage in the life of a tire.

After more than four years of corresponding, visiting, writing, and editing, your editor senses
that the nondestructive testing art is on the verge of bringing all the loose ends together into
a package that will be of great value to the users and the producers. He does not have the
solutions and only hopes that by asking the questions of you, the readers, that the needs,
opportunities, and recommendations for concentrated effort will be explored and possibly an-
swered - or even only enunciated for others to consider and research,

The preparation of the Third Symposium spanned two administrations of the Akron Rubber Group and
it would be inadvisable to list the many fine people of the Group who assisted our effort lest
someone be unintentionally omitted. The Akron Rubber Group was not a figurehead host. Their
members gave outstanding support in many specific areas and our deep appreciation is expressed
to them all.

Paul E. J. Vogel
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AGENDA

REGISTRATION
Ballroom, The Holiday Inn Cascade, Akron, Ohio

CONVENE MEETING
Paul E, J. Vogel, Army Materials and Mechanics Research Center, Watertown,
Massachusetts

WELCOME TO AKRON
G. Robert Moore, Chairman, Akron Rubber Group, Inc., Akron, Ohio

OPENING REMARKS
LTC Edward E. Chick, USA, Commander, Army Materials and Mechanics Research Center,

Watertown, Massachusetts

KEYNOTE ADDRESS
Richard S. Walker, Vice President and Editorial Director, RUBBER WORLD,

Akron, Ohio

GENERAL SESSION

THE ECONOMICS OF NDI IN RETREADING...AN INDEPENDENT SURVZIY
James D. Weir and Kay Weir, TIRE PRESS, Culver City, California

WEAR MEASURE ON THE TIRE RESEARCH FACILITY
Dieterich J. Schuring, Calspan Corporation, Buffalo, New York

Coffee Break

A SEMI-AUTOMATED PULSE-ECHO ULTRASONIC SYSTEM FOR INSPECTING TIRES
Dr. Robert P. Ryan, DOT Transportation System Center, Cambridge, Massachusetts

PRODUCTION TIRE INSPECTION WITH X-RAY
Ted G. Neuhaus, Picker Tire Systems, Cleveland, Ohio

LUNCHEON

A NEW DYNAMIC FORCE AND MOMENT MEASURING MACHINE
John C. Ryder, Fabricated Machine Company, Massillon, Ohio

DEFLCT SIZE CRITICALITY STUDIES IN RETREADED MILITARY (26 x 6.6) AIRCRAFT TIRES
Douglas Baker and Larry Klaasen, Naval Air Research Facility, North Island,
San Diego, California

COMMENTS UPON THE STRUCTURAL INTEGRITY AND UNIFORMITY OF AIRCRAFT TIRES AS
OBSERVED BY HOLOGRAPHY
Dr. Ralph M. Grant, Industrial Holographics, Inc., Auburn Heights, Michigan

RECEPTION AND BANQUET
BANQUET SPEAKER

Mr. James C. Gilkey, Equipment Group, Office of Standards Enforcement, National
Highway Traffic Safety Administration, Washington, DC
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0830 Hours ARMY PROGRAM IN NDT OF TIRES
David L. Gamache, Session Chairman, U.S., Army Tank-Automotive Command,
Warren, Michigan

0845 Hours CASING QUALITY DETERMINATION
1 Wieslaw Lichodziejewski, GARD, Inc./GATX, Niles, Illinois
0910 Hours ULTRASONICS VERSUS ROAD TESTING
Brian E. Emerson, U.S. Army Tank-Automotive Command, Warren, Michigan i
0935 Hours HOLOGRAPHICS VERSUS ROAD TESTING
Joseph S. Hubinsky, U.S. Army Tank-Automotive Command, Warren, Michigan
E 1000 Hours Coffee Break
)
E . 1015 Hours MAINTENANCE EXPENDITURE LIMITS BY NDT

Dr. R. N. Johnson, GARD, Inc./GATX, Niles, Illinois

1135 Hours ANNOUNCEMENT OF WORKING GROUPS
Charles P, Merhib, Moderator, Army Materials and Mechanics Research Center,
Watertown, Massachusetts

b 1200 lours LUNCHEON
i 1400 Hours WORKING GROUP MEETINGS
!
1 X-Ray Ted Neuhaus
k 1 Ultrasound Gwynn McConnell
Eo Infrared Nicholas Trivisonno
| Holography Ralph Grant
i
1 29 January 1976
0900 Hours CONVENE MEETING

Charles P. Merhib, Moderator

0905 Hours WORKING GROUP REPORTS
Each working group will present a summary of its findings and recommendations

1030 Hours PANEL DISCUSSION

1300 Hours BUSES DEPART FOR GOODYEAR TOUR

30 January 1976

0900 Hours BUSES DEPART FOR GOODYEAR TOUR
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CHAPTER | - WELCOME TO AKRON

G. Robert Moore
Chairman, Akron Rubber Group
Harwick Chemical Corporation
Akron, Ohio

Ladies and gentlemen, on behalf of the Akron
Rubber Group and the city of Akron, I welcome

you to the Third Symposium on Nondestructive
Testing of Tires. As many of you know, Akron
wasn't always the rubber capital of the world.

As a matter of fact, several other industries
have been rrenowned here in Akron. The milling
industry started out in the early 1820's and the
reaper industry was prominent here in Akron in
the early 20's and 30's and then moved westward.
The rubber industry was founded here in 1870 by
Benjamin Franklin Goodrich. He started out in
small hose and similar rubber type materials.
There are other prominent names that sprang up
around the end of the century, names like Diamond,
Miller, Firestone, Sieberling, Goodyear, and Star.
Some of these you may remember; others are still
prominent here in town.

Quite naturally, then, since Akron is the rubber
capital of the world, the largest assembly of
rubber technology is also here, and has banded
together to form what we know today as the Akron
Rubber Group. Our first Group meeting was in
February of 1928, and has grown consistently with
the rubber industry until today we have over 2,000
members. We have followed basically the same
meeting format for many years. We have three
technical meetings a year: one in the fall, gen-
erally in October; one in the winter, near the
end of January; and one in the spring. We also
have other types of outings for our general mem-
bership. We have a family night in the fall
which is a sports type of evening, where we in-
vite the family to go to the Coliseum to a hockey
or basketball game. In the winter, we have our
scholarship dance. This year it's going to be
held around Valentine's Day at the Firestone
Country Club., During the summer, we hold what

we call the 'world's largest golfout' at the
Firestone Country Club. All members and guests
of the Akron Rubber Group are invited and usu-
ally over 600 golfers participate,

\
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The Akron Rubber Group is also somewhat philan-
thropic in nature and does maintain a nonprofit
posture. We sponsor five scholarship students.
Each of these deserving students must maintain a
3.0 overall average in their scientific or engi-
neering field of endeavor. In addition, we hold
a technical lecture series which consists of 10
or 12 lectures throughout the year. This year we
started in January and will run through to about
the middle of March, holding it on a Monday
evening at Knight Hall at Akron University. These
lectures are generally attended by about 9,400
people, and they are very technical in nature.

I would like to invite all of you to attend our
Annual Winter Technical Meeting, which is this
Friday. It starts at 2:00 p.m. and admission is
by membership to the Akron Rubber Group. If any
of you are not members of the Akron Rubber Group,
the membership tickets will be available at the
door. We will have two technical symposia which
will run simultaneously. One will be on rubber
processing and the second is on '"New Flexible
Elastomers for Automotive Filler Panels and
Facia." This is something completely new as far
as the Akron Rubber Group is concerned. 1 would
like to encourage all of you to attend if you so
desire.

If any of you are looking for something to do
here in the evenings, I would recommend the con-
certs and the ballets at the E. J. Commerce Per-
forming Arts Hall. Also, Akron is renowned for
its restaurants, and I can recommend several.

If you have any questions, or if there's anything
at all that we in the Akron Rubber Group can do
for you, don't hesitate to ask. Again, I want to
welcome you and thank you for having me as your
guest.
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LTC Edward E. Chick
Army Materials and Mechanics Research Center
Watertown, Massachusetts

It is a pleasure for me to be here with you this
morning to participate in the Third Symposium on
Nondestructive Testing of Tires. First, I'd
like to thank each of you for being here, thank
the authors of papers you are about to hear, and
the Akron Rubber Group for the support they have
given in planning this meeting. We at the Army
Materials and Mechanics Research Center are very
pleased to be able to participate in this sympo-
sium and we believe it appropriate that the Army
as well as the Materials Research Center do this
because we are a pretty sizeable customer of the
tire industry. The research and development
community of the Army must, therefore, be inti-
mately involved in the tire business. We be-
lieve that the Army's research community, which
contains the Army Tank/Automotive Command's lab-
oratories as well as our own, have made valuable
contributions to the overall field of nondestruc-
tive testing of tires, and we know that the NDT
Information Analysis Agency at our Center has
been of service to you. I have reviewed the ab-
stracts of the papers to be presented and also
the previous symposia Proceedings. I was grati-
fied to see that there are very obvious advance-
ments in the techniques involved with the testing

of tires, including the reliability of the proc-
uct as well as apparent reductions in the cost.
Cost reduction, of course, is the name of the
game and it is vital that we continue making
major progress along these lines, In order to do
this, of course, requires additional investment
in time and resources. To save money, we have
to spend money, Each of us can only hope to
attain what the Army sometimes refers to as "the
biggest bang for the buck."

1 came to my present assignment from the Army's
European Research Office where I was fortunate
enough to be able to travel around and visit
various university, industrial, and nonprofit
research organizations, and I did have a part to
play in some of the nondestructive testing activ-
ities including the International Research and
Development Corporation's research efforts in
their laser speckle pattern technique. So I am
familiar with the work that you people are doing.

I hope that you enjoy the symposium and that it
will be a rewarding professional experience for
you. If there is anything either I or my staff
can do for you, please let us know.

soscn
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CHAPTER 1l - KEYNOTE ADDRESS

Richard S. Walker
Vice President and Editorial Director, RUBBER WORLD
Akron, Ohio

If we look at the record, tires are better than
ever and an extremely important factor in the
"good life' we lead and a key to the prosperity
we all desire for the future. After the discov-
ery of the wheel itself, the invention of the
pneumatic tire was a necessity to permit the
development of our current most important mode of
transportation, the motor vehicle. I, for one,
firmly believe that automobiles, trucks, busses,
and off-the-road rubber tired vehicles will con-
tinue to play their vital role in our lives for
the foreseeable future. Rail, water, and air
transport are also important but would soon grind
to a halt without the support of road transport.
Look what has happened in just my lifetime! When
I was a boy, a trip from our home in central
Massachusetts, down the Connecticut Valley and
along Long Island Sound, to my grandparents home
in Westchester County, NY, was a major trip.
Essential equipment carried in the trunk included
the jack, lug wrench, and spare tire but also
needed were a tube patching kit, tire changing
irons, an air pump, and pressure gage and probably
spare tubes. Not to mention chains, monkey links,
candles, and lap robes if it was to be a winter
excursion.

The roads, of course, were far inferior to those
we are accustomed to today. Rough and full of
pot holes. The chances of making such a trip
without tirce failure were slim indeed. Snow tires
and snowplow equipped highway trucks had not yet
become common and chains were the order of the
day during snow periods. Broken chains also took
their toll and caused punctures in many cases.
Service stations to repair or replace tires were
few and far between so the burden of keeping four
good tires on the road fell on the motorist him-
self, The foresighted traveler had at least one,
and probably more, spare tires with tubes mounted
on rims and ready to go. If not, the tire had to
be taken off the rim, a new tube inserted or the
old tube patched and the assembly put back to-
gether followed by the exercise of pumping it
back up by hand.

Today, only the jack, lug wrench, and spare tire
remain. Even these are seldom used and probably
they also will be obsolete as the run-flat or
self-sealing tires reach maturity and reduce the
normal complement of a car to four tires from the
present five. As an aside, while it probably is
not absolutely essential, I do recommend that the
air pressure gage be retained on a vehicle and

used periodically to insure proper inflation and
thus maximum service of the present tires, good
as they are.

At that time, we could expect five to 10,000 miles
from a tire. In more recent times that value

was pushed up to the 20 to 30,000 mile range and
the introduction of the tubeless tire improved
safety. Today we have the 40,000 mile radial
tire which is also extremely durable, On a cost
performance basis, allowing for inflation, tires
are still a very good buy.

As an indication of relative tire values over the
years, our sister magazine, Modern Tire Dealer,
published a replica of a tire price book for 1920,
In this listing there are basically two types of
tires. Fabric reinforced and cord reinforced.
The fabric tires were generally guaranteed for
5,000 miles and cost in a range from about $16.00
to as much as $50.00 or $60.00. Cord tires were
generally guaranteed for 8,000 miles and prices
ranged from about $30.00 up to over $100.00 in a
few cases. Some of the fabric tires were rated
for 7,500 miles particularly those described as
Ford sizes. At least five of the cord tires were
guaranteed for 10,000 miles and one manufacturer
even stuck his neck out for 12,000 miles. As you
can appreciate, however, at prices that don't
seem out of line for today's tires they gave
considerably less treadwear. And, we must remem-
ber, they required tubes which cost $3.00 to
$10.00 additional when considering the total cost.

We are not here to discuss financial business
particularly but these accomplishments have been
made by an industry not famous for profitability.
Wall Street and the investment community have
consistantly rated the rubber industry below par
due to low profits and below average return on
investment. This does effect us as will be
pointed out later.

Now! Why are we gathered here this week to dis-
cuss nondestructive testing of tires?

There are two important, major reasons why tire
companies spend large sums of money for all types
of testing.

The first is the most important and overriding
reason for our existance. It is to provide the
motoring public with the safest, longest lasting,
and trouble-free tire possible consistant with
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the quality level involved. This is basic and
should be uppermost in our minds at all times.,

We sometimes lose sight of the forest because of
the trees and although our superiors” wishes and
the profit of the company must be considered, the
ultimate goal we must meet is for John and Jane
Public to be able to go to work, shopping, school,
vacaticn, or across country with minimal attention
to their tires ... and no trouble due to con-
struction or manufacture of those tires.

The other reason stems from the first and concerns
our obviously selfish desire to avoid warranty
replacements, scrap tires in production and, above
all, to avoid large scale recall problems. Any

of these problems are expensive and are nonpro-
ductive for both the consumer and the company.
Even if the customer is satisfied that fair treat-
ment was received in a replacement or allowance,
that person has been put through an extra period
of inconvenience. The company, also, loses money
on the deal. All of this, of course, must be
borne by the consumer in the form of higher prices.

Let's do some very elementary arithmetic. Priduc-
tion of automobile and motorcycle tires in 1975
(not one of our better years) will exceed 150
million units. Using 260 working days this breaks
down to over 500 thousand units per day or 170
thousands units per shift in a three-shift day.
Assume an average wholesale price of $25.00 per
tire. On the basis of these assumptions, if just
one shift of all United States tire manufacturers
production were to be recalled, value of the

tires alone would be over $4 million. Add to

this the costs of the program and you can see

we are talking about big money.

We are all aware of the tremendous amount of
destructive testing carried out by tire companies.
There is still no alternate, as a final test, to
putting tires on a vehicle to find out how they
will perform. We cannot, however, test too many
production tires destructively and make money.
That has created the demand for nondestructive
tests which brings us together at this meeting.
The ultimate goal probably should be one or more
nondestructive tests on every tire produced.

This would provide the maximum assurance that
every tire shipped would perform satisfactorily
and keep warranty or recall returns to a minimum.

Sa¥ing this, and looking over this audience; I

see the suppliers of nondestructive testing equip-
ment gazing at the ceiling with big dollar signs
dancing in their eyes like proverbial sugar plums.
I'm sorry but again money, unfortunately, rears
its ugly head.

As with most situations, we must compromise, The
cost of nondestractive testing, or Indeed all

testing, must be balanced against the value ob-
tained. Yes, warranty and recall programs cost
money. It makes no sense, however, to spend even
more money to reduce these programs to zero.
There has to be a balance which equals the lowest
net cost to the company.

We must do enough testing so that the quality
assurance level (the laws of chance to we gamblers)
will be of such a nature that we can be reasonably
sure that tires being shipped will be primarily
satisfactory thus minimizing any large warranty
costs but not so much that testing costs more

than any possible savings in warranty costs.

I cannot cell you where to draw the line. The
specific point will vary from company to company
and probably even from plant to plant within the
company. This is a condition which must be
analyzed carefully and determined by actual
experience as time goes on,

My point is that we must keep in mind that we can
provide valuable development information but the
greatest gain will come from providing production
people with a tool which will help to insure
quality and will help spot trouble spots. We
must do this, however, without adding excessive
costs in the process.

If a really good job is done with nondestructive
testing, furthermore, is should be possible to
spot and identify troublesome situations of either
a temporary or long-term nature so that these
problems can be rectified with a resulting in-
crease of productivity and quality as they are
eliminated. These two, productivity and quality,
are among our major goals to be met for improved
profitability.

Meeting these goals would be desirable under any
set of conditions but become extremely important
in the face of threats by government or consumer
groups forcing any real large scale recalls. As
pointed out before, recalls could cost a company
a great deal of money. Even the threat of a re-
call, however, could cause the expenditure of
considerable amounts of money in legel or releted
costs even if the actual recall never takes place.

In spite of all best efforts, it is entirely pos-
sible that recalls will occur. In this event,
nondestructive testing could be invaluable. De-
pending upon the reason for the recall, it is
entirely¥ possible that actually defective tires
could be identified and that those which are not
defective could be cleared and returned to in-
ventory for resale thus reducing considerably the
loss which the company might otherwise incur.

I don't think that it is necessarily bad for us
to have the government or consumer groups looking
over our Shodlder and providing 4 stimalus for W8
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to do a better job., I am, however, somewhat at a
loss to explain why the federal bureaucracy has
singled out tires for such extreme regulation
except that tires are highly visible and easily
identifiable and once an item is involved in
regulation large staffs and empires seem to be
built by the bureaucrats. We are not perfect and
as long as such monitoring is fair and not oppres-
sive it can be a healthy condition making the
public feel more secure. The safety record and
the value delivered by tires today do not, in my
mind, justify many of the regulative measures
already in effect or being proposed.

What many of the regulators seem to forget is
that we are in a very competitive industry even
if it is somewhat limited in number of companies.
Particularly here in Akron, if one company puts
out a new line of tires it is not long before many
of you here and other chemists and engineers of
the competitive companies have a quality rating
for that new line of tires. If it should turn
out that this line is below average in the market
place that fact will soon be known throughout the
industry and the word gets back to the company
involved. If n:>cessary, additional design and
development work gets cranked up on a crash basis
as many of you present well know, This self
appraisal is probably even more effective than
any regulations in keeping us on our toes and
insuring ever better products.

Meeting the needs of all these groups, the company,
the motoring public, government regulation, and
copnsuner organizations, howewce, Qs why We Bre
gathered here today and why this conference is
being held.

1 am not an expert on nondestructive testing and
I certainly am not going to try to suggest where
or how any particular test might surpass another.
Speakers to follow will cover the specifics in
detail of holography, infrared, ultrasound, and
X-ray. The working group reports on Thursday
morning will undoubtedly add considerable new in-
sight into each test method and what the benefits
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or drawbacks of each may be, There should be a
place for each of the tests in the total scheme.

I would like, however, to make some general
comments.

Those of you who are involved with the design,
production, and sale of a particular piece of
testing equipment are, I'm sure, firmly convinced
of the superiority of your product and that it is
the best on the market. This is as it should be.
You owe it to yourselves and the industry, however,
to present your facts, your tests and your potential
as clearly and completely as possible so that a
fair appraisal can be made by interested customers.

Those of you who will be involved in the evalua-
tion and ultimate purchase of such units should
keep an open mind in your deliberations to insure
that you obtain for your company the best possible
equipment for optimum results at the most reason-
able costs,

While these suggestions may seem very elementary,
I have seen so many cases where bias or personal
prejudice color the decisions of an individual or
department. Such decisions may or may not be in
the best interests of the company for whom they
work.,

There is no question in my mind that, as things
shake down, some companies will opt for certain .
tests and other companies will settle on another
machine. Perhaps every company will have every
typu of test but this Jdoes seen somevhat ymiikely
in my mind. I certainly have no personal interest
in any specific test and am only concerned that
the equipment selected fits the needs of the
company and helps to pravide better tires for the
future.

I wish to thank the organizers of this conference
for asking me to take part and I wish you all,
participants and guests, the greatest success
here and in your future operations.
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BANQUET ADDRESS

James C. Gilkey
Office of Standards Enforcement
National Highway Traffic Safety Administration
Washington, D.C.

It is indeed a pleasure for me to be with you
today and participate in this Third Symposium on
Nondestructive Testing of Tires. I would like

to thank the sponsors of this symposium for their
invitation,

As Mr. Vogel has indicated, I am with the National
Highway Traffic Safety Administration, of the
Department of Transportation, More specifically,
I am in the Office of Standards Enforcement within
the Motor Vehicle Programs area. It is the re-
sponsibility of our Office to enforce the Federal
Motor Vehicle Safety Standards (FMVSS), We ac-
complish this mission by means of an in-depth
physical test program and a comprehensive review
of manufacturers' certification data. This
evening I will be emphasizing the physical test
program as I believe that will be of the most in-
terest to you.

I will give you a general description of our over-
all test program and then describe in detail one
of our most interesting individual programs.

Time does not permit me to go into detail on ail
of our programs.

The subject which I will be discussing, compliance
testing, may seem at first glance to be the exact
opposite of the nondestructive type of testing
which you have been and will be discussing. How-
ever, I believe that there is a definite tie-in

of the two types of testing, even recognizing the
primarily destructive nature of most existing
compliance test methods. There is always the
potential that some of our tests in the future

may utilize nondestructive techniques either in
lieu of or as an adjunct to present methods. As
. exanple, the new dltrasomie rtesting proecduse
recently developed by DOT's Transportation Systems
Center in Cambridge, Massachusetts, might well be
used to pre-screen tires for indications of non-
compliance with FMVSS No, 117, "Retreaded Pneu-
matic Tires - Passenger Cars." We presently check
for compliance with the casing requirements of
that Standard by peeling back the tread and making
a visual examination of the cap-carcass interface.
By using some type of nondestructive pre-screening
technique, we might be better able to pin-point
possible problem areas and thus be more efficient
in our enforcement effort,

The basic approach used in our compliance test
program is to selectively sample, on a random
basis, new vehicles and items of motor vehicle
equipment from the market place and sabject them

to the tests specified in the standards. The
tests are conducted at independent laboratories
around the country. The number of laboratories
used ranged from eight in the early days of our
enforcement program to a high of 22 in Fiscal
Year 1971, There were 17 in our most recent pro-
gram, FY 1975, All known organizations having
the capability to conduct each particular type
of test are given the opportunity to bid and con-
tracts are awarded on a competitive basis.

The high quality of work and degree of profes-
sional excellence that is present in the inde-
pendent laboratories, and I am sure that many of
you are associated with such organizations, is
essential to a viable enforcement program. As
you can recognize, it is imperative that tests
be conducted strictly in accordance with the
standards to ensure the validity of any failures
which may occur. The effectiveness of our past
enforcement efforts has been due, in no small
measure, to the high caliber of work in the in-
dependent test laboratories.

We assign contract technical managers for each
individual standard enforcement program. It is
their responsibility to monitor the testing pro-
gram by making periodic visits co the laboratory
to ensure that -orrect procedures are followed
and by reviewing all test results for accuracy.
As further insurance against invalid results, we
have an internal OSE Laboratory Audit Program.
One of our engineers, who is highly skilled in
instrumentation and calibration techniques, makes
periodic reviews of the laboratory operating and
calibration procedures. This engineer, who re-
ports directly to the Director, OSE, helps to
ensuse that prosedures and equipment ase within
prescribed guidelines,

If a failure occurs in our laboratory test we

then initiate a conprehensive investigation on

the item which failed, One of our first actions

is to notify the manufacturer by phone of the
failure, This permits him to immediately swing
into action to check the adequacy of his product,
We then follow up with a more formal document
which we call the certification information re-
quest (CIR) letter, which may ask many questions
but, most important, it requests the manufacturer's
certification and surveillance test data. Paral-
lel to this action we may conduct retests on the
item and review other relevant data on the subject.
After all of the information has been collected,
our engineers conduct an Intensive analysis of
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the data, We are particularly interested in the such as FMVSS No, 105, "Hydraulic Brake Systems,"
testing which the manufacturer has conducted both require a vehicle track test with instrumentation
for original certification of the product and for such as the fifth wheel,
in-process quality control, We review the proce-

; dures and equipment used as well as the results A composite showing the compliance test program
obtained. If there are differences in their re- for equipment items from FY 1968 through FY 1975
f sults as compared to ours, we attempt to ascertain includes items which are tested separately from
the reasons for such differences, the vehicle, sometimes referred to as 'bench tests,"
| These equipment tests are the ones with which I am
After completion of the analysis, we usually hold most familiar as this is my particular area of
an informal technical meeting with representatives responsibility,
of the manufacturer and discuss any issues which
are still unresolved. One of the primary consid- Some examples of the types of equipment tests con-
erations at such meetings is any recall action ducted are the whip test on brake hoses, cycling
which the manufacturer may be considering. After tests on seat belt retractors and these tests, with
the meeting, a decision is made, based on the which I am sure that many of you are very familiar,
) technical data, as to whether there is a strong bead unseat tests on tires and endurance and high
indication of noncompliance to the standard., If speed wheel tests on tires, In 1975 there were
so, the case is forwarded to our Office of Chief 217 vehicle tests conducted with 18 failures for a
Counsel for appropriate legal action, If not, failure rate of 8.3 percent, There were 2,859
the case is dropped. equipment tests conducted with 102 failures for a

failure rate of 3.6 percent.
| The process which I have just described is the

most simplified case., In many instances, there I believe that gives you a fairly good picture of
are several iterations of certain portions of the our overall test program and our investigative
process, For example, there could be numerous process, As an example, I would now like to go
! letters to the manufacturer requesting additional into more detail on one of our more recently ini-
, data or numerous technical meetings. tiated programs - motorcycle helmet testing.
' As you might imagine, once the case reaches our Federal Motor Vehicle Safety Standard No. 218,
Office of Chief Counsel, the procedures become "Motorcycle Helmets," became effective on March 1,
' more formal, In accordance with Public Law 89- 1974. Shortly thereafter we began planning our
563, the complete process requires that an Initial enforcement program for the standard. In a com-
, Determination of noncompliance must first be made, petitive procurement, a contract was awarded to
: a public hearing is held to afford the manufac- the Southwest Research Institute in San Antonio,
| turer or any other interested party an opportunity Texas, and compliance testing was started in
} 1 to present their views and then a Final Determi- September 1974.

nation is made.

Rt The requirements of FMVSS No. 218 are impact at-

| i) There were 47 standards in effect in FY 1975 and tenuation, satisfactory labeling, retention system

[ i 23 of these were included in our test program for security, resistance to penetration, elimination
that year, Some of the standards do not require of dangerous projections and satisfactory
an actual physical test to determine compliance - configuration,
a visual examination is sufficient, For the
standards which do require testing, we are forced On the equipment used to test to the impact re-
by budget and manpower limitations to establish quirement, the helmet is required to withstand
priorities and direct our efforts to those stan- drops of 72 inches onto a flat surface and 54.5
dards where we feel that our enforcement efforts inches onto a hemispherical surface with acceler- {
will be of the greatest benefit, Our compliance ations of not more than 400 gs. Also, accelera-
testing budget was 3.4 million dollars in FY 1975, tions in excess of 200 gs shall not exceed a
The OSE staff consisted of 45 people in FY 1975 cumulative duration of 2.0 milliseconds and accel- !
with 34 of these being professional and the re- erations in excess of 150 gs shall not exceed a
mainder being clerical support. cumulative duration of 4,0 milliseconds. There

Ly an Instrumentotion pachage wsed to monitor dand

There are many standards for which tests were record the results, The helmet is also required
conducted as a part of the complete vehicle from to resist penetration of a pointed instrument
the FY 1968 program through FY 1975, It should dropped from a height of 118.1 inches. Failure
be noted that several of these standards require can be determined by examination of the aluminum
a full-scale crash test into a concrete barrier, headform on which the helmet is mounted.
In these crash tests we determine compliance with
FMVSS No, 204, "Steering Column Displacement,” The other requirements of the standard such as
FMVSS No, 212, "Windshield Mounting," and FMVSS labeling, configuration, and elimination of dan-
No. 301, "Fuel Tank Integrity." Other standards gerous projections do not require testing, Com-

pliance can be determined by visual inspection.
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In summary, I have attempted, this evening, to
give you a general picture of the types of testing
which are involved in the enforcement of the
Federal Motor Vehicle Safety Standards., As you
can see, it involves a rather wide spectrum of
testing techniques, and some highly sophisticated

11

equipment and instrumentation. However, it pro-
vides some very interesting technical challenges,

In the time remaining, I will be glad to answer
any questions you may have,
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THE ECONOMICS OF NDI IN RETREADING...AN INDEPENDENT SURVEY

James D. Weir and Kay Weir
Tire Press
Culver City, California

ABSTRACT

Exploring the economic justification
for NDI in the Retread Industry. Out-
lining the status of Retreading as a
market for NDI Systems. And presenting
the results of an independent survey
of the requirements and preferences
of Retreaders.

There are about 3600 individual retread shops in
the United States today. And they undoubtedly
comprise the largest potential market for non-
destructive inspection systems for tires. How-
ever, this market, like any other, must be under-
stood before it can be exploited. The wants and
needs of these 3600 highly independent retreaders
mst be recognized before NDI of tires can
successfully make the transition from the labo-
ratory to the retread shop.

We have been intimately involved with many of
these shops and would like to briefly explore the
retread industry as a market for NDI with you.

Since retiring from full-time, active employment
in 1973, Kay Weir and I have been able to pursue
many developments in the tire industry that we
found interesting. The survey information I will
be presenting to you today grew out of our inter-
est in NDI for retread shops and our exploration
of retreader attitudes and needs through our
newsletter, THE ENDURING CALIFORNIA RETREADER.

First, an explanation of THE ENDURING CALIFORNIA
RETREADER, for it seems to need explanation.
Perhaps it is best described as the Free Press
of the retread industry. We write it as a per-
sonal communication to retread shop operators.
We give our opinions and observations about
whatever is on our minds; from equipment mainte-
nance tips and very personal and practical infor-
mation about things in retreading, to the state
of the economy and the latest ''Wise Sayings."

It contains the kind of comments we would ex-
change if we could actually visit these people
every week or so,

The ECR is sent occasionally and irregularly to
whomever asks for it; and to some who don't. We
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do not charge for it, and in no way does it com-

pete with the regular trade journals, It makes
no pretense at being unbiased.
The readership falls into two categories: retread

shop owners and foremen, those to whom we actually
address ourselves; and others who have asked to
receive it because they want to know what is going
on. Or at least our version of what is going on.

The survey about casing inspection and inspection
machines was included with ECR #11 and was mailed
October 31, 1975, It was kept short and rela-
tively simple to assure a large number of returns.
It was designed to implant as well as gather
information.

Survey Sample (Table I)

Most of the respondents are from California with
23% from other parts of the United States. All
are retreaders and one has a sideline, manufac-
turing new tire and retread equipment, In all,
they produce 8529 retreads per day. Of these
9.7% are truck retreads, 88.8% passenger retreads,
and 1.5% specialties (OTR, race, aircraft, etc.).

Comparing these figures to the best estimates of
retread shop production in the United States;
this survey covers about 1.2% of the shops in
the nation and 4.44% of the total national re-
tread production. It further breaks down to
5.57% of the total passenger car tire retread
production, 1.73% of the truck, and 1.6% of the
specialty retread production. The average shop
in our survey produces about three times the
national average.

0f those shops who operate passenger shops, 58%
are large, producing 101 or more retreads per day
day; 24% produce between 41 and 100, and 18%
produce 40 or less tires per day.

Forty-five percent of the shops do only passenger
car sizes, 38% do both truck and passenger sizes,
and 17% are exclusively truck tire treaders.

Most of the respondents who retread truck tires
have medium sized operations, doing between 11
and 50 truck tires per day; 45% are in this
category, 32% do 10 or less and only 23% are
large truck operations doing 51 or more truck
treads each day.
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Twenty percent report an additional specailty.
And 23% of all the responding shops use some
precure system,

Radial Production

Of the shops doing passenger tires 42% report
doing some radials; 68% of the truck shops do
radials. However, of the total production reported
in this survey, only 3.74% of the passenger and
14,5% of the truck treads are radials,

Inspection Time

Most OF the passenger shops report taking 1 to 3
minutes for casing inspection with the range of
reports from 1 to 10 minutes per tire. Truck
shops generally report taking 3 to 5 minutes with
the range from 2 to 10 minutes. Twenty percent
of the truck shops indicate that they use higher
inspection standards for their precure systems
than for their hot treads.

You must note from this information that there is
no such thing as & standard retread shop. Their
operations are many and varied,

Adjustment Rates (Line 4)

Reported adjustment rates range from 1/2 to 12%
for passenger and 1/4 to 13% for truck. The term
"adjustment" means something different to each
person using or hearing it. For my purposes, I
label as an "adjustment,'' any casing that has
had a new tread applied to it and is found unfit
for service anytime during the expected life of
that new tread. This includes mold blows and
other in-shop failures as well as rapid tread
wear, road hazards and policy adjustments. For
some retreaders, an adjustment is whatever he is
coerced into replacing by a screaming customer and
under threut of great bodily harm.

Correlating the reported adjustment rates with the
production figures from this survey, I find the
adjustment rate for passenger retreads in the
United States to be probably 6.49%. And the
truck retread adjustment rate to be around 3,54%,
These figures compare closely with what I actu-
ally see in the field.

Casing Failures (Line 5)

Information from the survey indicates that over
60% of retread adjustments are caused by casing
failures. My experience indicates this may be
on the low side. These are failures that are
caused by problems within the casings that the
retreader, with the present state-of-the-art, can
not detect before the casing is retreaded. That,
of course, is why I am here today.

Our figures indicate that 4.1% of all the passen-
ger retreads and 2.16% of all the truck retreads
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produced fail because of casing defects, That
is about 1.6 million casing defect related fail-
ures per year or 6600 failures per working day.
More emphatically, casing failures are a
$17,000,000 a year problem!

Retreaders!' Attitude

Retreaders are unable to control their adjustment
rate below a certain point. And I'd like to tell
you why. for many years the art of retreading
has been developed to the point where a new tread
could reasonably be expected to stay on a used
casing. But remember, retreading is a recycling
industry that requires & used product for its
prime raw material. This used product has often
been laced with '"bombs" over which the treader
has had no control. Some of the "bombs'" are in
the design and material changes that new tire
manufacturers initiate and send out into the
market. Let me list a few and you'll understand:

1. The S2 and S3 tires of WW II which were
virtually unretreadable.

2. The Air Ride tires of the late 40's,

3. The conversion to Rayon.

4. Nylon tires that grew and grew and flat-
spotted,

5. Tubeless tires with their separations.

6. Puncture sealing tubeless tires with the
goo.

7. The Butyl tire disaster.

8. Two-ply tires.

9. The glass-belted tires we are only now
learning to live with.

10, The first generation of steel belted
radial passenger tires which we only pretend to
know how to cope with,

Other "bombs'" are the result of use and misuse
during the first tread life.

In addition to these casing problems, retreaders
have had equipment and processes unloaded upon
them that were filled with promises and little
else. Cynics are made, not born. And there are
many cynics in the retread industry., Those of
you here today who are preparing to take your
systems to the retreader must be aware of this
cynicism. (Personally, as an old retreader, I
think a little paranoia is a healthy thing!)

Back to Today's Casing Problems (Table II)

When analyzing his adjustments, in addition to
the field testing, the retreader finds himself
doing for the new tire manufacturer, he becomes
aware of certain regularly occurring conditions
in his failed retreads. This section is directed
towards those observations,

This is where the retreader needs KU1, Those
conditions listed on this table become visible
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€ DO Y0U RETREAD RADIALS? Passenger, YesﬂNo . Truck, Yes No .

L R s Gl i b

o<

THESE ARE QUESTIONS ABOUT CASING INSPECTION AND INSPECTION MACHINES
((There i3 no need to sign this questionaire but you may if you wish.))

) o
/ WHAT PART OF THE COUNTRY ARE YOU IN? SO CAL ‘éé REST OF CALIF z; 4 3 }
WESTERN U.S. /2 EASTERN U.S. 21‘: SOUTHERN U.S.Z: OTHER ; ‘é ] ¢

2 ARE YOU A: RETREADER /80 % CASING DEALER_—~ _ OTHER(specify) ‘& -/ .

)
& VOLUME OF CAPS PER DAY: Truck ZZé Passenger lz.f OTR Industrial .
Aireraft Racing Other(name) (.é.% .

4WHAT IS YOUR ADJUSTMENT RATE? (Total from all cau7es including inshop loss.)
- « Other ". 3

Be Honest! Passenger A ~/, ‘/ Truck
_ o ‘é_f‘%" 0% . I3¥B . T,
HOW MANY OF THE ABOVE ARE CASING FAI : il 4 &z
S A RE_CASI s, W24 130 3/ 40 g3/

o
7 IF SO, WHAT % OF YOUR TOTAL PRODUCTION IS RADIAL? Truck[{%ssengerw

5I.\JSPECTION TINE PER TIRE (in minutes): Truck Passenger Other . P

DOES THIS INCLUDE MINOR PATCH ? Yes No

25% Do Some. reecué-
9. IF YOU DO BOTH HOT & PRECURE, DO YQU USE THE SAME INSPECTION STANDARDS FOR

801H? Yes§OZNo__ . TIF NOT, WHICH IS HIGHER? Hot PrecureM
TABLE I = = = = = WEIR 1976

s p e Y

/0 WHEN ANALYSING YOUR ADJUSTMENTS, HAVE YOU COME ACCROSS THE FOLLOWING:

(This question is related to casing failure only, NOT CAP LIFTS.
Casing failure must be considered anytime that you can see cord.)

OFTEN  SOMETIMES RARELY  NEVER
A  STEEL BELT RUSTING... [ZZ_ 492_&1_% 3 /: _S?f
B CORD FRACTURES.......23 &9 3( _Ac _LZ
@ BEADS BENT...... veenn d3 23 1L _ el A8
D CASING POROSITY...... (D 3§ 2§ (44 S
£ BEAD FRACTURES....... (3 23 (0 44 )24
£ BELTS BROKEN......... 56 ¥4 _2§ 2 2
G INTRA-PLY SEPS....... 67 98 25 0 ¢
H. EXPOSED CORD (top p1y) 2§ &7 23 3/ ot

TABLE II = = = - - WEIR 1976
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only after a retread has failed. Yet we know

that some of these conditions are present in the
casing when it is inspected and passed, Currently,
casing inspection for retreading is a beauty
contest only. I have clients using prime #1
casings exclusively with 7% casing failures while
others have 3% casing failures using #2s and 3s.

With our present grading system, the difference
between grades is more in the surface condition
of the casing, not in its basic integrity. The
inspector looks for exposed cords, oxidation,
torn beads, nail holes, broken belts, breaks, and
separations. But what can he really find? Not
much when it comes to the broken belts, breaks,
separations, and other conditions listed on this
table. As of today, he can be sure that at least
4% of all the passenger casings and 2% of all

the truck casings that he inspects will fail be-
cause of problems within the casing that he can't
see. He knows he is retreading bad casings but
he has no way of identifying them,

The responses to the "often" and "sometimes''
colums in question 10 were combined to find the
most observed conditions in failed retreads.
Heading the list by far was intra-ply seps. Not
a single respondent indicated that he rarely or
never saw intra-ply seps. Next in order were
broken belts, cord fractures (breaks), top-ply
seps, and steel belt rusting at 49%, Since
radial passenger production is only 3.75% of
the total, and many of these are fabric belts,
the impact of this prcblem has not been felt by
most retreaders.

As a personal note, I made cuts of over 100 steel
belted passenger radial casings about a year ago.
I fouud Uelt rusting in every tire and belt edge
separation in more than 75%. The only casings
without belt edge separations were those under
175 cross section,

NDI Market Potential

Some clue to the market potential for NDI in
retreading can be found in the cost of casing
related failures. Truck treaders indicate that
2,.16% ¢ f all the tires they retread fail because
of casing defects they can not find with their
current inspection systems. This is over 1/4
million annually. Most truck retreads are on
the users' casing which is not normally guaranteed.
Therefore, I figure the average truck adjustment
at $20 per tire, This gives us a $5,200,000
annual loss.

Passenger treaders indicate that 4.1% of their
product will fail from undetected casing defects.
That is almost 1.4 million units per year. With
a production cost of $7, plus $1,50 for a casing,
We heve a wlopping $11.8 milliof annual loss,
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Conservatively then, since these figures do not
include truck casing replacement costs, NDI sys-
tems and equipment designers can help the retread
industry save $17,000,000 and 5 million gallons
of oil each year, Effective NDI systems can
reduce the total adjustment to less than 1-1/2%
for truck and 2-1/2% for passenger. This would
greatly increase the stature and profitability
of this re-emerging industry.

Table III

The survey asked in several ways what retreaders
would be willing to pay for a machine or system
that would reduce their casing caused adjustments
by 90%. Question #20 asked for this information
directly. The range of choices was from $2,500
to §50,000. The average of responses was for a
machine that cost $7,500.

Additionally (line 17) we asked what they would

be willing to pay on a per tire basis, Truckers
indicate they are willing to pay from 50¢ to $2.00
per tire for 90% accurate NDI, The average re- 5|
sponse being $1.15 per tire, Personally, I don't |
feel that they will really part with that much
money.

Passenger treaders say they are willing to pay
from 10¢ to $1.00 per casing with an average of
29¢. 1 feel that figure is more realistic and

in line with what their adjustments actually

cost them, Casing failure adjustments cost the
passenger retread industry just under 35¢ per
unit, Truck casing problems cost about 43¢ per
tire if the casing is not included. If it were
added, that figure would nearly double to 85¢ for
every truck tire retreaded in the United States.

Most retreaders indicate they would like to have
the machine pay for itself in three years, and
that they would rather buy than lease the equip-
ment; 92% thought such a machine would be valuable
to them and 67% think it could be an advertising
advantage. Half the treaders think their product
liability insurance costs would not be reduced.
Comments returned with this question are further
indications of retreaders' cynicism. (Some of
these comments are included in the appendix.)

Fifty-one percent of these treaders say they
are willing to buy pre-screened casings at a
premium price. This could be one way for small
shops to make use of an expensive system should
that be the result of your development,

Another indication of the retreader's willing-
ness to pay for equipment that meets his need
and that he can use, is AMF's Orbitread. It re-
quires a minimum five year lease with some $4000
for down payment and installation plus 4¢ per
poard of rubber used. A 100 tire per day pas-
senger shop pays about $40,000 over those five




Any Non Destructive Inspection Machine would be used in ad-
dition to your normal inspection process. It 18 not a sub-
stitute but an additional tool. These machines vary in their
approach but usually indicate in one way or another, casing
integrity. Some indicate actual separations & Other anom-
alies while other machines 1indicate the casing's potential
for failure.

/{ WOULD A MACHINE THAT WOULD REDUCE YOUR CASING ADJUSTMENTS BY,
90% BE VALUABLE TO YOU? Yes_zj;J‘No g

12 WOULD YOU EXPECT AN ADVERTISING ADVANTAGE IN HAVING SUH A
€ ¥/ MACHINE? Yesg? 7 No zé

/3WOULD YOU EXPECT THIS MACHINE TO REDUCE YOUR PRODUCT LIABILITY
INSURANCE PREMIUMS? Yes_87% No

((fDO YOU THINK IT WOULD PAY YOU TO HAVE A MACHINE LIKE THIS?
?27;°Yes éfwé No"é g
/b'WOULD YOU BUY PRE~-SCREENED CASINGS AT A PREMIUM PRI‘CE?
2 ,/% Yes 37 % No_ 387 -
[
I‘ WHAT KIND OF PERFORMANCE PROOF WOULD YOU REQUIRE BEFORE
INSTALLING SUCH A "CASING INTEGRITY MACHINE"?

(7 HOW MUCH PER CASING WOULD YOU BE WILLING TO PAY FOR SUCH A

MACHINE? (Be Honest!) ... .. 50¢§Z‘i $1=Z£Z_$2 x“ $5 —
4 P) ) [4 )
Passcnger: 10¢ ﬂz 25¢ 38 /,50¢_/2 A2 77 Other&/2 4 .

{§ WOULD YOU WANT THE MACHINE TO PAY FOR ITSELF IN 3 YEARS é3% .,
4 YEARS_7%,, 5 YEARS :

{9 WOULD YOU PREFER TO LEASE OR BUY? Lease22% Buy 632 (S 7%

Lo WOULD YOU PAY $5,000 2 $7,5000££Z$10,000 [&z $20,000 iz

$50,000595 . 2490 £7.

2 | FROM WHAT YOU MAY KNOW ABOUT THESE MACHINES, WHICH SYSTEM DO
YOU PREFER AT THIS TIME? (Number them 1,2,3,4, in order of
yoyr preference.)

/7, X-RAY, XEROGRAPHY, NEUTROGRAPHY. (This type, in effect,
) looks through the casing. It may or may not find seps.
It generally is better for finding cord anomalies.)

|3 INFRA-RED & HEAT SENSING. (This is generally a test
wheel type operation. It may locate seps & gross cord
problems.)

ZS. SONIC,PULSE-ECHO, THROUGH TRANSMITION, ACUSTIC EMISSION.
These may be able to discern between various casing &
cord bonds, indicating casing fatigue & integrity. May

o, OF may not pick up seps.)

[ /o LASER HOLOGRAPHY. (Picks up distortion & stress in cas-

ing in photographs. May or may not indicate seps.)

Q2 2HAVE YOU EVER USED ONE OF THE ABOVE SYSTEMS? Yes ‘az No 5
If yes, what was your experience?
TABLE III - - - WEIR 1976
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years, That is a lot of money and there are a
lot of Orbitreads in use,

Survey Data

Table 4 has some of the data upon which this
report is based, These are real figures from
real shops, shops that will be buying NDI equip-
ment, The columns indicate shop volume, adjust-
ments (in actual numbers of tires per day) what
the shop is willing to pay for NDI, and the actual
cost of casing adjustments for that shop (using
his figures).

Let's look at shop #7, He produces 10 truck and
125 passenger treads per day. His total adjust-
ments are 0.5 truck per day and 6.25 passenger
per day. His casing failures are 0,375 per day
for truck and 4.69 for passenger. He says he
will pay 25¢ or $7800 per year for NDI for his
passenger tires. He chose not to comment on an

DAIIY YR.DUTTICKN & ADJUSTMENT FIGURES

outright purchase price for an NDI system. How-
ever, casing failures actually cost him $1875 a
year for truck and $9970 for passenger. Casing
failures are costing him almost $12,000 a year,

Shop #27 produces 120 truck and 250 passenger
retreads a day. He has 4.8 truck and 10 passen-
ger adjustments per day. And 3.6 truck and 7.5
passenger casing failures per day. He agrees to
pay 50¢ for truck and 25¢ for passenger NDI. That
equals $15,000 a year for truck and $15,625 for
passenger. For outright purchase, he considers
$10,000 to be the right price. However, his
actual casing failure costs are $18,000 for
truck and $15,900 for passenger retreading each
year.

For another view of the cost of inadequate casing
inspection, the "average'" shop in the United
States produces 38 passenger tires and 13 truck
tires per day. For this modest sized shop,
casing failures cost $4700 each year,

R SR
ADJUSTMENT COSTO

TABLE IV RESPONDENTC WILINJ T0 PAY 5;?;4%7%%52
POTAL 1STMENTS q o cAsllid
line PR%DU@TION ?2%&‘2§6§Z§) FS?E6EES PER CASIN PER YEAK Pgﬁéﬁggg ADJUSTMENTS
# $ $
WK TR T P T F T P T P $ T P
5] 150 6.00 3.00 6,375
2 10 150 0.50 7.50 0.25 3.75 5,000 1,250 17,970
3 140 9.80 6.53 .10 3,500 10,000 13,875
4 7 0.21 0.15 2.00 3,500 NO 750
5 50 5.00 1.25 .50 6,250 2,500 6,250
6 60 6.00 3.00 .25 3,750 ——— 6,375
7 10 125 0.50 6.25 0.375 4.69 .25 7,800 1,875 9,970
8 350 14,00 10.50 ° 22,300
9 5 25 0.25 1,25 0.125 0.€3 .50 .10 625 625 5,00C 62¢ 1,340
10 350 35.00 ‘17.50 .25 21,875 50,000 37,200
11 30 0.90 0.k= 2.00 15,000 5,000 2,250
12 100 600 2.00 72.00 1.00 36.00 ? ? 5,000 76,500
13 100 2.30 1.73 5,000 8,650
14 70 100 1.40  0.50 0.70 6.25 1.00 .10 17,500 2,500 7,500 3,500 530
15 70 20 4,20 1.20 2.80 0.80 2.00 .50 35,000 2,500 ? 14,000 2,500
16 150 7.50 5.63 1.00 37,500 7,500 12,000
17 5100 0.13  3.00 0.06 1,50 2.00 .50 12,500 12,500 10,00C 300 3,200
18 25 0.40 0.30 1.00 6,250 : 5,000 1,500
19 7 0.14 0.10 1.00 1,750 7,500 212
20 100 6.00 4,00 .25 6,250 7,500 8,500
21 360 18.00 9.00 .10 9,000 5,000 19,125
22 10 20 0.50 2.00 0.37 1.50 2.00 .25 5,000 1,250 NO 1,853 3,200
/3 10 40 0.10 0.40 0.05 0.20 ? ° ? 250 425
24 10 0.40 0.20 1,000
25 100 2.00 1.50 .25 6,250 3,200
26 24 85 0.06 0.42 0.02 0.15 1.00 6,000 250 320
27 120 250 4,80 10.00 3.60 7.50 .50 .25 15,000 15,625 10,000 18,000 15,900
28 350 42.00 21.00 5,000 44,625
29 600 27.00 13.50 .50 75,000 28,700
30 675 54,00 40.50 .25 42,200 10,000 86,000
31 160 16.80 12.60 .25 10,000 20,000 26,775
32 30 20 1.35 0.80 1.22  0.72 .50 .10 3,750 500 7,500 6,100 1,530
33 10 450 1.30 27.00 0.87 18.00 .25 28,125 2,500 4,350 28,250
34 ~ 60 3.30 2.48 5,270
35 50 1.50 1,13 .50 6,250 5,000 5,650
300 19.50 14,63 5,000 31,100
30 75 0.30 2.2% 0.23 1.69 .50 .10 3,750 1,875 7,500 1,150 3,600
300 24,00 18.00 .10 7,500 10,000 38,250
20 200 1.00 15.00 0.75 11.2% 3,750 23,900
12 1100 0.24 50.60 0.18 137.95 .10 27,50C 7,50" en?  8C,£€00
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Desired Features (Table V)

No matter how good you think your NDI system is,
I believe you must listen to what the retreader
is asking for. He, after all, is the one who is
going to pay for it. And he, most of all, is the
one who knows what the requirements of his shop
operation are.

We found that speed of operation is the most
desired feature for any NDI machine or system.

I think that speed of operation should include
not only through-put but also real or near real-
time operation. Next desired is simplified oper-
ation. Tied for third, and we were surprised,
(we'd expected they would be first and second)
were cost and ease of operation.

The least desired of the features we asked about
was an oscilloscope. However, one respondent
suggested that it would be great to dazzle his
customers.

The nondestructive inspection of tires is a
reality, It can be done. We are meeting here
for these three days to discuss the many ways it
can be done. And, though new methods are con-
stantly being developed, a number of systems have
matured to the point where it is time to consider
their practical application in the field. As I
pointed out in my opening comments, retreading is
probably the biggest field for these systems,

Retreaders need NDI. Retreaders can pay for NDI.
And those of you here with laboratory matured NDI
systems need retreaders so that you can now make
your research pay for itself. If you recognize
the retreader's needs; if you listen to what he
has to say to you; if you accept and work around
his limitations, economic and otherwise; you can
establish a mutually rewarding relationship. You
will have a good customer for your product. He
will buy and use your machines.

I'd like to close with a comment from one of the
respondents to our questionnaire. 'You can only
add so many steps to the process, each of which
costs money, before a retread costs as much as a
new tire....Your machine would have to be simple
enough for the "typical retreader' to use without
the boss having to take over the inspector's job.
There have been enough good ideas that didn't
work sold to the retreading industry to last a
lifetime."

QUESTIONS AND ANSWERS

Q: I am interested to know how the retreader

goes about limiting an age for which he will no
longer retread?

A: Certain limitations in passenger tires have
been set upon us by the type of tire that is being
accepted. We can only retread DOT-approved tires
which are certain sizes. From 1968 on, I believe.

23 FROM WHAT YOU KNOW ABOUT THE LIMITATIONS OF NDI MACHINES, INDICATE
THE IMPORTANCE TO YOU OF THE FOLLOWING FACTORS:

A SIZE OF MACHINE............
B COST OF MACHINE.......... ”
C SPEED OF OPERATION.........
D EASE OF OPERATION..........

TEST READOUT:

DIGITAL READ OUT.......

IR 3 N TN

DETAILED INFORMATION....
SIMPLIFIED INFORMATION..

OSCILLOSCOPE.  evcessenss fzz

LIGHTS (g0, NO=g0).cv...
PRINTED RECORD OF TEST..

27
Q0

A

_3
A3 _3y (9

zf(WOULD YOU BE WILLING TO KEEP THE ROCORDS, ETC., NECESSARY FOR
PARTICIPATING IN FIELD TESTS OF SUCH A MACHINE? Yesl‘!;sﬂo e

TABLE V
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NDI MACHINES IN RETREADING, SURVEY DATA

3 Mok PRBICT CUIMe CHie. LW
e N

I%-6 minutes with repairs....7%
34-6 minules without vepairs.¥§

JHOP PNODUCTION, ... |Of those shops reporting: 10 minutes without repairs. .48
338 do both truck and passenger.
a3 178 do only truck
458 do only passenger (may have small specialty)
208 have additional specialty (OTR, rsce, aircraft, ind.)
E 828 produce at least some passenger . (ajd rate 6.5%)
448 produce at least some truck, (adj. rate 3.58)

14.58 of truck retread production s radial,
3.748 of pasaenger retread produciion is radiul,

428 of the passenger shops do some radisls (fram 2 to Juf)
688 of the truck ahops do some radisle. (from b4 to 20%)

258 of Pass. shops reporting dotng radisls do less than 10/4
798 of Truck shops reporting doing radials do less than »/da

SHAP VOLUME. . o0 iaen
188 Bmall P

senger (N0 or less/dsy)(ad) rate U, 668}
248 Med Passenger (M) to 100/day)(ad) 3.88)
588 Large Passenger (10) or more /day){ 8dJ rate 6,76%)

TRUCK.....| Adjustment rate: 3.538%
sdjustments are reported to be caused
1

61.38 of th

3 i 328 Small truck (10 or lems/day}

458 Med Truck (11 to 50/day)
' 218 Large truck {51 or more) {256,000 truck retread failures)

p (45,200,000 per year cost)
. Total volums of survey -‘l.“. id n]All.s. retread product 1o, (:ﬁ:]:;:::‘:.i::: ;o produce & truck retread. Not
” Mvew. L7UL v3, 5857 5 16 b
. e b *¢~ Truckers are adjusting about 1000retre
2%% use some precurs system. } of inadequate casing inspection systems.

..o« | TRUCK ASEENGE .
o iTmnutEs SIEH] ateniAR.n PASSENGER. . ... | Adjustment rate: 6.49%

INSPES
(per tire) b8

2-3 mtnutes without pl!ch.... 268 63.1% o;’ culn:d.l"::z::"“ are reported to be caused
4 ' 4% miputes with patching.....168 4.1%3 of passenger retreads will fail because of casings.

(1,400,000 ratlures/ year)
($11,800,00 per year cost)

1% production cost snd $1.50 casing) !
out 5,600 retrerads/duy !
ing inspection systems,

-5 minutes with-out patch....21%
6-10 minutss with patching..
6-10 minutes without patch.... 5%

Passenger treaders are adjustin
because of inadequate c

PASSENOER

1 minute or less with rapdirs......118
1 minute or less without repairs...268
1%-3 minutes with repairs,....22§

14-3 minutes without repairs..26%

If casings could be gusranteed perfect, retreaders’
djustment rates could be reduced to 1.378 for truck
and 2.319% for passenger.

COMMENTS FROM SURVEY SHEETS

GUESTION NUMBER 921 WHICH SYSTEMS PMERER At THIS TIME?
Don't know
10-¢-2 (Beads Hent) Answer: Sometimes. "Get more stripped beads.” Hot ¥nowledgable
bon’t know gnough to choose
#11 WOULD A MACHINE BE VALUABLE?,. "D di ¢, R
and-operation, Spgndigaton) cost SnRcaubizii 922 |USED MACHINE BEFORE? Yes. "dood but needed fmprovement”
”n2 WOULDL YOU EXPECT ADVERTISING ADVANTAUE?.."Yes, Whulesale "Cust = NA, Result questionable®
only, N int rit."
G2 k0D CEID BF CoACAoamRE 24 |WILLING TO FIELD TEST? “Yes. Depends on huw much trouble
#13  |REDUCE INSURANCE PREMIUMS?..."No. Did 55 MPH bower yiur ttFuoullrters
in tes?”
suranceirate 025 |COMMENTS: "Gued Job, Jim.*
"Doubtfull. Most Ins. co. d o
SUBLThy oat, Ins?) cor Mo not) neduce”byojlue 3 "Phose {(quesiions)) that are not answered would Le Ruen:-
915 | BUY PRESCREENED CASINUS?..."No. Who would do 1t? llow work. ~This area 1s new and no previous thought given to
would you be sure?”" BADE
"Yes 1f they are waranteed.® ®Am fearful of the price and time required per tire.”
" " "How sofintiyated will the retread industry become before
No. Not trusting 1s my problem. the user "industry" (truck, off road) is made aware of
o AN " - those specific new tires (by name and grade) that they
416 ”‘"NRNAZ;EJ"‘O”P “f?x:"fb nstalile tton ARty sHusY: purchase(d) are prone to (or more prons to) failure then
LS, BACh Iner ) another make and grade offe oﬂ‘l.........!y whom shall tida
“Time tested® e information come to the u @
%1008 better than what we now use." "Bulld 1t, test it, prove it, I'll buy 1t & sell it."
"Adjustment ratioc abnormally high due to: 1. rurmer shuj
*Sell with tuke back or lease with escape claude,” manager not using prop.r systems, 2. Experiments in A-0
ketile retreading that did not work ouf. Prior ycars we
"PFrefer in shop" 1ing price to our store {about 30% on
Goodyear 1iat price) and put into ret d reserve acco G
A well temted machine with retreads on vehlcles Adjustment credits issued to customer offset this account.
extended period of time." At end of year we would kick balsnce into profit. |, the
past we sllways had a balance leaving 2h~-3§ truc djustment.
"Testing” Not this . Qood shop practice there should . .ult iu
ad] § of about 2-2h§, eould possidbly impiuve 1%,
"Much proof" Save maybe $4,500 per year leas the cost of operating the
thing. How much 1s it worth 771"
"Heduced insurance based upon proven reduced ad-
Justments,” *Majur determining factor will have to be price. May
“Itm from Nissouri (figuratively}.” requirs group use of machine in geographic ares.”
" " *I plan to take on pre-cure in next year. T have no
Inventory of supplier. experience with radial capping 1 hope pre-cure will
)
"Gavermnent approval or constant use app oial.” t!‘““' radial capping (trk & pi ).
. *The machine produced by the Fed government & introduced
(1) Lab re:ulu (2) Inh uze test period (3) lpevd at Louisville, Ky last spring may well be & beginning to
of machine. thn anawer. Do not believe it is t.ial ens. yet. Perhaps
*Infield testing of machine" combined with a flolrllcopt such as older Doctors had
lllht be a direction to follow.”
*DOT Approval®
"For the few caps we do this machine would not he economicall
"petter than 95% accuracy.”
"You can only add so many steps to the proc , each of
"1 year testing in shop" which costs money, before tread costa as much as & new
tire. We sent our $5,000 casing conditioner back, we funkel
“Crosa checks with pull tesis and destruct testin s ." our §5,0.0 Puller sutomatic venter. In our area most peopl
with autosatic pre l hlvo suld them pr gone broke. Your
*Considerable raduction In ply sepsrations" machine would ha le encugh for the “typical
retreader® to uss 'nhout the having to take over the
"6 mo to | yrs use by & "custom” capper. (one who Inspector's job, I went to an audtion in Texas 6 months
caps cuatomers cassings retsil) back and ssw an IRI extruder builder sell for $800.00 and
an IRI prass for $200.00, There has been e10ugh good ideas
(3¢ LEASE UR BUY?,..."Depends on cost AMP had good 1des, leaus sold to the retreading industry that didn't work to last
4 give service on complex machine " & lfetine.
*Either or. Depsndent upon am ed value of
machine aftsr 90 day esvaluation,
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SHORT DURATION TREAD WEAR MEASUREMENTS OF 7.00-18 LW (68 PR) MILITARY NDCC TIRES

Dieterich J. Schuring
Firestone Tire & Rubber Company
Central Research
Akron, Ohio

ABSTRACT

A series of wear tests using NDCC mil-
itary 7.00-16 tires were performed on
Calspan's Tire Research Facility (TIRF)
with the objective to develop an effi-
cient test methodology that would per-
mit the determination of a tire's wear
loss after only a few hours' run of
normal severity. This required the
development of an accurate electro-
mechanical wear measuring device and
of a short-duration wear run technique.
After systematic elimination or reduc-
tion of all major sources of experi-
mental errors, the influences of tire
pressure, load, slip angle, and driv-
ing and braking torque on tread wear
were investigated. The agreement be-
tween wear data measured on TIRF and
corresponding data measured in road
tests (Yuma Proving Ground) was satis-
factory. Suggestions are made for a
second-phase program.

INTRODUCTION

Wear resistance is one of the most important prop-
erties of pneumatic tires, not only because it
determines a tire's useful life but also because
it is related to its traction properties and, of
course, to its safe use,

Four different techniques have been developed in
the past for studying the wear properties of tires,
all with some virtues, but none satisfactory.
Laboratory tests of small tread samples are widely
used to assess the influence of various tread
compounds on tire wear resistance; they fail to
reproduce the rather complicated tread motions in
the contact area but, nevertheless, produce in
short time valuable inputs for compound improve-
ments. For predicting the actual wear life of a
given tire, however, testing small tread samples
s of little use,

Tire road tests, on the other hand, have the great
advantage of exposing the tire (and not just a
sample) to real-life conditions, if they are con-
ducted under normal (non-accelerated) wear condi-
tions., They reflect, in "natural" fashion, the

21

many influences of driver, vehicle, roadway, traf-
fic, environment, etc., on tire wear, Road tests
are usually run with two types of tires -- test
tires and control tires, By exposing both test
and control tires simultaneously to the same set
of (uncontrollable and often rapidly changing)
service parameters, their influence can be reduced
to a level of acceptable accuracy., To assess the
attainable accuracy, consider the results of re-
cent road tests (Figure 1). Two radial tires of
the same brand were road tested on the same test
course, 500 miles a day for 16 days. After com-
pletion of each daily run, the average reduction
of groove depth was measured for each tire. The
results indicate a large day-to-day fluctuation
not only of the wear rate (Figure la), but also
of the wear rate differences between thc two tires
(Figure 1b), due to unavoidable changes in weather,
driver behavior, road conditions, and other uncon-
trollable factors., It is obvious that these large
fluctuations necessitate rather long test distances
(here, 8000 miles) with attendant long test times
(here, 16 work days) and high costs.

TIRE 2 (SAME BRAND AS TIRE 1) n]

[ Ra

WEAR w (m1l/Kmi)
—-"“_‘3
[I:__
.-\_ -
pélh

l | [ 1 i l 1 l
n $,000 10,000

DISTANCE (mi)
(b)

DIFFERENCE BETWEEN

if—— TIRES ] AND 2 (SAME BRANM

\j V \I/"sim\ /‘\ =5

WEAR DIFFERENCE (mil/Kmi)

Figure 1. Results of road wear tests (from ref. 1),
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Attempts to reduce the high cost of road testing
under normal wear conditions have not yet been
very successful. Mathematical wear models are in
their infancy; at their present stage of develop-
ment, their predictive power is very limited, Wear
testing under severe wear conditions, so-called
"aocelerated” wear, another alternative, is not
satisfactory either. Testing under severe condi-
tions yields considerable wear after only a few
hundred miles of tire travel and thus reduces test
cost; but since test results failed to correlate
well with results from normal wear testing (as we
will see), the usefulness of accelerated wear
testing is questionable.

Clearly, a (fifth) method is needed that would
combine the advantages of controlled, short-term
laboratory tests with the real-life wear condi-
tions of road testing., Until recently, the road
systems of laboratory tire testers were severely
deficient; the surface was either curved (drums)
and thus unable to reproduce the correct road
geometry, or very short and/or of low speed (flat-
bed test machines) and hence incapable of gener-
ating realistic wear conditions, With Calspan's
Advanced Tire Research Facility (TIRF), however,
these disadvantages were removed, TIRF features
a flat road surface with a speed range up to 200
mph, Also, since all external wear parameters
such as slip angle, load, and speed are tightly
controlled, large data fluctuations -- the major
obstacle to short-duration tests under normal
wear conditions -- are avoided. Therefore, an
opportunity was offered for the first time to test
tires on an indoor facility such as TIRF or a
similar (simpler) machine under realistic (i.e.,
not accelerated) wear conditions, at test dura-
tions much shorter than those necessary for road
tests.

The following study is primarily concerned with
the development of an efficient test methodology
that would permit the measurement of a tire's
wear loss after a few hours' run at normal sever-
ity with an accuracy of less than one mil (0.001
inch = 25-ym)., Ultimately, the short duration
indoor wear technique is expected to deliver low-
cost wear data for wear cycles (varying speed,
slip angle, load, camber angle, etc.) patterned
after actual wear conditions. The following study
is a first step toward that goal.

DEFINITION OF NORMAL WEAR

Tread wear is defined as the gradual loss of
tread rubber through tire usage on the road. The
loss of rubber can be expressed as loss of groove
depth, or tire weight, or tire volume; or it can
be characterized in terms of expected tread life.
Here, wear is expressed as loss in tread depth in
mil per kilomile (1 kmi = 1000 miles) traveled,

e S o

e ey o g o e s i i et s i

. J1oss in tread dpeth mil

HOAR 1 {;istance traveled ' kmi

Since wear is closely related to tire slip, normal
wear in city and highway driving can be assessed
by an evaluation. of the slip an automobile is en-
countering in normal driving. We performed such
an evaluation using data of recent investigations
by Veith [2] and Chiesa [3]. Veith made a survey
of the longitudinal and lateral accelerations ex-
perienced by an automobile driven in cities, on
rural roads, and on highways. From his data, we
computed in an approximate way the distributions
of slip angle and longitudinal slip, Figures 2
and 3. For city driving, the slip angle distri-
bution shows two peaks, The first peak at the
small value of the slip angle of 0,07 degree can
be associated with the small steering corrections
necessary to keep the car on a basically straight
course. The second peak at about 1.3 degrees can
be related to major directional changes (for in-
stance, right angle turns). For interstate high-
way driving, a distinct peak shows at about 0.2
degree, presumably caused by correctional steer
inputs at higher speeds., A very small peak is
apparent at about one degree, perhaps produced by
passing maneuvers. If we postulate that severe
wear is associated with slip angle frequencies

aid INTERSTATE 4-LINF HIGHWAY

FREQUENCY (%)

ALIF AT 8 (degl

Figure 2, Slip-angle distribution of a passenger car for normal
city and highway journey patterns (adapted from ref, 2).

2-LANE HIGHWAY

-
g £
mTrT

FHEQUENCY 1%,

! )
L F U T S ] L L4 1 14 411 I i
.05 LN 0.5 1.0 R
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Figure 3. Longitudinalslip distribution of a pessenger car for
normal city and highway journey patterns (adapted from ref. 2).




smaller than one percent, then according to conditions the wear rank order of two tires estab-
Figure 2 all slip angles smaller than 2 degrees l1ish under normal wear conditions can be reversed.
must be considered causing normal wear, Figure 4 gives an example, Two tires of different
make, a test tire and a control tire, were wear-
The distributions of longitudinal slip (braking tested under severe and under normal conditions on
’ and driving) are similar to those of slip angle, the same test course (Reference 4), Normal wear
L Figure 3. If we postulate again the frequency was achieved by running the tires on a straight
. of one percent as bounding the normal wear re- course; severe wear, by running them at various
§ gime, all longitudinal slip values smaller than speeds on a 123-foot circle, We evaluated the
| 2,5% are defined as causing normal wear, given test data in terms of slip angle, and
i ’I plotted them (on log paper, to cover the large
In the light of these diagrams, then, normal wear range of wear rates) as function of wear rate, w,
takes place at slip angles less than 2 degrees in mil/kmi. The resulting curves show that at low
3 and at longitudinal slip values less than 2,5%; and medium wear severities, the test tire experi-
wear occurring at larger values must be considered ences less wear than the control tire; at higher
: severe, i.e., outside the regime of normal driv- wear severities, the ranking is reversed, Hence,
. ing conditions., if run on a highway under normal driving conditions,
the test tire would rank higher than the control
These conclusions are confirmed by test results tire. Run under accelerated (severe) wear con- |
presented by Chiesa and Ghilardi [3] who deter- ditions, the control tire would outrank the test i ¥
! mined tire wear on roads of different driving tire. L]
; | severity. The driving severity was expressed in
! ! terms of the 99th percentile acceleration (lateral Under these circumstances it is not surprising that =
and longitudinal); if 99% of the accelerations attempts to correlate normal and severe wear rates
experienced by the vehicle under given driving have failed. Figure 5 gives an illustration [5].
4 i conditions were smaller than 0.1 g, the course Wear tests were ‘conducted on a route in Nevada with
was considered of low severity, with a wear rate the objective to establish a correlation between
g of 7 mil/kmi; corresponding accelerations and tire wear rates experienced on automobiles (normal
‘ wear rates for courses of medium and high sever- wear) and wear rates generated on towed trailers
! ity were defined at 0.2 g (16 mil/kmi wear) and with the wheels set at a slip angle of 2,5 degrees
, ‘ 0.4 g (70 mil/kmi wear), respectively., From (severe wear)., The tires included bias-ply, bias-
! Chiesa and Ghilardi's data, we estimated the belted, and radial-ply constructions. Figure 5
| 99th percentile slip angles and longitudinal demonstrates convincingly that for the tires
y ‘ slip values, Table 1, Again, normal wear under tested no satisfactory correlation could be estab-
] low and medium driving conditions occurs at slip lished between normal and severe wear rates; the
.[ angles below 2 degrees and at longitudinal slip ration "normal/"seve e fluctuates between 1:20
i values below 2.5 percent, Slip angles above 2 and 1:80. We mamtain, therefore, that to predict
2 degrees and longitudinal slip values surpassing the wear resistance of tires, they must be tested
T 2.5% are considered of high severity. under normal wear conditions.
i
' High severity and low severity driving appear to 7.50-14 BIAS LY
be associated with different wear mechanisms. -
l ‘ Many wear tests revealed that under severe wear E ' o CORNERING -
t —
1 Table 1. MAXIMUM VALUES OF SLIP ANGLE o AND E % £
i i LONGITUDINAL SLIP S RECORDED ON ROADS OF DIFFERENT By
! DRIVING SEVERITY (AFTER REF, 3). ] ; *r
3 ]
4 '\ Road a s Wear Rate g
| Severity deg % mil/kmi y ¥ LOSS OF TEST TIAE > LOSS OF CONTROL TIAE
t low L4 L2 7 H3
3 i
p i medium 1.8 2.1 16 ! E LOSS OF TEST TIRE < LOSS OF CONTROL TIRE
B high 3.3 2.9 70 LA
' 9 L i L '
( low - 99% of accelerations <0.1 g b "' w! w! w
3 (longitudinal and lateral) Ty
: medium - 99% of accelerations <0.2 g A TR WIGH WEAR SEVERITY
| | (longitudinal and lateral)
SI high - 99% of accelerations <0.4 ¢ Figure 4, Influence of test severity on tire wear ranking
.( (longitudinal and lateral) (adapted from ref. 4).
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Figure 5. Correlation between normal-wear and accelerated-wear
data for different tires (adapted from ref. 2).

TEST FACILITY

A photograph of the TIRF facility is shown as the
frontispiece to this report; a dimensional view
of the factility is shown in Figure 6. The pri-
mary features of the machine are:*

Tire Positioning System

The tire, wheel, force sensing balance and hydrau-
lic motor to drive or brake the tire are mounted
in the movable upper head. The head provides
steer, camber, and vertical motions to the tire,
These motions (as well as vertical loading) are
servo controlled and programmable for maximizing
test efficiency. The ranges of the position
variables, the rates at which they may be adjusted,
and other information are shown in Table 2.

Roadway

The 28-inch wide roadway is made up of a stainless
steel belt covered with material that simulates
the frictional properties of actual road surfaces,
The belt is maintained flat to within 1 to 2 mils
under the tire patch by the restraint provided by
an air bearing pad which is beneath the belt in
the tire patch region. The roadway is driven by
one of the two 67-inch-diameter drums over which
it runs, The road speed is servo controlled; it
may be programmed to be constant or varied.

*A more complete description of this facility will be found in Ref. 6.
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Figure 6. Tire research machine,

The test surfaces used on TIRF are made from a
commercially available proprietary material called
Safety Walk.* The surface consists of a backing
sheet treated with contact cement used to adhere
it to the stainless steel belt. On the working
side, a silicon carbide type of grit material is
set in an epoxy type cement, This material is
specified by its reflectance which we have found
to be related to its microtexture and wet skid
number, Standard practice is to use a surface
with an initial wet skid number greater than the
desired test value, The surface is then stoned
with a grinding stone. The stoning serves to break
off those sharp asperities which extend appreciably
above the others. Stoned surfaces do not abrade
the tire surfaces excessively, and they are stable
under normal usage. Scanning electron microscope
(SEM) photos have been taken of some of the sur-
faces used. Figure 7 shows SEM photos of one of
the materials used in both the "as-received" and
"after-stoning" condition,

Schonfeld of the Ontario Ministry of Transporta-
tion and Communications has developed a method

of photo-interpretation of pavement skid resist-
ance [7]. Samples of our material have been
analyzed by Schonfeld who calculated skid numbers
in general agreement with values which had been
measured. The texture parameters used by Schonfeld
are height, width, angularity, distribution and
harshness of projections, and the harshness of the
surface between projections. He classified the
surface in terms of the apparent height and angu-
larity of the microprojections: polished, smooth,
fine-grained, coarse-grained subangular, and
coarse-grained angular, A fine-grained surface
has microprojections approximately 1/mm high while
coarse-grained surfaces (angular or subangular)
have projections approximately 1/2-mm high or

*Manufactured by 3M Company.
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Table 2
TIRF CAPABILITIES

CHARACTERISTIC RANGE
TIRE SLIP ANGLE («) +30°
TIRE CAMBER ANGLE (¥) +30°
TIRE SLIP ANGLE, RATE (&) 10%sec
TIRE CAMBER ANGLE RATE (7) 7°/sec
TIRE LOAD RATE (TYPICAL) 2000 Ib/sec
TIRE VERTICAL POSITIONING 2"/sec
ROAD SPEED (V) 0-200 mph
TIRE OUTSIDE DIAMETER 18.5" to 46"
TIRE TREAD WIDTH 24" MAX.
BELT WIDTH 28"

T

N

A

Figure 7. Scanning electron microscope photos (16X) of
safety walk surface,
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higher. The Safety Walk surfaces fall between
fine-grained and coarse-grained with about two-
thirds of the projections being more than 1/4-mm
high, g

A unique feature of TIRF is the ability to carry
out tests under wet road conditions. A two-
dimensional water nozzle spans the roadway. This
nozzle has an adjustable throat which can be set
to the desired water depth. The flow through the
nozzle is then varied by controlling the water
pressure, At each test condition, the water film
is laid on tangential to the belt at belt velocity.
The film thickness may be varied from as low as
0.005 inch up to 0,5 inch,

Tire-Wheel Drive and Balance System

A drive system which is independent of the roadway
drive is attached to the tire-wheel shaft, This
separate drive allows full variation of tire slip
both in the braking and driving modes. The tire
slip ratio, referenced to road speed, is under
servo control.

A six-component strain gage balance surrounds the
wheel drive shaft. Three orthogonal forces and
three corresponding moments are measured through
this system. A fourth moment, torque, is sensed by
a torque link in the wheel drive shaft, The load
ranges of the basic passenger car and truck tire
balances are shown in Table 3. Transfer of forces
and moments from the balance axis-system to the
conventional SAE location at the tire roadway inter-
face is in the data reduction computer program.*

System Operation
Data Acquisition Program (DAP) Control

The data acquisition program (DAP) is a software
system which controls machine operation and logs
data during tests. DAP controls test operations
by means of discrete setpoints which are generated
in the computer by the program, These setpoints
are sent to the machine servos which respond and
establish tire test conditions. After the set-
points are sent to the servos, a delay time is
provided which starts after the machine variables

Tabie 3
BALANCE SYSTEM CAPABILITY

COMPONENT PASSTNGER CAN TRUCK TIRE BALANCE
U

TIRE LOAD 0w 12,000 %

TIRS TRACTIVE FORCE 1000 %000 »

TIRE 8IDK FORCE #4000 oo

TIRE SELF ALIGNING TORQUE soonn 1000 & 1

TIRE OVERTURNING MOMENT 10008 1 2000

TIRE ROLLING RESISTANCE MOMINT | 200mtr “wnh

*More detailed information of the balance systems are thair
calibration may be found in Ref. 6 and 8.
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have reached a steady state value within prede- most factors contributing to wear can be tightly
termined tolerances. This allows the system to controlled, For instance, wear of a given tire
stabilize before data are taken. After data are can be be studied as a function of

r taken, the next set of test conditions is estab-

£ lished and testing continues, Inflation Pressure

One or two variables can be changed during DAP Vertical Load

! testing. The other test parameters are kept Slip Angle (Cornering)

fixed throughout the test. Up to twenty data

points can be used for each variable in a run. BT b Lo LS B
Road Velocity

A data reduction program is used to operate on : -
f the raw data collected during testing. These Slig g:ai§;d)(Dr1v1ng
new data are reduced to forces and moments in g

the proper axis system and all variables are Tread Depth
scaled to produce quantities with engineering
units, Raw and reduced data are temporarily It could be argued that wear testing on TIRF is
! stored in a disc file. Both reduced and raw qualitatively different from, and therefore in-
' data can be transferred to magnetic tape and ferior to, road testing in one important aspect:
maintained as a permanent record. a vehicle on the road "seeks" its way by a
"natural process of continuous adaptation to the
Reduced data points can be listed, plotted and everchanging external inputs, whereas on TIRF all ;
curves can be fitted to the points. All of the tire factors are fixed during a test run. Hence, )
standard Calspan plots can be generated from DAP on the road, the tire is subjected to essentially :
test data, transient conditions, whereas on TIRF it experi-
ences only steady-state conditions. In the light
' Data lists and plots are displayed on the oscil- of TIRF's capability to simulate transient condi-
loscope screen of a CRT console. Hard copies of tions, however, this argument does not hold. The
I i this information can be made off this display. influence of many factors such as steering system
suspension system, driver habits can be simulated
i .‘ Continuous Sampling Program (CSP) Control by controlled time-dependent inputs. In fact,
{ almost all parameters that a tire '"'sees' can be
I The continuous sampling program (CSP) is a soft- factored into a test cycle in a controlled fashion
i i ware system which controls machine operation and (except for a few weather inputs such as slush,
‘ continuously logs data during tests, Test vari- snow, and ice). Table 2 indicates that slip angle
A ables can be constant or changed at rapid rates, as well as camber angle and vertical load can be
} One or all variables can be changed during a test, varied rapidly, and so can road speed. TIRF's
Data can be sampled at rates up to 100 samples per strength is its capability to quickly produce
second. Pauses are used so that data can be logged large sequences of tire service factors in a rig-
U during desired intervals of the test, idly controlled fashion. Slip and inclination
. angles can be controlled within 0,03 degree; and
: CSP testing can be conducted quickly which in turn tire and road speeds, within 0,08% (at 50 mph).
reduces tire wear during severe tests, The high Both tolerances are sufficiently small to ensure
rate of data sampling also permits limited dynamic well-controlled wear tests under normal wear
measurements to be made during testing. conditions (i.e., at small slip values), Simi-
larly good accuracies are obtained for all other
Two parameter plots of data can be made. Carpet parameters controlled and recorded by TIRF such
and family plots of test data cannot be made with as inflation pressure, forces, moments, torque,
this program at the present time., CSP data will and loaded radius,
also reflect time effects if tire characteristics
are a function of the rate of change of testing Road tests are inherently incapable of yielding
variables, more than a few data points per tire; due to un-
avoidable "noise" in the form of weather changes,
Data reduction is accomplished in a manner similar varying road conditions, driver inputs, vehicle
to that employed in DAP testing. feedbacks, etc., the acquisition of each datum
point takes up a good part of the tire's total
Tread Wear Testing on TIRF Under Normal Wear tread life, TIRF is largely free of this 'moise."
Conditions Therefore, the minimum test duration can be sub-
stantially reduceld provided a short=duration test
The advantage of tread wear testing under normal technique can be developed, The minimum duration
wear conditions (slip angle < 2 degrees, longitu- of a wear test on TIRF is dictated by the accuracy
dinal slip < 2,5%) on an indoor testing machine of TIRF and the accuracy and test duration of the
such as TIRF instead of on the road is evident: measuring technique, as discussed in the Experi-

mental Errors section,
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PROGRAM OBJECTIVES '~V'°'
| l The major objecties of the program were to = *\“

~ | ik
,, Develop an electromechanical device b PRI | T 5
} that would measure losses in tread o : i | 2R

height with an accuracy of one mil TRLAD
‘ or better. \ MLABUMEMENT | _T . 1_/_."‘"“ 1
} | [FITTILT I O N N | J
’ Establish a short-duration wear test g '
| methodology under normal (not accel- FooTy o gl

erated, or severe) wear conditions, —3'-"'7]

Determine relations between tire MEASUREMENT 1: BEFORE WEAR RUN

wear and load, Slip angle’ longi_ MEABUREMENT 2. AFTER WEAR RUN

tudinal slip (braking, driving),

inflation pressure, and speed Figure 9. Wear measuring technique (schematic).

Only one tire type was to be used -- a 7,00-16 LW
military tire with NDCC tread pattern. Later,
under a follow-on program, the test methodology
worked out under this program was to be extended
to include a larger variety of military tires.

WEAR MEASURING DEVICE AND WEAR PROCEDURE

, To measure the change in tread height, we devel-
oped a simple mechanical-electrical device.
q Figure 8 indicates the measurement principle. The
rigid frame of the instrument supported by the
g { base area of the tread grooves establishes a

il 28

fixed reference system unaffected by wear, The
position of the wear surface with reference to
the frame is measured at points A, B, C, and D
by four linear variable differential transformers
; (LVDT's). Wear at the four points is determined
3 by recording the LVDT positions before and after
! a wear run, as indicated in Figure 9. A picture
of the device is shown in Figure 10.

e

The tread surface geometry is measured by placing
the instrument successively at 12 stations around
the tire (numbered 1-12) and three stations across
the tread (numbered 13-15). With four surface

measurements per instrument position, the total

number of tread measurement points is 144, Figure s
11 shows the distribution of measurement points i

POSITIONS OF
FEET2 & 3

WEAR SURFACE
TIRE (7.00-16LW) Figure 11. Distribution of wear measurement points at any one |
of the 12 stations around tire (XX from 01 to 12) ;
Figure 8. Wear measuring device (schematic). total number of points = 12 x 12 = 144,
27
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for the three stations (13-15) across the tread,
Each point is identified alphanumerically. For
instance, A 09 14 designates the position of LVDT
A at the angular station 09 and the lateral sta-
tion 14, The outer positions AXX 13 and 14 and
DXX 14 and 15 are usually not utilized because
they fall outside the actual wear zone of the
tread.

The 12 circumferential and three lateral stations
were marked on the tread by crosshairs scratched
lightly into a thin coat of white paint applied
to the groove bases, as indicated in Figure 12
and also in Figures 25-29. No difficulties and
only very small errors were encountered in plac-
ing the device repeatedly in the same position.

Before and after each tread measurement, the de-
vice was checked on a specially built calibration
fixture, Figure 13, The stability of the four
channels proved to be excellent, Figure 14 shows
that long-term and short-term fluctuations were

12 ANGULAR STATIONS

3 LATERAL
STATIONS

Figure 12. ldentification of angular and lateral stations.

Figure 13. Calibration fixture for wear measuring device.
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small, of the order of 1/2 mil, In the analysis
of single wear runs, the long-term fluctuations
could be completely ignored; and the short-term
fluctuations, reduced to negligible levels by
proper averaging.,

The device was integrated into the TIRF computer
system so that wear data could be easily recorded
and processed, Table 4 shows the computer output

w2
t
< wmrE -
§ : OGS a
R L L Toety,
] - a, .. s
£ h oA
£ ) .
g
1
188 S - " A i n - " N
120 140 160 180 200 220 240 260 280 300
RUN NUMBER
Figure 14. Drift of LVDT A,
Table 4
EXAMPLE OF COMPUTER PRINT-OUT OF WEAR MEASUREMENTS
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of a typical wear run, For each of the 12 circum-
ferential stations (of a given lateral station),
and each of the four LVDT's A-D, the differences
in tread heights measured before and after a wear
run are printed out., Furthermore, the 12 differ-
ences of each LVDT are averaged and printed out
together with the standard deviation (of single
measurement)., Hence, for each wear run, 12 aver-
ages (four LVDT's and three lateral positions)
with 12 standard deviations are generated, indi-
cating the wear of 12 meridians around the tire.

The procedure of measuring wear was as follows:
the tire tread was first thoroughly cleaned and
then marked for the wear measuring device. Fol-
lowing this, the tire was inflated and suspended
for a few hours on a rack in an air-conditioned
room. In this way, flat spotting and unequal
temperature distribution were avoided. Then, the
device, which had been calibrated shortly before,
was placed on the designated 36 locations around
and across the tire tread, and 144 measurements
of the tread height were recorded, (Figure 15).
This took about 10 to 15 minutes, Figure 16
shows a close-up of the device in position. The
tire was then mounted on TIRF (Figure 17) and run
under the specified conditions of speed, slip
angle, load, time, etc. After the run, the tire
was allowed to cool, and second tread height read-
ings were taken at the same positions of the pre-
wear readings. Finally, the data were printed
out, as indicated in Table 4.

EXPERIMENTAL ERRORS

The tread heights measured before and after a wear
run and their differences indicate not only the
actual wear losses but a number of experimental
errors as well, Our tests revealed six different
sources of error; they are listed in Table 5.

Figure 15. Tread height measurements.

Figure 17, Test tire mounted on tirf.

Table 5
SOURCES OF MEASUREMENT ERRORS
o RANDOM SOURCES

o INSTRUMENTATION SYSTEM
® WEAR FLUCTUATIONS (AROUND TIRE)

o PLACEMENT OF WEAR MEASURING DEVICE ON DESIGNATED
TREAD LOCATION (BEFORE AND AFTER A WEAR RUN)

e VISCO-ELASTIC-PLASTIC TREAD RUBBER PROPERTIES

o SINKAGE OF WEAR MEASURING DEVICE INTO TREAD RUBBER
e CREEP OF TREAD RUBBER AFTER TEST RUN
o RESIDUAL RUBBER DEFORMATIONS

o TIRE BREAK-IN (PERMANENT CHANGE OF TIRE SHAPE)
o TIRE TEMPERATURE

o THERMAL EXPANSION OF TREAD RUBBER (NEGLIGIBLE)
o THERMAL DEFORMATION OF TIRE

o WEAR “DUST"
¢ WEAR HISTORY




1, Random errors are caused by the instru-
mentation system, by wear fluctuations around the
tire, and by slight misplacements of the wear mea-
suring device during the measurement process,
Table 6 shows that the mean values of the instru-
mentation and the placement errors are (nearly)
zero; they are no biased. Hence, the accuracy of
a wear measurement can be expressed in terms of
the standard deviation. The standard deviation
of the wear fluctuations around the tire is much
larger than the standard deviations of both the
instrumentation system and the placement process.
Table 6 shows that with 96 measurement points
around the tire (per wear test), the instrumenta-
tion system error is only 0.02 mil; and the place-
ment error, 0.04 mil. The combined errors of all
three sources amount to 0,16 mil, an error much
smaller than the accuracy of 1 mil specified as
desirable at the outset of this investigation,

2, Errors caused by the visco-elastic-
plastic properties of the tread rubber are of a
different kind than random errors; they introduce
systematic offsets present in each measurement.
Hence, they cannot be reduced by repetitions;
their effects can be suppressed only by suitable
modifications of the measurement technique.

We identified three sources of errors caused by
visco-elastic-plastic rubber properties (Table 5):
sinkage, creep, and residual deformation. Sink-
age is characterized in Figure 18, As soon as

the tread rubber is loaded by the wear meter, the
device begins to sink into the rubber -- initially,
at a rate of 0.3 mil/min; later, at a much slower
rate of 0,1 mil/hour. Hence, if the measurement
process can be kept within, say, 10 seconds, the
sinkage error will be very small,

The visco-elastic behavior of a tire also accounts
for the phenomenon of creep: after a run is com-
pleted and the load is removed, the tire returns

Table 8
RANDOM (UNBIASED) ERRORS

o INSTRUMENTATION SYSTEM ERROR (CALIBRATION)

o MEAN 0.008 mil«0
o STANDARD DEVIATION 0.2 mil
o STANDARD DEVIATION OF MEAN (96 POINTS) 0.02 mil

o ERROR DUE TOWEAR FLUCTUATIONS AROUND TIRE

o STANDARD DEVIATION 1.5 mit
o STANDARD DEVIATION OF MEAN (96 POINTS) .15 mil

o ERROR DUE TO REPETITIVE PLACEMENT OF
WEAR MEASURING DEVICE

o MEAN 0.08 mil (w0)
o STANDARD DEVIATION 0.4 mil
o STANDARD DEVIATION OF MEAN (98 POINTS) 0.04 mil

TOTAL (RANDOM) ERROR  0.16 mil

(- forreni vost )
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slowly to its original shape., In Figure 19, a
tire was loaded by 800 1b for one hour, Immedi-
ately after load release, continuous tread height
measurements were taken., The initial compression
of the tire tread was about 11 mils, The tread
returned slowly toward its original height, first
at a rate of 0.9 mil/min, later at 0.1 mil/hour.
After 20 hours, the height was still off the orig-
inal height by 2 mils,

The effects of creep on the measurement accuracy
can be effectively reduced by introducing a wait-
ing period of about one day after a wear run is
completed, The effect of residual rubber defor-
mation is unknown at this time and has to be
explored further,

3. Tire break-in has a significant effect
on wear measurements, It appears that during the
first fifty miles or so of tire operation, cer-
tain internal bondages and stresses caused by the
manufacturing process are relaxed, and the tire
settles into a more permanent shape. Table 7

g
I
atniiin

0.1 mil/h

/

LOADED BY WEAR MEASURING DEVICE

| I S N (O N I |
0 1 2
TIME ELAPSED, h

0.3 mil/min

TREAD SURFACE HEIGHT, mil
= =
2 &
! I

INITIAL RATE 0.3 mil/min
OVERALL RATE 0.1 mil/h

Figure 18. Instrument sinkage error.

ZERO LOAD

TREAD SURFACE HEIGHT, mil

oelRELEASE | | ) ) ) 1 1] 111
0 10 20
TIME ELAPSED, h

Figure 19. Creep error (after run).
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gives an illustration, The first wear runs of

new tires showed a 'wear" Ah (first) 2.3 to 5.8
times larger than the wear Ah (second) of the
second run under identical run conditions. There-
fore, the first fifty miles or so of a wear run
cannot be utilized for wear measurements; they
have to be considered part of the test preparation.

4, Temperature has a distinct effect on the
measurement of wear, Figure 20 shows a sequence
of tread surface measurements taken before and
after a wear run, During the wear run, the tread
temperature increased from 70 F to 135 F, A
tread surface measurement immediately after the
end of the run indicated a growth in tread height
of 17 mils, which completely obscured the actual
wear effects. As the tire cooled, the tread
height decreased., When the pre-run temperdture
of 70 F was reached, the tread had contracted be-
yond the initial height by 2 mils -- the actual
wear, Figure 21 shows that about four hours are
needed afeor a vun to stabilize the tread dinen-
sions. Consequently, after each wear run, a cool-
ing period of about six hours had to be introduced.

It later became obvious, however, that soaking
alone was not sufficient to achieve consistent

Table 7
BREAK-IN ERROR
BREAK-IN -
RUN DISTANCE w.’._
CONDITIONS | MILES Oh (SECOND RUN)
a=0° 180 5.8
a = 10,5° 30 4.8
a = +1.0° 60 4.2
T = +100ftIb 60 5.7
T = -100tib 60 23

Oh IS THE DIFFERENCE OF TREAD SURFACE
MEASUREMENTS TAKEN BEFORE AND AFTER
A WEAR RUN

, END OF WEAR AUN (TEMP 136°F)

BEFORE WEAR AUN (70°F)

CHARGE OF TAEAD SURFACE MEASUREMENTE, sl

d AFTER WEAR RUM 78°F)
z
ACTUAL
1 e WLAR
L s L i
2

i
« ] ©
TIME AFTER WEAR RUN, min

Figure 20. Temperature effects on tread surface measurements.
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results, Figure 22 shows wear rates measured
repeatedly on the same tire under identical wear
conditions. Although soak periods of at least

24 hours were observed, we found rather large
fluctuations among the wear rates measured after
the first break-in run, Further investigations
revealed that these irregularities were caused

by rather small temperature changes that occurred
in the soak periods between pre-run and post-run
measurements, In Figure 22, the higher rates are
associated with a drop in temperature; the lower
rates, with an increase. The temperature changes
were small, of the order of a few degrees F, We
knew, of course, that rubber would thermally ex-
pand and shrink, but we estimated these effects
to be very small, It was, therefore, surprising
to learn that one or two degrees F would change
the shape of the tread rather drastically. A
possible explanation is that under the influence

TIME, ELAPSED, h
[] 2 4 L} ]

I I !

END OF WEAR TEST

N

10

TIRE COOLING

A4
D14

B4
c1e

Figure 21. Effect of tire cooling on tread surface measurements
(wear measuring deveic stationary).

260 oo e e
| \_ s
200 : 1n RUN
i 'fb BREAK-IN EFFECT
180 i :
,5 : b E b :
F § DISTANCE TRAVELED 30 MILES
o === SLIP ANGLE  £0.5 deg (STEP CHANGE, 5 min. INTERVALS
i LOAD 800 .
§ ; INFL PRESSURE 20 pot
1107 ESS - . | sPEED 30 mph
: t‘nm EFFECT (LOWER TEMP. AFTER WEAR)
sofe i -
......... ” . @+ = == ;—S=AVERAGE 23.2 mil/kmi
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. : ; A : i/ TEMP. AFTER WEAR)
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Figure 22. Repeatability of wear results.
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of temperature the tire cords contract or expand
and in this way deform the tread significantly,
as indicated in Figure 23, We then systematically
heated and cooled a tire by a few degrees and
measured the changes in tread height, Figure 24
shows that the average change of tread height
with temperature was about 0,5 mil/deg F. As a
consequence of this rather large temperature ef-
fect, it appears necessary to control the temper-
ature of the soak area within narrow limits, de-
pending on the accuracy required.

5. During a wear run, small rubber parti-
cles accumulated on the tread surface; they had
tc be brushed off to avoid measurement errors.

6. Different wear conditions generate dif-

ferent wear patterns, Tested under free-rolling

conditions, for instance, a tire develops paral- f'(')':DANGLE 00
lel wear bands at both sides of the center ridge INFL PRESSURE 200 'f’
(Figure 25). Under cornering conditions, with e eeD 33::;'1
the slip angle varying sinusoidally, the wear is DISTANCE TRAVELED 90 miles

more evenly distributed across the tread surface

(Figure 26). However, parallel ridges may develop Figure 26. Wear pattern of free rolling tire.
in certain areas. These ridges have been described

CHANGE, MiL

SLIP ANGLE 210 (sinusoidal; 0.1 Hz)
LOAD 800 ib
INFL PRESSURE 20 psi
SPEED 60 mph
DISTANCE TRAVELED 240 miles

Figure 24, Change of tread surface measurements at points TIRE NO. 28

A13-D15 with tire temperature, at a constant inflation B
pressure {20 psi) Ah~0.5 mil/°F. Figure 26. Wear pattern of cornering tire.
32
el
- v.\ \,""‘-v“, \:‘ - 1 1 . .




]
by Schallamach [9] in detail and are, therefore, preceded by, say, a free-rolling test is differ-
often called Schallamach waves., Their intensity ent from the wear of the same cornering test
depends on many factors such as coarseness of the obtained from a new tire never wear-tested before.
road surface, stiffness of the rubber, and direc- Therefore, to secure consistent results, each
tion of relative motion between tread and road. wear test should be started from a new tire.
A Very coarse Schallamach waves were observed when
! the tire was subjected to driving (Figure 27). Table 8 lists again the six major sources of
Under braking, step wear developed between the errors and the means to eliminate or reduce them,
center ridge and the tread logs (Figure 28); also, as discussed,
| the trailing edges of the logs showed considerably
| more wear than the leading edges. Under combined TEST PROGRAM
} ; braking and cornering, additional Schallamach waves
: could be observed on the center ridge (Figure 29). The test program encompassed four common types
i In Appendix B, some footprints of worn tires are of tire operation
! presented on which the various wear patterns can
i again be identified. Straight free-rolling

B From this, it is obvious that the topography of Cornering under free-rolling

the wear surface depends strongly on the wear Straight driving and braking
conditions imposed. It also follows that the

amount of rubber abraded under given wear condi-
tions depends on the wear history. For instance,
the wear obtained from a cornering test that was

Cornering under driving and braking

In addition, the influence of load, speed, and
tire pressure on wear were investigated, All

T =

TORQUE 100 fi/lb TORQUE 100 fi/ib
! SLIP ANGLE o° SLIP ANGLE 0°
(v LOAD 800 Ib LOAD 800 Ib
\ . INFL PRESSURE 20 psi INFL PRESSURE 20 psl
SPEED 60 mph SPEED 60 mph
1 DISTANCE TRAVELED 240 miles DISTANCE TRAVELED 240 miles
4 TIRE NO, 30 TIRE NO, 2

.[ Figure 27. Wear pattern of driving tire. Figure 28, Wear pattern of braking tire,
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ABRASION PATTERN, FINE
(SCHALLAMACH)

AREA OF
MAJOR WEAR

TORQUE <100 ft/ib

SLIP ANGLE $19 (sinusoidal; 0.1 Hz)
LOAD 800 ib

INFL PRESSURE 20 psi

SPEED 60 mph

DISTANCE TRAVELED 240 miles

TIRE NO. 32

Figure 29. Wear pattern of braking/cornering tire,

Table 8
ELIMINATION OR REDUCTION OF MEASUREMENT ERRORS

RANDOM SOURCES

¢ LARGE NUMBER OF WEAR MEASUREMENT POINTS AROUND TIRE
VISCO-ELASTIC-PLASTIC TREAD RUBBER PROPERTIES

o LIGHT-WEIGHT PROBE

e RAPID MEASUREMENTS
o 24 h WAITING PERIOD AFTER TEST BEFORE TAKING MEASUREMENTS

TIRE BREAK-IN
o 30 MIN BREAK-IN UNDER TEST CONDITIONS
TIRE TEMPERATURE

o SAME TIRE TEMPERATURE FOR MEASUREMENTS BEFORE AND
AFTER WEAR RUN

WEAR DUST
e BRUSHING
WEAR HISTORY

o NEWTIRE FOR EACH NEW TEST CONDITION

tests were performed on 7,00-16 LW NDCC military
tires, Under normal military service conditions,
this tire experiences loads between 765 and 1035
1b at pressures between 20 psi and 25 psi., The
operating speed does not surpass 50 mph,

To keep the test conditions in reasonable agree-
ment with actual service conditions, it was de-
cided to vary the

load between 800 1b and 1200 1b
inflation pressure between 16 psi and 24 psi
slip angle between *2 degrees

torque between +100 ft-1b (driving) and
-100 ft-1b (braking)

The torque of $100 ft-lb is associated with low
longitudinal slip values of about #0.6 percent.
Hence, the ranges of both o and s covered in
this program are basically in agreement with
the ranges called out in Table 1 for normal
driving severity,

To simulate actual driving conditions to some
degree, and to avoid asymmetrical wear, the

slip angle was varied periodically during test-
ing, either sinusoidally or stepwise, In both
cases the frequency was low, between 1/10 (sin-
usoidal change) and 1/600 Hz (step change). The
table in Appendix A gives an overview of all
tests run, Note that the first runs were all
experimental runs to check out the equipment and
to develop a viable test technique.

The test procedure was developed in context with
the results of the error analysis, described in
the Experimental Errors section. Accordingly,
for each test, a new tire was used, The tread
surface was thoroughly cleaned and carefully
marked for the wear measuring device, The tire
was then inflated and run on TIRF for 30 minutes
under test conditions., After this break-in run,
the tire was soaked for at least 12 hours in an
air-conditioned room before the tread height was
measured at the designated locations and recorded
on magnetic tape. Following this, the actual
wear run was performed. After the run, the tire
was soaked again for at least 12 hours in the
air-conditioned room, and measurements were
taken and recorded. Finally, the differences

in tread height and their standard deviation
were computed and printed out.

i
TEST RESULTS AND COMPARISON WITH FIELD TESTS
The test results describe the influence of load,

inflation pressure, slip angle, and braking and
driving on wear.

T




Two Mansfield tires were run at 800-1b and 1200-
1b load under otherwise identical test conditionms.,
The wear results are plotted in Figure 30, They
suggest that for the tires tested, wear increases
proportionally with load.

In Figure 31, wear is plotted for three Mansfield
tires with different inflation pressures. The
load was kept at 800 1lb (the design load for 20
psi). Wear appears to increase rapidly at infla-
tion pressures lower or higher than the design
pressure at design load,

Figure 32 depicts wear data measured as a func-
tion of slip angle for a number of Mansfield
and Firestone tires, During wear runs, the
slip angle was alternated stepwise between a
max in five-minute intervals, to avoid asymmet-
rical wear. Wear is strongly dependent on slip
angle; the TIRF data in Figure 32 plotted on
semi-log paper indicate an exponential relation
of the type

%
<
E o /
o \ /
<
w
H
2 7.00 - 16 LW (BRAND M)
80 mph
800 I
DESIGN = £ 1° (SINSOIDAL, 0.1 Hz)
PRESSURE
0
0 10 20 ]

INFLATION PRESSURE, psi

Figure 30. Wear versus tire foad.

80
7.00- 18 LW (BRAND M)
60 mph
20 pai
= § 1° (SINUSOIDAL, 0.1 Hz)
T
«
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s
&
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s
s /|
[}
0 1000 2000
TIRE LOAD, Ib

Figure 31. Wear versus inflation pressure.
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For comparison, the road data (cornering) of
Reference 4 (plotted in Figure 4) are super-
posed; they follow the same relation -~ a con-
firmation of our contention that TIRF or a
similar laboratory machine can indeed be used
to simulate road wear performance., Figure 32
indicates that the Mansfield tires are wearing
slightly less than the Firestone tires, by
about 17 percent,

wl,/wM = 1,2

In Figure 33, the results of braking and driving
tests are plotted, The tests were performed with

000 — WEAR, miliumi

o0 LA 02 i
L1/
£

T E—
50 —9Y— 7.00 - 16 LW
o BRAND F 20 psi
o BRANDM 800 b
30/80 mph

SLIP ANGLE SWITCHED STEPWISE
BETWEEN + AND -, IN 5-MIN
10 INTERVALS l

| ® ADAPTED FROM REF. 4 (SEE FIG. 4)

' ) |
1 1 1 1
0 1 2 3 4 5

SLIP ANGLE, deg

Figure 32. Wear versus slip angle.

WEAR, mil/kmi

7.00 - 16 LW (BRAND M)

& =g°
mlmuu nqu:'lm
100 [ 100
TORQUE, ft I

Figure 33. Wear versus torque.
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and without simultaneously cornering the tire, In
both cases, braking losses are much higher than
driving losses -- a consequence of the fact that
the displacements of tread elements in the contact
area of a braked tire are much larger than those

of a driven tire. According to Veith [2], the
frictionally dissipated energy in the contact patch
of a braked tire is 2.4 times larger than the energy
dissipated in the patch of a driven tire, for the
same absolute torque of 180 ft-1b, Here, the ratio
is even larger -- 3.4 for the cornering tire, and

7 for the straight-rolling tire, perhaps a conse-
quence of the coarse cross-country tread pattern,
The cornering-driving tire experiences higher wear
than the straight-driving tire, as expected. The
wear values of the cornering-braking and the
straight-braking tires, however, are nearly equal,
for reasons unknown at this time,

Direct comparisons of the wear results generated
in this program with road results are frustrated
by the fact that road tests are usually performed
under random variations of slip angle, load,
speed, etc. Indirect comparisons, however, are
possible in two ways.

1. The tread surface exposed to different
wear conditions assumes different microscopic
wear patterns, Figures 34 through 39 are scan-
ning electron microscope (SEM) tread surface
photos of Mansfield tires tested on TIRF under
various wear conditions, Most of the depicted
tread surfaces exhibit particular Schallamach
wave patterns, depending on the wear condition
imposed, For comparison with TIRF-generated
surfaces, a SEM tread surface photo was made
of a Mansfield tire that had been in practical
use as a rear tire on a jeep (Figure 40). Its
wear pattern shows close resemblance to the
pattern of the tire tested on TIRF under driv-
ing and cornering conditions (Figure 39). We
take the similarity between the two patterns
as an indirect proof of TIRF's capability to
simulate actual road wear conditions,

2. Another indirect comparison between TIRF
and road wear data is offered by test data pub-
lished in Reference 10. In these tests, NDCC
military tires, size 7.00-16, were mounted on 1/4-
ton trucks, 4 x 4 M 151 A2 (jeep), and tested at
various speeds on paved roads, secondary roads,
and open terrain, For Mansfield* tires, the fol-
lowing wear data were measured per 600 miles on
paved roads (Table 8, Truck No. 3; Reference 10):

Left Front (770 1b)

Free-rolling " "1 mils; std. dev. 7 mils

Right Front (770 1b)

free-rolling .2 99 mils; std., dev, 7 mils

— 1
in the report, Mansfield tires were coded by letter W.
(Personal communication, Mr. Richard Heinrich, TACOM)

36

Figure 34. Scanning electron microscope photo
{12X) of tread surface.
Test Condition: Tirf
a = $0.5° (square wave, 1/600 Hz)
Tire Brand M

Figure 35. Scanning electron microscope photo
{12X) of tread surface.
Test Condition: Tirf
a = 19 (sinusoidal, 0.1 Hz)
Tire Brand M




Figure 36. Scanning electron microscope photo Figure 38. Scanning electron microscope photo

(12X) of tread surface, {12X) of tread surface.
Test Condition: Tirf Test Condition: Tirf
Straight Braking (-100 ft/Ib} Straight Driving (+100 ft/Ib)
Tire Brand M Tire Brand M

o
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Figure 37. Scanning electron microscope photo Figure 38. Scanning electron microscope photo
{12X) of tread surface. (12X) of tread surface.
Test Condition: Tirf Test Condition: Tirf
Braking - Cornering (-100 ft/Ib) Driving - Cornering (+100 ft/Ib)
a = 19 (sinusoidal, 0.1 Hz) a = 19 (sinusoidal, 0.1 Hz)
Tire Brand M Tire Brand M
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educated guesses of the actual driving condi-
tions of the jeep tested, In view of the many
uncertainties, however, the agreement between
TIRF and Yuma data must be considered
satisfactory.

CONCLUSIONS AND RECOMMENDATIONS

Wear resistance, one of the most important prop-
erties of pneumatic tires, has been measured in
the past almost exclusively in road tests, either
under normal (passenger car) or accelerated con-
ditions (trailers). Both methods have serious
drawbacks, A third method that would combine the
advantages of the controlled, short-temm trailer
tests with the real-life wear conditions of pas-
senger car tests was, therefore, highly desirable.

With TIRF, an opportunity was given to develop
such a method. TIRF features a flat surface, a
large speed range, realistic road surfaces, and
the capability to simulate a large variety of
wear cycles under tight control of slip angle,
load, speed, etc. This program is primarily

4 Figure 40. Scanning electron microscope photo concerned with the development of an efficient
i : (12X) of tread surfacs. test methodology that would permit the determi-
] Test Condition: Jeep nation of a tire's wear loss after only a few
Field Conditions hours! run of normal severity. This objective
i Tire Brand M (Rear) has been achieved with excellent results.
' Driven Left Rear (1043 1b) An electromechanical wear measuring
| w = 58 mils; std, dev. 19 mils system has been developed with an accuracy

_ of 0.2 mil (st, dev. of single measurement).
4 Right Rear (1043 1b)

| Priven w = 63 mils; std. dev. 12 mils A short-duration, wear measuring proce-
dure for normal-driving (low-severity) condi-
. For the free-rolling tires, then, the average wear tions has been developed including
by rate was 18 mils/kmi (std. dev. 12 mils); for the
| driven tires, it was 101 mils/kmi (std. dev. 26 A tire break-in of 30 minutes
o mils). under test conditions H
1 : To compare these road wear rates with rates mea- Wear runs at controlled slip
s sured on TIRF, we first computed the slip angle angle, load, speed, torque,
( that produces a wear rate of 18 mils/kmi under etc,, on TIRF with wear dura-
i front wheel load. Using TIRF data, we found this tions between 30 minutes and
? slip angle to be +0,6 degree (sinusoidal varia- 3 hours
' I tion, 0.1 Hz) -- a plausible result (see Table 1}.
'\ With this angle, we produced an estimate of the Wear measurements at more than |
) rear tire wear under rear wheel load. one hundred tread locations at ;
‘ constant tire temperature
} Using average numbers for aerodynamic resistance
and tire rolling losses, we computed a rear Computer storing and processing
E,‘ wheel torque of 100 ft-1b, Under pure driving of wear data
J with no braking (slip angle +0.6 degree), this
‘,, torque corresponded to a wear rate of 70 mils/kmi. The major sources of experimental errors
{ With 17% braking, the wear rate rose to 100 mils/ (due to temperature, tire creep, and nonuniform
.J kmi -~ the value measured on Yuma Proving Ground, wear) have been identified and either eliminated
or reduced to low noise levels,
; Of course, the slip angle of +0.6 degree, the
slip angle frequency of 0.1 Hz, the torque of A wear program has been performed on 7,00-16
+100 ft-1b, and the percentages of driving and LW military tires under various conditions of in-
braking of 83% and 17%, respectively, are all flation pressure, load, speed, slip angle, and

driving and braking torque,
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The test results indicate that in the range of
normal driving (up to 2 degrees slip angle, 1200-
1b load, and $100 ft-1b torque), wear (in mil/
kmi) is

An exponential function of slip angle
A linear function of tire load

reaches a minimum at design pressure
or 20 psi

is many times higher for braking than
for driving

Direct comparisons between TIRF measured and ve-
hicle measured wear data are frustrated by the
fact that the wear conditions of vehicle tests
are usually varying randomly within rather large
ranges, Under these circumstances, indirect
comparisons were tried -- with good success.

(1) It was noted that the microwear pattern of
the tread surface, i.e., the Schallamach waves,
observed (under a scanning electron microscope

on the tread surface of a tire worn in actual
road use was similar to that indicated on an
identical tire tested on TIRF under correspond-
ing, simulated road conditions, (2) Road wear
data measured by the U, S, Army on the Yuma Prov-
ing Ground could be reproduced from TIRF data with
the help of estimated wear cycles that presumably
had prevailed during road testing, Both results
permit the conclusion that short-duration wear
data generated on TIRF adequately reflect actual
wear conditions on the road. Hence, it can be ex-
pected that on TIRF or a similar indoor machine,
valid wear data can be generated in a few hours'
wear time under normal wear conditions.

With these favorable conclusions, a reliable basis
is provided for an expansion of this program, The
following steps are suggested:

A wear cycle reflecting average road wear
conditions should be devised. The cycle could be
either of deterministic or of random nature, or
it could contain a combination of deterministic
and random elements. For instance, the slip angle
could be varied randomly according to a normal
distribution, whereas the associated loads could
be made dependent on the slip angle.

Noise and uncertainty levels in wear measure-
ments should be reduced further,

The electromechanical wear measuring instru-

ment should be redesigned to accommodate different
tread patterns.
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A number of tires of different size, construc-

tion type, and tread design should be tested and
ranked with respect to their wear resistance.

Results from these tests should be correlated
to those obtained by TACOM on the same tires,

The results should also be used to specify a
simple tire wear machine based on Calspan's flat-
bed Simulated Roadway Unit (SRU) concept. SRU's
are currently manufactured under a Calspan license
and can be readily adapted to wear applications.

QUESTIONS AND ANSWERS

Q: (Mr. Shaver) Are the facilities at your test-
ing facility available to industry and if so, on
what basis?

A: Indeed they are available. Just contact us
and we will give you a price. The machine is
available, and we will do the study for you. This
is our business, This machine, by the way, was
funded by the major tire manufacturers and by the
Government 2-1/2 to 3 years ago and since then we
have been doing studies for industry and for the
government -- various studies mostly force and
moment measurements and wear studies for which
this machine is ideal.

Comment: (Vogel) We should add, the machine is
available on-site in Buffalo. It weighs a couple
of hundred tons so it wouldn't be available in
the field.

Q: How do you monitor your temperature? Do you
use any infrared radiometers?

A: We have two infrared instruments, and we also
have feedback control. One infrared instrument
measures the road temperature, another one looks
at the tire surface and tread surfaces and we
have an inside probe that measures cavity
temperature.

Q: What is the maximum load capacity of the
equipment?

A: There are two balances, one for passenger car
tires and one for truck tires. With passenger
tires we can go up to 12,000 1b altogether, but
for passenger we normally go only to 2,000 or
3,000, If we have to go higher, we use a truck
balance which we can go up to 12,000, usually it's
8,000 or so.

Q: Is there a written paper available covering
what you have talked about?

A: Yes, that is, I have to write a report on
this and it will be available in a month or two.
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APPENDIX B. TIRE FOOTPRINTS
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A SEMI-AUTOMATED PULSE-ECHO ULTRASONICS SYSTEM FOR INSPECTING TIRES

Dr. Robert P, Ryan
Department of Transportation
Transportation Systems Center

Cambridge, Massachusetts

The Transportation Systems Center in Cambridge,
Mass. has developed and is presently evaluating
a semi-automated pulse-echo ultrasonic tire
testing machine. This paper describes the mach-
ine and explains its functioning in relation to
the special requirements for ultrasonic inspec-
tion of tires.

A general overview of the tire-handling part of
the machine is shown in Figure 1. As can be
seen, it is an immersion system with a big tank
about four-feet deep. This technique utilizes
the effectiveness of total immersion to avoid
any possibility of difficulties due to reflection
of the ultrasound by air bubbles, which would be
carried into the water as the tire rotates for
scanning if it were only partially immersed.

As shown in Figure 2, the tire is mounted on a
split rim and inflated with the aid of a pneumatic
cylinder device which removes and installs the
outer rim half. The rim halves are held together
against the outward thrust of the inflation
pressure by a heavy bayonet latch inside the tire.
The cylinder thrusts toward the tire, grips the
outer rim-half with a group of electromagnets

(the outer rim-half is made of steel, nickel
plated), and holds it while the tire-scan motor
rotates the stub shaft 45° to unlock the bayonet
latch. The air cylinder is then retracted to
permit removal and replacement of the tire, and

Figure 1, Overview of tire handler. A 3-station vertical carouse!
carries tires from the unload/load station shown, to a debubble
station and an inspection station. The tire is totally submerged
for debubbting and inspection to avoid entrainment of surface
air bubbles.
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the process is reversed. The tire is inflated
and deflated through the shaft assembly.

There are three such split-rim tire stations, on
the ends of the three arms of a large spider or
vertical carousel, Whenever one arm is at the
load/unload position, the other two stations are
totally submerged, one at a debubbling position,
and the other at an inspection position. Once a
tire has been mounted, it is moved to the debub-
bling station by a 120° rotation of the spider,
driven by a l-horsepower cam-actuated Ferguson
index drive, shown in Figure 3. At the same
time the previously debubbled tire is carried to
the inspection station, and the previously in-
spected tire is brought to the unload/load
station.

The Ferguson drive could index the spider in
about two seconds if suitable baffles, curtains,
etc., were added to control the splash. If tire
mounting were totally mechanized, loading and
unloading could also be accomplished in a few
seconds. As we shall see, the actual ultrasonic
scanning could readily be accomplished within
about two seconds. If the data were evaluated
automatically, a throughput of four to six tires
per minute could readily be obtained. At the
present stage of development, however, the index
time is slowed down to about five seconds to
avoid excessive splash. The tire mounting cycle
is slowed to about 20 seconds for operator safety.

Figure 2. Tire Loading: Outer rim half is gripped by electro-
magnets and removed by a pneumatic cylinder, Outwaved thrust
of inflation pressure is supported by an internal bayonet latch,
which is rotated for engagement and disengagement by the tire-
scan stepping motor.
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While one tire is being scanned, the next tire
is being debubbled by a set of high velocity
water jets, but the load/unload operation cannot
be conducted simultaneously, because reverse
rotation is required to unlock the bayonet
latch, and the three stub shafts are coupled
mechanically by a roller chain drive inside the
spider and driven by a single stepping motor.
Finally, the scanning time itself is stretched
out to 10 seconds because of the limited power
of the scanning motor., For the present system,
the mechanical limit on throughput is a little
better than a tire per minute.

As shown in Figure 4, a set of transducers is
arranged in a ring around the cross section of
the tire. The transducers (up to 24 in number)
are pulsed in sequence, and the returning echo
signals are processed in sequence with the aid
of electronic switching. Thus, the entire sur-
face of the tire is scanned during a single revo-
lution, which requires ten seconds. The trans-
ducers are sequenced at a rate of 2.4 kHz, so
each of them is pulsed 1,000 times during the
rotation, and 24,000 spots on the surface of the
tire are interrogated during the ten seconds of
the scan,

The system operates in the pulse-echo mode:

each transducer sends out a short pulse of ultra-
sound lasting about two thirds of a microsecond,
which travels through the water and into the body
of the tire. Echo signals are reflected back to
the same transducer from the various structural
elements, e.g., belts, plies, etc., and finally
from the inner surface of the tire. The only
ultrasonic limitation on scanning rate is the
requirement that all of the echoes from a given
pulse be received before the next pulse is sent
out, and for suitable transducer spacing from the

Figure 3. Indexing of spider - 120° rotation advances tires from
load/unload station to debubble and inspection stations.
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tire, this time would be about 70 microseconds.
In this case the same data would be acquired in
approximately 1.7 seconds.

To make the pulse-echo technique work for tires,
the second special requirement, no less important
than total immersion, is to have the transducers
perpendicular to the layered interfaces inside

the body of the tire, so that specular reflections
from the reinforcing elements can be received.

To facilitate such mechanical alignment, the
transducer support yoke is pivoted on sleeve
bearings, at the main axis of the spider, so that
it can be swung up near the surface of the water
as shown in Figure 5. The spider is stopped
halfway in an index operation and then jogged and
hand cranked to bring the tire up to the surface,
such that it will be in the same position relative
to the transducers as in the inspection position.
Thus, the coarse mechanical adjustments involving
manual adjustment of clamping screws, slides,
etc., can be reached while the transducers are
totally under water, and it is possible to

observe the echo signals on an oscilloscope.

The criterion for proper alignment is simple:

the echo signals are maximized and the layered
structure is resolved to the maximum possible
extent. Mechanical positioning of the trans-
ducers relative to the outer surface of the tire
is not a practical approach to this problem be- 1
cause the outer surface of the tire is seldom ;
parallel to the internal layered structure of
the reinforcing materials.

To make the transducer adjustment procedure as
easy as possible, each transducer is mounted on
a small manipulator mechanism, so designed that
the various required adjustments are as nearly
independent as possible. Figure 6 shows one of
these manipulators and illustrates the kinematics
of the design. Transducer manipulators are
mounted alternately on the top and bottom sides

Figure 4, Transducers in working position.
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of three arc segment rails having an H-shaped however, a simpler design would be much more
cross section, one of which is shown. These tedious to set up, because the various adjust-
rails are called "¢-rails" because the positior ments would be highly interacting. For success-
of each transducer along its supporting ¢-rail ive tires of the same design the only adjustment
corresponds to what we call the ¢-coordinate, which is very critical and likely to change much,
which measures angular position around the center is the a-angle. Remote adjustment of the a-angle
of the cross section of the tire. The ¢-angle is provided by a small stepping motor on each
is taken to be 0° towards the wheel axle, and manipulator, This remote trimming capability
increases from about 90° at the center of the permits precise reflection amplitude measurements
blackwall (serial number) side of the tire, to be made without the results being confused by
through 180° at tread center, to 270° at the minor changes in tire shape. Coarse adjustments
) whitewall side, etc. The three ¢-rail segments that have to be made manually are only required
can be positioned independently to make their when there is an appreciable change in tire size
arc centers coincide approximately with the or shape.
local center of curvature for the adjacent ply
layers in the tread region, and in each side of Figure 7 shows an overview of the scan control
! the tire, respectively. The normal to the tire and data evaluation console. To the right can
structure then coincides approximately with a be seen a rack containing 24 pulser-receiver
radius of the ¢-rail, and would do so exactly if amplifiers, one for each of the transducers. The
the tire shape were exactly circular over the main rack encircled by the operator's table con-
i corresponding ¢-segment. To accommodate small tains the control electronics and the signal pro-
departures from this ideal, a correction angle cessing and display elements of the system.
denoted by o can be introduced by moving the Lighted pushbuttons select and indicate scanning,
transducer on a smaller arc slide referred to signal processing, and display modes. Scan data
hereafter as the "a-slide." Each a-slide can be displays are generated on a scan converter image
positioned in or out along a radius of the ¢-rail memory tube and presented for evaluation on a
so that the arc center of each a-slide lies large TV monitor. Signal processing is digitally
1 within the tire body at the depth of the ply controlled, and the scan-programmed signal pro-
layer of most interest. Motion along the a-slide cessor provides up to 32 adjustable parameters
| is thus equivalent to rotation about the volume which can have independent values for each of
element of the tire being inspected, and changes the 24 channels. A laboratory oscilloscope pro-
‘ in the angle of incidence in the beam can be made viding an '"A-scope" presentation can be selectively
! without changing the volume element being exam- triggered to monitor the effects of adjustments of
‘ ined. Finally, the transducer can be moved in the parameters for any one channel at a time.
and out along a radius of the a-slide to achieve The knob panel directly in front of the operator,
j the desired water path distance, and each trans- shown close up in Figure 8, is effectively switched
b ducer can be tilted up or down from the cross to control 18 of the available parameters for the I
section plane to make the beam axis perpendicular selected channel viewed on the A-scope. Digital
e to the tangent plane in that direction too. This values corresponding to the knob settings can
' design may appear at first to be overly complex; then be loaded into the control memory., By |
‘ :
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.( Figure 5. Transducers in position for coarse mechanical alignment. Figure 8. Transducer manipulator kinematics. B
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repeating this process for each of the channels,
appropriate parameters can be loaded to suit a
given size and type of tire,

To assist the operator in the managing and re-
cording of these parameters, a minicomputer pro-
vides a tabular display of the parameter values
as shown in Figure 9 and permits entry or alter-
ation of selected parameters via the keyboard,
and/or re-entry of parameter sets from a digital
storage medium,

Either the scan-data image-format displays from
the large TV monitor, or the alphanumeric param-
eter displays shown on the small TV monitor, can
be printed on paper by a video facsimile recorder
(out of view in the figures). Finally, behind
the operator's shoulders in Figure 7, you could
see the reels of a video tape recorder. When a
tire is scanned, the raw, unprocessed echo signals
can be recorded. Thereafter, any of the various
kinds of signal processing and display functions
that the system is capable of can be accomplished
from the tape-recorded signal, even after the
tire is no longer available for tests.

Prior to describing the various signal processing
and display functions of the system in more de-
tail it is first appropriate to note some of the
characteristics of pulse echo returns from tires
which have motivated the design of this system.

Figure 10 shows echo signals correlated with the
internal structure in the tread region of a
belted tire where there were four body plies and
two belt plies. The upper echo signal was
obtained with a transducer having a nominal
resonant frequency of 1.0 MHz, while the lower
trace was obtained with a 5.0 MHz transducer.

The upper trace shows a sharp, three half-cycle,
return from the outer surface of the tire, which
is characteristic of the echo signals seen from
simple plane interfaces with highly damped trans-
ducers. Here we see the third special requirement
to make pulse-echo inspection of tires work:
highly damped transducers must be used so that
the emitted pulse is short enough to give useful
resolution of the layered structure. The return
from the outer surface of the tire for the 5.0
MHz transducer appears more complex, merely be-
cause it is a summation of echoes from various
surface elements of the tire at slightly different
distances from the transducer. Reflections are
seen from the deepest grooves in the tread pattern
(e.g., at 5.0 cm on the 1 MHz trace and at 4.2 cm
on the 5.0 MHz trace) because the ultrasonic beam
cross section (about 1 inch in diameter) is
occupied partly by ribs and partly by grooves.
Shortly thereafter, a larger oscillatory signal
is returned from the ply layers, and finally a
pulse resembling the initial pulse in shape but
inverted, and much broadened, is returned from
the interface between rubber and air at the inner

(1)
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Figure 8. Parameter adjustment knobs. |f mode switch is at
parameter adjust, system uses knob-generated value for selected
transducer instead of value from parameter memory. Load
position puts knob value in memory.

Figure 8. Tabular display of signal processor parameters.
Numeric input will replace or increment parameter value for
a particular transducer #, selected by positioning the cursor
as shown, or for all transducers if cursor is positioned before
beginning of a row.
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Figure 10. Reflection signal matched to tread structure of
belted tire section.

surface of the tire. The amplitude of the return
from the plies decreases very rapidly with depth,
more rapidly for the higher frequency transducer,
and returns from greater depths in the tire struc-
ture exhibit a low-frequency character. Since
the incident pulse is short in time, it has a
very broad frequency spectrum, and the returns
from deep within the tire structure constitute
primarily the low-frequency components of the
signal which are less strongly absorbed and
scattered. Because of these effects, it is not
practical to use frequencies high enough to per-
mit pulses short enough to cleanly resclve the
successive layers in the ply structure, At this
frequency the oscillatory return from the ply
structure still exhibits interference effects
between the returns from the several layers.

We have fitted our machine with 2.25 MHz trans-
ducers as a tentative choice for the trade-off of
resolution versus penetration. Nevertheless,
there is sufficient depth resolution to indicate
the depth of a defect or anomaly relative to the
various structural elements. There is certainly
sufficient resolution to tell the difference be-
tween a bubble or air film on the surface of the
tire and a separation or other defect with the
body of the tire. The pulse-echo technique is
thus inherently foolproof with respect to false
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alarm indications due to inadequate wetting or
entrained air bubbles which may have caused diffi-
culties with previous immersion ultrasonic systems
which used through-transmission techniques,

Figure 10 simultaneously proves the promise and
exhibits the fourth fundamental difficulty of
inspection of tires with ultrasonics, Clearly
ultrasound penetrates the tire structure, as is
evidenced from the substantial return from the
inner surface of the tire, even at 5 MHz, and
echo signals are certainly returned from the
layered structure of reinforcing materials.
However, the echo signal is complex. Furthermore,
it is not only unique to the particular tire
construction (number of plies, materials used,
etc.) the thickness of tread, etc., but the echo
signal is different at every spot around the
cross section of a given tire. The situation is
entirely different from that usually prevailing
in metals testing, where the body of the material
is homogeneous, and the presumption is that any
echo from an internal volume element represents
a defect. In such a situation, a very simple
form of automated processing is highly effective:
a time window or range gate is established which
excludes echoes from the front and back surfaces
of the tested object, and echoes within this gate
exceeding some established threshold correspond
to defects. In tires the situation is not so
simple. The internal volume of the tire body
returns echo signals from the normally present
cord structure. To be sure, echo signals from
such gross defects as a separations exceed the
background of reflections from normal tire struc-
ture and therefore, are detectable with gate-and-
threshold techniques. However, at the time this
machine was conceived, there was increasing evi-
dence that separations were neither a necessary
nor a sufficient cause for tire failure. Thus

it appeared that more subtle anomalies needed to
be investigated - anomalies which would not
necessarily give echo signals rising above the
background of normally present reflections from
ply structures, but which might be evidenced by
perturbations of the amplitude, or perhaps the
phase, of the normally present signals.

The B-scan display technique provides a very
sensitive means for detecting any such perturba-
tions of the normally present echo patterns.
Figure 11 illustrates the technique with scan
data taken on a programmed-defect tire having
separations approximately 1/2", 1'", and 2" in
diameter, deliberately introduced between the
belt and the body plies, The reflection amplitude
signal is used to intensity modulate the beam of
an oscilloscope, which is then displaced verti-
cally in synchronism with mechanical scanning
produced by rotating the tire relative to the
fixed transducer. The image display shown was
produced in four sections by recording the face
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Figure 11. Single-channel B-scan display.

of the oscilloscope on Polaroid film during suc-
cessive 90° intervals of rotation. The ultra-
sound is reflected from the tire, starting of
course with the outer surface, and the further
inside the tire structure the reflecting inter-
face, the later the time at which the echoes re-
turn. Thus, the horizontal axis (corresponding
to the time axis of the oscilloscope) measures
depth into the tire structure. The bright line
at the left of the display is the reflection from
the outer surface of the tire, while the bright
ridges on the right are the reflections from the
belt and ply layers. The less intense line just
to the left of the belt reflection comes from
the deepest grooves in the tread pattern. Thus
the depth of the tread is measured by the hori-
zontal distance to this trace from the outer

surface trace, and the nonuniformity of the under-
tread rubber is shown by the variable spacing of
this line from the belt reflection. Large bright
spots indicate strong echoes from the separations,
clearly at a depth corresponding to the interface
between belt and body plies.

The fact that the lines generated by reflections
from the tire surface and ply structure are ir-
regular, that is, that they are wavy rather than
straight, indicates a lack of perfection in the
roundness of the tire, since the position of a
trace, of course, is a measure of the travel time
(and hence distance) from the transducer to the
reflecting structural element and back. Dimen-
sional nonuniformity measurements can probably
be related to force variation measurements.
Furthermore, some kinds of shape anomalies appear
to be worth checking as possibly safety related.

Pulse-echo ultrasonics provide a unique capability
to make precise measurements of the dimensions
and shape of the structural membrane of cord mate-
rials in an inflated tire. The position of a
particular structural element can be measured
directly from the ultrasonic echo time, rather
than inferred by measuring mechanically to the
outer surface and allowing for an assumed constant
thickness of rubber outside this element. Since
the velocity of sound in tire rubber is only
about 10% higher than for water, the effect of
variations in thickness of the outer rubber will
be reduced by 90% as compared to a direct mechan-
ical measurement.

We have seen that the B-scan display provides a
powerful technique for revealing even very subtle
variations in the echo returns from the tire
structure. However, photographic recording would
be prohibitively expensive for high volume use,
and the time delay involved in processing would
be incompatible with real-time evaluation. Both
the materials expense and the processing delay
are avoided by recording the display on an image
memory scan converter tube. This device operates
in some ways like a TV camera tube, It contains
a semiconductor storage electrode on which an
image can be written in the form of a varying
density charge pattern by scanning it with an
intensity modulated electron beam. The resulting
charge image can then be read out by scanning

the storage surface with the same :lectron beam,
to give a video signal which will display the
image on a TV mon.tor, Our system provides a
number of signal pro essing and display formats,
but the fundamental one is the multichannel
B-scan display illustrated in Figure 12. Each

of the vertical strips is a B-scan display for
rotation of the tire from 0° to 360° for one of
the transducers disposed around the cross section
of the tire. As in the previous slide, the
depth, or thickness dimension, of the tire struc-
ture is measured left-to-right within each B-scan
strip.
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The functioning of the signal processing and A different transducer is pulsed every 400 micro-

display electronics to produce this and other seconds, and the sequential echo signals are

i displays will be explained with reference to the passed to the input of the signal processing

! functional block diagram shown in Figure 13. As electronics and also to the video tape recorder.
the master clock produces timing pulses, the The block diagram is shown with the first selec-
T-counter generates sequential transducer ad- tion switch in the SCAN position, in which case

dresses to control the pulser-receiver multiplexer. a display is generated from the signals coming

360°

e U

Figure 12, Multi-channe! B-scan display.
{-B signal, B-planar display mode)

# [Tire Rotation)

o°
L, ‘ ‘ Transducer #: T, T2y
‘ $-60° 180° 3000
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Figure 13. Functional block diagram indicating signal
processing and display modes.
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directly from the tire. In the PB or playback
position, previously recorded sequential echo
signals would be processed just as though they
were coming live from a tire scan., The dotted
lines indicate control of this switching by the
lighted pushbuttons labelled SCAN and PB, which
can be seen in the upper right hand corner of the
mode control panel shown in Figure 14. Assuming
the "B" option is selected by the next pair of
interlocked buttons, the input to the signal
processors will be affected by the scan-programmed
gain values for each transducer, but not by the
time-varied gain stage. If the B output of the
signal processor multiplexer is selected by the
next group of mutually exclusive pushbuttons,

and the PBL display mode option is selected, (i.e.,
all switches in the positions shown on the dia-
gram), the echo signal is passed directly through
to the Z-input to intensity-modulate the electron
beam of the scan-converter tube, The write beam
is deflected to an appropriate x-position corre-
sponding to the transducer number and a y-position
corresponding to the rotational position of the
tire by digital/analog conversion of the trans-
ducer count value and the 6-count value. At an
appropriate time corresponding to the arrival of
the echo return from the tire (normally the sum
of Water Path Delay and Sweep Delay), the write
beam is unblanked for about 32 microseconds, while
the s-deflection sweep geniecrator woves the beam
across the width of one of the 24 display segments.

Figurs 15 shoWa Eha A-Scope [reasnTarTion whieh
guides the operator in adjusting parameters and
selecting processing options for the previously
shown display as well as certain others. The top
trace shows the output of the pulser-receiver
multiplexer with the oscilloscope triggered at
the time of the "main bang' or excitation pulse
for transducer number 7, At 20 microseconds per
centimeter, only the echo signal from this trans-
ducer is seen. The operator will normally acti-

vate the Water Path Delay knob and adjust until
the unblanking pulse covers the tire echo signal

Figure 14. Mode control panel.
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or as in this case, selects that part of it of
most interest. The delayed sweep of the A-scope
is triggered by the rising edge of the unblankiig
pulse, and the main sweep is intensified for the
duration of the delayed sweep, which is made to
coincide with the length of the unblanking pulse.
The selected portion of the echo signal is shown
with the expanded delayed sweep on trace 3. In
this case the -B signal has been chosen to pro-
vide a maximum signal for separations, which have
a negative reflection coefficient, since they
represent a transition from the high acoustic
impedence of tire material to the low acoustic
impedence of air. A prominent separation reflec-
tion occurs at about 3.5 cm on this trace. This
is the signal which was used to generate the
multichannel B-scan display shown previously in
Figure 12, and the separation, in the shoulder
of the tire, accounts for the bright white spot
at approximately 6=180° on the sixth B-scan strip
of that figure (the Oth and lst transducers were
not mounted and the B-scan segments are not
written).

Tires can easily be tested on a go-no go basis
for defects such as this which give large sigmals
compared to the background signals in thei:
immediate neighborhood. The G-pushbutteca is
pressed, whereupon the button is lighted to
indicate that the G-signal is the selected output
of the signal processor multiplexer. The G-Gate
Delay and G-Gate Width knobs are activated, and
the gate ii positional tr imcludi the desired
depth region in the tire. A rectification mode
is then selected, in this case -P, since the
negative peak is the most prominent feature of a
separation. The -P signal rises in a positive
direction proportionately to any negative peaks
within the gate, and remains at the largest
amplitude reached until it is reset for the next
transducer signal. In the B-planar display mode,
this signal intensity-modulates the display as
before but the brightness level is constant once
the largest peak is reached, and the result is

P/R
Multiplexer

Unblanking
Pulse

-B Signat

G Signal,
Inverted

\ 1 Voltjcm

-P Signal

3 Traces 1,2: 20us/cm
Traces 3,4,5: 3.2us/cm

Figure 15. A-scope presentation showing processing options.




as shown in Figure 16. The format is the same
as for the B-scan display: each trace starts at
the background level and then goes to a constant
] brightness level measuring the peak amplitude.

: The depth into the tire at which the peak ampli-
tude is reached depends on the gate setting.

: Traces with early gate settings appear bright
over much of their width while those with late
gate settings are bright only at the right hand

) edge corresponding to the lower depths in the

d tire. If the Cp pushbutton is pressed, the C-

' Analog display mode is selected, and the peak
amplitude is used to deflection modulate a trace
for each transducer as shown in Figure 17. The
shouldcr separation appears prominently on the
sixth trace at a position corresponding to ap-
proximately 6=135° on the scale. (The shift in
6-position resulted from operator error; normally
registration is maintained for successive scans
on the same tire.)

In the parlance of ultrasonic testing, both of
the last illustrated displays are "C-scans.'" A
single quantity is derived for each pulse measuring
some attribute of the signal within a time window
or gate, and this result is plotted in a two
dimensional display, both axes of which correspond
to mechanical coordinate. In our case the two

i axes of the display correspond to surface coor-
! dinates on the tire, The vertical coordinate
o being the 6-direction generated by rotation of
the tire, while the horizontal axis is the
¢-direction corresponding to transducer position
‘f around the cross section.,

i
4 The final step in go-no-go evaluation of the
signals is provided by the Cj-module which com-
pares the selected output of the signal processor
multiplexer with scan-programmed threshold set-
H tings, which of course can be different for each
' transducer. If the measured attribute of the
signal exceeds the threshold, a saturation level
output is generated which will print a white
spot using the B-planar display, with the result
shown in Figure 18, The shoulder separation on
channel 7 (printed sixth from the left) which we
have been examining, is clearly evident. In
addition, a smaller separation is evident at
approximately 6=45°, This separation is evident
on the plane B-scan on careful examination,
Incidently, the solid white bars which go all
the way across each B-scan strip on all of the
B-planar displays are electronic artifacts. They
are not present on channels having 0 values for
6-offset. The bright white spot at about 1/3
depth into the tire on the display for transducer
16 at about 8=90° is an artifact of the scan
converter tube.
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As has been illustrated by a number of examples,
any of the processing options indicated by
possible switch selections and multiplexer output
choices indicated on the functional block diagram
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Figure 16. C-scan display - in B-planar display mode, gated
and peak-rectified signal intensity modulates display.
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Figure 17. C-analoy display - Amplitudes of gated signals
deflection-modulate traces.
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Figure 18. C-logic/B-planar display - Logic signal triggered whenever
selected signal exceeds threshold intensity-modulates display.

can be used in combination with either of the
display formats. The A-scope presentations for
some more of the signal processing options are
shown in Figures 19 and 22, The +i (positive
half-wave rectified), the -H, and the FW (full
wave rectified) outputs are intended primarily
for enhanced B-scan displays. The B' signal is
the original echo signal modified by programming
the amplifier gain to increase exponentially,
beginning at a certain onset time. The onset
time (i.e., delay), the rate of increase, and a
limiting value for the gain increase are all
scan-programmable. As shown in Figure 20 this
capability can be used to compensate for the
attenuation which causes reflection amplitudes
from the deeper ply layers to be smaller than for
the outer layers. Besides enhancing a B-scan
display, this provision is helpful in setting an
automated detection threshold to be equally effec-
tive for defects at all depths. For this purpose
the inner surface reflection, which is much
larger than the levelled ply signals, would be
excluded by the gate.

For automated detection of defects, one would
generally want a measuring gate to cover that
part of the reflection signal attributable to
some particular structural element in the tire,
for example, the outermost belt, the region be-
tween belts and body plies, the inner surface
reflection, etc, While it is easy to set the
gate delay and gate width so that any desired
condition applies at a given spot on the tire,
the amount of runout in tires is such that a
setting made for one spot cannot be depended
upon for the whole rotation of the tire. The
usual answer to this problem in ultrasonic testing
is what is called "first interface gating;" i.e.,

a timing signal is derived from the reflection
from the first surface encountered in the tested
object, and gate position is measured with re-
spect to that signal. In the case of tires, this
procedure appears undependable because in some
cases there are serious variations in the thick-
ness of some of the layers. Therefore, a range-
tracking capability was specified in the design
of this system. This permits a timing signal to
be referenced to any prominent feature in the
tire reflection signal, even to features which
occur later than the timing signal itself.
Actually, the time is referenced to the occurrence
of the feature on the preceding pulse on the same
transducer. This capability is implemented
through a special digital processor which utilizes
the resources of the digital control system,

All of the signal processing time measurements
are accomplished by counting cycles of a 20 MHz
pulsed oscillator, which is started afresh with
each main bang. A time to be measured, for
example the Water Path Delay, is loaded as an
initial setting for a counter which counts down
at the 20 MHz rate. A timing pulse is generated
when the counter reaches 0 and underflow occurs.
The range-tracker processor establishes a trigger
signal gate or window, adjustable in delay time
(Range Tracker Window Delay) and width (RT Window
Width). If the signal passes a threshold setting
within this gate, a counter is stopped to measure
the time of occurrence or "Feature Depth." The
Feature Depth so determined is compared with the
Feature Depth found on the preceding pulse, which
was supplied from the parameter memory, and if
the Feature Depth has changed, appropriate ad-
justments are made to the window position and to
the range tracker trigger time by digital addition
or subtraction, and the new values are stored back
in the parameter memory until the same transducer
is to be served again. Since the parameter
memory at all times has stored the current values
of the Feature Depth for each of the transducers,
and since data paths from the parameter memory

to the minicomputer are already established, we
are very close here to a capability for digital
acquisition of 24,000 dimensional measurements

on the tire to any acoustically observable
features within the tire structure.

But all of these considerations are related to
efforts to apply automated defect recognition
criteria of conventional gate-and-threshold
techniques to defect detection in tires. Indeed,
automated detection appears to be entirely prac-
tical for gross defects such as separations pro-
vided one optimizes the adjustments of time
varied gain, gate positions, threshold heights,
etc., to suit the particular type of tire being
inspected. However, to detect possible anomalies
which would perturb the normally present reflec-
tions, but which would not necessarily generate
signals which rise above their average level,
principal reliance must be placed at this time




on operator evaluation of the B-scan display.
This procedure is immensely aided by the zoom
capability of the scan converter tube memory. A
small region or window on the surface of the
image storage electrode is scanned and the re-
sulting signal is displayed full size on the TV
monitor, With such electronic magnification,

the resolution of the TV monitor contributes no
limitation and the full resolution of the scan
converter memory is obtained. Magnified displays
of two regions selected from the previously
presented scan are shown in Figures 21 and 22,
Figure 21 shows the region in the neighborhood
of the shoulder separation. It is evident that
the separation extends to the next adjacent

trace as well. Figure 22 shows the display in
the vicinity of che bright spot in the channel

16 segment attributed to an artifact on the scan
converter tube surface. A perfect tire would be
at least rotationally symmetrical, and the display
would show a series of vertical lines which

would be completely straight and uniform. These
displays show many instances of irregularity and
modulation. Unfortunately a cértain amount of
irregularity must be considered normal, and we
are still learning to relate anomalies in the
displays to irregularities in the tire. Further-
more, a great deal of work still remains to be
done to relate observable anomalies to tire
performance.

We have seen that a large number of parameters
must be set to define any sort of go-no-go test
criteria or even to produce an optimized display
for operator interpretation. Furthermore, all of
these parameters have to be adjusted to suit the
particular type of tire being inspected. The
minicomputer installed in the system helps the
operator to manage all of the parameter data.

The actual scan-programmed digital control is

all implemented in special hardware and the
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Figure 19. Processor outputs for B-scan displays.
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system will operate without the computer. How-
ever, the computer accomplishes a very major
reduction in the operator burden. The software
is very elegantly designed to communicate with
the operator through an alphanumeric video dis-
play and to guide the operator in the operation
of the system. The "menu" of options shown in
Figure 23 are displayed, and the operator makes
his selection by keying in the appropriate option
number and striking the '"action" key on the key-
board. For example, option 1 transfers a param-
eter set from the hardware parameter memory to
the computer memory. A basic purpose served

here is that the computer memory is magnetic
core, which is nonvolatile, that is, the stored
data is retained even when the power is switched
off, whereas the hardware memory is all electronic
and hence is volatile. Option 6, '"Modify Data
Set From Keyboard," gives the tabular display we
showed earlier in Figure 9. When the cursor on
the display is placed to the left of a particular
table entry the action key opens up space for a
new line in the table and the operator can enter
a new value or a plus or minus change., If the
cursor is positioned all the way to the left at
the label column, a keyboard entry will affect
all 24 transducer channels in the same way, which
provides a convenient way to make initial settings
or global changes. A record of the settings

used for any given test can easily be produced

by copying the tabular display to the scan con-
verter memory and thence to the hardcopy video
printer. Options 3 and 4 provide for transferring
parameter sets to and from paper tape. A modest
addition of cassette tape or diskette peripherals
would permit file-oriented storage of parameter
sets, so that an operator would only have to key
in an appropriate code to retrieve a data set
prevoiusly arrived at for a particular type of
tire. Besides loading the parameter set values,
the computer can set standard or initial values
for the a-angle alignment adjustments by out-
putting appropriate numbers of stepping motor
counts for each channel. Coarse gain settings

B-Output

¥ 1 Voitlem

*-Output

t-+3.2us/cm

Figure 20. Time-varied gain.
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Figure 21. B-scan zoom display-#1 - Region of shoulder
separation visible in Figure 12.

made on the individual pulser-receivers cannot
be set by the computer, but the settings made
can be read by the computer and checked against
the intended settings.

The general philosophy of the system design has
been to recognize that while pulse-echo ultra-
sound provides a powverful capability for inspec-
tion of tires, it is inherently complicated by
the complexity of internal structure and the

unusual shape of tires. This basically geometrical

complexity requires a rather complex setup to
suit the individual tire before the full capa-
bilities of the technique can be realized. In
the system designed, the major burden of this
complexity has been engineered into the system,
and the operator has been relieved of as much

of the routine bookkeeping as possible, Further,
the use of digital control techniques permits
the setup adjustments to be stored and re-used,
so that the labor of arriving at them for various
sizes and designs of tires need not be repeated.
While this line of development has not hbeen
carried to the ultimate lengths that one might
desire for production use, with a highly mixed
population of tires, it has beeu carried far
enough to be highly efficient for reasonably long
runs of identical tires. For such runs, inspec-
tion times for the system as now implemented
would be about two minutes per tire if the sig-
nals are merely acquired to video tape or pro-
cessed to a single display for automated defect
detection. Additional time would be added for
real-time interpretation of the data displays,
depending on the questions of interest and the
degree of thoroughness desired. It is worth
noting, however, that these inspection times are
primarily limited by mechanical considerations.
The ultrasonic limitation is to approximately
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Figure 22. B-scan zoom display-#2 - Region in lower right of
Figure 12. T, 3 shows an indication of a small separation
between tread and body plies. T,s and T, ¢ show perturbations
of the inner surface traces suggesting possible separations, but
probably caused by splices. The bright spot on T, ¢ about 1/4
way from bottom is a display artifact.

two seconds for the data acquisition scan. With
totally automated interpretation, which is possi-
ble now if the rejection criteria can be made
specific, a throughput of six tires per minute
does not seem unreasonable for a highly automated
ultrasonic tire inspection system.

Note: The machine was designed and built under
contract by Teknekron, Inc., of Berkeley,
California, in accordance with specific system
concepts and performance specifications developed
in preliminary work at TSC. Mechanical systems
were sub-contracted to RF Systems of Cohassett,
Mass. The work has been sponsored by the
National Highway Traffic Safety Administration
under a program administered by Mr, Manuel J.
Lourenco.

QUESTIONS AND ANSWERS

Q: RPN (Rubber and Plastics News) talks about
the NHTSA using an ultrasonic unit to find tire
flaws, and they talk about a $10,000 system for
recappers, or a more sophisticated system avail-
able for $75,000 that will take up to five tires
a minute. Are they talking about your piece of
equipment?

A: 1 think I invented the one you're talking
about. I tend to agree that it is a rather
optimistic price. The price for hardware has
gone up and up. It is gone up a good bit from
the time the contract was let to the time it was
finished. The total development cost that we
have into the machine now is about $250,000. One
comment I would make on that, though, is what I'd
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The detail work was done by Teknekron in Berkeley,
California, and the hanger was built in the Boston
area, and they flushed all the detail over there.
The point is that we put all our power into this
with the idea that we would hunt for whatever

| anomalies might be detectable by ultrasonics in 1
the hope that we would find those that were i
relevant to safety, and if someone could have }

told us 3 to 4 years ago exactly what we needed

to find and could have assured us if we found

it that would solve all the problems, then life

would have been much simpler. So for industry ]
people who are interested in a particular problem, !
remember that ultrasonics is not a tool but a

tool box and there may not be the right wrenches

0 in the tool box of this particular system to fit

your problem, like in the transducer areas, because

Figure 23. Selection “‘menu’’ for programs to manipulate the specialization of what you've got is really
parameter set data. in that area. On the other hand, there's possibly
a lot more in this than is needed so more spec-
like to call the till box analogy for ultrasonics. ialized machines could probably be made cheaper
: We built a machine here with the idea that we or more expensive - a great area for trade-off
would look for "anomalies' in new tires which depending on just what power you want. If you
might be safety related. At the time we designed want resolution for small spots, you can use
this machine, 1 say 'designed" - of course it was small transducers, but it's going to take you
' designed under the government contract procure- longer to scan, so this little problem lies
ment procedure, and the spec was written which siomewhere between too much and too little. Hope-
pretty much set the gross character of the thing. fully something will be useful,
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PRODUCTION TIRE INSPECTION WITH X-RAY

Ted G. Neuhaus
Monsanto Industrial Chemicals Company

] ! Akron, Ohio
Since 1972 the tire industry has dictated the need 2. Magnitude of inspection parameters. Bead- }
for high production X-ray systems. Development to-bead, belt only, sidewall only, degree of mea-
| and design has required automatic handling of the surement per parameter, etc.
tires as well as automatic optimization of X-ray
; manipulator and X-ray components. To date, this 3. Inspection for production control or the
has led to the design of machines, presently in- unexpected problem that requires analysis and
stalled, with cycle times, per tire, of between verification,
9 and 20 seconds per tire. Now for the benefit
of those of you who are not familiar with X-ray 4, Operator fatigue,
é systems, cycle time is defined as that period of
i handling time from initial input of the tire into 5. The obvious - tire size,
the X-ray system until the tire is exited onto
f the takeoff conveyor, It is not inclusive of the 6. Detail and contrast sensitivity of the
inspection time. Even with the installation of cord material involved, Rayon, polyester, nylon,
1 twelve of these sophisticated automatic systenms, and Kevlar will not provide the contrast of steel.
: } and this does not include the numerous manual
X-ray systems, we cannot guarantee an inspection As the years progress, we will be in a better posi-
time per tire over and above the cycle time, tion to more accurately guarantee inspection times
Visual inspection of the tire is dependent upon per tire, but at the present time we can only prom-
many uncontrolled variables: ise cycle time and not total time of inspection,
' 1, The competency of the X-ray inspector, Again, for the benefit of those not familiar with

the X-ray systems available for production, please
see Figure 1 for the heart of the AID system,
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The AID air inflated device, Figures 2, 3, and 4
is a high production passenger/light truck system
with a cycle time of 9 to 10 seconds per tire, in-
flated, with bead-to-bead capability, on all cord
material, It uses fixed rims for mounting the
tires., Tires are introduced into the overhead,
horizontal acceptance chute, converted to the ver-
tical acceptance input chute, released between the
inflation rins, X-ray tube (Lighthouse-Ficker
patented) inserted, scanned from overhead, graded,
and released to the lower roll-out take-away con-
veyor. The advantages to this system are the ac-
curacies in mounting with air inflation resulting
in precisiovn dmedsurements relative to tire coupe-
nent placement and symmetry simulating vehicle
mounting., The disadvantage to this design is the
lack of intermix capability. It must have a
presorted input - in most cases, from the uni-
formity process,

Contrary to many established X-ray inspection
techniques, an inflated tire can be inspected at
a very high rotation rate - provided there is
sufficient contrast as with steel and fiberglass
constructions, With production inspection of
tires, it appears that the majority of parameters
of inspection are related to placement symmetry.
To measure these changes it is necessary for the
operator to be assisted with television monitor
guidelines, High speed inspection is truly a
process of comparison to the previous in three
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modes - sidewall no, 1, tread and shoulder, side-
wall no., 2. The human eye can measure these
changes very accurately, assisted electronically,
in motion, with a continuum of one tire area.

The 10/27/750 high production intermixed X-ray
system, Figure 5, has gained significant accep-
tance within the last two years, The total
system consists of six major components,

a, Input and sizing station

b. Radiation enclosure

c. Tire manipulator

d., Tmaging systew with "C" scau manipulatoi
e. Operator enclosure

f. Operator console

g. Electrical control station

The advantages of this system are the ability to
randomly intermix tire bead diameters from 10-
inch to 27-inch tires with automatic handling and
scan positioning - bead-to-bead with only on X-
ray tube and imaging system plus image all tire
cord materials. In order to simulate the advan-
tages of air inflation, such as the AID unit,
and maintain as near accurate centerline of tire
rotation, for component measurement, a split
manipulator design was incorporated using four
spindles from the top and four beneath. Tire
rotation is accomplished by the driven spindles
with no dependence on tread area. Spindle

Figure 2
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placement within the bead diameter is equidis- 1. The computer will simultaneously adjust
tant providing a uniform expansion to the rota- and optimize all system components to the inter-
tion tire, Figures 6 to 12 show various close- mixed tire system. It is not sequential result-
up views of this system, ing in reduced cycle times.

Why use a computer to control the intermix of 2. With the intermixed X-ray system, it is
tire sizes into the production X-ray system? necessary for the tire manipulator, X-ray tube,
Why not use a less expensive programmer? The and imaging system to optimize and pnsition for

advantages are many: maximum geometry performance, Over a wide range




Figure §

=
£

m
;

ARE

AUTORATICALLY

AlR EFLRATED




oo L Sl e

=Toeane = Ea
“TTopeaomn

=l - B-B-E-N-B-N.-N-B N -B-3.0-N-]
oSS coBooCcOonOBERn

-N:.0-~0-0-0 - P aEm
BEEDER

=B. 0 - B-0-B-B-N-B-B-0 B-B-B-B-

Figure 10

L " mmE ww s




PO PN ey e

T e Ty Tmmrew. T

-
o AN~

bl e il ot e L AT G

LR AL I A AL N A N

b R

#'d

e @ 6.

Figure 11

Figure 12

64

HECRRT e




ST B

X PRy T iR

o I -

i

of tires - from a 10-inch bead diameter to a
large 27 inch - this requires a change in posi-
tion of all the system components, Only a com-
puter can respond to this vast and simultaneous
storage rroblem, The high production intermixed
X-ray system can not view the 10-inch tire with
the same imaging and X-ray tube placement as
with the maximum 27-inch tire. There are no
compromises as with fixed position,

3. Programmed imaging scans per intermixed
inspections can be accomplished. With selected
programs the computer will conduct the entire
inspection automatically, The only responsibil.
ity of the operator is to grade the tire, After
the computer is told what tire is on the input
conveyor sizing station, the tire is conveyed
into the manipulator, mounted by eight spindles
on the stable bead areas, spread, and the X-ray
tube is stroked into the tire torus at the exact
tire centerline and insertion depth, The tire
then rotates at a preselected speed with the
imaging system advancing to the optimized dis-
tance relative to the X-ray tube, and programmed
step scans are made bead-to-bead., In addition
to the programmed viewing scans, the computer
can superimpose parameter/television guidelines
to individual tire sidewall or belt areas per
tire size and type.

T

4, With the in-line production X-ray sys-
tems, "downtime' should be minimal. The 10/27/
750 production system computer uses the computer
to maximum advantage by providing a fault system.
The operator, in the manual scan mode of opera-
tion, is warned of collision or improper limits
by means of an automatic binary lighted readout
panel, The system is shut down until corrected,
and the lead-thru panel lights provide guidance
to remedy the fault, The operator is also di-
rected to one of 125 subsystems as to component
failure,

5. The computer can track, record, and
identify tire inspection daily by data storage
and readout,

In conclusion, I would like to thank the tire
industry for making these X-ray systems avail-
able today., Without their design requisites,
cooperation, and perseverance, we would not

have the capability we do today. Hopefully,

next year we will be able to announce the avail-
ability of a high production X-ray system, using
the same handling systems but with signature
analysis. If the human body can be scanned auto-

matically with X-ray, and it presently is being
done with computer assistance, let's apply that
technology to our endeavor!

65

TN e i




A NEW DYNAMIC FORCE AND MOMENT MEASURING MACHINE PRESENTATION AT THE
THIRD SYMPOSIUM ON NONDESTRUCTIVE TESTING OF TIRES

John C. Ryder
Fabricated Machine Company
Massillon, Ohio

INTRODUCT ION

For the past twenty years, researchers have been
actively measuring the forces and moments gener-
ated by tires subjected to combinations of ver-
tical load, slip angle, and camber angle.

Many design concepts have been attempted; and,
today, there exist many machine configurations
capable of generating such data.

These machines, however, were primarily designed
to function in the laboratory environment and to
generate data for research and development pur-
poses. As tire force-moment properties and tire-
vehicle interaction have evolved from research
studies to well defined state-of-the-art param-
eters, the tire industry has new requirements

for a machine system designed for production

tire testing.

In 1974, Fabricated Machine Co. entered into a
technical agreement with General Motors Proving
Grounds relative the force-moment machine.

This formed the basis of the design of the con-

tinuous belt laboratory force-moment machine and
the system we are discussing today, the FM S000P
Production Audit Force-Moment Measuring Machine.

The design criteria for the production audit
machine include:

1, Continuous travel link belt roadway.

2, Capability to measure passenger and
light truck tires.

3. Accuracies to 0.1% of full scale.

4. Capability of measuring lateral force
and self-aligning torque.

S. Automatic control.

6. Computerized data reduction.

GENERAL

The FM 5000P Force and Moment System is composed
of four integrated units; they are: flat belt-
type road simulator, tire carriage and slip angle
assembly, rigid main frame structure and inte-
grated electronic unit. The flat belt is driven
at a constant speed which is nominally two miles
per hour. Dynamically controlled variables are
normal (radial) force and slip angle, In addi-
tion to the controlled variables, lateral force
and self-aligning torque are also measured and
recorded, During each tire test, plots of
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lateral force versus normal force and aligning
torque versus normal force are generated for all
slip angles specified by the test. Calculated
values for cornering coefficient, aligning
torque coefficient, load transfer sensitivity,
and load sensitivity are displayed on the CRT
and printed.

Tire break-in and test procedure is conducted
automatically in accordance with specifications
entered by the operator prior to mounting each
tire or group of tires.

The FM 5000P is designed specifically to provide
high tire test throughput for production plant
utilization. A cantilever spindle permits fast
tire and wheel mounting and dismounting, A
conversational program is incorporated to enable
rapid break-in and test procedure set-up by the
operator.

Complete machine calibration can be accomplished
in a matter of two or three hours by means of
proven calibration and linearization programs.

Accuracy, efficiency, and reliabiiity compatable

to the production environment are major features
of the FM 5000P Force and Moment System.

Figures 1 and 2 show the general mechanical
arrangement of the machine.
SPECIFICATIONS
Range
0 to 5,000 pounds

0 to + 4,000 pounds
0 to 800 1b-ft

Normal Force
Lateral Force
Self-Aligning Torque

Slip Angle 0 to * 6 degrees
Speed 2 MPH
Accuracy
Normal Force 5 pounds
Lateral Force 3 pounds
Self-Aligning Torque 1 1b-ft
Slip Angle 0.5 minute
Speed 0.1 MPH
Tire Size
Diameter 14" to 35" OD
Rolling Radius 6" to 17"

Section Width 15" maximum
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Figure 1

FLAT BELT ROAD SIMULATOR

A precision link belt is supported by two in-
flated 100 x 22.5 truck tires to form the road
simulator. Normal force applied to the test
specimen is transferred through the belt links

to a supporting roller assembly, Truck tire
axles and roller assembly are mounted on the main
frame structure. Link pivots are made with air-
craft needle bearings to insure long, troublefree
operation. Belt tensioning and drive friction
are adjusted by the truck tire inflation pressure.
An in-line helical gear reducer connects one
truck tire axle with a 50 HP AC motor. Gearing
is designed to produce 2 MPH linear velocity on
the belt when the drive motor is turning at 1,750
RPM, A tachometer generator provides a signal
for continuous display and recording. Precision
tolerances assure uniformity or roadway height
within 0,0015 inch.

MECHANICAL CONFIGURATION

Refer to Figure 2 for details of the following
mechanical configurations.

The carriage system is designed to input and
read out test tire vertical load, slip angle,
lateral force, and aligning torque with the
accuracies specified above.

This framework system limits the test tire to the
required number of degress of freedom to read out
and input required parameters.

68

—
=1 o
LTy =
' r;‘;, PO I - -—
—_ —
ol S (o . o
= % g F (Y. B ]
LY .
g 1T e T
.- s —
G B i AR (1Y
t W ! L 1 i

Figure 2

Vertical Load

Vertical load is input by an hydraulic cylinder
controlled by a servo valve feedback loop.

A precision electronic load cell between the
fixed frame and the vertical frame provides the
direct reading of tire vertical load and feedback
signal for the load control loop.

Thompson linear roundway bearings provide low
friction linear travel of the vertical carriage.
Precision alignment of the 60 case hardened ways
provides negligible friction of the linear bear-
ings and precision alignment typical of Fabricated
Machine Co. test dynamometers proven throughout
the world.

Slip Angle

A bell-crank mechanism inputs slip angle to pro-
grammed setpoints up to plus or minus six degrees
actuated by a hydraulic cylinder and servo valve
loop.

The slip angle is measured by a precision rotary
DCDT providing infinite resolution of slip angle
to the accuracy specified above.

A high-gain hydraulic servo loop assures the
accuracy of slip angle and provides adequate
force that setpoint slip angle is maintained
throughout a test regardless of variations in
vertical load or lateral force.

Precision hardened dowel holes between the ro-
tating frame and the vertical frame provide

calibration points at zero degrees and six de-
grees slip angle for calibration of slip angle.
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Lateral Force

A special hub-mounted load cell affixed directly
to the subject tire spindle provides direct read-
out of lateral force.

This system features a double flexture arrange-
ment to resist deflections due to the subject
tire's radial load but offers compliance in the
lateral axis,

This load cell system was used originally on
Fabricated Machine Co. laboratory dynamometers,
and several units are in service around the
world in similar applicatioms.

Self-Aligning Torque

Direct reading of self-aligning torque is pro-
vided by a universal precision strain gage load
cell mounted at the front of the hydraulic cyl-
inder that actuates the slip angle carriage.

A linearization table in the computer compensates
for any nonlinearity imposed by the bell-crank
mechanism at the higher slip angles,

INTEGRATED ELECTRONICS UNIT

The Integrated Electronics Unit is primarily a
digital computer system capable of operation in
both on-line and off-line modes. This group of
integrated hardware executes software programs
in response to operator commands, Data acquisi-
tions, servo loop control, data reductions, data
storage, data display, and hard copy generation
are produced by this system. Numerous calibra-
tion, linearization, and diagnostic programs are
provided for simplified maintenance and verifi-
cation procedures.

System Interface

The System Interface is a specially designed com-
munication device that permits the computer to
receive information from and transmit control
commands to analog devices. This interface
accepts analog signals from force and displace-
ment transducers, amplifies each, then multi-
plexes and converts signals to digital values
under program control, It accepts digital values
from the computer and converts them to analog
values to be used as setpoint signals in normal
force and slip angle control. Additionally
contained in the interface are analog output
signals for the X-Y plotters and numerous switch
and indicator inputs and outputs in discrete

‘bit form.

System Software

In addition to the assembler, compiler, drivers,
and utility programs normally supplied by the
computer manufacturer, Fabricated Machine Co.
provides special operating system software spe-
cifically written to satisfy requirements of the
machine.

The Operator Executive program is the primary
resident of the core memory. This program in-
corporates real-time clock, automatic power fail-
ure protection, and operator interaction routines.
The Executive configures, sequences, and monitors
current operating programs, mathematic programs
and tables commonly used by other programs are
also maintained as resident in core memory.

On-line programs are those that perform during
test machine operations. Among these are:

Dynamic Filter - Designed to provide numeric
signal conditioning for force signals as a
function of tire rotation velocity.

Figures 3 and 4 show the system design and console
physical arrangement,

Figure 3
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Linearization - A table look-up program
designed to eliminate cross-talk from force
cell readings.

Auto Zero - A program that compensates for
any zero-drift or tire and wheel weight
effects on force cells,

Loop Control - Provides supervisory servo
loop control for normal force, slip angle,
and road speed in response to measured and
calculated values.

Data Display - Continuous updated display
of measured test values.

Calibration - Forms look-up table during
force-cell and transducer calibration with
operator entered data from keyboard, Elim-
inates requirement for potentiometer
adjustments.

Computer Functions

1. Radial force servo loop and acquisition
Radial linearizer and calibration table

2. Slip angle servo loop and acquisition
Angle calibration table

3. Lateral force acquisition
Aligning linearizer and calibration table
Radial to aligning cross-talk table
Torque calculation
4. Self-aligning "force" acquisition
Aligning linearizer and calibration table
Radial to aligning cross-talk table
Torque calculation
5, Raw data display
6. Radial calibration
7. Lateral calibration
8. Aligning calibration
9, Slip angle calibration
10. Calibration table print
11, Calibration table punch
12, Calibration table read
13. Tare values print

14, Heading data entry/print

15. Break-in specification

70

16, Test specification

17. Result

DATA RESULTS
Plotted Real Time

1. Lateral force versus normal force
2., Aligning torque versus normal force

Computed, Displayed, and Printed

1. Cornering coefficient at 1° slip
2. Aligning torque coefficient at 1° slip
3. Load transfer sensitivity at 4° slip
4. Load sensitivity at 1° slip
5. Accuracy of calculated curve fit versus
raw data
X-Y Plots

The control console includes two X-Y plotters
for real-time plotting of lateral force versus
vertical load and self-sligning torque versus
vertical load simultaneously.

This assures the operator of proper functioning
of the mechanical and electrical portions of the
machine exclusive of the computer manipulation.

Also, the operator at a later date can spot check
the computed values by hand calculations based
on these plots,

CRT Display

The control console includes real-time CRT dis-
play of vertical load in pounds, slip angle in
hundredths of a degree, lateral force in pounds,
and self-aligning torque in foot pounds.

This data gives the operator a backup of real-
time functioning of the machine and also is used
for calibration assistance.

Computed values are also displayed on the CRT as
described below.

In setting up the machine, the operator calls up
the schedule page from the keyboard and inputs
the normalizing load and the warmup cycle prior
to individual tires being run.

Then the operator has the freedom to leave the
machine for automatic warmup and test cycle while
he mounts the next tire in sequence for testing.




Computed Values

The computer makes a best spline bicubic fit of
the raw data and stores for computation purposes
the coefficients required for the above calcula-
tions and displays.

At the conclusion of the computation, the four
characterizing functions are displayed on the

CRT plus the accuracy of the fits including the
maximum and the average difference of the computed
fits versus the raw data,

Figure 5 shows a hard copy of the CRT display
which is printed for each test tire,

CALIBRATION

Radial Load and Lateral Force

Radial load and lateral force are calibrated by
loading a subject tire onto the Fabricated
Machine air bearing-supported, standard, dual-
axis calibration plate, which is supported by

the flat bed itself. Figure 6 shows this device.

This unit includes precision electronic load
cells oriented and instrumented to give direct

Figure 6

digital readout of tire radial load and lateral
force. The unit is delivered calibrated trace-
able to NBS standards in both axes, including
internal precision self-calibration check.

Both machine radial load cell and lateral hub-
mounted load cell are, therefore, calibrated with
this device as a standard.

Using the calibration mode and the CRT calibration
table, several calibration points between zero
and full span on both of these load cells are
entered into the computer lookup table to compen-
sate for nonlinearity and cross-talk in the load
cells,

Slip Angle

As described above, precision dowel holes in the
fixed frame and the rotating frame are aligned
and bored at the factory on assembly of each
machine to provide a fixed calibration point at
zero degrees and * 6° of slip angle,

Intermediate points are established by the com-
puter based on a fixed lookup table which com-
pensates for nonlinearities at the high slip
angles due to geometry of the bell-crank
mechanism.

Self-Aligning Torque

The self-aligning torque load cell of the FM 5000P
is calibrated by a precision calibration load kit
including electronic load cell and matched elec-
tronics which are delivered as a unit traceable

to Bureau standards.

The machine framework is designed to accomodate
fixturing of the calibration load cell between
the actuating cylinder of the self-aligning
torque load cell and the machine fixed framework.
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DEFECT SIZE CRITICALITY STUDY IN NAVY AIRCRAFT TIRES

Douglas Baker
Naval Air Research Facility
San Diego, California

Presented by
Larry Klaasen

Naval Air Research Facility

INTRODUCTION

The purpose of the study was to determine the
criticality of defects in Navy aircraft tires.
The Navy is very interested in propagation of
anomalies, because of the nature of the aircraft
flown, For the most part, the aircraft have a
single tire on each main landing gear, so if the
tire fails, there is possibility of damage to

the wheel and MLG system, FOD to wings and fuse-
lage, and the possibility of losing the aircraft,
and pilots, The Navy aircraft tires are exposed
to a more hostile environment than aircraft in
the other services or the commercial sector, in
particular, the requirement for catapult launches
and carrier landings, more aptly called a con-
trolled crash, Also, there are multiple arrest
cables, 1-3/8 inches diameter, which are crossed
during landing and taxiing.

Therefore, this study becomes very important if

it prevents the loss of one aircraft due to a
faulty tire, The defects to be examined are sep-
arations or disbonds as determined by holographic
nondestructive testing, It is an accepted general
knowledge that separations in an aircraft tire
will propagate. We wanted to know the criticality
of these propagations: how fast will the separa-
tions grow, at what size will the separations be
detrimental to the tire integrity, and if there
are locations in the tire where separations are
more critical.

EXPERIMENTAL

The tires used in this study are 26 x 6.6/16PR
Type VII Navy aircraft tires, These are the
main landing gear tires on the Navy's F-8, The
tire is usually constructed with a reinforced
tread, the exact design of course varies with
each manufacturer., The tire studied has two
tread reinforcing plies approximately half-way
between the bottom of the grooves and the carcass
plies. The tires were obtained through the reg-
ular supply system or were rejects from a Navy
contracted rebuilder, All of the separations or
defects were '"natural,' arising from the manu-
facture of the tires, and were not intentionally
made,

The tires were inspected with an Industrial Holo-
graphics tire analyzer which was equipped with a

krypton laser, The tires were hologramed and a
map of the separations was made for each tire. As
each tire was hologramed at a later date, the same
map was used and the separations were recorded
along with the earlier runs, so as to more easily
see trend development,

After mapping the separations, the tires were sent
to Wright-Patterson AFB (WPAFB) to be tested on
the dynamometer. The test run on the dynamometer
consisted only of a taxi-take-off cycle as used by
the Navy in Military Standards 26533 and 3383.
This test consists of a taxi for 10,000 feet at

23 mph and 12,000 pounds. The tire is stopped and
run through a take-off consisting of from 0 to 200
mph in about 7,300 feet and loaded initially at
12,000 1b, and decreasing to 1,200 lb at lift-off,
The requirements are for the tires to complete 50
cycles of Test A under these specifications.

The procedure was to initially plot the separa-
tions, the tires were then sent to WPAFB and a
series of 5 taxi-take-off cycles were run. The
tires were returned, re-hologramed, anomalies
plotted, and returned to the dynamometer. This
was continued for approximately 20 cycles with
holograms every 5 cycles or until the tire failed.
Those tires that have survived so far are now
being run to failure.

RESULTS

I wish to show three examples of tires that have
been tested and the propagation of anomalies
within the tires,

1. The test report included a chart used
for recording the separations. There are four
90° quadrants starting with the S/N at 0° and
proceeding around the tire to 360° at the S/N
again., The area plotted is from sidewall to
sidewall,

The first tire, N10, showed some very large sep-
arations in the initial hologram (in H, on Figure
1). At this point the tire had not been run on
the dynamometer. The separations varied from 1/2
to 3 inches long and most occur along the shoulder
of the tire., The depth of the separation was not
knowr, Tz could b at the meinforcing ply, udoe-
tread, or in the carcass.
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After a series of 5 taxi-take-offs, the individual
separations have merged into several large separa-
tions, almost one continuous separation (in H; on
Figure 1).

During the next series of taxi-take-offs, the tire
failed, completely throwing the tread, (H, of
Figure 1),

The Military Specifications require 50 cycles
for the tire to pass, This tire went less than
10 cycles. If it had been on a F-8, the least
it would have caused is premature tire change,
a loss of maintenance manhours, and placing the
aircraft in a down status.

2. The next example, N8, showed only one
separation initially, This separation was ap-
proximately 3/4 inch diameter and located near
the center of the tread. See Figure 2 at 235
degrees. The depth of the separation was unknown,

After the first series of dynamometer runs, the
initial separation had not grown, but the tire
had developed three new separations of 3/8 inch
diameter located in the center of the tread (in
Hy on Figure 2),
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After 10 cycles, the initial separation had
grown to 1 inch and the other separations had
grown to 3/4 inch and 1 inch size (in H; on
Pigure 2).

The results were not available to plot the sep-
arations after the 15th and 20th cycles. After
the 20th cycle the tire was run to failure,

which occurred on the 28th taxi-take-off cycle,

3. For the last example, N4, the tire showed
some very small separations in the tread area,
overall a relatively clean tire (Figure 3).

After a series of 5 taxi-take-offs the separa-
tions had not grown but the tire had developed
several small separations in the shoulder ranging
from 1/8 inch diameter (in H; on Figure 3). It
developed an area in the opposite shoulder that
is characterized as weak but did not show any
actual separations in it,

This tire then failed before the 15th cycle of
taxi~take-offs, throwing the tread.
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Z 1 1 We observed that the small separations enlarge at
' (Towrems T T T a fairly rapid rate on the dynamometer, Thus far,
. NAVY  [Bain T 2enb.6 NG any tire with a separation in it, could be expected
H :m'....“‘“' 1008 Number Myw oL . to fﬂil.
Out
e g?ﬁ“ As I have mentioned, this study is approaching its
} Dot conclusion., The results presented were an initial
= view of some of the early work. The tires are now
being run to failure on the dynamometer, and final
analysis of the tires will be performed to determine
the cause of the failures and the depth of the
separations.,

I wish to thank Dr. Grant, Industrial Holographics,
for the NDI work; CAPT, Larry Wilder, Wright-

Patterson AFB, for the dynamometer testing; and ‘
Gwynn McConnell, Naval Air Development Center, for !
their contribution in this study.

QUESTIONS AND ANSWERS

Q: Where were your dynamometer failures related
to these holographic separations?

A: 1 didn't quite understand the question.

Q: Were you able to trace the failures back?

Were they directly related?

A: We haven't had a chance yet to examine all of
the tires with the exact location. I have made a

. preliminary inspection of some of the failures and
8- boueT8] [shosider,CC] et pe they appear to be related to some of the major sep-
i i arations, but the exact locations I don't know yet.
Figure 3 Q: Do you know that these were separations in the
! first place and not just the tire based on your

' experience of reading holograms?

COMCLUSION: AND SUMMARY A: Yes. Separations were determined from previ-
. : ous experience to be there and the sizes of them
To S ey tpe eSS ?bta1ned s far, there were verified by cutting up the tires and actually
is a maximum size separation that the tire can looking at the separations.
handle. Q: What is the time between cycles on the dyna-
- ?
We see 4-inch separations fail within the next z?me;egozvznkﬁg: zestopgd, €owe £ et sdosn
i series of 5 taxi-take-offs, 3-inch separations Q: Can you tell me about the defects that you have
grew larger and then failed in 10 cycles; a 2- have uncovered; did they all grow or did any
‘ 1/2-inch separation fail in the next 5 cycles, defsats not gréw?
and a 1-1/2-inch separation grew to 4 inches and A: The defects that we're looking at have all
fail within 10 cycles, The failures resulted in shown growth on the dynamometer. The tires pres-
a complete loss of the tread. ently are being inspected after rebuilding, and
' "
Thus, we see that the size of approximately 3 we don't have the inspecting pressure on used

F ; : ; ; tires that we have on the new tires.
inches will cause a failure in very short time Q: Is it possible that a location of a separ-

enehe dymansastey, ation can vary in importance?
A: That is a possibility. Another reason for

We have seen what happens to the tires containing a a

4 : o1 R the study was the criticality as to location of

é?rgzm:egzriﬁz°2;;l1:235g°;i§:§2§sdes°rlpt1°" 1s the defect. Now this particular tire has rein-
P * forcing plies. A lot of defects occurred at

what appeared to be the shoulder area or at the

i : . A edge of the reinforcing plot. On the dynamom-
series from 1/8 inch to 1/2 inch, 1/2 inch to eter, it is felt that it would stress more at

1 inch, 3/8 inch to 3/4 inch, 1 inch to 2 inches. the edge of the reinforcing part. It may have

In one case the separation grew at a slower rate,
a l-inch separation grew to 1-1/4 inches then to gﬁgfgzggzagig:t?sfactors dependingiiipion Shere

1-3/4 inches after 10 cycles.

We saw the separations grow during a 5 cycle
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THE STRUCTURAL INTEGRITY AND UNIFORMITY OF AIRCRAFT
TIRES AS OBSERVED BY HOLOGRAPHY

Dr. Ralph M. Grant
Industrial Holographics, Inc.
Auburn Heights, Michigan

This discussion is predominately on the subject
of structural integrity and structural uniformity
of aircraft tires with some comparisons made on
truck tires.

Much of the work we have been doing on aircraft
tires is extremely preliminary, We have tested
only a few thousand to date. Normally our test-
ing facility tests about 20 to 40 tons per month.
We have learned rather painfully from mistakes
which we have made testing truck tires in past
years, that it takes a very large data base over
an extended period of time before one can estab-
1ish with any degree of credibility exactly what
is taking place in terms of specific failure
mechanisms. Our basic objective is an under-
standing of the life expectancy or durability of
a tire, How does one get his money's worth out
of a tire? How, basically, does it fail, and
when is it going to fail? In the case of truck
tires, we look at the diameter of a given separa-
tion in a tire as a function of the mileage. We
follow a given tire up to 160,000 miles. For
example, a quarter inch wide separation in a new
radial truck tire will grow linearly as a func-
tion of mileage up to typically one or more
inches within 100,000 miles. We plot the separa-
tion diameter as a function of mileage through
repeated tests at various mileage points. We
then observe the size of the separation just
prior to the failure point, We note, within the
limits of statistical error, that in general
there is a linear relationship between separation
size and mileage, which almost always results in
separation propagation which is quite predictable
in other tires of identical construction under
similar road and load conditions,

Now, let us return to our discussion of aircraft
tires. If you want a good dose of humility in
terms of studying failure mechanisms in tires,
just move from truck tire studies to aircraft
tire studies., Aircraft studies are much more
difficult. The initial sample of a given size
of new R-O tires typicall have few separations
in them, 1% or 2% on the average, 3% or 4% at
the most. However, after watching them beyond
R-1, the first recap level, or R-2, the second
recap, we will sometimes see separations suddenly
appear along with a progression of poor struc-
tural uniformity in the tire. Separation will
pTopagate at & fairly stuw rate for & pericd of
time, and then suddenly propagate almost exponen-
tially into a quick and sudden failure. Instead

of having the linear separation propagation re-
lationship which we observe in the case of a
typical truck tire with good uniform strength,

we will have a situation where we may see rela-
tively slow propagation of separation over an
extended period of time which then abruptly leads
into sudden separation growth as the number of
landings proceed., In a typical aircraft tire,

we will see a small separation sit idly by, prop-
agating very slowly as the number of landings
progress, then all of a sudden it will propagate
to failure over a relatively short number of
landings. Aircraft tires are complex because

the propagation mechanism is critically influ-
enced by the overall structural strength or
structural uniformity of the carcass. That is,

a small separation in a weak carcass may propa-
gate very fast, but a moderately sized separation
in a very strong carcass will propagate very
slowly and go through a surprising number of R
levels before it will lead to a terminal failure.

The result in aircraft tires is that the stretch
or the elongation as a function of applied load
which gives us the most significant data, as
opposed to the classical mechanics case for homo-
geneous metals where strain data which is measured
as a function of applied stress, provides us with
the best information., Life is basically simple
in a homogeneous metallurgical situation, a one
dimensional problem where you can pull on the
material with a given applied stress in pounds
per square inch and measure out the corresponding
strain in inches per inch. Holographic testing
does not provide us with strain data directly,
but rather gives us the overall stretch or elon-
gation characteristics of the carcass for a given
applied load: This type of data turns out to be
exactly what we need, since it reveals the gen-
eral strengthk characteristics of the tire.

Briefly, we wight note that holography is a laser
photographic process which can photographically
record a three dimensional view of the tire.
Employing as a test method the combination of
holography and interferometry, minute displace-
ments can be measured in three dimensional ob-
jects. In the case of a tire system, it is ab-
solutely essential to look at the complete three
dimensional object, rather than gathering data
at a single point which is the typical case for
wtals, In a tire, the toupsrison betweon mola-
tive rather than absolute data points is crucial
to the strength of materials analysis., The
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measurement of minute displacements in tires as
a result of an applied load can lead to judgments
about the quality of a tire.

Let us look at the following simple analogy which
will help us to understand the manner in which
we obtain the final data, Suppose we had a
thinly stretched rubber membrane of which we had
taken a three dimensional hologram. (A hologram
is a special type of photograph taken with a
laser beam,) We could then set up a very simple
interferometer and look at that membrane after
we had made the hologram. Then we could put our
finger behind the membrane and push it very gently
forward. The image that we would see as we push
that membrane out would consist of rings or con-
centric circles which would be contours of con-
stant displacement. As we push the membrane out,
we could then generate a contour map (the contour
lines on the map would represent levels of con-
stant displacement or levels of constant heights
above a reference) which would tell us the gene-
ral displacement from the original position,

Now in terms of a tire, we want to see the over-
all displacement between the unstressed and the
stressed tire carcass. In reality, what we are
trying to do is just set up a three dimensional
stress-strain measurement where we can read the
relative stretch or displacement out in the form
of a simple image as a result of an applied
stress. It is of crucial importance that we ob-
tain our data over a region of the tire's surface
as opposed to obtaining data at a single point
in space which was the case prior to holographic
interferometry. In a holographic tire testing
machine, we take a photograph or a hologram of
an interior region of a tire, say for example, a
left to right view from 0° to 90° and a top to
bottom view covering the tire from the top bead
to the bottom bead as viewed from the center of
the tire. If we take a second exposure on the
same film plane of the interior of the tire after
we have applied a stress, which can be done by
putting the tire in a vacuum, we come up with a
contour map that represents to us the stretch
that is produced as a result of the applied
stress,

To get the tire ready for testing, metal spreaders
are put into the interior to hold the beads far
enough apart to enable the camera to view the en-
tire interior of the tire. The tire is then ready
to be placed into t'8 holographite machine on o
merry-go-round turntable assembly under a vacuum
dome. The tire surrounds the interferometric
camera which takes the hologram. Ninety (90) to
120 circumferential degrees are automatically
viewed at a time, The tire is holographed (or
photographed) both with and without an applied
vacuum to obtain the relative stretch caused by
the applied stress. The tire is then rotated to
the next 90 or 120 degree view, etc. Typical

test time for a tire for the type of results we
will be discussing is about two minutes.
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In most of the tires which we test, we obtain an
upper mid-sidewall to lower mid-sidewall view.
In a few cases, we insert mirror assemblies to
provide bead-toe-to-bead-toe views,

Now let us come back very briefly to the method.
If you were to take an object and put it in a
vacuum, that object being a multiple ply tire,
the overall tire being testced would dilate,
stretch, or elongate as a result of the applied
vacuum. Our camera would record a background
fringe pattern which would relate to us how the
tire surface moves or stretches topographically.

In a situation where there is an interply sepa-
ration inside the structure, not only do we get
this displacement as a result of having put a
negative pressure on the surface, hence lifting
the entire surface; but there is also an added
displacement as a result of the air expansion
inside the void or interply separation. When-
ever we observe the concentric ring pattern of a
separation, it has a background fringe structure
surrounding the separation which tells us the
relative strength of that region, in addition to
the fundamental pattern which reveals the void
or separation itself. So, in summary, we observe
a background displacement pattern as well as a
displacement pattern which is associated with
any separation, or lack of structural integrity.

Next let us explore this background pattern which
reveals the general strength of the tire. For
example, if we look momentarily at the turn-up
region or the flipper edge of the tire and
rotated the tire circumferentially (reference
your observation point as being at the center of
the inside of the tire) and assume that the
tire's internal construction geometry remains the
same within very close tolerances, as does the
relative strength in that region; we will then
note in the hologram that the fringe lines are
always uniform and very beautifully behaved. If
the geometrical components inside the tire are
straight and geometrically symmetric, the fringe
lines or contour lines will be geometrically
symmetric, The tire has stretched uniformly due
to the geometrically symmetric construction de-
tail. In other words, the fringe lines merely
corresponid to the streteh nature of the tire.

Had there been an interply separation in the

tire it would have exhibited itself with its own
harscteristic patterm which 13 3 dizeet medsums
of its given size. If the separation is close

to the surface, with respect to the observer,
there will be a larger bulge and consequently a
larger number of fringes. If the scparation is
deep or farther away from the observer (near the
tread), there will be fewer circular fringes or
concentric circles. Consequently, we can resolve
the general position of the separation in the
structure as well as determine its relative depth
in the tire. As you look from left to right,
parallel to the bead, you will notice that the
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fringes are extremely linear and horizontal., If
you take a tire in your hands and rotate it around
your head circumferentially (with your head at
the center of the tire), wherever you look cir-
cumferentially (assuming you have X-ray vision),
it should be the same geometrically., On the
other hand, if you observe the tire in the radial
direction, there are different cross-sectional
thicknesses, different strengths, and therefore
the fringe spacing is different. Hence from the
above comments, all holographic fringes (aside
from the pattern caused from changes due to vari-
ations in the index of refraction during the
measurement which enhances the read-out) run
horizontally from left to right and have dif-
ferent spacing up and down. Now what would hap-
pen if we had a tire where there were variations
in the height, say at the turn-up? This varia-
tion could lead to a variation in the strength,
Then instead of the classic very uniform linear
horizontal fringes, we would see fringes which
wander up and down as we move circumferentially
around the tire. This would mean that we are
getting a different magnitude of stretch as we
move circumferentially around the tire.

When a tire is constructed with near perfect
geometrical proportions and such exacting geome-
try is further coupled with near perfect adhesion
throughout, the fringe pattern will be highly
uniform. This happens because the tire carcass
responds, stretches, or elongates due to the
applied load or stress induced by the vacuum in
a highly regular or uniform manner. In other
words, if the strength of the tire is uniformly
symmetric, the fringe pattern will be uniform.

In a highly uniform tire, we find the separation
rate propagating more slowly than in the non-
uniform tires. Higher shear stresses as well as
higher temperatures develop in nonuniform tires
resulting in the higher propagation rates. For
example, a quarter inch separation in a 40 x 14
aircraft tire will go through 200 or 300 cycles
or landings before propagating significantly if
it is in a very strong carcass. If, on the other
hand, it is in a very weak carcass as revealed
by nonuniform fringe contour lines, it may prop-
agate to failure within 25 to 50 cycles, espe-
cially if it is in the shoulder region. If the
background fringe pattern is geometrically non-
uniform, cord tension will vary over a greater
range and fatigue will set in much faster. Sep-
arations will evolve more readily and will prop-
agate at a higher rate. If however, the back-
ground fringe pattern is uniform, separations
will only rarely appear over the first hundred
cycles; and when they do, they will propagate
much more slowly. Hence in aircraft tires, it
is particularly important to take this background
structural uniformity into account when predict-
ing the rate of propagation of a given separation
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ac a given location., The performance character-
istics of a given tire construction will be crit-
ically dependent upon the observed state of the
tire's structural integrity.

In summary, it should be noted that a large
structural uniformity data base must be estab-
lished before a realistic acceptance-rejection
criteria can be established on a given type of
tire., The existance and size of a separation is
not nearly as important an observation as the
overall structural uniformity, unless of course
the separation is well over an inch in diameter
and it is in a critical geometrical position.

One must always judge the criticality of the size
of a given separation as a function of the ob-
served carcass strength which is revealed by this
general structural uniformity.

Now there are some basic questions at this stage
which we should begin to ask ourselves. What is
the incidence of interply separation in a typical
sample of aircraft tires? Given the fact that
they exist in a given structure, what is the
probability of failure during the original tread
life: R-0, or R-1: the first recap level, or
R-2: the second recap level, etc. In general,
there are fewer separations in aircraft tires

than most of us realize, It turns out however

in a few isolated cases, that abnormal outcropping
of separations in given tire sizes do exist as a
result of construction mistakes, poor workmanship,
contamination, etc., Often modest changes in tire
construction can reduce separation problems.

One of the most common causes of separation in
new tires is due to the existence of pieces of
"poly'" left in the tire when these protective
sheets are pulled off the original stock material
during the building of the tire. An example of
dealing with separation problems by changing
construction details in 40 x 14's is to reduce
cord diameter and increase skim coat thicknesses
to provide greater insulation between plies. In
one particular test carried out on 100 new 49 x
17 aircraft tires, the author found that 3% of
the tires contained separations over one inch in
diameter at the turn-up edge due to pieces of
poly. The fact that at least one of these could
have lead to a critical failure within its normal
life expectancy is without a doubt.

But now let us come back to the basic point.
Given the fact that separations do exist in air-
craft tires, how many exist, and when they do
exist in a given construction, how fast do they
propagate? When and under what circumstances do
they lead to failure? What is the proper time
to take tires off of a given system so as to get
the maximum usefulness out of a tire purchased?
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To get a preliminary feeling for the answers to
these questions, (a final answer is not yet
possible), six descriptions follow of random
samplings from a mixture of R levels taken from
a few thousand aircraft tire tests, Let us
choose first a random sampling (Sample #1) of
100 - 20 x 4.4 tires, About 9% of this sample
were separated, Based on our data to this date,
we would consider about 6% of that 9% to be mod-
erately critical, implying that there is a given
probability of failure within the life span of
the carcass or more specifically, that there is
a high probability that the tire would not pass
a qualification test., Within this 6%, about 3%
of the tires contained one-quarter inch or lar-
ger separations combined with poor structural
uniformity such as nonuniform cord tension or
fatigue. On the other hand as a comparison to
this sample, the author has observed a group of
300, 20 x 4.4's in which not one single separa-
tion was found. Wi’n'~ this group, probably not
more than one to th.. would fail the basic
qualification test for the 20 x 4.4, However,
we realize that the indoor qualification wheel
test is undoubtedly more severe than the real
world situation. In actual usage, all 300 of
these tires would probably have lived out their
full carcass lives over two or three R levels
without mishap.

A more typical case (Sample #2) for 20 x 4.4's
would be to find three to five seriously defec-
tive tires among a sample of 500, or about 1%.
The percentage of critically defective tires in
a given sample lot will vary significantly when
testing tires manufactured by different compan-
ies. In other words, a much more significant
variation in data appears when comparing differ-
ent original tire manufacturers as opposed to
observing different retreaders. The quality of
tires also vary as a function of the date of
manufacturers.

Next note a more typical random sample (Sample #3)
in 30 x 8,8 tires. In this sample, of the one
hundred tires chosen, only two were separated.
And of those two tires, only one had a very high
probability of premature failure since critical
nonuniformity surrounded the separation.

Our next sample (Sample #4) is of 100 tires,

size 40 x 14 - Manufacturer A. In this case,

41% of the tires were seriously defective and
rejected, based on a rejection criteria for
separations of 1/2" * 1/4" or larger where the
variation, * 1/4", is a function of the overall
strength of the carcass or structural uniformity,
Most of the separations in the 41% were serious
shoulder and/or splice separations, Less concern
was glven to the sepurations existing in the
center or crown region of the tire as opposed to
separations in the more critical shoulder regions.
The * 1/4" variation was used to single out

strong and weak tire carcasses. In other words,
a separation as large as three quarters of an inch
inch would be allowed in a tire with a strong
carcass, whereas a separation only as large as
one quarter of an inch would be allowed in a
carcass which was weak and fatigued. We should
also note that a few tires in the 41% rejection
criteria were rejected solely on the basis of
extremely weak and loose carcasses; that is,
carcasses containing no separations, We tested
a number of these rejects (from the moderately-
high-probability-of-failure types to the very-
high-probability-of-failure types) on the indoor
test wheel and they all, without exception,
failed prematurely.

The questions, "What do you mean by critical sep-
aration?”, or "How does one establish an
acceptance-rejection criteria?", need to be
answered, Acceptance-rejection criteria must be
established on a very substantial data base; 100
tires is not substantial enough, After testing
over 1000, 40 x 14's, we began to establish a
good degree of confidence in terms of an
acceptance-rejection criteria, which is 1/2" ¢
1/4" where the variation of * 1/4" as mentioned
above is a function of the carcass strength.

Now let us look at a sample of 100, 49 x 17's,
which is Sample #5, Here, 11 tires were rejected,
Although in this case we have not looked at
enough tires to clearly establish an acceptance-
rejection criteria, our general feeling is that
separations up to one inch in diameter in the
crown area are acceptable for an additional R
level as long as the carcass is strong. However,
only separations smaller than one-quarter inch
would be tolerated in the turn-up area or
shoulder areas.

Now let us digress momentarily to point out that
the seriousness of a separation is established
while observing, as a result of repeated tests
through many R levels, the propagation rate of
the separation as a function of the number of
landings. In addition, the propagation of sep-
aration as a function of the number of taxi-take
off cycles has been studied (the author has
studied repeated tests on approximately 27 tires)
on indoor test wheels, There is a desperate
need for more indoor test data, since we have only
scratched the surface of this immensely fruitful
area of research. Furthermore, one establishes
a very good feeling for how fast a separation
propagates by observing from R level to R level
how fast the tire is deteriorating both from the
point of view of the structural uniformity and
the structural integrity (the size of the sepa-
ration as a function of the number of landings).
By observing the increase in size of very small
separations from R level to R level, one obtains
a feeling or judgment as to how many landings a
tire will go through before the separation
reaches a size where the tire will fail, We have
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observed both real world failures (failures on
actual aircraft) in addition to failure cases
which were simulated on indoor test wheels.

Next let us look at a larger sample (Sample

#6) of 40 x 14's - Manufacturer B. In this
distribution of 1000 tires, there is a total
mixture between R-0's, R-1's, R-2's, hence-
forth, on up through the R-5 level. The

basic distribution contained more R-2 levels
than any other specific level. The rejection
over the first 1000 tires based on our data
base was 21.5%; however, these rejections were
based on both separations and loose splice de-
tail combined with overall cord looseness and
tire fatigue. In other words, about 15% * 3%
of the total would be considered to be critical.
And, in this case, we would define critical as
meaning those tires which would have an above
average probability of failing had the tire not
been rejected prior to the next R level. A
special note should be made that many of the
tires we observed which contained critical sep-
arations were removed from service prior to
failure due to cuts, skid burns, etc. Had the
tire in the sample been more resistant to cuts,
for example, the airline would have experienced
even more than the typical one failure per
month which was their situation. A brief note
should be made that many of the serious shoulder
separations which were in structural weak areas
were not revealed by air needle injection.

A tew additional comments might be in order
with regard to the distribution of 100 new

49 x 17 tires. One percent, or one tire, con-
tained a viry eritieal shodwlder sepwration
which could have lead to a serious problem.
Three percent, or three of the tires, contained
crown separations with an average size of two
inches in diameter. Separations of this size
could lead to a problem previous to the next R
levels. Five percent, or five tires, contained
separations at the turn-up, flipper strip edge,
and in the ‘apex strip region above the beads.
Another one percent, or one tire, exhibited
very poor cord adhesion characteristics. Upon
examining the eleven tires of special concern,
we might note that tire #1 contained a crown
separation over 1/2 inch., Tire #2 contained a
1" crown separation. Tire #3 contained a sep-
aration in excess of 1" at the turn-up. Tire
#4 contained a separation in excess of 1" at
the turn-up. Tire #5 exhibited cord socketing
to an extent which could lead to a serious
problem. Tire #6 had only a very small separa-
tion which would undoubtedly not lead to a
problem., Tire #7 contained a 2% separation at
the bead apex. Tire #8 contained a 1" separa-
tion at the bead apex. Tire #9 contained a sep-
aration in excess of 3'" in the shoulder. This
tire obviously had a high probability of pre-
mature failure - and soon. Tire #10 contained

Tire #11 had
The remaining
89 tires had a very low probability of failure
and were excellent candidates for further re-

a 3" separation at the turn-up.
weak tread adhesion in general.

treading. It is important to note that all of
these 100, 49 x 17's were new R-0's. Through-
out the R-0 level, we would consider only one
of these above eleven to have a very high prob-
ability of failure prior of the next R level;
this tire being tire #9, -- the one with the
3" separation in the shoulder. Had any of the
above eleven tires been overloaded and under-
flated at the same time at least five of the
eleven would have had a high probability of
premature failure.

Considering R levels beyond R-1, there now is

a probability of failure which begins to become
noteworthy even under normal loading conditions
in tires #10, 3, 7; the tire containing the 3"
separation at the turn-up, the tire containing
the 1'" separation at the turn-up, and the tire
containing the 2'' separation at the apex.

We should again ask ourselves the question,
"What constitutes a critical defect?", that is,
a defect which has a very high probability of
failure prior to the next R level. And, how
does one go about getting data which relates
to defect criticality?

Allow me to digress momentarily to say that the
beauty of truck tire testing lies in the fact
that the data is so much easier to obtain. Une
simply sorts out defective truck tires from
good truck tires, selects several hundred, and
then owrts them on treeks in fleets with de
fective tires running along side good strong
tires to minimize any possible danger of a
serious situation occurring. Over ensuing
months, and observations of many tire failures,
it is easy to establish a clear cut criticality,
or acceptance-rejection criteria. Such data
can certainly be obtained in a one to two year
period.

But, what can one do to establish criticality in
the case of aircraft tires? First, one tests a
very large number of tires and separates out
those which have a lack of structural integrity
(separations) and/or lack of structural uniform-
ity (poor construction geometry, loose cord ten-
sion, fatigue, etc.). With aircraft tires, we
cannot submit them to actual stress experiences
as in the case of truck tires. Instead, we must
sort out those tires having defects which appear
to be of a critical nature and put those tires on
an indoor test wheel to Tun them out vo faliure.
After having done so, we must establish the basic
rate of propagation as a function of the number
of cycles or landings. The obvious problem lies

in the fact that real world failure data is nearly
impossible to obtain and the gathering of data on
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‘ an indoor wheel is slow and expensive. One re-
; searcher can direct a study on a thousand truck
tires in the same period of time it takes to

carry out failure analysis on 50 aircraft tires.
Further work in this area is critically needed.

Before proceeding to a discussion of results on

] indoor t.st wheels to establish defect size crit-
icality, it might be interesting to point out
that in the case of a 40 x 14 tire, we made a
mistake in the early stages of our testing and
allowed a tire which contained a 2" separation
to get placed into the "tires accepted' category
9 as opposed to the '"tires rejected' category. At
that time, we were using an acceptance-rejection
criteria of 1/2 inch. That tire, containing a
2" separation, was accidently mounted on an air-
craft and it failed on the fifth taxi-take off.
We were very fortunate in that the failure did
not lead to a serious situation as it could have.
As a result of this experience, we believe that
a 2" separation would obviously go to failure
very quickly.

! But what about the case of the 1/4', or 1/2", or
3/4" separations? How soon would they fail? Our
next step was to take these types of separations
to the indoor test wheel and to observe their
propagation as a function of the number of cycles.
(However, it is not always necessary to go to the
indoor wheel.) As our first example of the in-

| door test wheel, we will look at a 40 x 14 - 21

( tire and observe the increase in the separation
diameter propagation as a function of the number
of taxi-take off cycles. In this first case, we

' observed in the original carcass a 7/8" diameter
separation. The tire was then mounted on the
indoor wheel and after a brief warm-up period,

the tire was cycled through five taxi-take off

, cycles. The tire was then taken off the test

hq wheel, dismounted, and then reholographed. At
this time, We Oosorwal thet the T/H" dismetiT <op-
aration had grown to 1-1/2" in diameter. The
process was repeated for another five taxi-take
off cycles and the 1-1/2" diameter separation had
now grown up to 6" in diameter. Other separations
had grown in diameter which were close to the
original 7/8" diameter separation. These separa-
tions, as they had grown, had also joined up into
the above mentioned 6'" diameter separation. Again,
a 1/8" diameter separation in this same carcass,
which was originally close to the previously men-
tioned 7/8'" diameter separation, grew after five
cycles to a 3/4" separation. Then after having
had the process repeated, grew from a 3/4" sep-
aration in an additional five taxi-take off cycles
up into the 6" separation mentioned earlier. At
the same time, an original 1/2" diameter separa-
tion, which was at a further distance from the
original two separations mentioned, after five
taxi-take off cycles had grown to 1-1/4 inches.
Then after another five taxi-take off cycles had
reached out and joined into ti. above mentioned
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6" separation. In other words, the original 7/8"
diameter, 1/8" diameter, and 1/2" diameter separa-
tions all grew significantly and finally ended up
after ten taxi-take off cycles in a single 6"
diameter separation which then, in turn, went to |
failure after six additional cycles.

Let us give an additional example in a 40 x 14 -
21 aircraft tire. In this tire once again, there
was a considerable lack of structural uniformity
throughout. In this case, a 1/2" diameter separa-
tion in the original measurement propagated to a
1-1/2" diameter separation after five cycles
which, in turn, propagated to a 5.5" diameter
separation after yet another five cycles. Another
original 1/4" separation propagated to 1/2" in
diameter after five cycles which, in turn, prop-
agated to 4" after five more cycles. So, there-
fore, we note that separations in the 1/4" to 1/2"
category propagate quite quickly, particularly
when they are in a tire which is structurally
weak and/or the separation is in a shoulder region
as the above cases were,

Next, allow me to give four examples of propaga-
tion of separation in aircraft tires - size 26 x
6.6. Due to the shortness of this paper, our
examples of this propagation will be brief. In
the first, on 26 x 6.6's, a 1/4" separation at
127° in the crown area of the tire propagated to

a 1/2" separation after five cycles which, in
turn, propagated to 5/8" after five more cycles,
which in turn propagated into a 5'" separation
after yet another five cycles. An original 1/4"
separation at 143° propagated to 1/2" after five
cycles, and then propagated to 3/4" after yet

five more cycles, and finally propagated into the
5" separation mentioned above after five more
eycles. A third separation at 153° in the crown
which was 3/4" in diameter propagated to 7/8" in
five cycles, which in turn propagated to 1" in
Five additicss]l eyveles, which ia burs Jodped imge
the above mentioned 5" separation. The 5" separa-
tion then, in curn, failed after four more cycles.
From the above, we note that separations ranging
from 1/4" to 3/4'" propagate quite rapidly as a
function of the number of cycles. Moreover, these
individual separations have propagated this quickly
as a result of the fact that they were clustered
quite close together. Had these separations been
further apart, or had they existed singularly, they
would not have propagated as fast.

Next let us look at an example of a 1" separation
in a 26 x 6.6 tire. This separation propagated
after five cycles into a 2' separation which, in
turn, after five more cycles propagated into a 4"
separation which, in turn, propagated to failure
at the beginning of the sixth cycle.

Another description is of a 26 x 6.6 tire which
had a very weak carcass. This tire originally
had a separation, 3/8" in diameter, which propa-
gated to a 3" separation in five cycles which, in
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turn, propagated into a 12' separation in five
additional cycles which, in turn, failed before
the next cycle was completed.

Next allow me to provide a brief example of a
tire which showed extreme nonuniformity in weak-
ness throughout the carcass, but contained no
separation initially. It exhibited the fact that
a tire which had extreme amounts of fatigue and
structural nonuniformity would develop separa-
tions very quickly. In this case, after five
cycles a 1/4" separation evolved at a specific
point. This 1/4'" separation in turn propagated
to a 2-1/2" separation within five additional
taxi-take off cycles which, in turn, propagated
to a 20" separation after five additional taxi-
take offs,

This type of data could be given in great detail
for a large number of examples, but it represents
the typical type of information that one obtains
on an indoor test wheel. Needless to say, high
quality "control tires," observed holographically,
ran beside these without mishap. (In a number of
cases, as an aside comment, we have predicted the
success or failure of tires being sent through
conventional qualification tests required by the
Navy.} In summary, we can say that when separa-
tions exist in a 26 x 6.6 aircraft tire in the
size category of 1/2" ¢ 1/4", they will propagate
to failure in a surprisingly short period of time
especially if the carcass has poor structural
uniformity (low adhesion levels being one of the
more critical situations in the 26 x 6.6's). On
the other hand, if a separation exists in the
1/2" ¢ 1/4" category, it will go through a sig-
nificantly larger number of cycles (25 to 50) be-
fore it goes to failure if the carcass possesses
a high degree of structural uniformity. Rather
than give a large amount of data in this short
paper, the author is presently preparing a publi-
cation which provides more detailed information
on separation propagation as a function of the
number of taxi-take off cycles on indoor test
wheels.

Before proceeding, mention should be made about
the percentage of rejections as a function of a
given R level for commercial aircraft tires. We
have found throughout our statistics that roughly
speaking the same percentage of rejections plus

or minus 10% take place at each R level in large
distributions of 40 x 14 - 21 aircraft tires.

This data would suggest that separations are
appearing at each R level at about the same rate.
Separations continue to appear as the cords loosen
up and general fatigue sets in. Much of the data
which we have observed to date in 40 x 14's would
suggest that one would be wise not to make the
decision to reject a tire based on a given R level.
It would appear to be a much wiser criteria to de-
ride on the life of a tire based on the number of
cycles or landings it goes through rather than
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the number of R levels. This is the data which
must be obtained in the future. We strongly
feel at this time that once an understanding is
obtained of the degradation of a carcass as a
function of the number of landings, decisions
should be made wherein a tire is allowed to stay
on an aircraft as a function of the number of
landings and not as a function of the number of
R levels. It is conceivable that a tire with a
R level of, for example 5 or 6, could have sig-
nificantly less landings on it than another tire
which is only an R-2 or R-3. This could partially
explain the reason why we sometimes see less fa-
tigue in an R-5 or R-6 than we might in an R-3
or R-4,

Next we note in terms of the failure mechanism
characteristics of a given tire construction that
the small separations propagate very slowly if
they are in a very strong tire and that these
separations will propagate out through a number
of R levels before the background carcass begins
to weaken, to loosen up, and then go to terminal
failure over a fairly short number of cycles.

Now let us compare the above notation very briefly
to truck tires whose separation propagation rates
are well behaved. If we were to look at separa-
tion size as a function of mileage and draw a
graph for truck tire data, we would notice that
it would fall very nicely along a given line. 1In
general, the relationship between separation size
and mileage is a linear function with the varia-
tion in slope of that line being determined by
the overall strength of the tire. In the case of
truck tires, we then have a band of linear tracos
whose milder slope represents tires which are
quite strong. Those linear traces with a stronger
or higher slope represent tires which are weaker.

¥hen measuring aircraft tires, we think in terms
of the number of taxi-take off cycles versus sep-
aration size. Here, we notice that a small sep-
aration will typically propagate in a strong tire
slowly wherein the curve along which it travels
(that is the separation diameter as a function of
cycles) will look very much like the truck tire
case. After many cycles, and after the carcass
has begun to fatigue and loosen up, there will be
an increase in separation size as a function of
cycles which will increase exponentially to the
terminal failure point. In a tire which has a
very weak carcass, we will note that the separa-
tion size will increase exponentially as a func-
tion of the number of cycles in very early stages
whereas, as mentioned above, the separation size
as a function of a number of cycles will increase
linearly with a very mild slope for a long period 1
of time and will then rise exponentially in a
strong tire. As mentioned earlier, the cardinal
difference between truck tires and aircraft tires
is the following point. Almost without exception, |
all separgtions or areas with a high probadility
of separation will be observed in the original
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carcass at the time the tire is new. Even after
the tire has been retreaded, new separations are
unlikely to appear in a radial truck tire unless
they are the result of mistakes the retreader has
made. New separations which are specifically a
function of the carcasses themselves do not appear
at these later stages. Conversely, in the case

of aircraft tires, the separations which are ob-
served at various periods during the life of a
given aircraft tire carcass seldom appear when

the tire is new or straight out of the mold. As

a matter of fact, on the average, rarely does one
see in new aircraft tires more than 1% or 2% which
are separated. On the other hand, after a number
of cycles, perhaps 1000 landings, which may be at
a R-5 level, one might note a number of separa-
tions in a given tire carcass which did not appear
either at the early stage of the tire's life, or
in the previous R level. In other words, separa-
tions continue to form and propagate at a variety
of stages throughout an aircraft tire's life
(throughout each of its R level stages). It is
not uncommon to see no separation in a R-0 level
of a given tire, or its R-1 level, or its R-2
level and on up to some R-n level whereupon sep-
arations will appear over a very short period of
time and with great profusion. When establishing
acceptance-rejection criteria, this would lead

one to the conclusion that aircraft tires must:

(A) be studied to determine the type and
location of separation which will form and the
average rate of propagation of these separations.
The rate of propagation is by far the most sig-
nificant parameter for a given tire.

(B) be studied to determine the type of fail-
ure mechanism which a given construction experi-
ences. Furthermore, it ‘s evident that the tire
must be tested intermittently after a given num-
Sor of landings. Inethe case ST 40 x 14 - 21 the
number of landings associated with a given R level
for example from R-1 to R-2 in a typical DC-9
operation, turns out to be just about the ideal
spacing for the‘\.f‘requency of testing.

[Ci e S‘tudibd by holc gl"d}.:hy b\.ful‘c and af‘l'c'l
each R level to determine the optimum number of
landings for a given size, construction, and manu-
facturer. In the future, this test time can be
established as a function of the number of land-
ings a tire experiences, provided that the infla-
tion pressure has baer maintalned throughout ths
period under consideration. Note: wunderflation
will significantly increase the propagation rate
of separations. If a tire reaches an e¢stablished
number of landings, it should be retested prior
to further use,

The following informatlom s the result of cur

first commercial carrier studies which were car-
ried out over the past two years. This carrier
was experiencing approximately one tire failure
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per month over a one year period with an average
cost per failure (amortized over the year) rang-
ing between $20,000 and $25,000, due to struc-
tural damage to the aircraft and rubber inges-
tions in the engines. Over a relatively short
period of time, all the tires in service of a
given type were holographically tested and all
tires with separations greater than one-half inch
in diameter were rejected. Since the tires with
separation over one-half inch were taken out of
the systems no tire failures were experienced
over the following two years. It is important
to note that this type of testing will not elim-
inate all tire failures, but it can significantly
reduce the incidence of failure which has been
dramatically proven in more than one airline. It
is interesting to note that the original rejection
rate in the above case was slightly over 20%,
whereas after culling out the tires containing
separations over one-half inch in diameter, the
rejection rate fell to around 12%. Further anal-
ysis has revealed that larger separations can be
tolerated in the crown area which puts the rejec-
tion rate under 10%.

Now to summarize. The basic objective of this
talk has been to comment upon the meaning of sep-
arations in aircraft tires. You can look at a
large distribution of tires and discover, as Mr.
Shaver, the Engineering Vice President of Air
Treads, Inc., has pointed out so aptly and care-
fully, "large distributions of tires have very
low incidences of separation - at times as low

as 1%." Then we will note other case histories,
where the percentages can get significantly over
10%. Our basic objective at this time is to
understand more thoroughly the background strength
criteria in aircraft tires and to establish an
acceptance-rejection criteria based on a fairly
large data base. In general, we would like to
tosr 1000 titos in & Jistelhution amd then cull
out those tires which have separations. The
tires pulled out must be evaluated to determine
separate propagation rates as a function of struc-
tural uniformity. Acceptance-rejection rates
should then be established and then routine test-
ing of the tires should be cartied oot at each &
level where the R level does not exceed a given
number of landings for a given tire size and con-
etruction. It has been said, "Well, you see most
separations in retreaded tires; you don't see
many of them in new tires." This is a misleading
podnt. Although seprration does not exhibit it-
self until an advanced stage in a tire's life, the
original construction and the care with which the
original tire is built has a significant impact on
the amount of separations which will appear in the
tire's later life. Needless to say, we find that
retreading practices are not often the cause of
sepgration in alreraft tiree

It is only going to be with the greatest of effort
and patience that the separation propagation rates
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upon realistic acceptance-rejection requirements
can be placed on a given tire despite the fact
that relatively few tires contain separation.
Although all tires experience fatigue as a func-
tion of usage which will, in turn, eventually
lead to separation, the general performance of
the typical aircraft tire far exceeds that of

and hasic failure mechanisms are understood where-
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most typical engineering systems. Aircraft tires
perform an extraordinary job in terms of the re-
quirements that are placed on them and the abuse
given to them. With some modest effort, great
improvements can be made at relatively low costs
resulting in an example of one of the most im-
pressive engineering systems of our day - namely
the typical run-of-the-mill aircraft tire.

QUESTIONS - deleted at author's request, Editor
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ARMY PROGRAM IN NDT OF TIRES

David L. Gamache
Session Chairman

U. S. Army Tank-Automotive Command
Warren, Michigan

The Army program in NDT of Tires is directed for the most part toward retreaded mil-
itary truck tires because the Army retreads over one-half million tires each year
under a mandated materials conservation effort. While many tires are retreaded at
Army facilities, a large percentage go to local procurement. Thus, the Army inter-
est in equipment development is first directed to the very start of the retread
cycle: determining carcass integrity to sort the carcasses before they reach the
buffers of either Army or civilian facjilities.

The second major Army interest is generated by the nature of tire usage and procure-
ment that is probably peculiar only to the vast fleet of the Army. Because of the
large number of mounted and unmounted tires in the fleet and in supply channels, and
because so many vehicles receive minimal use over extended periods, there is con-
siderable aging and general deterioration of the tires. So that we will have a true
plcture of our operational readiness, a continuing study is being made to learn how
much of this degradation can be appraised and how much is significant to tire life
expectancy. Elaboration on these two areas will be made in the four papers that
will follow and which will report the in-house and contractual efforts that are cur-
rently under way in support of the Army's program in NDT of tires.
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NONDESTRUCTIVE MEASUREMENT OF CASING QUALITY

; | Wieslaw Lichodziejewski

b INTRODUCTION

! The large volume of tires used on DoD vehicles

i . necessitates an extensive retread program within
DoD (and especially within the Army). A simple,
low cost, reliable method of determining the
integrity of a tire casing prior to the retreading
operation is very desirable. The Product Assur-
ance Directorate (AMSTA-Q) and the Maintenance
Director are (AMSTA-M) of the Army Tank Auto-
motive Command are co-sponsoring a program to
develop such a method. There are several non-
destructive inspection methods presently being
applied to tires: X-radiography, infrared, holog-
raphy, and ultrasonics. All of these methods

are capable of detecting defects in tires. How-
ever, on analysis, ultrasonics seems to best ful-
fill the Army requirements of low cost and simple

———— -

D aene e e R

L application.
[}
, There are a number of ultrasonic techniques use-
) able for this application. Both thru transmission

and pulse-echo were evaluated. The inherent

mechanical simplicity of a single transducer

i pulse-echo system, its depth discrimination capa-

i bility allowing a casing evaluation independent

/ of tread presence or thickness, and its ability

i to provide on-vehicle, wheel-mounted, tire in-
spection made pulse-echo our choice as an inspec-

tion tool.

- INSPECTION SiSTEM

A retread - prodction - oriented, ultrasonic

L pulse-echo inspection system was developed for

f the Army to check the method's practicality. It
incorporates the transducer positioning require-

! ments to inspect a range of tire sizes (7:00 x

: 16, 9:00 x 16, 9:00 x 20, and 11:00 x 20). The

system has power tire mounting ar1 rotation fea-

tures, and incorporates a modified .ommercial

ultrasonic inspection unit.

The inspection system developed is shown in Figure
1. Briefly, it contains an immersion tink nece-
ssary to couple the high frequency ultrasonic
energy into the tire, the transducers and fixtur-
ing required to inspect the tire sizes mentioned,
and mechanical equipment to simplify the handling.
Figure 2 shows three transducers mounted to a
fixture which permits setting of transducer angle
for the various tire sizes to be inspected. We
inspect the mid-line and shoulder areas of each
tire. The tire handling equipment is shown in
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Director, Nondestructive Testing
GARD, Inc./GATX
Niles, lllinois

Figure 2. Transducers and holding fixture,

Figure 3. It consists of a modified Branick Tire
Spreader, a pneumatic lift table, and a rotary
bearing to allow the tire to be placed in the
tank.

The tire handling procedure is straightforward
and is made with production inspection in mind:
mounted onto the spreader, it is lifted above the
water tank walls, rotated 90 degrees, and lowered
into the water tank. The tire is then ready for
ultrasonic inspection. The procedure is reversed
to remove the tire from the system.
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Figure 3. Tire handling equipment.

The ultrasonic instrument has an automatic audi-
ble alarm system which tells an operator of the
presence of a defect.

Figure 4 is a recording of the instrument's
oscilloscope trace. The recording in Figure 4a
shows the ultrasonic pattern from a tire which
does not contain a defect. The photograph in 4b
shows the ultrasonic pattern which has a defect.
Figure 5 is a photograph of this defect which was
found by automatic alarm inspection. The defect
is a break about 3/8' deep. It extends through
the outer breaker belts and into the first outer
ply layer. This type of defect would not be
found during buffing. An example of the other
type of defect defected ultrasonically and con-
firmed by buffing is shown in Figure 6. It is a
typical tread/ply separation in the shoulder of
the tire.

TESTING

In order to determine the adequacy of the system
developed, it was necessary to develop statistical
data on the type, number, and location of detect-
able flaws in tires. A tire testing program was,
therefore, conducted. Four hundred-fifty tires
were inspected.

DISCUSSION

Figure 7 summarizes the results of the inspection,
Comparison of ultrasonic test results with optical
examination and physical test data confirmed that
six percent of the tires had what can be described
as localized defects (nail holes, separations,
breaks, etc.). Forty-six percent had what can be
described as circumferential defect indications
(defined as a general deteriorated condition
around most or all of the circumference of the
tire).

90

a. Tire which does not contain a defect.

b. Tire with a defect.

Figure 4, Ultrasonic tire defect detection.

Sixteen percent of the localized defects (1% of
all tires tested) consisted of inclusions or
breaks, Eighty-four percent (5% of all tires
tested) consisted of either cord or ply separa-
tions. Sixteen tires which presented localized
ultrasonic defect indications were sectioned and
examined. Visual confirmation was obtained for
each of the ultrasonic indications.

Forty-six percent of the tires inspected had
circumferential defect indications. Fifty percent
of the circumferential defects (24% of all tires
tested) were found to be associated with low

tread bond, 22% (10% of all tires) were cord
separations or outer ply deterioration, and 28%
(12% of all tires) were loose cords. Twenty

tires exhibiting circumferential ultrasonic in-
spection indications were sectioned, visually
examined, and subjected to peel test.
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{ SEPARATION
‘ Figure 6. Tread/ply separation detected. !
LERECT
INSPECTION INDICATION
{ OCORENE DEFECT OCCURENE
b INCLLSTON
<1
WALIZD <& BREAK .
] CORD SEPARAT ION o
1 | PLY SEPARATION
LIW TREAD BOID b4 i
' Figure 5, Cross section of break detected. {
CIRCMFERENTIAL UL COR) SEPARATION w
i In summary, correlation of mechanical and visual | ORISR T
: test results with ultrasonic inspection data LO0SE CORD 1z
§

(from Military tires) had demonstrated three - ]
significant items: !
Figure 7, Inspection results. k

f ! (1) Localized defect occurrence is small;
! (2) circumferential defects are significant rubber-cord matrix; still other signals indicate ;
g | in number; and total matrix degradation. Figure 8 shows cut ]
H (3) ultrasonics can find both. tire sections having a) loose cords and b) matrix
separation. These conditions can be ultrasoni- ;
' The first two, together, indicate that the prime cally segregated from each other and from a tight
{ ! Army emphasis heretofore placed upon the detec- matrix of a new or little used tire. :
o tion of localized tire defects may be misplaced. ;
’ t As a result, our current research is directed It was assumed, that as a tire casing goes
] primarily towards evaluation of casing quelity through its useful life, it "degrades" (i.e., the
based upon general tire state of degradationm, cord-rubber matrix transforms from tight to loose

to separated). Thus, an instrument which could
monitor such progression could predict remaining

DEGRADATION MEASUREMENT useful life of a tire casing.

An analysis of the ultrasonic signals, microscopic To evaluate this theory, tires being road tested

observations, and peel test properties indicated at the Army Yuma Proving Grounds were monitored.

that a relationship exists between reflected Figure 9 shows that actual mileage on tires were :

circumferential ultrasonic signals from tire monitored by this ultrasonic technique. The : |

plies and casing degradation. curve represents an average of many tires while 3
the vertical drop at 6000 miles represents either

Visual observation has shown that certain ultra- damage caused during retreading or the uncertainty

sonic reflection signals are associated with about the retread level of the tires.

strong interply adhesion and tight cords; other
signals are correlated with loosening of the
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favorable enough that GARD is currently under
contract to the Army to develop quantitative data
for incorporation into maintenance procedures to
establish accept/reject criteria for retread-
ability of tire casings based upon retread and

Loose Cords new tire costs.

For those who may be interested, we have a demon-
stration of the technique set up upstairs. We
are anxious to explore the commercial possibilities
of this equipment and we will welcome your com-
ments and suggestions. We have no reason not to
believe that commercial truck and passenger tires
behave in the same manner as military tires. In
fact, we have limited data on passenger and truck
tires which tend to confirm that they do behave
similarly. We intend to pursue this area further
during the coming year.

Figure 8. Tire degradation stages detected ultrasonically.

i.a

L MERAGE FOR NEW TIRES

LR

Figure 10. On-vehicle tire degradation measurement.

LR L TR

AVERAGE FOR RETREADED TIRES

QUESTIONS AND ANSWERS

: % H : t 3 & T Q: How much does a commercial unit cost?
S (e A: We're currently trying to figure out how
many we can sell, but I think the range we're
) . talking about is $5000, maybe $6000, depending
Figure 9. Preliminary road test data. on how many we think we can sell. I think the
important thing to stress here is the reason
Figure 10 shows an actual on-vehicle tire degra- this unit might be less expensive than most of
dation measurement being performed at Yuma. As the other units. We do not feel a need to go
can be seen, it is performed with a portable to the mechanical handling that you need whe»
instrument using hand contact of the sensor. The you look at ply separations., Frankly, the elec-
inspection time per tire is about one minute. tronics and so on may be roughly comparable in
Initial results with the technique have been all the different techniques.
92
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ULTRASONICS VERSUS ROAD TESTING

Brian E. Emerson
U.S. Army Tank-Automotive Research and Development Command
Product Assurance Directorate
Warren, Michigan

INTRODUCTION

From the period of July 1974 to May 1975 the
Product Assurance Directorate of the U.S. Army
Tank-Automotive Command (TACOM), Warren,
Michigan, conducted tests to compare the wear
characteristics of new and retread tires.

Three tire sizes were used for the test, These
were the 700 x 16, 900 x 20, and 1100 x 20 non-
directional cross-country (NDCC) bias ply tires.
These three sizes have the highest density in the
Army system.

The test was conducted at Yuma Proving Grounds,
Yuma, Arizona, This site was chosen because of
its severe climate and terrain, probably the worst
conditions to which a tire can be subjected.

In conjunction with the wear test, the tires were
evaluated using ultrasonic inspection techniques
developed by TACOM's Product Assurance and Main-
tenance Directorates. The objective of the ultra-
sonic evaluation was to provide statistical data
on the condition of the retread bond line and
tire cords and to relate this data to tire
performance.

SYSTEM DESCRIPTION

The ultrasonic test equipment, used to nondestruc-
tively inspect the tires in the test at Yuma Prov-
ing Grounds, consisted primarily of an ultrasonic
transducer, used to transmit and receive ultrasonic
pulses and a cathode ray tube scope, used to dis-
play the reflected sound waves.

The ultrasonic inspection technique employed is

the pulse-echo method. Using this method, an
ultrasonic beam is transmitted into the tire at
the ply layers, the beam is reflected and the echo
is received by the same transducer used to transmit
the beam, A schematic of the pulse-echo process

is shown in Figure 1.

The various tire interfaces that produce signals
on the scope and their corresponding background
signals are shown in Figure 2. Figure 3 illus-

trates the various scope displays that can be

encountered while inspecting tires using ultra-
sonics. The normal condition implies that the
tire is basically sound, with no ply separation

ULTRASONIC
o~ TRANSDUCER
TAARSRHTED REFLECTED

" PULSE

l

PLY SEPARATION

)

Figure 1. Pulse echo method of ultrasonic tire inspection.

or degradation. A low signal indicates loosen-
ing or unraveling of individual cords. The high
signal (spike) indicates separation of the cords
from the surrounding rubber. These various con-
ditions are illustrated in Table 1.

INSPECTION PROCEDURE

For the Yuma test, a contact inspection method
was employed. In this method, the transducer is
in direct contact with the tire coupled through
a thin film of oil and water,

Each tire was inspected along the centerline for
approximately fifteen inches around the circum-
ference of the tire and approximately four read-
ings were taken and averaged, The following data
was recorded for each tire: Tire size, cord mate-
rial, background level, bond-line level, date of




Retread Bond Line

Front Tire
1 Tread Surface

“’Normal’’ condition

-_—

L]
*Background” Signa) “Low" condition

t Figure 2, Schematic of tire interfaces,

manufacture, original manufacturer, tire test code
number, new or retreaded tire, position on the ve-
hicle, test miles, and cause of test termination,

) INSPECTION RESULTS

The following analysis of the ultrasonic test data
b is centered around the 1100 x 20 retread bias-ply
tires. This is due to the fact that more pertinent
data is available for this size than for the 900 x
: 20 or the 700 x 16, because the ultrasonic test

1 equipment was not available at the beginning of

3 their testing, thus readings were taken only upon
test completion for the latter two sizes. However,
examination of the after test readings for all
three sizes indicates a high degree of correlation,
which would indicate that the results obtained in “’High*’ condition
the analysis of the 1100 x 20 data is representa-
tive for the 700 x 16 and 900 x 20 size tires.
Figure 4 shows the high degree of similarity be-
tween after test readings for the three sizes of
tires.
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Figure 3. Typical ultrasonic ply background A-scan presentation,
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Table 1. CASING DEGRADATION INDICATION

ONVRLER :
- @ B
(OR/MARER N LOOSE OO0 | COMD SEPWMTEON
COITION
ULTRASINIC SIGW.
(ITEALZED) (\N\N\ MWW /\N\M
WIMIKIC o u (i
QUASSIFICATION
FEEL STAGTH 10X i ] =
60 900x20
4
% 0
20
0
(V] 10 20 30
BACKGROUND
60 700x16
% 40
20
0 |
0 10 20 30
BACKGROUND
80
1100x20
40
%
20
o | _l

0 10 20 30
BACKGROUND

Figure 4. Percentage of total population versus ultrasonic
background reading after test.
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The first step in the analysis was to relate the
ultrasonic background readings to the total test
population of 1100 x 20 retread tires. Figure §
shows the population density of the test tires
with regard to their ultrasonic background read-
ings. A majority of the tires were in the 10 to
20% range before the test started, however, the 4
significant indicator of degradation lies in the 1
fact that when the test was completed all 40 to

50% readings had disappeared, 1

A life cycle curve or "map" for the 1100 x 20

tires is shown in Figure 6, This map illustrates
the degradation with occurs in tires as they run

to failure, The points were obtained by plotting
average background readings versus average mileage.
Segment 1-2 represents the degradation which occurs
in new tires as they are run to failure or wearout.
Segment 3-4 represents the degradation occurring in
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Figure 6. Percentage of 1100 x 20 retread tires versus 5

ultrasonic background reading.
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Figure 8. 1100 x 20 tires average background reading versus average mileage.

retread tires, The most revealing portion of the
graph is the vertical drop shown by segment 2-3.
This drop represents degradation during the retread-
ing process, However, this drop is not as drastic
as shown in the graph due to the fact that points 2
and 3 are mutually exclusive (i.e., the tires used
to determine point 2 are not the same tires used
for point 3) and the fact that experimental error
was introduced because the retread level of the
tires was unknown (a second or third retread would
have a much lower reading than the first).

Of the total population of 1100 x 20 retread tires
checked ultrasonically, 63% failed during the test,
Figure 7 shows this failure data plotted versus the
ultrasonic readings taken prior to testing. This
is shown as the probability of wearout (i.e., suc-
cess), As the amplitude of the background signal
increases, the probability of reaching the wearout
point increases.,

CONCLUSIONS

The results of the ultrasonic portion of this
tire test showed that:

a. Tire cord condition (i.e., degradation)
can be measured.

b. The pulse-echo technique can be used to
evaluate the internal changes in a tire due to
retreading.

c. The condition of the bond between the
retread cap and tire casing can be evaluated.

From the data, it is concluded that ply separation
alone cannot predict remaining tire life., Instead,
the condition of the tire cords (degradation) and
in retread tires, the condition of the retread
bond line, are the indicators of expected tire
life,
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Figure 7. Probability of wearout versus ultrasonic background reading.
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‘fi HOLOGRAPHICS VERSUS ROAD TESTING

Joseph S. Hubinsky
U.S. Army Tank-Automotive Research and Development Command
Product Assurance Directorate

Warren, Michigan q

| j
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The Army conducted a tread wear test of its more The data obtained from these data sheets were
widely used truck tire sizes at the Yuma Proving assembled into a population distribution graph. !
! P Grounds from July 1974 through May 1975. Yuma Using the number of defects found in the initial E
J was chosen because it was felt that the conditions holograms, Figure 1 shows the population distribu- ’
! there were some of the severest that can be found. tion of the defects and the average mileage ob-
It should be noted that our study placed emphasis tained for each grouping of defects for all the
primarily on the retreaded tires that were tested. tires that were tested and failed in other than a
It is from the retreads, the Army feels, that the wearout failure mode. From this graph, predic-
greatest benefits from nondestructive testing can tions of the average mileage obtainable per num-

i be obtained. The sizes tested and the vehicles ber of holographic defects may be discerned. It ’
on which they were placed were: the 700 x 16 is important to note that there was a problem in :
tire, used on the jeep; the 900 x 20 tire, used assigning a numerical value to the weak, suspi- ]
on the 2-1/2-ton truck; and the 1100 x 20 tire, cious and degraded areas. Tires with these areas
used on the 5-ton truck. The test consisted of make a significant contribution to the total pop- 3
four 3000-mile cycles for the jeep and four 5000- ulation, They, in fact, make up nearly one third -
mile cycles for the 2-1/2-ton and 5-ton trucks. of the 900 x 20 tires and nearly one half of the
The cycles were divided in the following manner; 1100 x 20 tires that failed. Thus, it can be
60% paved road, 20% secondary roads, and 20% cross- seen that the numerical value assigned to these
country roads. Various loading conditions were areas will influence the total number of defects
placed on the vehicles with lighter loads being assigned to a tire. This in turn will affect

; placed on the cross-country portion of the cycles. the grouping in which the tire will be placed y
Every tire tested was first examined holographi- and the average mileage of that grouping. :

) cally. After testing was completed, a second
hologram of the tires was taken. The data ob-
) tained from each hologram was placed on a data
sheet and graphs of population versus the number ‘o

of defects were produced from these sheets. From i) g -
these graphs it was hoped that trends would ] OB W1 (33) RETREADS TESTED
| develop to predict the life obtainable from an -
examined tire,

1 0 FOPBLATTON
Yy

FOPULATION DISTRIBUTION OF PAILED ,i
TIRES OUT OF TOTAL TIRES TESTED

o

s

NO, OF DEFECTS
[ A commercial holographic tire analyzer, the i
GCO-AT-12, was used to examine the tires at Yuma.
S The examination process of the test tires begins
: when a tire is spread by mechanical fixtures in o I:I SEPARATIONS
- order to observe the inside of the tire., At no{ %9 ;

atmospheric pressure a quarter section of the
inside of the tire is illuminated by a laser
light and a photograph is taken. The tire is
then subjected to a vacuum and a second photo-
graph, actually a double exposure, is taken.
The vacuum creates a stress which causes a very 0 30 %0 50 60 70 80 90 100
small displacement of the inner surface of the

tire in the area of a void or separation which

results in a fringe pattern on the holographic

film. The result of these two exposures of the

same area under different stress levels is a WAV
single holographic picture of hologram. This
process is repeated until all four quarters of
the tire have been holographed. By reilluminating
this hologram with laser light in a holographic 20
reader, defects under the surface of the tire, 0
such as carcass ply separations, belt edge separ-
ations, tread and sidewall separations, porosity

and voids, carcass and belt damage are revealed.

All of these defects were recorded on a holo- Figure 1
graphic data sheet.

900X10
(52) RETREADS TESTED
WEAK AREAS,
SUSPICIOUS AREAS,
DRGRADED AREAS

g

1100x20
(90) RETREADS TESTED

AVG
400 NI
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Keeping that in mind, a general trend appears
evident from the tires that were tested and
failed. The general trend of the greater the
number of defects, the greater the probability
of tire failure seems to hold true for the 700 x
16's and the 900 x 20's and loosely for the

1100 x 20's,

From all the data studied it seems apparent that
the holographic technique of inspecting tires

does an excellent job of discovering separations
and voids. As far as other defects are concerned,
additional refinements in interpretative technique
or equipment appear necessary,

When voids or separations are discovered on an
initial hologram, there are several possible out-
comes. The voids or separations may ''grow' and
lead to a premature failure or they may remain
the same size and have no effect on the life of
the tire. This problem of separation growth as
tire mileage increases was addressed in our study.
It seems apparent from our investigation that not
enough is known about this phenomena to determine
the mechanisms for separation growth., Some tires
that were apparently sound developed rapid separ-
ation growth and other tires that were under
suspicion had little to no separation growth.
Thus, the presence of separation is not always
an indication of tire degradation,

Several of the test tires were sectioned to com-
pare actual defects with holographic indications.
In all cases, the holographic defects identified
as separations were found physically to exist
either at the tread rubber-ply cord interface or
separation within ply layers. It can then be
concluded that where holographic film indicates
a separation defect, a separation defect in fact
does exist. However, the nature, and criticality
of the defect cannot readily be ascertained from
the holographic film.

Thus, it seems that major separation defects are
detectable and can visually be proved to exist.
As to these separations, no definitive answer can
be given as to their potential to shorten tire
life. The weak, suspicious and degraded areas
add difficulty to. interpreting a hologram which
in turn adds to the difficulty in determining
their affect on tire life. Finally, a question
arises in regards to those tires that are appar-
ently sound with no hologruphically detectable
defects failing prematurely, Part of this could
be answered by the fact that the holographic
technique cannot detect all defects leaving such
defects as ruptured cords and permeable inner
liners undetected. Another part of this same
problem may be that there are minor defects that
are not detectable by holographic techniques, as
they now stand, that lead to premature failure.
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Thus, it seems that more experience may provide
new interpretive techniques to solve some of these
problems, As it now stands, much more work is
necessary before a commercial version of a holo-
graphic inspection system on a production line
basis, could become operational.

QUESTIONS AND ANSWERS

Comment: I just want to bring up one point. I
think it's kind of important that we had this
meeting. There are three people involved in the
commercial production unit for ultrasonic testing
and none of the systems that are really in this
commercial program are represented here. We have
Admiral, we have Automation Industries, we have
Brannick, all in process on the through-put machine
similar to the one at NHTSA which I think is of
interest to all of us refitters. I was a little
disappointed that somehow or other we didn't get
a few minutes to spend on this type of device and
talk about the development work.

Mr. Vogel: We thank you for that comment.

Mr. Merhib is going to mention the purpose of

the working groups a little later on this morning.
All T can say as my personal comment to your
statement is that Mr. Van Valkenberg has spoken
for Automation Industries at the last two meetings
and both of the other manufacturers were solicited
for papers. Now, I can only go so far, - I can't
force them. I can ask them and I can ask you
people as the users of this equipment to lean on
your suppliers to get papers., I've taken every
possible effort I can to roust out papers and the
chairmen of your working groups and Mr. Trevisanno
as well as Mrs. Earing in the infrared industry
have gone out and asked their principals or

their contacts in infrared to get out papers.

Well we can't. The person they're building it

for isn't reudy to have it publieized yet, and
this is the thing we run into constantly. If

Mr. Firestone and Mr. Goodyear have an item

under development, he can go to a supplier and
say "Okay, you have a relense, give a paper but
don't squeal about this aspect of it that we
don't want publicized." I really don't know how
to answer your question except to say that we
tried. We went out into all the rubber publica-
tions and we went out through ASNT, all of the
builders of nondestructive testing equipment and
in my capacity in ASNT I know all of them, written
to them all personally, and contacted friends.

The program you see has all the papers that we
were sure were not what you might call crass
commercialism. 1 mean, some people did want to
get up and give commercials. We can't have that.
We would like to give technical papers, not just
a sales pitch, You get that around the traue
shows. Go out and try. Give us the papers and
if it's not too hard a commercial we'd be de-
lighted to put it in the next progranm.
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MAINTENANCE EXPENDITURE LIMITS BY NDT

Dr. R. N. Johnson
GARD, Inc./GATX
Niles, tllinois

Primarily what I'm going to discuss is the pro-
gram we have currently for the Army which is
called '"Maintenance Expenditure Limits of Tires,"
The basic overall objective of this effort is to
develop data and procedures necessary to imple-
ment the tire degradation monitoring in the Army
system. It is basically: what '"accept/reject"
levels does one use for each geographic region
to obtain the maximum benefits of the system.
Split it through several different sections; one
will admit that the first area we will encounter
were the review of the previous programs we had
which led into this. One is what is the effect
of water on retreadability - if you use water in
the ply sections. The second area of discussion
will be the examination of whether entrapped
moisture is harmful to tire performance, it's the
road test we use down here, and the third area
is the result of a survey taken to determine the
geographic variability of what we choose to call
tire degradation. The last thing I'm going to
cover is the simplified example of how you can
use this kind of a model, you can save a lot of
money when you are managing a lot of tires.

Mainly what we have is a nice collection of cut
tire sections for a variety of military tires
that are soaking in a fluorescein dye water solu-
tion. We took a variety of used tires of the
military that had been rejected for various
reasons, soaked then from two days to siaty days
just to see which ones would absorb water through
the cut sections on each one of these tires.

ffves the weerions wese Jone sosking, we pro-
ceeded to subdivide the sections into smaller
sections and examine each one under lights so
that the fluorescent dye would show up in the
cords. 1In a typical cut section, you would see
here light areas of the fluorescein dye. If the
dye had not penetrated into the cord, the cord
structure would be dark, and some of them have
cord areas which do.a't show up because they don't
glow with the fluorescent dye.

We did find that a number of tires would absorb
water after soaking like this. It turned out
from our samples of military tires, almost 100%
of the rayon tires would absorb water quite
readily, and surprisingly about 10 percent of
the nylon tires would absorb water. We at first
thought maybe it was the manufacture, a peculiar
cord type, or something that was tied with the
nylon that could absorb water. We examined that
el eouldn 't firad duny underlying basis #3r that
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There were different manufacturers, there were
different sizes of filaments in the cord bundles -
nothing uniform about why they would do it.

We did at this next step look at it and see in
terms of retreading application since the worry
was if you would absorb water into the plies and
the person proceeds to buff the old tread off,
rebuild a new tread on and send it out to service,
you have some trapped moisture in there, the tem-
perature goes up beyond the boiling point, you're
going to turn that trapped water into steam &nd
create separations., The idea was in the case of
how does one in terms of retread inspections find
out whether the tire actually has water that has
been absorbed into it, So we looked around and
we found a gadget which is actually used in the
wood industry to gage the moisture content in
wood at lumber yards to find if it is sufficiently
dry to sell to customers so when you build a house
your house doesn't need to be crooked, and we
found that this actually works quite well. It has
a handle with the two needle probes on it and you
just insert that into the tire right around the
cuts and you can very accurately come out with
moisture penetration into the tires from cuts.
It's very easy for the liner side so that when
the inspector is making his normal liner inspec-
tion prior to retreading, he can have a gage

like this available, battery powered, the thing

is not fairly economical - these gages cost
anywhere from $100 to $150 each. You would have
to have it calibrated for tires because right now
it is calibrated for wood.

The next idea was to find out if there was any
way you could predict which tires would absorb
moisture. We found that we would cut these tires
and we asked ourselves as long as we were doing
ultrasonic stuff on the side is there some under-
lying characteristic in these tires that causes
that - the moisture peretration would be detect-
able by ultrasonics. (ne of the reasons we felt
this way is we sectioned a variety of tires; we
looked at them under the microscope; we looked

at them under an electron microscope and we find
that there are sort of subjective differences
between those that would absorb moisture and
those that would not. It's obviously not the
kind of thing you cowld use because it's destruc-
tive to cut holes in your tires. But we felt
that since there were these current structural
differences, between the type of tires that would
not absorb moisture and tires that had the cords
that smould, we felt that ultressonically there
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ought to be some way of determining that. So we
investigated a variety of those that would absorb
moisture that we had found in previous testing
and those that would not. We noted some charac-
teristic differences in the signals. We then
proceeded to check that by going out to a trailer
load of new military tires that we had and pick-
ing out the ones that we felt would absorb mois-
ture based on an ultrasonic reading taking them
back in, sectioning them, and soaking them. We
did find that indeed we could predict those tires
ultrasonically which would absorb moisture. That
led next to the logical question; are there any
mechanical differences between tires that would
absorb moisture and those that would not. We then
proceeded to start sectioning these tires and
doing peel tests and cord-stripping tests on these
tires - what we call the hydroscopic tires as
opposed to nonhydroscopic tires, and we did in-
deed find that the hydrosopic tires are weaker
than the permitted peel strength levels and are
indeed weaker than average population of tires in
terms of cord strength. This led us to presume
at that point and that they probably would not

do quite as well in performing their intended
function that is, putting them out on the road
and using them as a normal tire. At this point
we started going over the tire degradation and
doing the road testing and Yuma started monitoring
these tires and seeing how these signal charac-
teristics would relate to road testing. And that
was described by Leo, Dave, Brian, and Joe
earlier so I won't go into that result.

The next step we took in these studies was to go
out and actually survey, thinking now in terms of
moisture that gets into a tire. I've surveyed a
lor of tires at various military installations
that they had to see how many injuries cut into
the tire, actually had moisture around them. We
had one survey done in Arizona, Louisiana, around
the Chicago area, out on the east coast, and
Virginia. We found that about one to five per-
cent, depending upon which geographic area you
were in, of the tires had injuries which had
moisture associated with them and we could find
moisture penetration into the tire 1/2 inch or
greater, Some of the cuts were so large that
obviously the tire would be scrapped anyway and
would not be retreaded. We did find that any-
where from one to three percent of these tires
that had moisture-effected injuries would actually
slip through the inspection system according to
the Army standard specification for 'accept/re-
ject" injury sizes and cut sizes, Which basi-
cally says that you are allowing a few tires into
the system that do have moisture effected defects,
which give you injuries larger than they think
you are and actually form the basis for initia-
eion separetions. The oiher bal thing about
looking at those tires that do absorb moisture,
are also weaker tires to start with, so they are
bad candidates to have weakened in the first place.

I just might add here that the engineer taking
this test, that ultrasonics dcesn't really cause
your hair to fall out at this inspection, but
we're not so certain the tires might not.

The next part of our effort after we looked at
the defects, found that they exist in the real
world, with moisture in them, is to take them out
on the road and find out how high the temperature
can go in a tire that's in actual use. We've
seen a lot of people do dynamometer testing to
find out how the tire temperatures vary, but we
actually wanted to see how they vary on the
vehicle in an actual terrain. Basically, we took
a jeep tire, instrumented with five thermocouples
buried into various portions of the tread. One
of them was on the inside liner on the midline,
there was a thermocouple on the sidewall, a
thermocouple buried halfway down the tread, and
thermocouples in the shoulders. We then pro-
ceeded to take the jeep out on test runs in the
desert. Now the way the transmitting is done,
the thermocouples are fed into an FM system and
the data is transmitted actually from the rotating
wheel into an antenna along the side of the jeep
and fed into an FM reader and then comes out
digitally, so that we could actually find out
what the temperatures were as were traveling real
time,

We charted a run of a jeep which basically had
two passengers and no other load. The outside
temperature at the time of the test was 110 de-
grees. This was a 50 mhp highway run., The tire
I believe was mounted in this case on the front
right position. We did try rear wheel positions,
left position, to see if there was a diffference
from right and left positions from front to rear
to see if there was a difference from front to rear
in the temperatures generated by the tires and
indeed there are differences.

The first run charted is going out along the
stretch of road out 40 minutes which is about 30
miles. Then the jeep is stopped, we examine the
thermocouples to make sure everything is in place.
Then we turned around on the stretch of highway
and came back. Interestingly enough here you see
that the run out is a little bit cooler than the
run coming back. We have theorized that on the
run out the wneel was in the shade and on the way
back the wheel was in the sunlight. We do find
here the thing to look at is primarily along the
midline where we had - this tire was selected to
be a hydroscopic tire - the tire that we instru-
mented - we actually injected water into the tire.
We then put a thermocouple next to the injected
water area, and we wanted to see whether that
water area would indeed get up to 212 so we could
prediet whiticr the water in there woald tern W
steam, We did find as we took it out after about
30 minutes into the run, indeed it did hit 212,
And we feel like in this case we didn't go up
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above it because the water is kind of turning to
steam that it absorbed ¢ lot of heat into the
system, so it absorbed most of the heat beyond
that, But is does say that the moisture-effected
defect you can see road operating temperatures
that are that high and will turn the water in
those defects into steam and can form a potential
separation, especially concerning the nature of
the tire that tends to absorb moisture.

We then loaded the jeep up with the stated loads
that the Army uses out in Yuma. I believe it's
800 pounds they put into the jeep. We took it
the same highway run on the jeep and we didn't
plot all the data in this particular try, but
what I want to show you is the thermocouple that
was on the midline that was very close to a liner.
The temperature of that climbs slowly up beyond
212, went up to about 240 and suddenly jumped up
to 350 or so and then leveled off at about 360
degrees. Away from that area further down into
the plies you find that the temperature is steady
at about 170 degrees., So our suspicion is what
we're seeing is that the scuffing of the inner
tube on the tire liner is localized friction and
that builds the heat up. We added innertubes in
these particular tires so we didn't suffer a tube
failure but that's obviously a consideration if
you're going to heavy-load vehicles with tire
with tubes in them. You can't keep very high
temperatures with scuffing action.

In the surveys we're doing, locking for defects,
we also wanted to survey those areas to see what
the ultrasonic characteristics or the degradation
characteristics were of the general population of
tires in those areas, We primarily were interested
to see how the real world behaves in terms of
degradation is compared to the Army tests at Yuma.
And so we ran to different geographic regions, we
picked different sort of extremes to see this
quick and dirty means how tires behave in real
life and it's very economical as compared to

doing road testing. For hot dry in Arizona, re-
sults from populations - these were not Army road
test tire populations. In each sort of an ultra-
sonic category, the category running between 0 and
100, the lower the category the greater the amount
of degradation. In this test we saw 55 ran into
the very low 0 to 5 category. A new tire, we
prefer to see in the 50 percent region so in this
case these are actually severely degraded tires

so that the use in Arizona is very hard on tires
in terms of degradation.

The next test was in cold-moderate climate - the
moderate refering to moisture amounts as we were
big on moisture at that time. We rated the water
availability and the temperature. This cold-
moderate test was actually taken in Anchorage,
Alaska on tires that are used in Alaskan environ-
ment only. You can see that it is not quite as
bad as the Yuma results, they're not completely
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over to 0, but you still find a very heavy pre-
ponderence of tires in the lower regions, which
says again it's a very harsh environment for a
tire in terms of degradation. I am taking you
in order from the worst to the least harmful
environments. Alaska would be rated as the
second most harmful compared to the dry desert
which is a very abrasive type.

The next set of statistics are from the hot-wet
results which is in Louisiana, There is still a
shift to the lower regions of the results con-
sidering we've had a hot-wet and a hot-dry does
tend to say a lot about the heat which is probably
a big factor in causing the degradation. In
Alaska it's not clear if its the extreme cold
causing the degradation or the very abrasive
nature of the terrain. They have gravel roads
and that type of thing. But we do again find
this skewing over the left of the schedule.

In the Virginia survey, run on a moderate-wet
retread area in Virginia, again we found a lot of
tires in the lower region. It's not as bad as
Louisiana, or as bad as Alaska or Arizona, but it
is fairly bad, But one thing that I might men-
tion as we've done this sort of statistic is to
find out how many times a retreader is getting a
bum rap when he has a lot of problems with his
tires. When he keeps getting a lot of tires out
in the field his customers come back and say '‘you
guys are doing a rotten job of retreading.! We
wanted to get a sort of feeling really if it was
the retreader causing the problem or are some of
these guys were getting very bad casings to work
with strength-wise. We do see the differences
here so it is quite possible that a retreader
can get blamed for things which are truely not
under his control. In other words, if he has
quite a captive user and the user goes about and
uses the things in an environment and a situation
that produces a great amount of degradation in
the tires in his use., He takes them back to the
retreader when the tires start failing on him
and says to the retreader '"you're the one who's
at fault." Well, with this kind of thing the
retreader will say ''oh no! it's the tires you
supplied me with and if you're going to supply me
with these kind of casings, you're going to get
this type of result." So it has that kind of an
importance.

The last case we have is actually a Chicago re-
sult, and had a very great amount of difference
between them, This is sort of urban driving
around Chicago taken in Fort Sheridan, probably
on a multi-paved street, provably not too much
high speed driving, and no real great temperature
extremes. We don't know too much about the nature
of the use of the vehicles whether they are
heavily loaded or not heavily loaded. But we saw
there a completely different background reading
than we find anywhere else.
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Given the existence of another kind of a curve,
we wondered what does that mean in terms of
economic benefits for the user. So we started a
little bit of playing around using this kind of
logic and could obviously see the capability to
predict. The capability to predict gives you a
great tool to make some very nice economic deci-
sions in managing tires., For example, if I am a
retreader and I get a tire in my system that
reads in this category down near 0.10, I can say
#I don't want to bother retreading that thing
because the guy who puts that out in the system
again is not likely to go anywhere, it will fail
on a 1,000, 2,000, or 3,000 miles and I will
have wasted the money I put into retreading, and
I will have wasted the guy's effort in mounting
and demounting the tire, and I'm also going to
have the problem of accident potential and this
type of thing." But if I find a tire up in the
high region, I'11 say '"that's great, that's
really a nice tire to use again, and that's a
tire that will take an economical retread.'

To give you an idea of some sort of the logic you
can run through, take a 9.00 x 20 tire size, in
this case it's a military size tire. The average
military cost to retread is say $37.00, the new
tire cost is roughly $52.00. We threw in arbi-
trary factors just for practice. You might com-
plain about these things. You might say that
there are $5.00 of these costs involved in trans-
portation, inspection, and paperwork, $15.00

labor in the person's mounting, demounting, inner
tubes, valves, etc. The retread cost breakdown

is 64 percent for materials, 17 percent for labor,
overhead 19 percent; tire loss at the buffer.

If you lose a tire at your buffer, if the buffer
detects a separation you haven't invested very
much in a tire at that point so in materials you
haven't lost anything because you haven't put any
materials onto it yet, or maybe you've lost a
couple of bucks on the handling of the tire up to
that point. Overhead at that rate would be $2.30,
handling would still be $5.00, you've lost $9.30
vt a .00 x 2u, I you lose the tire on the nolder
because it's degraded and it blows out at the
molder, you've already put your tread on it which
you've paid your exise tax on and everything. So
you may have lost $24,00 in materials, $5.00 in
labor since you've processed it a little bit more,
overhead's a little bit higher up to that point,
handling is the same, total in that case is $37.50,
If it gets through the buffer and the molder but
fails in service, you find out you might have the
total investment of the $52.00 + $15.00 + $5.00
for handling now that you've invested in the tire.
The only way you're going to get that back is to
get out the prescribed number of miles out of

that tire. In the case of the military they
strive for 15,000 miles, so any miles less than
15,000 that it goes is actually going to make that
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tire more costly to run so we developed a little
simple relationship take 15,000 minus the miles
driven over 15,000 and it gives you the propor-
tion of the money you're going to get back out of
your $72,00, and that will give you a feeling for
your losses that ycu're going to take there.

To carry this thing forward, based on averages,
you might lose 3 percent of your tires at the
buffer, 3 percent at your molder, these are more
of less representative here. You might lose 20
percent in-service carcass failures. Now this

is based on road test results that Yuma had - 20
percent of their tires were failing. The average
was 7,000 miles rather than the programmed 15,000
miles. You had a few that are due to road hazard
failures at 7,000 miles. You have 54 percent
that survived to 15,000 miles test. If you
assume in the case of the Army that they do 43,500
9.00 x 20 tires annually, you can run through a
calculation and see what costs potentially you
can save if you can prevent particularly the 3
percent buffer loss and the 3 percent molder
loss, which we think we can do., And a lot of

the 20 percent in-service carcass, we're going

to assume we can prevent 100 percent of it. But
whether we can or not we're going to have to

find out, If you run through these calculations,
you can see you save $12,000 at the buffer station,
by keeping the molding losses down you can save
$48,000 a year, and by running through the in-
service losses you can save $330,000 a year, or

a total of $390,000 a year savings by implement-
ing a pre-inspection based on degradation.

For sort of a presentation of logic a person can
play with in terms of cost per mile to drive the
tire. You get sawtooth type of curves that you
can go through as you run a tire out. Actually,
the more miles you put on a tire the cheaper it
becomes to run. You invest the whole bit in a
repair, that raises the cost as you run it out,
the costs drop again, maybe you do a repair on
it. Otherwise you might compare it say to a
radial tire which goes & Hitele bit farther befure
wearing out, it costs more but then you get more
miles on it. If you can invest in the cost of a
retread, it goes again, you can do cross-
comparisons between the tires. Based on this
kind of an ultrasonic logic, if you can generate
curves like this, which is what we're in the
process now of doing for the Army.

So that basically is a summary of some of the
things we're doing, and a hodgepodge of some of
the things we have done in the past. We talked
a little bit about the water type of defect at
the last meeting in Atlanta so I kind of slipped
through that quickly rather than dragging it out.

Are there any questions?
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QUESTIONS AND ANSWERS

Q: On the 7x16 jeep that you were running, what
was the actual percentage of rated load under

the TRA?

A: When they ran them at 800-1b loads, I think
its the maximum load, they...Questioner cut in:
That was the Army, but compared to the Tire and
Rim Association load max what was your load?

A: I can't answer that, maybe 1100 on the vehicle.
Q: On highway at 800 or cross country?

A: We were typically experiencing around 750 1b.
per wheel in the front and around 850 (in the rear
in Chicago.

Q: The Tire and Rim Association says somewhere
around 1700 1b. maximum per tire.

A: That's about right. You can run about 50%
total load.

Dr. Ryan, Q: Regarding your cost per mile, is
that the cost average for total mileage up to
that point or is that a differential cost? It's
very confusing, it looks as though you're getting
a cheaper cost per mile out of new tires than you
ever get out of retreads.

A: Well, you might actually. The costs become
what you've invested in the new tire because,

say we invest $100 and we drive it one mile be-
fore it fails, it costs us $100 a mile to run

it, But if I run it 10,000 miles, then the cost
to run it is down in the cents per mile category,
a penny a mile.

Q: T can't understand that 15,000 miles average
wear on a tire. Is that on a real rough surface?
A: The reason we picked 15,000 miles is because
that's what the Army specificaticns says they
would like. They purchase tires that supposedly
will last 15,000 miles regardless of where they
arc used, and actually in the tests that were

run at Yuma, those tires that did complete the
test were capable of going 15,000 miles.

Q: You're talking worn out at 15,000 miles?

A: You have two things working against you,
that's a very harsh environment to test tires
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and I think that the Army pattern which they use
is not something that guarantees you a long life.
I think your lug pattern is not a long-life

tread pattern. They don't have the lug pattern
for that reason.

Q: In using your water penetration meter, is
that destructive or do you have a way of patching
up the holes so you don't get damage.

A: The holes are just pin holes, and we don't
find that it's a problem. As a matter of fact,
part of our feeling about it is that you won't
get minor leaks in good tires anyway, even if you
punch holes in them. We were talking to some of
the people from Firestone yesterday, and they
sort of agree with that., They found that they
get lots of things in tires and if the tire is
good you can knock holes in it and the plies will
not absorb water that easily. But once a tire
has reached a worn-out stage, they will., We have
seen water go through liners on tires when the
liners were totally intact but had very small
pinholes. You could smear some kind of a rubber
paint over the liner I would expect.

Q: What is the source of the water gage?

A: The name of the thing I was telling you
about just escapes me. The company is in New
Jersey. 1It's a wood gage. There used to be one
made in Germany but it's no longer made so we
had to search for an equivalent. This one is
nicer because it has a meter so you can actually
make your own rating without being stuck with the
manufacturer's. One tire supply has listed a
gauge available in their catalog that basically
operates the same way for moisture detection but
I think that primarily theirs was for surface
moisture detection. They wanted to meke sure
the surface was dry before one put adhesive on
it. But they haven't brought any into the
country for the past five years. So we shopped
for an alternative suppiier and that's where we
ran across the wood industry's meter.
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CHAPTER IV - WORKING GROUP REPORTS

INTRODUCTION

Charles P. Merhib, Moderator
Army Materials and Mechanics Research Center
Watertown, Massachusetts

Mr. Merhib: (Gave concept of Working Groups and
their locations, and introduces the chairmen.)
Mr. Merhib: Mr. Bob Yeayer of Goodyear has a
comment to make on the papers given and also on
attempts to get papers.

Mr. Yeager: I would like to commend many of the
people who presented papers this morning, but I
felt that many of the papers fell short in that

I didn't understand exactly what they were trying
to get across, You can't separate tire degrada-
tion from nondestructive testing, or attempt to
define tire degradation without knowing what the
stresses are in the tire itself. We have been
working on holography for about five years. We
have, we feel, the best system in the world to
date. We do measure nonuniformities. We have
been accurately measuring anomalies and separa-
tions for four or five years on thousands of
truck, aircraft, and passenger tires. We are
working on building some ultrasonic units our-
selves, plus many other machines to observe
stress patterns in a tire. But coming back to
defining degradation, when you talk about degra-
dation you must determine whether it's a bias,
belted or a radial, whether it's a steel-belted
radial or glass-belted. When you're talking
about degradation are you talking about the glass
fatigue due to bending, due to compression, or due
due to changes in stress, or are you talking about
about the centerline of the belt or the edge of
the belt, or are you talking about the underlying
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shear strength between the belt and the carcass,
between the wire and the coat-stock - just where
are you testing for this so-called degradation?
We are working on this tremendously, and welcome
an attempt to work with you on a cooperative
basis. The atmosphere today is not conducive to
giving papers and giving information out or
stating facts which can be taken out of context
and be used against us. But we'd like to invite
you to look at this on a cooperative basis. I
believe we do have some knowledge which would be
beneficial in getting you pointed in the right
direction. There's no reason for you to worry
about economics at this point. When you don't
have the basic knowledge, you're going to spend
the next ten million dollars just getting to what
is already available. A few of the many types

of degradation can be catastrophic. Some types
of degradation in tires we have found do not mean
very much. I don't think you can say that any
correlation programs that you have presented in
the past have worked, or have very much practical
value. I haven't yet seen a piece of equipment
that's really practical. When you talk 100% in-
spection of tires or even a quantity approaching
that, we think that you must have a much more
thorough and broad knowledge of tires in general.
We invite the cooperative spirit to be once again
adopted between industry and the Government so
that we can forge ahead together in these areas
rather than duplicating each other's efforts.




X-RAY

Ted G. Neuhaus
Monsanto Industrial Chemicals Company
Akron, Ohio

The X-ray group met for about 1-1/2 hours, I
think the reason for this was that X-ray has been
established as pretty well developed, therc are
new items that we'd like to be seen on the systems
but I don't think we have too many details to
discuss.

I think it was pretty well established that X-ray
is here to stay, it's a well established and
accepted technique, it's pretty well advanced and
as I said, the state-of-the-art is developed.

Our major problem in the X-ray area was materials
handling, conveying the tire, conversion from

the laboratory atmosphere to production. We
posed a problem to the audience as to what new
items would like to be incorporated in new sys-
tems. As usual we had the same comment, the

unit price is too high, and, of course, the reason
for this is that the volume at this point is not
sufficient to decrease the cost of manufacturing.
This is a common question; I've heard it for the
last three years.

The general opinion was that there is a lack of
automatic image analysis. In other words, at
this stage the operator is still the grading
mechanism; his visual interpretation of the
image. In order to increase the volume usage of
X-ray systems today, automatic image analysis is
required. Also, the discussion of the new fiber
B, the Kevlar, the general concensus was that the
Kevlar imaging still was not good enough, it could
be better; and, of course, faster inspection comes
from better resolution to the viewer. There was
a suggestion made relative to Kevlar that we add
or change the chemistry, add some opaque material
to the core to enhance the contrast. Of course,
this is a continuing problem that chemists resist
in the tire manufacturing process. It was agreed
that there was 4 need for a low cost mobile semi-
portable X-ray system to check green tires at the
tuilding Ibeation. The primary check on this
type of machine would be to verify location of
belt. It was agreed that the number of cured

tires inspected still is in excess of green tire
inspection. However, green tire inspection is
still important. We asked the question, 'will
X-ray inspection increase in new tire production?"
And, of course, the general answer was only if
the original equipment or government dictates
this 100 percent inspection. Presently we feel
it is a process control check method. Also, we
had a question come up as usual, "'should we com-
bine X-ray with the uniformity process?" And
again the answer to this was that it would be
better to separate the two processes.

Belt inspection only is a thing of the past. The
machine capability of X-ray system should be able
to view bead to bead. We also agreed relative

to automatic imagine analysis in replacing the
operator that it was possible with the present
state-of-the-art to automatically measure spacing
and sidewall steel tire construction. This would
be done automatically with solid state detectors.
In addition tu the solid state detectors, you
would still be required to view some type of
video image. Not putting in a plug for X-ray,
but I must admit that most of us are biased. To
date, we feel that X-ray is the best overall
method of inspection. It's the most comprehen-
sive to the builder, it's the easiest to inter-
pret to the general working man within the tire
plant, and we have agreed that probably we have
the most installations of this type of inspection
today.

It was pointed out in the meeting, six years ago,
that X-ray systems were installed quite heavily
in the tire plants, and the scrap rate dropped
from a 10% figure to 4% with the builders., It
was somewhat of a psychological effect and still
a very good method in this respect. Also, it

was pointed out that new tires today are inspected
primarily for constructional control, but also

we look Por the defects other thun the symmetrical
uniformity changes.

That's the end of my report.
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ULTRASONICS

Gwynn K. McConnell
Naval Air Development Center
Warminster, Pennsylvania

Approximately 40 people participated in the
Ultrasound working session. I regret that much
of the subject matter covered was not introduced
during the general paper presentation period. I
think there was a lot that might have stimulated
further discussion on the floor.

Let me go over major things gone into. It started
off with a review of the principles of ultrasonics
for tire inspection, and we compared thru-
transmission and pulse-echo principles and capa-
bilities, talked about sensitivity, some of the
recorded results from the Australian efforts
with air-coupled through-transmission ultrasound,
Dr. Ryan's experience at DOT, some of my experi-
ence with aircraft tires, and General American's
with the Army tires. There were a number of
questions - unfortunately there were a lot more
questions than answers, and we're kind of used
to that. There were questions about pattern
recognition for degradation measurement. What
corrections are necessary with tire construction,
type of material, temperature influence, cord
size, things along those lines? What calibration
standard is realistic for the recognition of
degradation? What is the repeatability in the
experience that has been gained so far? I think
in the limited area of application to date that
these questions are quite a problem. General
American has made calibration standards using
sections of a tire for standards, and they feel
that their equipment repeatability is good.
Nevertheless, nobody feels they have a good hand
on degradation and there is much more needs to
be done. The differences between American and
Australian emphasis in through-transmission tire
inspection equipment use and results were dis-
cussed. The Australian people feel that for
their aircraft models and for their type of use
that they are very successful in operating per-
formance of their retread tires. In this commtry
we do have some added activity but we have not
seen any major application or development since
the last meeting. We talked about the fact that
ultrasonic equipment appears to be highly product
or problem oriented and that it may be that many
variables will decide a system for a particular
problem or product. There was information sup-
plied that a laboratory study by Fabric Research
Company in Massachusetts had developed some

explanation for fatigue; they had cut tire sec-
tions and fatigued them and then studied them
microscopically and performed critical tests, and
this report is available from Fabric Research
Company .

A question came up about what variable in a new
tire is indicative of quality. And although

there was another similar question that we didn't
get around to, general concensus is that there

may be some intuition experienced on answers and
that we need industry cooperation in getting to
the bottom of these questions. We feel that the
meeting generated developed additional cooperative
effort between the working group participants.

We got a little bit into other applications of

NDI two-level products and a little bit of dis-
cussion about aging. Unfortunately, we don't have
answers to all the questions on the application
of ultrasound. However, the application of ultra-
sonic inspection methods to the quality assurance
of tires is starting to demonstrate real capabil-
ity. During the first symposium, the principles
of detecting anomalies with high frequency sound
were presented. A second meeting heard discus-
sions along the lines of reduction to practice.
This symposium has learned a further reduction of
the method to practice with combined efforts of
Tank-Automotive Command and General American.

We were impressed with the significant instrumen-
tation developments by the Department of Trans-
portation Systems Center and General American.

In particular, much interest has been generated
by the first presentation of information relating
ultrasonic quality measurements to road perfor-
mance. For safety reasons, and for cost and
energy savings, the ability to predict tire per-
formance by degradation classification is most
attractive. I took advantage of this opportunity
to review current ultrasoric programs and proposed
efforts. I am pleased that I have heard so many
complimentary remarks about the conference. Some
of the people who have real problems with tires
are becoming leaders in nundestructive inspection.
We are working together, and application studies
results have stimulated reaction across the rubber
industry and numerous cooperative studies are
being formulated.
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We found that the critical sounding remarks
delivered by one attendee during yesterday's
general session were very constructive. However,
some Governmer.t members and equipment manufactuers
feel that thu; r ¢ not receiving sufficient
assistance anu participation from the tire pro-
ducing companies. We realize that we are far
from answers to questions in many areas. You
must appreciate that funding limitations seriously
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restrict timely progress. A few good people can't
resolve everything overnight.

In response to the question, '"shall we hold a
fourth symposium?" We had unanimous agreement
that we should in about 1-1/2 to 2 years. To
Paul Vogel, and the hosting activity, Army Mate-
rials and Mechanics Research Center, we thank you
for another excellent symposium.
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Nicholas M. Trivisonno, Senior Research Associate
B.F. Goodrich Company
Brecksville, Ohio

Infrared has not proved to be effective for the
nondestructive inspection of tires in the same
sense that X-ray, ultrasonics, and holography
have been. Infrared does not have the sensitivity
of these methods for detecting small flaws in
tires. The technique of passing a heat flux
through the tire and looking for flaws has been
tried., But this method is too slow, and is not
sensitive enough to detect small flaws with the
low-conductivity materials which make up a tire.
Attempts have also been made to heat the tire
internally by rolling it on a roadwheel and look-
ing at the temperature pattern generated. This
method has not yet proved to be successful for
detecting small flaws for short tire heating
cycles, but may still be workable eventually,

Infrared does have some unique capabilities which
may be useful in detecting tire performance factors
which are not detected by other NDI methods. For
example, variations in material processing, com-
pounding or cure can cause a tire to run hotter
and decrease its durability. This behavior could
possibly be detected by infrared in a short,

loaded tire rolling test, but could not be detected
by other NDI methods. There are commercial
infrared instruments for monitoring tires during
roadwheel endurance testing to detect the initia-
tion and growth of flaws. This is an NDI test

in the sense that the tire does not have to be

INFRARED

destroved to find the flaw, but it does involve
testing the tire until some part of it has failed.
It is a useful research and development aid.
Infrared has also been used as an aid to tire
design to determine the effects of material,
construction and operating parameters on the
operating temperatures, and therefore the dura-
bility of tires. Infrared has also been suggested
as an on-board detector for underinflated and
overheating tires. Infrared instruments are
probably too expensive for this use and would
present maintenance problems.

In summary, infrared does not appear to have the
potential for a fast production line NDI method

to detect small flaws in tires in the sense that
X-ray and ultrasonics can be used. It does not
have the sensitivity for detecting small flaws
that holography has. But infrared may have the
potential for rapid detection of factors affecting
tire operating temperatures that none of these
other NDI methods have. The greatest utility of
infrared techniques in tire work at present is

as a research and development tool to explore the
effects of material, construction and operating
properties on the running temperatures, durability
and power loss of tires, and to detect the gene-
ration and growth of flaws in tires being tested.
Infrared appears to have limited potential as an
on-board sensor to detect potential tire failure.
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Twenty-five people representing twenty companies
and government agencies attended the Holography
Committee Meeting which lasted over two hours.
Each participant presented approximately a five
minute summnary of his observations on the sessions
held over the past two days in addition to pro-
viding us with his own particular reflections

upon the overall meaning of the importance of the
information gathered as it related to the specific
needs of his own company or government agency.

The participants made numerous comments upon each
others opinions.

Our first speaker, Mr. W, C. Shaver of Air Treads
provided us with an excellent summary of their
holography program over the past four years, in
their Atlanta, Georgia plant. They are testing
up to 160 tires per day on a production line
basis (on Navy high speed tires). He pointed out
that, despite many disadvantages, the holography
process was indispensable to their operation. He
also noted that their tire rejection rate has
varied between 0.6 and 13% where tires were re-
jected 1f they contained any size separation
despite the fact that the Navy requires a 1/2"
and larger separation diameter rejection criteria.

Alr Treads would like to sec cheaper and faster
holography machines. Despite the fact that holo-
graphy sees unbelievably small things, it has not
solved all their problems and yet Mr. Shaver says
"'they can't say enough good things about 1t." He
doesn't think there is any NDT process for air-
craft tires which is as accurate as holography.

In a future meeting he would like to see care-
fully documented papers. In summary, he was
quite impressed with the meeting both from an
information and attendance point of view.

Mr. C. L. Swinehart of the FAA expressed great
appreciation for the privilege ul attending the
two day sessions. He said that he had learned a
lot and that he was quite favorably impressed.

Mr. E. Rueger of Swiss Air in Zurich expressed
great interest in our discussions as a newcomer
and mentioned that Swiss Air was gathering in-
formation to reduce tire failure problems. He
found the sessions quite informative. Swiss Air
has experienced relatively few failures. Despite
this they would like to advance their NDT aware-
ness and capability.

HOLOGRAPHY

Dr. Ralph M. Grant
Industrial Holographics, Inc.
Auburn Heights, Michigan
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Bill Fiock of General Tire's Corporate quality
control group, said he has become more aware of
unique apparatus for special problems, however,
he would like to see more general purpose equip-
ment for 100% inspection in a factory environment.
In summary he has seen many promising ideas and
is nonetheless disappointed in not seeing the
availability of high speed factory production
testing equipment. He felt that the rubber
companies should and could be assisting the NDT
people with more specific directives, with re-
spect to the industries everyday needs.

Mr. Dave Lindquist of American Airlines, expressed
the fact that they have relatively few tire fail-
ures but that they really couldn't afford to have
any failures, no matter how small the percentage.
They need a tool more effective than air needle
injection. He has been encouraged by what he

has heard and expresses great interest in any

and all programs which will help him to provide
American with greater protection against loss

due to tire failure. He would like to hear more
about specific NDT equipment availability.

Mr. Yoneyama of the Bridgestone Tire and Rubber
Company of Japan attended our session to see how
Anerican companies have been using thelr holo-
graphy machines. Bridgestone has been an active
user of holography for three or four years.

Mr. Gene Wall of The Goodyear Tire and Rubber
Company explained to us that if a rubber company
does their early tire development homework on a
given tire properly, NDI is not as critical as
some might think., When poor attention has been
paid to the development of a tire, NDI becomes
more critical. One must also be aware of the
fact that the airlines must learn to take better
care of the tires which they have. He made the
point that NDI has become more critical on the
newer aircraft particularly aircraft such as the
747 or DC 10 which carry more severe requirements.
Load and speed requirements are more severe with
each new aircraft. Better NDI is becoming more
and more critical, however we should not loose
sight of the fact that the early stage tire
development work should be carried out with great
care.

— i

Mr. Robert Yeager of The Goodyear Tire and Rubber
Company explained that holography had several
uses at Goodyear both existing and potential.
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It could significantly reduce Goodyear tire re-
jection rates by as much as 50% over the near
term (6 months to a year). Even if they spend
a half a million dollars for holography he felt
that they would experience a definite pay off.

Mr. Yeager says holography is particularly useful
to screen test tires such as the ones which are
tested on their high speed San Angelo, Texas,

test track. They have greatly increased the
safety of their testing operations. In tire
development which is accompanied by holography a
better tire can be produced initially. Individual
tire development problems can be more quickly
resolved resulting in substantial savings.

In future meetings Mr. Yeager would like to see
more on pattern recognition and interpretation
of tire defects as a function of individual tire
construction details. The basic concept of tive
degradation should be more carefully defined and
explained. Aside from new tire development he
expressed the view that no practical NDI tools
are available for the retread job shop. For this
purpose ultrasonics rather than holography :ay
have the greatest potential, however, no practical
ultrasonics tools are commercially available for
retreaders at this time. In ultrasonic test
results, he says that one is really never quite
sure what they have with respect to a defect
despite many test repetitions. When you reject
an ultrasonically tested tire you really don't
know what you are throwing out. In most cases
you really haven't learned anything. You have
as great a mystery after you test as before you
started. Some better NDI tool needs to be
developed for the retread shop.

Mr. Warren Grote and Mr. John Van Hoose of Good-
year Tire expressed particular interest in the
new tire development aspects of NDI.

Mr. Ed Pollard of Goodyear Tire provided us with
a brief review of holography testing done by
Goodyear Tire in Furope and Jeserited some real-
time holographic experiments which were quite
interesting.

He said that real-time holography is not prac-
tical for uniformity and strength determination
which is necessary for new tire development, but
separations can be found. With regard to Good-
year tire holography NDI of radial truck tires
in Europe during a three-year period, Goodyear
was able to improve their building machines and
processes and quality control somewhere between
60 and 70%, which turned out to be of great
significance to them. They didn't test 100% of
their production volume but they did do a signif-
icant volume on a 24-hour basis.

In the future Mr., Poliard would like to see more
explanation of holographic tests, namely, inter-
pretation of test results.

Mr. Max Nonnamaker, who is a Product Liability
Consultant found the general information to be
quite interesting., He provided us with a general
review of product liability cases and their 1e-
lationship to NDI. He provided us with a review
of the cost benefits of NDI from a litigation
point of view.

Mr. Bruce Richmond of B. F. Goodrich made refer-
ence to aircraft tire requirements with respect
to larger planes, greater speeds, and loads. He
would like to see more participation on the part
of the rubber companies. A view which was shared
by all committee members.

Mr. Dale Livingstone of Air Treads, formally of
Bandag Inc., had hoped to receive more training
aids. In view of his direction of ultrasonic
and holographic truck tire tests of Bandag Inc.
over the past two years he feels that holography
is definitely a superior method.

Mr. Kim Butler of Goodyear Tire and Rubber Com-
pany would like to see more in-depth technical
sessions which would provide us all with a better
understanding of our mutual goals.

Mr. Ed Matzkanln from the Yama Proving Grounds
requested opportunities of holography training
for his people and we discussed in our group the
possibility of putting together a training
session.
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CHAPTER V - PANEL DISCUSSION

Mr. Merhib:
discussion. Are there any questions from the
floor?

Ed Matzkanin:
that has not been represented here:
been any work done in neutron radiography?"

I would like to begin the panel

It seems like there is one method
"Has there

Ted Neuhaus: There's quite a bit of work being
done by Harold Burger, who was at one time, as

we all know, with Argonne in Chicago. He's now
with the Bureau of Standards and he paid a visit
to us two or three months ago., As near as I can
see, neutrons relate to the chemistry of the
rubber itself and very attractively, I would say,
as far as air and moisture are concerned. Of
course, there is also the safety problem with

the neutron as we all realize. I don't know

that much about it., I don't think it is an item
we would see out on the production line.

Dr. Trevisanno: It's very slow, also, exposure
times are quite long. I had a little experience
with neutron radiography and as to exposure times
you're talking about several hours exposure to
get good resolution because of the power required,
and the availability of sufficient power.

Ted Neuhaus: I might alsc say that the state of
the art is somewhat reduced because of imaging
devices. It's very difficult to image the neutron
as I understand it. The standard imaging devices
will not image as well.

Q: Dr. Grant: I would like to know, Paul, if
it's in order to bring up a group discussion of
the time of the next meeting and the location
while we have as many peopie as are gathiered nere?
A: Mr. Vogel: To open the discussion I would
say that we were fortunate to be able to get into
this hotel at this particular time. As was
suggested to us in the second symposium we are
holding the meeting concurrently with this Akron
Rubber Group Winter Meeting. We don't have a
feedback yet from Jack Price, the time and place
committee chairman. All we can do is get your
opinions at Dr. Grant's request. There was talk
of various locations, and so just for the record,
I will ask for a show of hands on four of the
locations that were suggested. We must stay in
continental United States, and we must stay within
a reasonable distance of a major airline under
Department of Army directives that we not spend
too much time off the beaten path. An interesting
area at this time of the year, for those who are
not particularly in love with snow, is New Orleans
which has some major facilities in their immediate
neighborhood which would be of interest, too.
(Nine expressed interest in New Orleans.)

Ed Matzkanin extended the hospitality of Yuma
Proving Grounds. Ed is doing some fine work at
the Proving Grounds, and even thuugh there is &
lot of classified information there, there are
areas that may be seen on the grounds. It is
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the Army's largest installation in the world
covering over a million acres of the Yuma Desert.
Yuma is located about a half hour by air from
Phoenix, and Hughes Air West will lay on a DC-9
for us. There is a shuttle with a regular
scheduled airline between Phoenix and Yuma.
(Eleven expressed interest in Yuma. A vote of
24 favored Akron on voice from the floor.)

Mr. Merhib: Are there any other questions for
the panel?
Dr. Ryan: 1 don't have a question but I'd like

to make a comment that is stimulated by one of
the points of interest raised, I believe, by

Dr. Grant's presentation that there wasn't a
thing that industry would like to see more than
a versatile general purpose technique for 100
percent inspection. Our present policy at DOT
is really to work toward achieving that, which
leads to my personal opinion that pulse-echo
ultrasonics has a great deal of potential for
that., It is a very versatile technique that can
be adapted to most problem areas. I probably
didn't emphasize the inspection speed in my talk
the other day, but the present DOT machine does
the actual scanning and data acquisition in 10
seconds on a tire; that is, from the time the
tire actually goes into scanning, and that could
be reduced about 3 to 5 seconds so the main
limitation is handling as in other techniques.
Q: You mentioned 3600 recaps., Is that all done
on one machine?

A: We do not do 3600 recaps a day. I meant that
there are about 360U active retread shops. This
could be from a one-man, one-mold operation, on
up through a maximum production of any individual
shop in the United States which is probably
around 1300 or 1400 passenger tires per day. I
think the largest truck shop in the States is
running somewhere around 350 to 400 units.

Q: On a cost percentage basis on recap, take any
given tire, run the life of it, what is the per-
centage of savings?

Q: Percentage of savings on retread versus new?
1): Per mile or per landing in an aitrylane?

A: I'm not really qualified in the aircraft
field, but in the commercial retreading field
you can figure your average retread cost is going
to be somewhere around one-third of a first-line
new tire. The cost of a truck tire is much
better. A first-line 10.00 x 20 tire is going
+0 tost in exvess uf $140 o $160, and cost of
retreading at the user level is going to be
somewhere around $40 to $45.

Q: How does retread mileage compare to new?

A: Actually, most retreads in the commercial
field will give approximately equal mileage to
new. In the truck market, you can vary. There
wre some very good vut, bantag, for
instance, puts some of the finest materials into
their tread stock which I think in some cases
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exceeds some of your good new tires, at least on
a wear level. The hot-cap retreaders are now
putting on materials that are equal to the Bandag,
and I believe you can exceed maybe by 10% to 15%
of the mileage which was obtained on a good new
tire.

Mr. McConnell: Comment: As far as aircraft
tires go, we had an experience with one retread
use that we kept track of. That was that we had
experienced about twice the number of landings
with a certain type of retreading, Bandag again,
as opposed to the new tire, for a particular
aircraft.

Mr. Merhib: 1 have a comment on the way these
sessions have been run. There's no real magic
formula as to how you can run several workshops
concurrently and yet be everywhere at once. If
any of you have any formula that would stagger

or set up these workshops so that a person can
attend more than one and have himself heard or
satisfy whatever problem he may have, we'd appre-
ciate it. I've also been wondering throughout
the session here, on the term degradation, is
there a universally accepted definition of degra-
dation? Does everyone mean the same thing when
they say it?

Comment: Just don't use the word 'defect''!

Dr. Ryan: I have an opinion on that, degradation
is whatever a degradation meter finds.

Mr. Merhib: 1If we're not talking the same lan-
guage, then we've got troubles, or we are measuring
different things. I do think that we should
start speaking in standard terms.

Mr. Merhib: If we don't have anymore questions,
1 have just one more for my own interest and that
somepody may care to answer: is there an NDT
method that appears useful for today and another
coming for tomorrow?

Dr. Grant: I think the industry is in much too
early a stage to ask these questions of it, and

I don't really think these issues are going to

be resolved for quite a number of years to come.
The answers will be significantly different de-
pendent upon which discipline you are addressing
yourself to, whether aircraft tire, truck or
passenger, whether original tires or retread
tires. The answers are going to be different in
different cases. The basic observation that I
make, not at the expense of nondestructive testing
equipment, is that all of us are looking for a
$2.00 solution to a very complicated problem and
it is just not in the laws of physics. There

are going to be many answers to many situations
and those answers are going to be long and slow
to come.

Mr. Jannarelli: Comment: I think it is impor-
tant that the manufacturers of the NDI equipment
realize the needs, the peculiar needs, of the re-
treader, as compared to the new tire industry
where the new tire industry can do quite satis-
factorily on a sample testing of a small number
of samples and achieve a high degree of success
in improving their product. The retreaders must
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inspect every single casing that he is going to
retread, and your systems must be fast enough to
cope with the volume of some of the larger re-
treaders, We're talking about many shops in the
350 to 500 or 600 tire per day on less than a 24-
hour basis. We're talking in many cases of shops
that only run 12 hours, so you're going to have
some pretty high throughputs. The retreader is
really not expecting you to solve every one of
his problems, But you're sure going to give him
some help in getting rid of the big loss, I figure
around 17 million dollars a year, that is caused
just by casing failures.

Q: For Dr. Grant: You used the term ''casing
uniformity." Is there a correlation between that
and tire uniformity which we normally think of
as force variation, and if not, is there a means
of viewing a tire force variation through holo-
graphic technique?

A: Dr. Grant: Yes, there is a correlation be-
tween force variation and holographic nonunifor-
mity. They are closely related. We are referring
quite often to the overail geometrical uniformity
of the tire and then relating, as you would in a
stress-strain analysis, the overall response of
a ply to stress., Many of the theoretical aspects
of this are still very nebulous and are in their
very early stages and have not been clearly de-
fined. But we see very close comparison to
metallurgical situations, and we do see correla-
tion with force variation, and it bears a strong
relationship to geometrical uniformity, the rela-
tive placement of the various components in the
tire and the response to stress. Or in the sense
of relative stress, carefully defined typical
stress as the function of the applied load. The
thing most significant to us is that in much of
the very extensive work done in this area over
many millions of miles in truck tire development,
there is a very strong correlation statistically,
that is, that the uniformity of the stress lines
correspond to the performance of the tire in the
field. When there is high uniformity there is
very high performance, and when there is poor
unit structural uniformity from the holographic
point of view, there is very poor performance
and greatly increased probability of failure in
the field. In many cases we wave our hands a
lot and say it looks like a Michelin tire and
the quality is there and it looks like the
fringes have been painted in by Rembrandt, the
tire's going to run, run, run, and it will give
significantly greater mileage than the tire that
looks like it came out of the town dump.

As you go into relative strength, the theoretical
considerations comprise an extraordinarily complex
field. We on our part are largely tire engineers
who are trying to avoid the great cost of allowing
rigor to develop into rigor mortis and still keep
track of the realities of engineering and physics,
as well as the realities of the importance and
urgency in doing what we're doing. So much of
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it now is the observed data suddenly being re-

duced in some cases to mileage. But there is a
strong correlation between the observed data and
the road mileage. Over the last two years there
was probably somewhere between 30 to 50 million
truck miles; truck tire miles, that have been
run under the direct continuous observation of
men testing in the field. In the aircraft area
we are finding more difficulties with much
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simulating done; there are a couple of cases with
trucks. It is much easier to analyze the truck
data than it is the aircraft data, and passenger
data is extremely more complex than aircraft data.
Mr. Merhib: I want to thank you very much.

Mr. Vogel: That is the end of the working group
session, and if there are no other comments from
the floor the meeting is adjourned.
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DEDICATION

his proceedings, the last in a series of four, is dedicated to Paul E. J. Vogel, Chairman of all four
symposia, who retired from the Army Materials and Mechanics Research Center in January 1979. Paul
was the originator of these symposia which were successful mainly due to his untiring efforts in their
behalf.

We at AMMRC wish Paul all happiness on his ranch in Florida, and wish him success in his future
business endeavors
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PREFACE

This symposium was designed for the exchange of nondestructive tire testing technology. It was es-
pecially aimed at the identification of needs and opportunities in the field and the development of recom-
mendations for the DoD Tire Testing Technology programs and to some extent the needs were identified.
Possibly the foremost of these is the need to perform a thorough survey of the state-of-the-art so that
DoD testing technology programs can best be related to existing techniques or to practical techniques that
need further development. It is hoped that the dialogue that was enjoyed throughout the four symposia
will continue by correspondence and visits by all interested elements of the field.

A symposium such as this one could not have been successfully held without the cooperative hard
work of a number of people. Thanks are due to many: To Paul Vogel and his committee: D. Gamache,
TARADCOM, G. McConnell, NADC, R. Yeager, Goodyear Tire, Jack Price, Air Treads, and C. Merhib,
AMMRGC; to Kathy Seege of the Executive Hotel for her fine personal efforts expended to assure arrange-
ments were the best available; to personnel of Calspan for the tour provided; to F. James Henry, Buffalo
District, U. S. Army Corps of Engineers, for the fascinating dinner talk on the “Dewatering of the Ameri-
can Falls” which gave added interest to the town of Niagara Falls following the Symposium, and to
Jim Larson representing the Mayor of Buffalo for providing the welcome.
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CHAPTER ]

OPENING REMARKS

COL William R. Benoit
Commander, Army Materials and Mechanics
Research Center, Watertown, Mass.

Thank you Mr. Vogel, our Chairman; Mr. Lavery; and

attendees of the Fourth Symposium on Nondestructive
Testing of Tires. It’s a pleasure indeed for me to be here
in Buffalo and have an opportunity to give this address.

The Chairman has told you about my military background.
I have always been associated with either aircraft or rubber-
tire vehicles, with the exception of one organization where
I had the only train in the United States Army. In the last
command tour that I had, which was a maintenance bat-
talion, we had two transportation truck companies so 1
know a little bit about the problems with tires; especially
retread tires. And as a rated pilot I've flown aircraft with
tires that were recapped with 100,000 miles of life not
being unusual at all. Of course the rubber was off the
grovid for most of those mmiles, Now some Of our tires are
not really the sort that you would necessarily prefer to
trust your life to because you always find that out after
the fact. Under Army Reguiation 750-36, whach is in force
now, we are mandated in the army to use 75% of our tires
as retreads, 75% of the tires that we get now are retreads.
M. Vogel, your Chairman, happens to be very prominent
in the Reserve and National Guard back in his home state
of Massachusetts and he probably wouldn’t care to name
the unit, but he knows of one unit where they put the re.
treaded tires on, drive around the motor pool, and then
they take them off and then put new tires on because

they don’t trust retreads. Some of the units put the re-
treads on the rear wheels only because they don’t want to
put the danger of having the front tires blow out. As you
know, our jeeps now have four wheel independent suspen-
sion and a rear wheel blow out can be disasterous as well,
so I don’t know what they do in that case. ] don’t want to
sound like the preacher who chews ou: the attendees on
the evils of non-attendance but [ do want to point out one
of the more serious problem areas and you who are here
are interested in the latest developments in nondestructive
testing for assurance of top quality tires. So you are what
we would call the good guys, the white hats, and as we
know the good guys are imposed upon by everyone and

so I'm not going to be an exception I'm going to place an
imposition on-you-here 1odwy. I'm hese 10 sy that the
army needs help and that’s the basic purpose of this Sym-
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posium. We want you to tell us which of the hundreds of
possible irregularities in a tire can be considered to be
serious enough to warrant rejection. We want to know
which of the serious irregularities can be identified by
nondestructive testing techniques. We want to know what
hope there is of developing tests that will be meaningful
or lowering the costs of tests that are in use: because it’s
obvious we have a cost problem, otherwise we probably
would not take advantage of retreads. We must establish
Army goals and then concentrate our efforts on attaining
these goals. Now I don't pretend to be a tire expert, I'm
just a user of tires, but I do know that you have the com-
bined expertise here in this room to point us in the right
direction. Keep one thing in mind throughout your de-
liberations; we really need your help. We don’t have the
wswet. Forf that reasoriwe a1 asking you (o assist in
forming recommendations and comments on identifying
the priority needs in the tire test area and we'll do this
through the medium of the working groups, as you know,
and a panel discussion that Mr. Merhib will tell you about.
A working group chairman will try to package your
thoughts at the end of this and express your best thoughts
about this. Now one important phase of the working
group activities will be the problem area that’s been
common to all of us and that’s the need for a common
language in discussing nondestructive testing of tires.

Mr. Bob Yeager will chair this particular working group
and many of you will remember him from Akron where he
expressed concern for a common nomenclature for tire
nondestructive testing. I wish to thank Goodyear Tire and
Rubber for allowing Mr. Yeager to work with us this year
in probing the questions of the need of some standardiza-
tion of tire testing nomenclature, equipment performance,
etc. It’s a sensitive question but it is in the hands of a man
who has an unusually broad knowledge of tires and sus-
pension problems and who will have in mind the best
interest of the entire rubber industry as he leads his group
work.

Now back in New England, we have a form of Government
known as the Town Meeting in most communities, certain.
by thie ore thet T grow up in Thiv allows esery citinen 1o
stand up and be heard if he wishes. I'd like to tell a little
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story. In one of the meetings, a man stood up and said,
“I understand that when little Suzie Jones had her baby
the town paid $125 for the delivery.” The moderator
answered as to how that was correct. And the man con-
tinued and said, *'and I understand the State reimbursed
the town $150 for that delivery.” And the moderator
agreed that that was the right figure, *‘Well then,” said
the speaker, “since this is the first transaction in which
the town has shown a profit, I make a motion we breed
her again.”
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We were going to stop these tire symposia after three meet-
ings but they’ve been so mutually profitable that we've
decided to breed her again. That’s why we're here today.
Between us, I'm sure we can show a profit for the Army
and the manufacturers of tires and tire test equipment,

and also for the taxpayer who pays for our research and
buys tires and retreads.

1 look forward with interest to your panel formulation of
identifying needs and solutions for DoD tire testing im-
provement. Thank you very much.




CHAPTER 1

KEYNOTE ADDRESS

A. L. Lavery
Transportation Systems Center
Cambridge, Massachusetts

It is an honor to be the keynote speaker for the Fourth
Symposium on Nondestructive Testing of Tires. This meet-
ing is sponsored by the Army Materials and Mechanics
Research Center which is located in Watertown, Mass,
The purpose of the meeting is to foster the exchange of
nondestructive tire testing technology, to identify needs
and opportunities within the field, and to develop recom-
mendations for the DOD tire testing technology program.
This program is concerned with new tires, stored tire de-
gradation, and retreaded tires for use on operational
ground vehicles, support equipment, and aircraft. Current
military regulations call for the utilization of retreaded
tires for many of this equipment. The Army Regulations
call for a 75% use of retreaded tires. It is in this area that
a considerable amount of the current work is centered.

In the first of this series of symposia, Richard D. Meyer,
Assistant to the President, Firestone Tire and Rubber Co.,
was the industrial keynoter, In his address, he character-
ized the nature of tires and the desirable features of an
NDT system to inspect tires. Since I believe that his re-
marks are still meaningful, I will take the liberty of para-
phrasing them. On the characterization of tires, the fol-
lowing were the principal parts.

® A tire designer has approximately 20,000 theoretical
options for tire design.

® A tire is an individual assembly of components. When
it fails, it must generally be totally replaced.

® Variations in the components and the artisan tire
builder produces a product which will differ from
the norm. Sampling does not give absolute assurance
that each tire in a batch behaves like the sample.

® Use factors, including the operator, affects tire per-
formance by widely measurable degrees.

These brief summary comments imply that this composite
we call tires are indeed a complex system. It is this very
factor which makes this field of the nondestructive testing
of tired 50 difficuli and s challenging

The principal points he made for an inspection systems’
characteristics follows:

® Perceived benefits must be equal to or greater than
the cost of inspection.

® The method must be production oriented to inspect
100% of the product.

® [t cannot be too delicate and must be easily main-
tained,

® It must be consistent and produce identical values of
identical items and provide these results in an easily
interpreted manner.

@ It must measure parameters which are verifiable
through road or other physical testing.

I believe the above remarks were particularly meaningful
since they represented the view of a senior tire company
executive concerning a complex engineering problem,

During the course of this symposium, we will hear about
the current progress in many areas, including tire mechanics,
critical defect size, and nondestructive testing of beads and
carcasses by ultrasonic, holographic, x-ray, and other
methods, Clearly, many of the methods which will be re-
ported upon will generally meet the previously stated char-
acteristics for a tire inspection system. As engineers, we will
recognize the innovative approaches and the engineering
difficulties. We will also relate our experience to those
reported upon and leave this symposium with a broader
knowledge and better understanding of this tire inspection
area. But this better technical understanding will not guar-
antee the success of either the industry or government tire
inspection programs. Since very few of us here are the -
policy makers who approve major buys for this type of
equipment; it might be beneficial to look at a few of the
factors which are required to make such buys possible.

First, there must be a need. The need may be based upon a
decision such as decreasing tire adjustments, complying
with a 75% retread regulation, screening compliance test
tires, or the evaluation of physical testing. As a result of
thest types of deciibons. 4 nead bo provide inspection
methods (which could be either visual or instrumentation)
can be identified. The identification of the specific need
bounds the problem. It allows the specific identification
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of potential benefits. The benefits can, of course, take
many forms. They may relate to the readiness of combat
units, the safety of aircraft, or the reduction of tire adjust-
ments. One often includes the cost of litigation, and societal
costs as part of the estimation of benefits. Policy decisions
are often based in part upon the ratio between the henefits
and the cost of implementing the inspection process to ful-
fill the need.

Since most solutions to a specific need are not 100% ef-
fective, the potential benefits are adjusted to determine
effective benefits. This approach provides the general basis
for the benefit/cost and return on investment considera-
tions which so many policy decisions consider. From the
engineering viewpoint, the cost of implementing a method
for inspection and its effectiveness in fulfilling a specific
need can be seen to have a definite impact on the decision
to deploy a candidate inspection system.

The second problem is to determine which physical par-
ameters must be controlled to meet the specific need.

Stated another way, what are the failure modes and the pre-

cursors of failure, which if they are eliminated, would satis-
fy the need. This part of the process is perhaps the most
difficult and yet the most neglected part of many inspec-
tion programs, Those of you who have inspected tires for
separations, found them, and then not having them propo-
gate to failure during wheel or road tests, while a separation-
free tire failed the same test due to separations, will
appreciate the problem. Could it be that in new tires the
presence of small separations is not necessarily indicative
of either poor quality control or potential product failure?
If this is so, then perhaps the precursor to tire failure due
to the separation mode may be either in the components,
the adhesion between ccmponents or in allowable design
variations, These factors must be determined before the
Jealgn of Inspection methods to conteol this faflure mode
can be developed. Most of the needs which are addressed
by the various tire inspections programs are concerned with
several potential tire failure modes. Thus, the requirement
exists to identify each failure mode, the probability of
failure for each fzilure mode, and the mechanics of the
failure mechanisms. This approach will provide informa-
tion necessary to properly apportion program resources,
and to identify the potential measurables at the point of
inspection for controlling the failure mode. It is very im-
portant 1o ientify thew roewsurables ordatent defecta -
lated to the mechanics of failure which would exist at the
point of inspection. For example, if one can only identify
a latent defect after 1,000 miles of road use, then an in-
spection system for use at the manufacturing point to
gontrol that feiluse nidde siculd heve no willity In Tect
work to develop such a device by consuming valuable re-
sources with a nil probability of controlling the failure
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mode would have a very negative impact on the overall
success of a program,

The third step in a successful inspection program is the
development of suitable inspection methods. In this devel-
opment, the inspection methods must fulfill the require-
ments as to cost, the detection of those precursors of
failure, time of inspection, maintainability, and operation
within the physical environment. The cost elements in-
clude capital equipment, operators, maintenance, con-
sumable supplies, spaces occupied, and the percentage of
product rejected due to false alarms. There is, of course,
a relationship between the detection probability and the
false alarm rate. Generally, the more subtle the precursor
to the failure mode being detected the greater the false
alarm rate. The trade-off is always to a lower detection
probability to obtain an acceptable false alarm rate. In-
spection cost is also directly impacted by the inspection
time. The greater the time the greater the cost. The
trade-offs between the cost elements and the ability of an
NDT system to satisfactorily meet the other requirements
represents a difficult engineering challenge. However, this
challenge must be met to provide an inspection system
capable of successfully meeting the criteria for a stated
benefit/cost ratio or a required return on investment. If
the criteria cannot be met, then the method is unlikely

to be deployed.

During the course of this conference and its workshops, we
each have an opportunity to impact the outcome of the
several tire inspection programs sponsored by industry and
government groups. This positive impact can be in the
following area:

® the definition of needs and benefits

@ ihi identification af feiluse modes, probability of
failure for each mode, and the failure mechanics
leading to each failure mode

® tu continue to develop cost effective inspection
system

® and to characterize these systems as to the proba-
bility of detection and false alarm rate.

Avyou know. These g difficult challenges. You, the col-
lective attendees at this meeting represent the principal
expertise in tire mechanics and tire inspection technology
within th.s country. 1 am confident that you will meet
this challenge and make the nondestructive testing of
rires even more suecessiul in the futeng then you heve

in the past. Good luck and thank you!
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CHAPTER 11l

AIRCRAFT TIRE MECHANICAL PROPERTY TESTING

James R. Hampton
Air Force Flight Dynamics Laboratory
Wright-Patterson Air Force Base, Ohio

Tire mechanical properties are forces, moments, and other
load reactions exhibited by tires when in contact with a
surface. These properties must be measured and specified
for aircraft tires in order that landing gear designers and
engineers can properly integrate their influence into overall
aircraft ground performance and handling. They are also
necessary for improving tire manufacturing techniques,
processes and materials for optimization of the ground
performance of an aircraft tire while maintaining or improv-
ing other aspects of tire performance such as wear and cut
resistance. The trend of high perfortnance aircraft is toward
higher take off speeds with the tires being required to fit in
smaller envelopes and be inflated to higher pressures. This
trend has contributed toward the problems of aircraft
directional control during take off and landing and in a
numbe;g of incidents involving *‘veer off”* and *“‘runway
overshoot”, particularly during landing on wet or icy run.
ways and during crosswind situations.

In contrast to automotive tires, the mechanical properties
of aircraft tires are largely unknown. This lack of datais a
significant deficiency in landing gear design and in the pre-
wendion of, o solution to, landing gear problers inkalving
shimmy, steering, traction, and cornering. Tire performance
characteristics have an effect upon and interact with the
strat, brakes, antiskid and steering sy stems. To understand
these interactions and their effect on the landing gear sys-
tem, a complete set of aircraft tire mechanical property
data must be available.

Unique tire test enpabifities enist at the Air Foree Flight
Dynamics Laboratory (AFFDL) which allows for the
accurate measurement of aircraft tire mechanical proper-
ties. These properties are compiled with the use of a flat
surface tire force machine and a computer controlled, 120
inch dynamometer test system. Both of these test systems
support a tire/wheel assembly by a metrical frame contain-
ing six load cells through which the loads are applied and
the resultant tire forces and moments are reacted.

The data obtained from these test machines provide basic
information on how well aircraft tires can be expected to
perform their function. The data can also be used to aid
landing gear and tire engineers and designers in dealing
with tire related problems such as shimmy, wear, ground
handling, steering, brake, antiskid performance and vertical
energy absorption.
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An aircraft tire must support the weight of an aircraft and
its contact with the pavement must generate all ground
control forces during taxi, take off, and landing. These
forces include the fore and aft frictional resistance during
braking and the lateral forces necessary for directional
control in crosswind operations and in turning. The tire
must absorb impact landings, and together with the shock
strut dissipate the vertical kinetic energy of the aircraft
during landing. The tire must also demonstrate adequate
structural fatigue life and long tread life.

The aircraft tire plays a dominant role in the overall per-
formance of the landing gear. The tire mechanical pro-
perties have an effect upon and interact with the strut,
brakes, antiskid and steering. Tire mechanical properties
are known to be primary contributors to “gear walk”,
shimmy, and truck “pitching”, which are various forms
of dynamic instability. Other types of interactions also
occur; for example, brake application reduces the ability
of the tire to provide lateral steering force This in tum,
can lead to a loss of directional control of the aircraft,
particularly on wet runways,

Developing and fabricating aircraft tires can best be cate-
gorized as an art rather than a science. Aircraft tire devel-
opment is accomplished Jargely by “build and try” methods,
Design and manufacture, particularly the rubber com-
pounds used, are highly proprietary to the individual
manufacturers. The missing link is the technical capabil-
ity of measuring, correlating, and specifying the perform-
snce chacacteristics of ties, in addition 1o stouctacal
integrity and wear. The AFFDL flat surface tire force
machine and the 120 inch programmable dynamometer
provide the means to fill this technology gap.

FLAT SURFACE TIRE FORCE MACHINE

The AFFDL/FEM flat surface tire force machine is the
first indoor laboratory machine designed for the measure-
ment of aircraft tire properties under aircraft loads with
combined steering, camber and braking on flat pavements
(see Fig. 1). It accommodates tires in a size range between
16 inches and 56 inches outside diameter, with verti-
cal loadings up to 80,000 lbs., and is instrumented to
measure all six force and moment components devel-

oped by the tires. The machine is designed to permit
low speed tests at slip (yaw) angles between £ 90 degrees




b L4

the 90 degree position is used for lateral stiffness tests),
camber angles between £20 degrees, and any desired value
of longitudinal slip. The force measuring system consists
of a series of six Model 1220 Interface Load Cells. Auto-
matic data logging on analog magnetic tape recording
equipment provide for accurate recording of data for
rapid processing. The data acquisition and data processing
flow chart is shown in Fig. 2. The moveable table is con-
structed such that the normal test surface may be replaced
with slabs of various paving materials such as concrete and
asphalt. In addition, soil trays may be added for flotation
studies.

FIGURE1
FLAT SURFACE TIRE FORCE MACHINE
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The specifications and testing capabilities of the flat surface
tire force machine are shown in Table 1.

Table I

Tire Force Machine Specifications

Velocity 0.25 ft/sec — Constant Speed

Total Length 20 ft.

Useable Length 18 ft.

Drive 7 in, Diameter Hydraulic Cylinder
Tire Test Capability

Max. Tire Size 56 x 16 — 56 in. Outside Diameter
Min. Tire Size 6.00 x 6 — 17 in. Outside Diameter
Max. Vertical Load 80,000 1bs.

Max. Camber Angle 120 Degrees (2 Deg Increments)
Max. Slip Angle 90 Degrees (Infinitely Variable)
Max. Tire Velocity 0.25 ft/sec

Max. Brake Torque 50,000 ft-1bs

Data Recording

Signal Filtering 3 HZ - Low Pass

Test Monitor 8 Channel Strip Churt Recorder

Data Sampling Rate Variable

Tape Unit 14 Channel Bell & Howell Data
Tape VR-3700B

Data Processing
Data General Corp. Nova 2/10 Digital Computer
Output Parameters

Lateral Force, Fy

Normal Force, F;

Tractive Force, Fx

Rolling Resistance Moment, My
Overturning Moment, My

Self Aligning Moment, M,
Effective Rolling Radius, Re
Percent Slip, s

Table Position, x

Normal Contact Pressure, 0z
In-Plane Footprint Shear Stress, 0x,0 y
Wheel Angular Position, 0

Mechanical property data, which is a function of one or
more of the output parameters, consists of such items

as load vs. deflection data, tractive force vs. tire slip ratio,
obstacle engulfment properties, footprint areas, tire con-
tact pressure distribution, lateral force and self-aligning
torque. All data compiled on both the tire force machine
and 120 inch programmable dynamometer conforms to
the SAE tire axis system. The rolling tire forces and
moments according to the SAE tire axis system is shown

in Fig. 3.
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FIGURE 3

Load vs. deflection tests are performed in three direc-
tions, namely vertical, lateral and fore-aft. Tire spring

rates and hysteresis are calculated for all three modes of
deflection. In addition, the effective coefficient of friction,
the vertical sink and the center of pressure shift are calcu-
lated for the lateral and fore-aft load vs, deflection tests.
Figures 4, 5, and 6 are typical load vs. deflection plots from
the flat surface tire force machine.

Footprint net and gross areas and footprint pressure dis-
tribution curves are obtained at various vertical loads and
tire inflation pressures. The footprint pressure distribution
is obtained via an xyz triaxial sensor developed by Photo-
lastic Inc. (see Fig. 7). This device measures two in-plane
shear stresses and the normal stress in the tire contact area.
Figures 8, 9, and 10 show, respectively, tire in-plane shear
parallel to tire rotation, tire in-plane shez: perpendicular to
tire rotation, and tire stress normal to the table surface.

Tractive force vs. tire slip ratio is obtained by use of an
electro hydraulic control system which modulates the
brake pressure to obtain a prescribed amount of circum-
ferential slip. This data is obtained as a function of tire
load, inflation pressure and tire steer angle. A plet of
tractive force vs. tire slip ratio is shown in Fig. 11,

Obstacle engulfment properties are obtained by rolling
the tire over various simulated “potholes” and obstruc-
tions that can be placed on the tire force machine table.
The tire inflation p.essure and vertical load is varied when
corducting a sensitivity analysis of the vertical reaction
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FIGURE 7 XYZ Triaxial Stress Transducer
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force and the drag force acting on the tire assembly as
the tire rolls over the simulated obstacles. Fig. 12 shows
the vertical reaction and drag force developed during an
obstacle engulfment test of a 56 inch outside diameter
tire tolling over a 3 inch obstacle with a 3 inch deep, 10
inch wide “pothole”.

Lateral force and self-aligning torque are two of the more
important tire mechanical properties. They play a major
role in providing vehicle directional control and dynamic
stability of landing gear. These two mechanical properties
are studied at various values of tire vertical load, tire in-
flation pressure, tire slip angle, tire forward velocity, and
carcass and/or contained air temperature. The influence
of surface pavement and surface contamination on these
properties are also measured. Typical lateral force carpet
plots and self-aligning torque carpet plots as a function of
tire vertical load and tire slip angle are shown in Fig. 13
and Fig. 14, respectively.

Various other tests are conducted on the flat surface tire
force machine. One of these involves measuring the normal
stress at the tire tread and carcass interface when operating

on flat and curved surfaces. The normal stress is measured
by embedding stress transducers under the tire tread during
a retreading process. Typical tire stress transducers and a
cross section of a small aircraft tire are shown in Fig. 15,
Rolling simulation on various curved surfaces is accom-
plished by rolling tires over arcs constructed of hardwood
and clamped to the tire force machine surface. Conducting
all curved surface stress measurements on the tire force
machine eliminates the need to transport the tire/wheel
assembly to the various dynamometers. It also eliminates
the variation of the various load and load measuring sys-
tems. Fig. 16 shows an instrumented tire mounted on the
tire force machine and rolling on a simulated 84 inch di-
ameter dynamometer during stress measurement recordings.

Data from these tests indicates that the normal stre s in-
creases on surfaces with smaller radii of curvature. The
standard procedure to compensate for dynamometer fly-
wheel curvature is to increase the tire inflation pressure,
This is done to duplicate flat surface tire deflection. How-
ever, analysis of this data indicates that this method is
incorrect and that tires are being ‘“‘over tested”. This ap-
pears to be true, in that tread separation failures occur
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frequently in the laboratory whereas replacement of a tire
in the field before tread wear out is generally due to cuts
and tears in the tread and shoulder region. A stress carpet
plot for a small aircraft tire is shown in Fig. 17, which
indicates that duplication of the normal stress experienced
by a tire operating on a flat surface is achicved by reducing
the vertical load on tire.

Various other load and/or deflection correction methods
are being investigated. All correction methods are then
tested by subjecting new tires with full skid depth and
new tires with the tread buffed to a minimum skid depth
to taxi take off tests until failure occurs. Tires with full
and minimum skid depth are tested to ascertain the influ-
ence of tread thickness in new tire qualification tests.
Tires tested per a certain curvature adjustment procedure
are taken from the same production lot and then screened
by holographic NDI to establish a quality control accept- i 2

ance criteria. Based upon the dynamometer test results, Wﬁ%&ﬁ"ﬁ
a relationship between tire stress levels and dynamometer
diameter for various sizes and types of aircraft tires will be

[
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3

Self-Aligning Torque vs Load and Slip Angle

v

FIGURE 15 SMALL AIRCRAFT TIRE

AND STRESS TRANSDUCERS



established. Ultimately, a change in the military tire
qualification specification will be recommended with
emphasis on the procedure to evaluate tread retention,
to compensate tor dynamometer flywheel curvature, and
on the number of tires required to meet the qualification
specitications.

120 INCH PROGRAMMABLE DYNAMOMETER

The advanced, programmable dynamometer incorporates a
six component force measuring system similar to the tire
force machine with six load cells arranged in a rigid struc-
ture containing the tire/wheel assembly and attached to
the primary carriage by tlexure struts. This dynamometer
has the capability of programmable yaw, camber, vertical
load, vertical sink rate, wheel velocity and wheel accelera-
tion. This allows for an accurate simulation of the forces
and moments an aircraft tire experiences due to ground
loading and maneuvers. A photograph of a tire undergoing
testing on the programmable dynamometer is shown in
Fig. 18. Program control is accomplished by solid state
electronics and PDP 11 analog computers. A summary of
the available test parameters of the Programmable Dyna-
mometer is shown in Table 11.

The programmable dynamometer can measure all the tire
properties that the tire force machine can measure, and
can include the effects of dynamic variation of load and
tire rotation. Thus, a correlation between static, quasi-
static, and transient tire properties can be made.

FIGURE16 MEASURING STRESS
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FIGURE 18 TIRE UNDERGOING TEST ON MODIFIED DYNAMOMETER
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Table 11 In addition, the effects of carcass temperature on tire

] lateral properties can be measured on the programmable
! Dynamometer Specifications dynamometer. The internal stress generated in a tire dur-
] ing the cyclic contact of the tire with the surface pavement
Velocity 350 MPH produces heat build up. The temperature of an aircraft tire
3 Flywheel Diameter 10 ft. after taxiing from the hangar area to the runway isgener_lly
Max. Acceleration 24 ft/sec2 in the vicinity of 200 degrees Fahrenheit. A plot showing
Drive 3 Reliance DC Motors, 1150 HP the tire load, tire velocity, contained air pressure, con-
tained air temperature and bead temperature during a taxi
y Tire Test Capability take off is shown in Fig. 19. The lateral force (Fy) available
1 during take off, therefore, is that force which is generated
’ Max. Tire Size 56 x 16 - 56 in. Outside Diameter in tires with an average temperature in excess of 200 degrees
Min. Tire Size 18 x 5.5 - 18 in. Outside Diameter Fahrenheit. A carpet plot of lateral force at S MPH and at
; Max. Vertical Load 100,000 lbs, various vertical loads and slip angles is shown in Fig, 20 for
Max. Vertical Stroke 14 in. a small aircraft tire with a carcass temperature of 90°F and
Max. Sink Rate 60 in/sec 220°F.
Max. Yaw £20 Degrees
Max. Cyclic Yaw 14 Degrees at 2 Hz The mechanical properties of retreaded aircraft tires are
Max. Camber £ 20 Degrees also being measured at the Air Force Flight Dynamics
! Max. Cyclic Camber 3 Degrees at 2 Hz Laboratory. Preliminary results have indicated that the
self-aligning torque and lateral force of retreaded aircraft
Data Recording tires are less than that exhibited by non-retreaded aircraft
: tires. It is not known if this is a carcass or tread related
Contained Air phenomenon and will be further investigated. Carpet plots
Pressure 500 psig showing a comparison of the lateral force and the self-
Contained Air aligning torque of a retreaded and non-retreaded aircraft
' Temperature 0-300°F tire at the speed of 75 miles per hour are shown in Fig. 21
, Forces in 3- and Fig. 22.
, Directions “‘
E Moments about Frequency response tests are conducted on the program-
- 3-Axes * mable dynamometer to study the transient behavior of
| = aircraft tires, which is important in studying problems
! *Data is sampled 20 times per second and stored on mag- dealing with landing gear stability. One of these tests is a
& netic tape. sinusoidal yaw test which is conducted to measure tire
0
' Carcass Temperature (°F)
: ' — 9%
: 1000y ~--—220°F
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properties important for shimmy studies. The forces and
moments that are of primary interest in shimmy studies
are lateral force (Fy), overturning moment (My) and self-
aligning torque (Mz). The results of these tests show that
the tire does have a response lag which is an important
factor in a shimmy analysis. Fig. 23 shows a 2 hz, £3
degree angular displacement of the dynamometer carriage
and the resulting lateral force response.

CONCLUSION

Knowledge of mechanical properties of aircraft tires is
necessary in the design of landing gear and in the preven-
tion and solution of landing gear problems. Data from the
flat surface tire force machine and the 120 inch program-
mable dynamometer at the Air Force Flight Dynamics

Laboratory can be used to establish the operating character-

istics of aircraft tires and to establsih new tire design cri-
teria and qualification test procedures. The data can also
be used to modify and improve analytical techniques for
predicting the dynamic behavior of landing gear struts,
brakes, antiskid systems, aircraft steering and, in general,
overall aircraft ground handling performance.

QUESTIONS AND ANSWERS

Q: Jim, I'd like to ask a question if I could. Is the Facility
open for visitors?

A: Yes, it is.

Q: Could you tell them maybe how they could make ar-
rangements to get in?

A: The person to contact is a Mr. Aivars Petersons, and he
can be reached at Area Code (513) 255-2663.

Q- Would you expand a little bit on the subject you intro-

duced briefly about the difference in the force measure-
ments on new tires and retreaded tires?

A: The tests we have done to date have indicated that re-
treaded tires exhibit lower cornering force and self-aligning
torque than new tires of the same size, and from the same
manufacturer. At this time, it is not known what creates
the degradation of forces. It would have to be investigated
further.

Q: You indicated that the stress for the curvature of the
dynamometer has been normally taking the tire pressure
rates in the tire up to higher pressure. What method are
you recommending now?

A: Well, we're looking at various methods. One of the
methods that I showed here was a load correction method
and the stress curve that I showed had the center of pres-
sure of the footprint shown at the various loads and at the
various curvature of radii. What that indicates is that, in
order to operate your tire at the same level of stress that
would be seen on a flat surface, the proper procedure to
use would be to decrease the load so that you would run
at the same level of stress.

Q: The stress that you’re measuring, is it the center line of
the tire or the total tire?

A: We are measuring at various points along the periphery
of the tire and the curves shown were an average of the
readings from the stress transducers in the shoulder ribs.
Q: Isn’t it also true in the tire central rim as well as the
central group?

A: Yes it is, the same thing can be found. It’s just that
the transducers in the outer ribs has a cleaner curve.

Q: Your stress levels are not in the carcass plies?

A: We are not measuring cord stress, if that’s your ques-
tion. We’re measuring the stress that is perpendicular to
the tire at the surface.




SIZE CRITICALITY STUDY IN NAVY AIRCRAFT TIRE>

L. Kiaasen and M. Fontanoz
Naval Air Network Facility
North Island. California

INTRODUCTION

The U.S. Navy several years ago established the requirement
for the Non-destructive Inspection (NDI) of rebuilt (re-
treaded) aircraft tires. The following study is part of an
on-going program to determine the criticality of defects
found during NDI and to establish appropriate rejection
criteria for the aircraft tires. The Navy requires NDI on
tires with a speed rating greater than 160 mph. The major-
ity of these tires are used on fighter and attack type air-
craft which have only a single tire on each main gear and
cither one or two tires on the nose gear (Figure 1). If one
tire fails, there is the possibility of damage to the wheel
and landing gear, foreign object damage (FOD) to wings
and fuselage. and the possibility of losing the aircraft and
pilots.

The Navy aircraft tires are exposed to a more hostile en-
vironment than aircraft in other services or the commercial
sector, in particular, the requirement for aircraft carrier
operations of catapult takeoffs and carrier landings, more
aptly described as controlled crash. Additionally, all Navy
fields have arrestment cables of 1-3/8™ diameter that are
crossed during takeofts and landings (Figure 2).

Therefore, this study becomes very important if it prevents
the loss or damage to one aircratt due to a faulty tire. The
defects to be examined are separations or disbonds as deter-
mined by holographic nondestructive testing. It is accepted
general knowledge that separations in an aircraft tire will
propagate. We wanted to determine the criticality of these
separations: at what rate do the separations grow, at what
size will the separations be detrimental to the tire integrity,
and if there are locations in the tire where separations are
more critical.

EXPERIMENTAL

The aircraft tires used in this study are the 26x6.6 size, 16
ply rating, Type VII used on the main landing gear of the
Navy's F-8 aircraft. The tire is constructed with a rein-
forced tread, with the exact design varying with cach manu-
facturer. The tire studied has two tread reinforcing plies
approximately half-way between the bottom of the grooves
and the carcass plies. The tires were obiained through the
regular supply system or were rejects from a Navy con-
tracted rebuilder. All the separations or defects were
“natural™, arising during the manufacture or the service

life of the tires. None of the defects were intentionally
made or programmed into the tires.

FIGURE 1
A-4 TAKING OFF

FIGURE 2
FIELD ARRESTMENT CABLE
NOTE DEFLECTION OF TRUCK TIRE
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FIGURE 3 DYNAMOMETER TEST CYCLE 1
The tires were inspected with an Industrial Holographis around the tire, Anomalies detected during the initial in-

Tire Analyzer equipped with a krypton laser. From the
hologram, a map of each tire was produced. As each tire
was inspected, the same map was used, to more easily see
trend development.

The dynamic testing of the tires was performed on the 120
inch diameter dynamometer at Wright Patterson AFB
(WPAFBY). The test performed was the taxi-takeoff cycle
as used by the Navy in Military Standards 26533 and
3383, The test consists of a taxi for 10,000 feet at 23 mph
and 12,000 Ibs. load. The tire is stopped and run through
the simulated takeoff at 0 to 200 mph in 7,300 feet and
load initially 12,000 Ibs. decreasing to 1,200 Ibs. at lift
off (Figure 3). As part of the qualification tests the tires
must successfully complete 50 cycles of the above test.

The tires were initially NDI and then sent to WPAFB for
testing on the wheel. The tires were run through 25 cycles
of the taxi-take-off (ITO), or until failure, with NDI
being performed every 5 cycles. Those tires that had sur-
vived 25 cycles were then cycled to failure.

The following three examples serve to illustrate some of
the different type of anomalies and locations across the
tire tread.

The format is a map of the tire divided into four quadrants,
starting at the serial number at 0° and preceeding clockwise

spection are marked on the grid in black; after § TTO
cycles, in blue; and after 10 TTO cycles in red.

In the first example, Tire N8 (Figure 4) only one separa-
tion appeared initially. This separation was 3/4” diameter
and located in the crown at 235°, After the first series of
5 TTO the initial separation had not grown, but the tire
had developed three new separations of 3/8” diameter at
450,285°, and 360°.

After 10 TTO cycles, the initial separation at 235° had
grown to 1 inch and the other separations had grown to
3/4 inch and 1 inch. The testing was continued, and the
tire eventually failed after 28 TTO cycles.

In the second example, tire N4 (Figure 5), only a weak £
area in the second quadrant showed initially. After the 4
first series of S TTO cycles, the tire had developed numer-
ous small separations in the shoulders ranging from 1/8 to ¥
3/4 inch, and one area in shoulder, centered at 45°, that

was characterized as “weak” but with no actual separations.

After the next series of 5 TTO, all separations had grown,
one at 70° from 1/4 to 2-1/2 inches. The “weak’ area at
45° had developed a series of 5 separations. The tire then
failed on the 15th cycle of taxi-take-off, throwing the
entire tread.
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Centerline Separations

1/4" —» 1" 25 Taxi-Takeoff Cycles
1/8" ———— 3/4" 25 TTO
""" —— 1 3/4" 25 TTO

1/4" ———» 1 3/4" 25 TTO

FIGURE7 GROWTH OF CENTERLINE SEPARATIONS ON DYNAMOMETER TESTED TIRES

Shoulder Separations

M 17" 5 Taxi-Takeoff Cycles
/4" " 15 TTO
1/4" »2,5" 22" 10 TTO

FIGURE8 GROWTH OF SHOULDER SEPARATIONS ON DYNAMOMETER TESTED TIRES

Skim Coat Separations

3" «——————p Failure 1 Taxi-Takeoff Cycle

"o — 4" 10 TTO
4" ————» Failure 1 TTO
1"4 1" e 5" 5 TTO

S"..———— » Failure 2 TTO

FIGURE9 GROWTH OF SEPARATIONS FROM SKIM COAT ON DYNAMOMETER TESTED TIRES
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In the last example, tire N5 (Figure 6), the tire exhibited
4 large separations and was predicted to fail early in the
testing. It did fail by throwing the entire tread during the
first take-take-off cicle, indicated by the cross hatching
through all the quadrants.

Again, the Military Specification requires the tires to com-

plete 50 cycles of the TTO for qualification. If the above

tires had been on an F-8 aircraft, the least that may have

J occurred is a premature tire change, a loss of maintenance
manhours, and placing the aircraft in a down status. There

is a wide range of scenarios possible when 10 to 15 pounds

of rubber flies off at 100 mph or greater.

RESULTS

The study involved 16 tires. After 25 cycles the tires were
cycled to failure. Of the 16 tires only two passed the re-
quired 5O cycles of the MS specification. One tire devel-
oped a separation on the 50th cycle but would be expected
to have failed within the next two cycles.

Analysis of the tires and holograms show that the separa-
i tions can be divided into three groups with respect to the
propagations:
g. those centered in the crown,
' b.
|
| :
J The scparations in each of these areas grew at differing
rates.

those in the shoulder,

those on the skim coat of the first carcass ply.

v

oo a U b b i P

The first area is defined loosely as under the crown but not
extending to shoulders of the tire, We see growth of the
separations is relatively slow and uniform in direction,
progressing from 1/4 to 1 and 2 inches diameter after 25
TTO cycles (Figure 7). Even at 2 inches, a single separation
did not cause a failure to occur.

When we examine the separations in the shoulder area, we
see a dramatic change in the growth rate and shape of the
separations. The separations grow to approximately 1 inch
wide and progress lengthwise along the shoulder. The rate
of propagation is considerably faster for separations origin-
ating in the shoulder (Figure 8), a 1/4 inch separation grow-
ing to 2.5 x 1 inch in § TTO vice 25 TTO for a centerline
separation. When the shoulder separation became as long as
10 inches, failure of the tire was imminent.

In the two areas above, the separations were all in the car-
cass between 1st and 3rd carcass plies from the tread. The
principal failure mode of the third type was propagation
of separations on the skim coat of the 1st carcass ply
(Figure 10). This was experienced on only one carcass
manufacturer. The propagation rate was very rapid, for
instance a 3 inch separation (Figure 9) causing the tread
to strip in the last cycle.

The faflure occurs faster since the separations were above
the carcass plies, and no structural bonding or tread reten-
tion occurs from the carcass plies.

SUMMARY

Aswe have seen from the experiment on e indoor test
wheel, separations in the tires will become larger and

| A Y

TREAD SURFACE

ORIGINAI. TREAD RUBBER

INTERFACE- SKIM COAT
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© o © o o OL RUBBER CALENDERED TO CARCASS PLY

' FIGURE 10 LOCATION OF SKIM COAT INTERFACE
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ultimately result in tire fatlure by the stripping of the
tread from the carcass,

Based on these studies, the Navy is examining the presemt
rejection criteria with respect to the size and locations of
the separations in the tire, Thus it may result in a maximum
size of 1/2 inch diameter in the crown and 1/4™ in the
shoulders, Another criteria may be 1o reject manutacturer
A's tires containing a /4 inch separation and nanufacturers
B. C.and D with 1/2 inch separation,

Further studies are being performed which will investigate:

different tire sizes with their related test parameter:
- carcass manufacturer:
carcass uge.

fhe Navy s a i behiever of NDEFand its capabihinies o1
detecting tires that may tail prematurely. Initially . NDIwas
recittired For the NNavy High speed tres, vated et Hl) wisl
In the last several years, the Navy has required NDIon
some critical low-speed tires.

QUESTIONS AND ANSWERS

Q- 1 have a question on this slide you have vight here, the
3"\'1|I Cual aq‘mulidlin. wlllul il lln \\uupun;a\,ua ul~ Hivse
occurring in the tire region?

A: The skim coat I'm talking about is the skim coat on the
first carcass ply, To s the rubber dhacis calendeied o the
first carcass ply. The separations oceur at the rubber to
ety e el mubber AT T

miblor s Bt
and the skim coat.

Q: In other words the first carcass ply means the ply next
to the liner?

A: When [ was referring to the first carcass ply 1 was indi-
cating from the direction of tread arca itself.

@ We talk about it backwards.

A: Right. The ures that we investigated were of several
different manufacturers and the number of actual cucass
piys varies from manutacturer to manutacturer. The sepa-
rations that we investigated were occurring between the
first and sccond carcass ply from the tread area. 1t is
v \.IIBS\.I;[ I;V\. (384 \,alll ;. Ouiwooi din |.ilhl aiid scoui
plies since this is gencrally where it occurred, rather than
counting fron the innerliner and saying it’s between the
cighth and ninth ply on carcass A or between the tenth
and eleventh ply on carcass B. which would be quite
variable.

Q: What size tire was related to the treads?

A: The tire is 26 inches in diameter and 66 inchies wide.
Q: Did you have anything on the 40 x 14?
A: No, not yet, We have initiated testing on the 40 x 14
and the initial indication after the first phase of our test-
ing shows that the rate of propagation is not as rapid as
we see here,
¢ Do you have any intent to publish any of this data on
the 40 x 147
A At this particular moment, no; but probably in the
future. yes.
@ The tires that were selected for this test program had
natural anomalies. Did they have a previous service history
or uniformity”?
A: All the separations or anomalies in them were of a
non man-made function, They were either developed in
the tire during the dynamometer testing or they had oc-
curred through u previous service life, The series of tires
dhae wo ran were bothoew and rcbuiht Ties so sonie tad
experienced a previous service life,
U' Wi '|Ii[_‘|'1 (R ELITETE Moy wele all BT o powes ol
tained from the Navy alter u service tour except for the
new ones, so there’s only one service tour.,
A: Yes, but the service tour that the tires see on airerafl
canc e highly vanable oven thoagh they wore R-1 levels.
: What was the age of the tires you tested?
A They were of various ages. Some were at the time that
this stady wirs tmitiated, bramd mow  Frodh out of e medds;
others were up to approximately cight years old.
Q: Why is there o differing rate of separation with respect
to the diffeient ate \.fbnrw'i'll':'
Az Pwould interpret it as being a higher stress load in the
strontbiler of thie fires verss the center fime S imdicatasd
by the previous speaker, the increase in the tire pressure
on the dynamometer to compensate for the deflection is
overstressing the tire which would additionally be very
critical in the shoulder area.
Q: Would that imply that it | started out initially with a
1/8" separation that they will all grow at the same rate?
A: Twould notexpect them to grow at the same rate. By
the nature of the components that we're tatking about, |
would expect them o grow relatively similar tor any one
group, for instance, it they were all located in the shoulder
of the tire.
L)_’. fatis 'u:u L\'Il\.lhl-l;\lll odtwenn Tie d'ynuuunlu.u.l ol
and fleet usage?
A Pean’t answer that question. 1 dont know if test data
is large enough to indicate what variation in size growth
that we will see. Since we're testing on the dynamometer
versus testing out in the fleet, whatever data that we ac-
cumulate on the dynamometer is not necessarily translat-
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able to what we can expect in the fleet. We have seen that
some of the tires from fleet usage will not grow to such
large dimensions as rapidly as they do on the dynamometer,
But the advantages of using the dynamometer are, of
course, it’s a controlled environment. You can repeat the
same test over and over again. In the Navy, each aircraft
may fly five or six different flight profiles.

Q- ls there any relationship between the age of the tire
and the speed of the failures?

A: No, none at all. Some of the new tires failed just as
rapidly as the oldest tire did.

Q- lunderstand that you say that some of the tires were
up to eight or ten years old?

A: Yes, some of the carcasses were.,

29

Q: Some of the carcasses were still only R-1 positive. ¥ere
these tires stored as R-1's and what is the environment of
the Navy warchouses?

A: The tires used in the experiment were retreaded less
than a year before and had not entered the Navy supply.
The Navy warehouse system is very extensive and the
normal lag time within it can be very lengthy. For instance,
I could go to a supply warchouse and pick out a brand new
tire that is ten years old. The aircraft tires are supposed to
be stored in a cool, dark location, away from hot pipes,
Tuorescent lights, and sunlight. With storage facilities

from here to Alaska to the Philippines, including aircraft
carriers, the storage conditions of the tires may not always
be optimum.
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IMPROVING QUALITY AND EFFICIENCY OF MILITARY
TIRES FOR LOW LIFE CYCLE COSTING

S. Kyriakides
CHEM-PRO Manufacturing Co., Inc.
P.0.Box 213
Buffalo, New York 14221

INTRODUCTION

The purpose of this symposium is to report the progress of
the nondestructive tire testing technology which is a con-
tinuation of the reports presented during the last sym-
posium in Akron, Ohio in January, 1976.

The emphasis on Nondestructive Testing (NDT) studies is
placed on the development of technical and scientific
means of accurately identifying potential tire casing fail-
ures, or progressive casing deterioration within the carcass
composite. The reported studies demonstrate a satisfactory
progress in advancing the NDT capabilities in predicting
tire failures for the selection of reasonably strong casings
for retreads.

Nondestructive Testing measurements can easily detect the
mechanical degradation of tire casings. It cannot detect or
predict the physical changes and loss of properties in rubber
and adhesive bond components.

Although this phase of the NDT program las been satis-
factorily progressing, the program does not analyze the
degradation of rubber, the mechanism of tire failures, and
the refationship between ply separations and failures, As a
result, tire degradation continues to be a major problem,
because of high tire prices, short service life, and the re-
sultant waste of critical materials, when the whole tire is
scrapped as soon as, or before the tread is worn out.

Corrosion is a universal problem and a costly one. New
methods and products for reducing or preventing corrosion
have been introduced for both metals and rubber. How-
ever, at the same time, as industry seeks to improve pro-
duetton, offsr new products aid inersase efficidney, the
problems of corrosion and degradation are expanded. Esti-
mates indicate that the added costs for preservation of
rubber at the manufacturers’ level, exceed $500 million a
year at the expense of the consumer, and the results are
still unsatisfactory.

The corrosion problem of metals has been substantially
dirinished by alloying and anodizing methods. Alloying
ol metals through the use of chemical treatments changes
their surface chemistry, and provides high strength at the
swi face and resistance to corrosion and oxidation, The
same principle applies for the protection of rubber from
oxidation due to ozone and general environmental condi-
Lo s,

Treatment of vulcanized rubber for protection from ozone
attack and deterioration is relatively a new technology and
has been applied in the materials’ development for aero-
space use, A special patented chemical antidegradant called
AGE-MASTER #1, was designed for this purpose and con-
stitutes a break-through in rubber protection.

Studies in polymer surface chemistry and test data, have
demonstrated the effectiveness of this new technology that
makes ozone susceptible rubbers immune to oxidation and
ozone attack.

The concept of surface treatment of rubber with AGE-
MASTER #1 was evaluated for aerospace application and
used in the development program for the U. S. Air Force,
Air Cushion Landing System (ACLS), Fig. A. The system
comprises a large, elongated, doughnut shaped inflatable
trunk (15 x 24 ft.), made entirely of natural rubber and
elastic nylon cord, which is attached 1o the underside of an
aircraft in place of a conventional landing system. The
composite material system was designed for high strength,
variable clastic chiaracteristics, elastic reeuvery alter ex-
treme deformations and resistance to fatigue and tear.

The environmental expusuie pioblen was the most critical
factor, because of the requirements for maintenance of
elastic properties and mechanical integrity of the composite,

Treatment of rubber with AGE-MASTER #1 Rubber Pro-
tective Agent proved to offer an effective protection and
was used for the treatment of all ACLS rubber components.
The treated composites were successfully tested in taxi,
take-off and landing tests on various terrains in Florida and
in the Arctic Canada, and after three years of outdoor ex-
posure shiowed nio signy of degradation due 10 ozome sttack.
Untreated specimens of the composite which were exposed
outdoors cracked and deteriorated within 30 days.

This technology and performance data should be of signifi-
cant importance and interest for applications on military
tires, because it provides the means to control and extend
the service life of tires, maintain combat readiness, increase
tire reliability, and increase recapability of tires for reduced
costs. This novel approach makes possible the application
Life Cycle Costing (LCC) methods for the procurement
and maintenance of tires,

The following description of the basic mechanism of rub-
ber and tire casing degradation dewelops the conoepl of
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An XC 8-A Aircraft was fitted with a new Air Cushion Landing System—a new development sponsored by the U. S. Air
Force and Canadian Department of Industry and Commerce. The aircraft is able to take-off and land on a cushion of air. ;
The Air Cushion System operates around a large rubber trunk, costing $500.,000. i

Unprotected samples taken from the trunks and tested showed cracking in 30 days. Thus, the useful life was very short.
Those samples protected with AGE-MASTER NO. 1, did not crack or deteriorate after one year of outdoor exposure.

Trunks fitted to the aircraft and treated with AGE-MASTER No. 1, have lasted over four years without cracking or other
signs of deterioration.

FIGURE A
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tire protection, and gives examples of its practical utility in
extending tire service life.

DEGRADATION OF RUBBER

The subject of rubber degradation and deterioration of tires
is very extensive and technical. However, for better compre-
hension of the problem, and appreciation of the solution
offered to diminish this problem. we are presenting only
the highlights of the problem with factual results,

Natural and synthetic rubbers are particularly susceptible
to atmospheric oxidation which causes polymer degrada-
tion, and loss of elastic properties and strength,

Oxidation by oxygen causes chemical and physical changes
in rubber, and results in loss of tensile strength, resilience.
elasticity and hardening. However, none of these are visu-
ally detectable. Precise measurements are required to detect
the extent of such degradation and damage.

Ozone attack is another form of oxidation of rubber which
causes rapid chemical and physical changes of the polymer

structure, and the damage to rubber is readily visible.
Ozone attacks the elastomer at the double bonds and

causes cleavage of its polymer chains. This cleavage initially
forms microscopic cracking on the surface, which in a few
hours or days can become quite large. Cracking develops in
a direction perpendicular to the direction of stress. FIG, 1
shows typical ozone cracking of rubber. Ozone cracking can
propagate deep down to the tire core reinforcement and
attack the adhesive bond of rubber to tabric, FIG. 2.

Ozone attack on rubber also results in another serious
oxidation of rubber by the release of singlet oxygen (' 04).
an cxtrcl‘lcly reactive form of molecular oxyten. Singlet ™
oxygen ( O5) can diffuse a significant distance through solid
polymers and can react rapidly with their functional groups.
It also attacks the adhesive bonds of rubber to rubber plies.

Tire casing deterioration is caused by the combined effects
of rubber aging. atmospheric exposure (Ozone, oxygen,
heat ard UV light), dynamic mechanical stress, and flexural
fatigue. The deterioration starts with incipient separations
in the tire casing structure and microcracking on the surface
of the rubber, which often leads to questionable tire dur-

TYPICAL EXAMPLES OF 0ZONE AND WEATHERING DAMAGE

FINE CRACKING

WEATHER CHECKING

--

MODERATE CRACKING

SEVERE CRACKING

TREATED SPEOMMEN
NO CRACKING

FIGURE 1

Typical examples of ozone and weathering damage. Natural rubber truck tire sidewall compound specimens showing differ-
ent degrees of rubber deterioration caused by ozone, pollution, weathering and aging. Treated specimen shows excellent

resistance to weathering and ozone attack.
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FIGURE 2

Side view of truck tire tread section showing depth of cracking. Treated groove with AGE-MASTER No. 1 shows no groove
cracking. Untreated groove shows cracking extending into the fabric reinforcement (tire cord). This helps water and moisture
get to the cord to start separation of tire plies and loss of tread on the road.

Tire section was exposed to 50 pphm Ozone {parts of ozone per hundred million parts of air) at 76°F, 36 hours exposure
time. Fine cracking was observed on the untreated side in 4 hours, and propagated to very severe in 36 hours.

ability or premature failure. In severe cases, the degradation
may cause rapid cracking of the sidewall and tread grooves,
ply separations, sidewall flex breaks and reversion at the
shoulder and tread areas.

Sidewall .n¢ tread groove cracking, which often reaches
deep into the fabric reinforcement of a tire casing, can ac-
celerate the problem of ply separations by the absorption
of moisture or water through the capillaries of the cord
filaments; .ignificant amounts of moisture can be trapped
in those areas, and develop in top-blows and separations
when the heat build-up of the tire reaches to elevated
temperatures.

Current industrial practice is to use various antidegradants
and waxes in the rubber compound to promote the neces-
sary resistance to oxidation and aging of rubber. How-
ever, from normal performance and laboratory tests, we
can determine that there is a serious deficiency in their
protective action, which results in premature failures

and total replacement of tires.
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THE NEED FOR EFFECTIVE PROTECTION OF TIRES

Aging of rubber is a complex phenomenon, and a major
factor affecting tire life. Other factors are: Underinflation,
overload, and speed. All these factors can be easily con-
trolled and constitute part of tire maintenance programs

in commercial fleets. Aging and oxidation are either ne-
glected because the consumer cannot find an effective
product for maintenance, or are totally ignored by the
consumer because the information on this subject is limited
to the rubber chemist, only.

Military tires which are expected to last longer than com-
mercial tires (5-6 years), because of low service mileage,
require an effective protection for preservation. Such a
protection will make possible the retention of carcass
strength integrity for multiple recaps, and the procure-
ment of regular off-the-shelf commercial tires as needed. ]

Procurement of off-the-shelf commercial tires for military
use offers economic advantages, and supplies could be
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rIGURE 3
10.00 — 20 TRUCK TIRE

Exposed for 6 months outdoors in Los Angeles, Unprotected section developed cracking during the first month of exposure.
Protected with AGE-MASTER # 1 section showed no cracking at the end of the test period (6 months),

The test shows the tremendous difference in ozone and weather resistance brought about by this chemical treatment using
AGE-MASTER #I.

' TRUCK TIRES , 3
| readily available without the need of special orders under

MIL-specifications.

The need for rubber protection is illustrated by the follow-
ing tests performed on commercial truck tires, and rubber
compounds. FIG. 3 shows a truck tire with ! of the side-
wall and tread treated for protection and the other % un-
treated. It was inflated to rated pressure and was exposed
outdoors in Los Angeles for 6 months. The untreated con-
trol section of the sidewall and tread grooves showed severe
cracking which propagated deep into the fabric region. The
treated section showed no signs of any degradation.

FIG. 4 shows a specimen of natural rubber truck tire side-
wall compound with % of its surface protected and the
other %2 unprotected. The sample was exposed to ozone at
constant load simulating conditions of tires on military
motor vehicles in storage. Again, the unprotected section
showed scvere deterioration due to ozone attack.

Samples of Natural/Diene rubber blend compounds used
for tires were tested outdoors in Buffalo, NY., and at River-
side, CA., to determine their environmental resistance
against identical specimens treated with AGE-MASTER #1
FIGURE 4 rubber protective agent. Table 1 briefly shows the test
results. The samples 1epresent high quality rubber com.
pounds with various antioxidant and antiozonant materials

This truck tire sidewall section represents a premium truck

tire available in the market. The untreated section is severely i the tbbet maukix, In-dll cases. the.fbhatstrented with
cracked and deter!orated. The section treatgd with AG;' AGE-MASTER #1 retained all its elastic properties without
MASTER No. 1 did not show any degradation or cracking signs of any deterioration

and retained its ozone, at 75°F.

In addition to the molecular break-down which causes
cracking of rubber, oxidation changes the original proper-
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TABLE 1
OUTDOOR WEATHERING TESTS

A. PERFORMED AT RIVERSIDE, CA. FROM AUGUST TO OCTOBER 1977
3 MONTHS TEST. ASTM D-518 B LOOP TEST.

TREATED WITH RIVERSIDE, CA. RESULTS !

RUBBER COMPOUNDS AGE-MASTER #1 AFTER 3 MONTHS EXPOSURE Q

| 126 — Natural/Diene Rubber No Very Severe Cracking

126 — Natural/Diene Rubber Yes Crack Free ;

127 — Natural/Diene Rubber No Very Severe Cracking

L 127 - Natural/Diene Rubber Yes Crack Free :'

s

B. PERFORMED AT BUFFALO, NY. FROM JANUARY 1975 TO JANUARY 1976
ONE YEAR TEST: ASTM D-518 B LOOP TEST.

tread to carcass, rubber to cord reinforcement, and side-
wall junctures decreases. This reduction in strength is the .
combined effect of oxidation flex fatigue. FIG. 5 illustrates ADHESION 7%
the effect of aging on the strength of rubber and adhesion

. ; 3 100
_ to carcass. This degradation results in tread and ply separa- _
te tions, top blows, voids and general strength reduction of 3
kg the carcass composite.

TREATED WITH BUFFALO, NY. RESULTS
RUBBER COMPOUNDS AGE-MASTER #1 AFTER ONE YEAR |
Natural Diene/Rubber No Very Severe Cracking
! 1 Natural/Diene Rubber Yes Crack Free
A !
‘f ties of rubber and affects the adhesive bond of tire com- EFFECT OF AGING IN RUBBER STRENGTH ]
i ponents, thus, as aging of a tire increases, the adhesion of AND ADHESION OF TREAD TO CARCASS 4
1
i

Oxidation also results in high heat build-up due to the loss

of hysteresis and resilience of rubber. Heat has an adverse

effect on the strength of rubber and adhesive bonds. As 60
temperature increases, strength decreases in a linear fashion

as shown in FIG, 6. A tire running at 210°F, is expected to

be operating at 50% of the initial tensile strength of the

rubber, 40% at 225°F and 30% at 250°F. This reduction in

strength is accentuated by the oxidation process and may

cause incipient separations, reversion and premature failure.

i s g e e e

20
PREVENTIVE ACTION

A o S i

The preceding discussion identifies the need for tire pro- 0 : . : : "
tection, and introduces a product to accomplish this task. 0 20 60 100

This new development for preservation of tires offers a MILES (x1000)
surface chemical treatment which effectively shields and 3
prevents oxidation and ozone attack of rubber. As shown FIGURE5 ]
in FIG. 7, the chemical treatment is accomplished by Reduction.in & : :
externally applying a specially designed chemical agent. fa:igl:::ffnr:]nbg: compound plopactitzULatoiging; 403
The material penetrates deep into the rubber, and provides )




a high concentration of an effective antioxidant at the We also recommend the incorporation of this approach on

surface and subsurface of the rubber where ozone attack future tire tests of military or aircraft tires.
and oxidation take place. It provides an intramolecular
stabilization sysem and its activity is not impaired by As a final comment, I want to emphasize that protection
flexing or scuffing during the service of u tire. of rubber contributes, substantially, to the preservation of
! f energy related materials, and particularly petrochemicals
" External treatment for the protectic~ of tire integrity used in rubber products.
for more retreads is an essential part vl tire maintenance. 4

The advantages of tire protection are the following:

e

Increase tire life and mileage performance
Increase carcass life for more retreads
Cooler running temperatures

Reduced expensive road calls and labor

. Reduced cost per mile EFFECT OF HEAT IN RUBBER STRENGTH
. Reduced Life Cycle Cost
TENSILE STRFNGTH % 3
The protective agent available for the external treatment of 100
rubber is AGE-MASTER #1, and it is produced by CHEM-

HEAT AGED

PRO MFG. CO., Inc. of Buffalo, New York, under U. S.
4 HOURS

i ! and Foreign patents. o

SUMMARY
60 I

It has been demonstrated that the present problem of tire

4 ! carcass degradation can be substantially diminished by ;m:guggm
chemical treating the surface of the rubber, This approach i
l will contribute to sound tire carcasses for retreading, and
g will make possible the increase of the present number (10- 20 |
15%) of re-built tires to the 70% level. as required by the
. ‘ Army. .
. 0 " " L A " s 4
3 The discussion and presentation of facts is to provide the 100 150 200 250
Army with information on advanced technology in this o
field, which is available for immediate application. TEMPERATURE  °F
)
! | For this reason, we are inviting you to explore with us this FIGURE 6 L
' novel approach in applications concerning vour particular Reduction in tensile strength of tire compounds with
_ studies in improving tire durability. increase in temperature.
i
i}
f E
? AGE-MASTER #1 EXTERNAL TREATMENT
i\ HOW IT WORKS
| AAIA
} PROTECTIVE —3 SUBSURFACE
W AGENT A4/ PENETRATION ,ﬁ
/) | 4 ]
Y
\{

RUBBER MATRIX

FIGURE 7

Externally applied to vulcanized rubber, AGE-MASTER #1 penetrates deep into the rubber, and provides an effective intra-
molecular protective system against oxidation and ozone attack.
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NATURAL RUBBER TRUCK TIRE SIDEWALL

CONSTANT LOAD AT S9% ILONGATION TR /il pulin Op/00F

i oy s B TOPTTPI Ty, ST TR - -

FIGURE 8

Natural rubber truck tire sidewall sample exposed to 36 pphm Ozone (ASTM D-1149) for 72 hours in an Ozone Chamber
at 75°F. Shown here stretched to 25% elongation under constant load, cracking destroyed the untreated side, while the

side treated with AGE-MASTER #1 did not crack at all.

The unprotected rubber lost all its elastic properties and strength, and it is a “dead’’ rubber. In comparison, the protected
rubber is like new, alive, and retained all its elastic properties and strength.

QUESTIONS AND ANSWERS

Q- What is the ozone concentration that we were talking
about under accelerated testing?

A: Most of the accelerated testing was conducted under

ozone concentrations of 50-55 pphm (parts of ozone per
hundred million parts of air). Other tests were also con-

ducted under 100 pphm ozone, in conformance with speci-

fications requiring extreme ozone resistance.

Q- Isit in an ozone chamber?

A: In an ozone chamber under controlled conditions for
ozone concentration and temperature at 75°F.

Q: Did the time of surface treatment and concentration
make any difference in the performance of the product?
A: Yes, the best time to apply the treatment is as soon as
the tire is cured, preferably at the final finish stage. If this
is not possible, we recommend treatment as soon as possi-
ble while the tires are relatively new, because oxidation
and ozone attack take place immediately after the tire is
out of the curing press. Early treatment will render the
best protection. Concentration is important.
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Another advantage of this system is that you can use it |
during the service of the tire as a preventive maintenance
program. Present tire maintenance programs require pro-
per inflation, tire rotation and tire balancing. They do not
include protective measures to prevent deterioration of
rubber (side-walls, and tread grooves), due to weathering i
and environmental exposure. Protective coatings are used
for the protection of houses and industrial installations
from deterioration and corrosion. Surface treatment of
metals is an advanced technology used to make metals
stronger, and abrasion and corrosion resistant. But, for
rubber and tires, we seem to be doing nothing for their
protection. If we are very serious about protection of tires,
there is one way that we can do it, and this is by using this
novel approach of surface treatment of rubber. Treated
radial tire sections tested under flex conditions in an ozone
chamber showed no cracking at the flex area after 15 days
of exposure. The same untreated sections showed flex
cracking within 2 days under the same conditions (50
pphm ozone).

Q: How do you apply this?
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A: Apply AGE-MASTER #1 using a brush, roller, airless
spraying or dipping. Application can be made at any time
before use or during service. New tires, not treated by the
manufacturer, can be treated by the user. Application is
very sivple. Manufacturers can treat tires befure or after
the final finish process. Treatment is completely dry in 15
minutes.

U Dees your material aetually migrate it the rubber 1o
form a barrier around the double bond?

A: Yes. The material as applied, soaks into the rubber, and
it is designed to be absorbed and deposited into the polymer
structure. It provides an intramolecular protective system
that cannot be removed by flexing or scuffing. The ma-
terial does not react with the polymer structure or double
bonds, but remains there to react with the elements (ozone,
or singlet oxygen) and arrest them before they will attack
the double bonds of the rubber. This is the function. The
material penetrates into the rubber | to 3 mils. Penetration
and absorption depends of course, on the type of rubber
and compound formulation. Type of fillers, plasticizers,
atn! patosity of ite vilesnirates s Tactas ouytrolling 1he
rate of absorption,

Q: Have you had any interest shown in the deicer boot
application?

A: Yes, Sir.

@ Who treats the deicer? The O.E. manufacturer?

A: No. Treatment of deicer boots is done by airlines and
the owners of private airplanes. They found out that AGE-
MASTER #1 is very efficient in protecting the deicer boots,
even though they are made of Neoprene, which is con-
sidered to be an ozone resistant elastomer,

Q: Why doesn’t B. F. Goodrich actually advertise this?

A: 1don't know, Sir. We are in contact with B. F. Good-
rich and of course they know about our material very well,
They have tested it, analized it and they know its function
and performance. So did Goodyear and major tire and
rubber manufacturers all over the world.

Q: Given that the tire manufacturer is not prepared to do
this immediately, how can the manufacturer of the tire do
it within a few weeks? Can it be applied by the user after
it’s been in storage for two or three months before he

gets it, and what is significant about it?

A: If a tire manufacturer is not prepared immediately to
do the treatment in a mass production assembly line, he
could do the treatment in a bay area, and as soon as the
area is available without any special equipment. The treat-
ment can be applied by the user after the purchase of
tires. It is recommended that tires be treated as soon as
they are manufactured, because oxidation of rubber starts
immediately after cure. The user should continue applica-
tion as a maintenance procedure to protect new surface
exposed, as a result of sidewall scuffing and wear.

The significant factor between treating a tire after manu-

facturing and a new tire that was stored in a warehouse for
a period of time, is that the tire from the warehouse has

TP ER ST L TR WA RS M M A

been already oxidized and already attacked by ozone.
Microcracking which may develop as a result of this ex-
posure, is the initiation of rubber degradation. Treatment
of this tire will prevent propagation of cracking, and
reduce the possibility of early fuilure. Military tires in
storage at various depots or in transit may severely de-
teriorate before any use. Early treatment of tires, there-
fuse, Yor prutection sad preservialion iy a sighilicut vos-
nomic factor.

Q: s there a time factor involved for how long this coat-
ing will protect?

A: From laboratory test data, and actual field service
performance of treated rubber products, we can state that
the treated products showed an outstanding resistance to
deterioration, with a service life longer than their un-
treated counterparts. The Air Cushion Landing System
trunk, for example, treated with AGE-MASTER #1 showed
no deterioration due to ozone for as long as 4% years of
outdour service and exposure under eonstant sirain of at
lease 25% (trunk’s relaxed mode). Similar untreated trunk
sectims tested unider e sanie unidons conditions deteri-
orated in 30 days exposure,

When the surface is severely abraded and the treatment
surface is removed, simple local application for the treat-
ment of the new exposed surface is sufficient to provide
the required protection.

The protective agent remains at high concentration on the
surface and sub-surface where ozone attack and oxidation
take place. This material gradually reacts with the ozone
and forms a protective layer of an ozonite compound. This
ozonite forms a barrier, so that ozone cannot attack the
rubber, and the singlet oxygen does not penetrate deep into
the rubber to cause damage to the tire casing. This is the
protective system.

Our technology and studies confirm with the findings of
the National Research Council of Canada. They have done
an extensive study on the degradation of rubber, and they
defined the factors which I presented in a very brief way.
Their findings coincide with our findings and this is why
we're trying to inform you on this development.

We have the material that works and does the job of pro-
tection and offers a solution to the problem of rubber de-
terioration.

To many of you who are not involved in rubber technology,
the complexity of the problem may not be very obvious.
However, this subject is very complex and extensive, Spe-
cifically on this subject, the State University of New York
is offering a five day symposium next month, and a seminar
on the rubber degradation and recent advances on the
stabilization technology of polymers. You can see how
extensive this subject is.
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INTRODUCTION

For many years, there have been only two practical bead-
inspection techniques available to the pneumatic tire in-
dustry. The first of these is hand and visual inspection,
which has been developed to a relatively high degree of
skill by trained tire inspectors. Nevertheless, in many cases
they are not able to find internal defects, particularly rela.
tively small ones, and for that reason many tire companies
have relied on a second inspection, that of x-ray or fluoro-
scopic examination of tires, to determine internal character-
istics of tire beads. One of the purposes of this present paper
is to discuss the development of methods for inspecting tire
beads which do not rely on these two conventional pro-
cedures. '

The ever growing us2 of radial tires leads to the suspicion
that because of their particular construction, bead loads
will generally be higher with radial tires than with conven.
tional tires. While unusual incidences of bead failure have
not been reported, nevertheless, tire beads do perform in

a cyclic stress, or fatigue limited, environment. Increased
retreading of radial tires is apt to result in the use of tire
beads over two or more life cycles under cyclic stress condi-
tions somewhat greater than would be the case with bias
ply tires. For this reason, mechanized or quantitative bead-
inspection techniques would be of considerable value to the
retreading industry.

Our previous work on the development of inspection tech-
niques for passenger car tire beads was in two areas. First,
we examined the general stress state in a tire bead on an
analytical basis. Information obtained from this analysis
was used to pinpoint the most likely areas of tire bead
failure.

A partial verification of this analysis was obtained by ex-
pertiitally nivasariig Uoad wire forees at Gifferent feea-
tions throughout the bead bundle. These measurements
showed a tendem‘y for an effective stress concentration to
exist in the first layer of bead wires, as predicted by analysis.

The seeond muior effort of thiv program wan a careful atudy
of several possible techniques for determining flaws in worn
tire beads. The techniques studied included use of x-rays,
electromagnetic eddy current detectors, and mechanical

devices. It was concluded that a mechanical head stiffness
monitoring system was the most practical means of identify-
ing apparent flaws in tire beads. This device consisted of a
modified belt-driven tire inspection machine instrumented
with a displacement indicator which showed positions of
unusual change in the bead contour and stiffness, These
positions were often locations of severe bead damage in- 1
cluding such surface flaws as cuts or chunks, as well as
kinks, bends, and broken wires in the bead bundle.

Upon completion of these two studies, described in [1}, it 4
was decided that further modification and automation of

the bead stiffness monitoring system was well worthwhile.
Such modifications and use of the resulting apparatus are

the major subjects described in this paper.

BEAD-INSPECTION ADAPTER —
APPARATUS AND TEST RESULTS

From the results of previous work, [1], it was decided that
the most practicable and usable device for detecting flaws
in tire beads was a mechanical one in which variations in
bead stiffness and contour could be continuously moni-
tored around the circumference of the bead. In order to
accomplish this in a practicable way, a bead-inspection
adapter (BIA) was designed which could be attached to
the spreader arm of an automatic tire inspection machine.
This device does not alter the basic design and operation
of the inspection machinc. A photograph of such a ma-
chine with a BIA attached is shown in Figure 1.

The basic feature of the BIA is a displacement transducer
which is spring loaded against the spreader arm of the tire
inspection machine. Tire beads are inspected as follows:
A tire is placed in the machine and the S}lTCadén artiis aic
positioned so that their rollers are in contact with the
inside edge of the bead. The arms are then spread by means
of & priviengtic oyt and siredldnitos! ke amsembly.
Attached to the arm is a displacement transducer which
converts the displacement of the spreader arm into an
electrical signal. A photograph of this BIA is shown in
Figure 2. As the tire is rotated by the motor-driven cylin-
drical drums of the tire inspection machine, a continuous
record of the displacement is displayed on an x-y plotter.
One axis of the recorded graph represents the relative dis-
placement of the transducer, while the other represents
the position around the circumference of the tire bead.
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Having developed the BIA and installed it in an automatic
tire inspector, a test and development program was begun
to evaluate its usefulness. It was used to examine the beads
of 70 tires, These tires were collected by a tire retread shop.
They were selected by a reputable shop manager who sorted
the tires on the basis of their bead condition. He purposely
included many tires with known bead flaws, as well as some
with good beads.

The major purpose of these tests was to establish a criterion
for detecting flaws in the bead region of tires. These could
be flaws such as cuts, chunks, bends, kinks and breaks.

As the 70 tires were tested, it became obvious that with a
little training one could learn to “read™ the bead signatures
recorded on the x-y plotter and identify tl.2 presence of
bead flaws. In addition, it became possible to recognize
certain characteristics of the signaturc which often indi-
cated the type of flaw present. A summary of these find-
ings is illustrated in Figures 3 through 8.

In Figure 3, the photograph shows a typical bead with
surface cuts. Above the photograph is a copy of the actual i
signature recorded for this bead on the x-y plotter, The
shape of this sudden drop in signal is characteristic of
serious bead surface cuts,

The photograph in Figure 4 illustrates a bead that was
badly chunked to the fabric of the bead bundle. A copy of
the signature for this bead is shown above the photograph
! and again illustrates a characteristic signal that typifies
: ‘ FIGURE 1 most chunked beads.
|

AN AUTOMATIC TIRE INSPECTION MACHINE WITH
A BEAD-INSPECTION ADAPTER (BIA) ATTACHED
TO THE SPREADER ARM

The BIA operates by displaying an electrical signal indicat-
ing deflection of the bead spreaders. In the vicinity of some
bead anomaly, such as a bead kink, a bead cut, a bead
chunk, a badly bent bead, or a broken bead, the bead
spreaders will deflect abruptly causing a rather sharp signal
to be produced in the electrical output of the system, This
abrupt change is either due to an unusual contour change or
bending stiffness. This unusual change, as compared with
the signal from the rest of the head, can be observed and
used to identify the presence of an anomaly.

It is interesting to note that each bead exhibits its own
individual. reproducible signature from the output of the

BIA. With some training, onc can learn to *‘read” these FIGURE 2 3
signatures and identity not only the location but, in many BIA USED FOR DETECTING SUSPECTED FLAWS ]
cases, the nature of the flaw. IN TIRE BEADS
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i ; TIRE M283-2 , . , ;
] {72 IN. ROLLER Location of two cuts in bead of tire shown below. ;

e
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| FIGURE 3. BIA SIGNATURE AND PHOTOGRAPH OF A TYPICAL BEAD WITH SURFACE CUTS
E ]
¢ ]
2
? Figure § illustrates a typical signal recorded from a tire Figure 6 shows a dissected portion of a tire bead that was
i bead with a severe bend. This type of flaw usually produces rejected because of a severe kink. This flaw was easily !
~ a large signal change. The photograph bencath the signature detected as the copy of the signature shows.
! shows that severity of this bend. Even though this illustra-
} tion scems to indicate that it is relatively easy to recognize The photograph in Figure 7 illustrates the dissected portion
a bent bead. it has proved to be the most difficult flaw to of a bead bundle with several broken wires. As seen from ;
P appraisc consistently. All bent beads show a decrease in the recorded signature, this flaw was also casily detected. |
signal to some degrec. However, it has proved difficult to
judge the severity of a bead bend strictly from the magni- At the conclusion of this test program. the retread shop
tude of the signal change. To date, we have tended to be manager's written assessment of the tire beads was com- |
more critical of bead bends than have visual inspectors. pared with the decisions made on the basis of records
l
{
{
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TIRE MR 289-3
Location of chunk in bead of tire shown below. 172 IN. ROLLER

y

-

FIGURE 4. BIA SIGNATURE AND PHOTOGRAPH OF A TYPICAL CHUNKED BEAD :
Location of bend in bead of tire shown below. :

TIRE MBO1-6
1/2 IN.ROLLER

- —— e ——

FIGURE 5. BIA SIGNATURE AND PHOTOGRAPH OF A TYPICAL DISSECTED BENT BEAD
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% TIRE M290-1
s 1/2 IN. ROLLER

f " FIGURE 6. BIA SIGNATURE AND PHOTOGRAPH OF A TYPICAL DISSECTED KINKED BEAD

Location of broken bead of tire shown below. ]

S

e TIRE M834 -1
X 0.6 IN. ROLLER
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FIGURE 7. BIA SIGNATURE AND PHOTOGRAPH OF A TYPICAL BEAD
DISSECTED TO SHOW A BROKEN BEAD
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from the BIA. A correlation between the acceptable and
unacceptable tire beads as determined by the shop man-
ager and the BIA is shown in Table 1.

As seen from this table, the operator of the BIA rejected
56 of the 57 tires rejected by the manager of the retread
shop. The BIA also accepted four of the 13 tires accepted
by the shop manager. It should be noted that of the nine
tires rejected by the BIA operator but accepted by the
visual inspector, six involved tires with bent beads. In each
of these six cases, the shop manager did not feel that the
nature of the bend warranted rating the tire unacceptable.
However, in the judgment of the BIA operator, each of
these bends produced a recorded signature such that it
was deemed appropriate to rate the tire unacceptable.

U the T tires weated thiere was vnly oo iliat wab igectid
by the shop manager but accepted by the BIA operator. In
this one case, the BIA failed to indicate the presence of a
cut i the bead rubber that had penctrated to the wire
within the bead bundle. This cut was also “against the

was the method used in the data discussed in the remainder
of this paper,

A final test program was set up to examine 1000 tire beads
with the BIA for the purpose of determining the reli-
ability of this device as a means of detecting flaws in the
bead region of tires, This program was divided into two
parts. In the first part, 140 tires (280 beads) were selected
by an experienced, professional tire inspector. Again, these
tires were carefully chosen to include a wide variety of
bead flaws, as well as some good beads.

These 280 beads were each examined with the BIA and
then ins.pec'ml visuglly hy the inspector A summary of the
correlation between the BIA and the human inspector is
shown in Table I1. From this table, it is seen that in nearly
RAT ol the dests, e two mesulis wend i ksl ayréemeil
Another 7% of the cases found the BIA operator rejecting
a bead which had been approved by the visual inspector.
Most of these disagreements involved bent beads. The re-
mainin 3 9% of the cases were those in which the visual

: grain,” meaning that the cut was such that the rubber was inspecror rejected the bead but the BIA operator accepted
! pressed back into the cut region as the roller passed over it. Most of these cases involved beads that had been dam-
the damaged area. aged on the outside surface of the bead where the roller of
P the inspaction meckine does ot make contet bt wher
| The results of these preliminary tests indicated that the the flaws are casily scen.
BIA could be successtully used to discriminate between
| tire beads with no flaws and those with such tlaws as cuts, From the results of this 140 tire sample. it is concluded
1 chunks, bends, kinks, and broken wires. that the tire inspection machine with an attached BIA is
' capable of identifying beads with unacceptable flaws. How-
Although the major purpose of this part of the test pro- ever, it should be remembered that this was not a typical
: gram was to develop criteria for the rejection of tires with sample of tire beads found in the ficld. It was heavily biased
bead flaws, another important conclusion was drawn from toward beads with flaws — 57%., In the actual service, the
| these tests, 1t becamie obvious that one could learn to fraction of unaceaptable tire beads is much srialler.
} “read™ the tire's recorded signature and from this deter-
p mine the presence or absence of bead flaws. However, the The second part of this test program involved using the
: : .uas.liludy ol the vuiput aiglml was nut Tie uul_y Talto1 in i‘l'l'&'pt\:\';vln machiie i 4 retrend 5{\0}. to examidie 720 1ot
g determining whether or not a bead was acceptable. Instead, tire beads. These tires were randomly selected from the
] it was necessary to observe sudden as well as large signal large inventory collected by the retread shop Onee again,
; changes. One way of doing this is to graphically display the these beads were examined independently by a human
: signal on an x-y plotter and then interpret the record. This inspector and by the BIA operator. A summary of the cor-
|
?
|
S
- TABLE 1. - SUMMARY OF RESULTS OF VISUAL AND BIA INSPECTION
3 t TECHNIQUES — 70 TIRES OF ORIGINAL TESTS
4 i Human Inspector’s BIA Operator’s
i Assessment Assessment Number
] i of Bead Quality of Bead Quality of Tires
i, AY
( | Not acceptable Not acceptable 56 (80%)
v Acceptable Acceptable 4 ( 6%)
1 Acceptable Not acceptable 9 (13%)
Not acceptable Acceptable 1 (1%)




relation between the two inspection techniques is shown
in Table I11. In this summary, it is seen that in nearly 93%
of the cases, the BIA operator agreed with the human in-
spector, Of the remaining 7%, approximately one-half were
rejected by the BIA operator but accepted by the human
inspector, Of these disagreements, approximately 75%
involved bent heads. In the remaining cases, the human
inspector rejected the beud and the BIA operator accepted
it. 1t was found that nearly half of these disagreements in-
volved damages on the *“flat™ or outside of the bead area.
Most of the remaining discrepancies involved beads with

cuts “‘against the grain” or ones with long, shallow chunks,
It is also noted that the total percentage of unacceptable
beuds in this sample was approximately 25%, which was
much less than the 57% found in the previous sample.

Several other important observations can be made from
data collected in this program. For instance, as it became
obvious that there was a relatively high percentage of
tires with bead anomaties (257), a complete listing was
made of tire bead tlaws, A tabulation of these is shown
in Table IV. Here it is seen that nearly all flaws are as-

TABLE II. - SUMMARY OF RESULTS OF VISUAL AND BIA INSPECTION TECHNIQUES -
140 TIRES (280 BEADS) — PHASE | — 1000 BEADS TEST PROGRAM

Human Inspector’s
Assessiment
of Bead Quality

BIA Operator’s
Assessiient Number
of Bead Quality of Beads

Not acceptable
Acceptable
Acceptable
Not acceptable

135 (48.2%)
100 (35.7%)
20 ( 7.1%)
25 ( 8.99%)

Not acceptable
Acceptable
Not acceptable
Acceptable

TABLE IlI. - SUMMARY OF RESULTS OF VISUAL AND BIA INSPECTION TECHNIQUES -
360 TIRES (720 BEADS) — PHASE 11 - 1000 BEADS TEST PROGRAM

Human Inspector’s
Assessment
of Bead Quality

BIA Operator's
Assessment Number
of Bead Quality of Beads

Not acceptable
Acceptable
Acceptable
Not acceptable

Not acceptable 139 (19.3%)

Acceptable 527 (73.2%)
Not acceptable 28 ( 3.9%)
Acceptable 26 ( 3.6%)

TABLE IV. — FLAWS DETECTED BY VISUAL INSPECTION - 383 DAMAGED BEADS

Percentage of flaws contributed by bead surface cuts
Percentage of flaws contributed by bead surface chunks
Percentage of flaws contributed by surface tlaws on “*flat’™ of the bead or outside

Percentage of flaws contributed by kinked beads

Percentage of flaws contributed by severe bead bends
Percentage of flaws contributed by broken bead wires

17.3%
60.8%
9.1%
3.1%
9.4%
0.3%

el o
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sociated with damage occurring during the mounting or
dismounting of tires. Although this program provides
no remedy for such occurrences, it does provide clear
evidence that there is a real need for improving mount-
ing and dismounting techniques,

During this test program, a total of 29 beads with suspected

flaws were examined further by dissecting the suspected
arca, Obscrvations of these beads, in most cases, verified
that the suspected flaws were indeed present. However,
in a few cases no real flaws were found.

The results of the tests described above attest to the fact
that it is feasible to design an adapter for a commercial
inspection machine that can detect the presence of com-
mon bead flaws. The high percentage of agreement with
visual and tactile techniques indicates that this inspection
system can be reliable.
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In general, tires are tested for endurance performance by
either outdoor or indoor test procedures.

The outdoor test procedure determines the endurance per-
formance of the tire by driving the tire continuously at
specified tuads and speed conditivns on a test route to

N represent the extremes of customer usage.

The findoer test procedire detomtnes the endbiraice per
formance performance of the tire by running the tires at
specified loads and speed conditions on a smooth steel
flywheel.

The majority of tire endurance tests are performed indoors.
The indoor tests, which are generally run under far more
severe conditions than those encountered on the road, pro-
vide an indication of the tire’s durability in a fraction of
the time which would be needed for equivalent outdoor
tests. Department of Transportation (D.O.T.) standards
specify test conditions and tolerance levels with respect to
load, inflation pressure, speed. and ambient temperature.

o e s

This paper addresses the problems encountered by testing
feactdiies o et thicse requiremrents aud preserts 1 sole
tion to one particular problem, namely the regulation of
the load to which the tire is subjected during the endurance
i o test cycle.
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{ FIGURE 1
o TIRE TESTING MACHINE (HYDRAULIC)
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NEW APPROACH TO NON DESTRUCTIVE ENDURANCE
TESTING OF TIRES

A. Stiebel and J. H. Lyngsgaard
UNIROYAL TIRE COMPANY
6600 E, Jefferson
Detroit, M1 48232

Although not originally intended, the solution to the load
regulation yielded another important feature which enables
detection of the onset of tire failure, This feature provides
the means to truncate the endurance test before massive
destruction of the tire occurs, thus enabling the tire en-
gineer to analyze the cause of failure in statu nascendi.
Efforts to detect incipient failures using infrared and ultra-
sonic methods have been described in the literature (1, 2,
13, However, pour reliabliity of Jetedtion and the méve
sity for costly and sophisticated instrumentation to achieve
detection curtailec wide spread use of these methods,

The problem of load regulation has plagued the tire in-
dustry since the introduction of closed loop hydraulic
systems (Figure 1), replacing older type machines which
used weights for loading purposes. (Figure 2)

The reason for introducing loading methods other than
dead weight was obvious. Dead weight systems have in.
herent disadvantages. They are bulky, require supervision
and cannot be programmed to perform automatic load
changes. The approach to the solution of this problem
must have looked simple; replace the dead-weight loading
part of the tite endurance test muchine with &0 sutoimalie
loading system. Moreover, it seemed to be a foregone con-
clusion, that whatever type of loading method would be
used, it had to be a closed loop servo system. After all,

FIGURE 2
TIRE TESTING MACHINE (DEAD WEIGHT)
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how else can one hold an applied load constant under
varying pressure conditions. Consequently, machines

were built based on servo systems which controlled either
screw type or hydraulic loading systems. The results were
far from satisfactory. The load which the system had to
control consisted of an inflated rolling tire which exhibited
features generally associated with springs. This property of
the tire caused the servo system to overshoot the set point
which frequently resulted in “hunting™, that is, over cor-
rection and oscillation of the servo system. Moreover, tire
force variations and long duty cycles (endurance tests can
last up to 90 hours) placed high demands on the servo sys-
tem and its associated electronic and mechanical subsystems,
resulting in high failure rates.

1t did not take long to realize that closed loop motor driven
screw loading servo systems performed worse than piston
type hydraulic systems. The motorized screw could not
react fast enough, which caused large excursions around the
load set point. These excursions exceeded the D.O.T. spe-
cifications which made the designers abandon the simpler
screw type system and settle on the more complicated but
faster hydraulic approach. Sophisticated electronic servo
circuits had to be designed to assure correct servo action
under the adverse conditions encountered by tire test
machines.

Special servo valves were developed which had to with-
stand the continuous demands of the servo systems over
prolonged periods. And yet, in spite of all these improve-
ments, hvdraulic servo tire loading systems continue to
break down frequently, causing lost test time and exces-
sive maintenance costs.

Serious doubts were raised as to whether the hydraulic
systems were indeed designed to meet the specific test
requirements and 1diosyncracies of tires, [t rather seemed
that dead weight systems were replaced by hydraulic sys-
terniwithout i e'uw of o thisriaul amalyuid ofF the 1gsl
at hand. It was, therefore, decided to launch an investiga-
tion to cover the following points:

1. Review existing tire loading machines and their
relative merits,

2. Analyze tire response and machine performance
during typical tire endurance tests.

3. Determine absolute requirements of loading systems
necessary to meet D.O.T. endurance specifications.

4, Based upon above conclusions, determine if a simple
reliable loading system can be developed.

5. If affirmative — design said system and build proto-

type.

The conclusions based on steps 1 through 4 pointed out
that it should be possible to design a loading system, which
would perform all necessary functions, yet would be far
simpler in design than present day hydraulic systems, Con-
sequently, a prototype loading system was designed, built
and put into operation in the Uniroyal Test Wheel Depart-
ment.

The performance of the prototype met all design criteria.
The controlled load stayed well within D.O.T. specifica-
tions and tolerances. The prototype accomplished these
functions in a simple straight forward manner, without
having to resort to complicated hydraulic closed loop servo
systems. Because of its simple and rugged design, excessive
downtime as experienced with hydraulic systems is prac-
tically non-existent. Since the system is basically an electro
mechanical system, it can readily perform automatic load
changes. Additional electronic circuits detect the onset of
incipient failures in the tire, and provide means to truncate
the test. In summany, the systen is on par with commercial
systems with respect to D.O.T. specifications, but outper-
forms these systems in efficiency and reliability,

HISTORY

The tire industry uses a variety of tire endurance test ma-
chines which employ different loading techniques. In
general. those loading techniques fall into two categories:

1. Decad Weight Loading
2. Hydraulic or Air Cylinder Piston Thrust Loading

LEVELING SCREW — L l
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FIGURE 3

“GOVERNMENT” MACHINE (TOP VIEW)
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FIGURE 4
“GOVERNMENT" MACHINE (SIDE VIEW)

WEKIHTS
FIGURE 5
DEAD WEIGHT LOADING SYSTEM, “GOVERNMENT’ MACHINE
Dead Weight Loading the rigid lever are F g 1 and F £ 5. Note that the lever

Machines which use dead weight loading invariably utilize
mechanical leverage systems with different arm ratios to

apply the load to the tire. The Government carriages, Mc-
Neil carriages, Adamson machines, passenger Flat Belt and

Lateral Thrust machines belong into this group. Since all of

these machines use the same basic method but differ only

in the application of same, it suffices to describe the opera-

tion of one typical machine in order to explain the under-
lying principles of the dea.!-weight loading group.

Figures 3 and 4 depict the top and side view of the Govern-

ment machine* which uses the dead weight loading prin-
ciple. The tire is mounted on a movable carriage which is
forced towards the roadwheel through a lever-weight sys-
tem.

As can be seen from the enlarged section in Figure 5, the
moments in the X and Y axis around the fulcrum (B) of

*So called, because these were the first tire testing machines built according to Bureau of Standards’ specifications.
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is designed such that AB 1 BC
Q’ (2

where F is the force due to the applied weight (W) and
F, is the force exerted by the roadwheel perpendicular to
the tire axle, ¢; and Q2 are the respective lengths of the
levers as measured from the fulcrum (AB and BC). Gen-
erally, the relationship between Q and 4 is 3:1, This
means that in order to load the tlre with 1§00 Ibs., only
600 Ibs. have to be applied at point A of the lever.

At equilibrium

or !‘2 F]

The above relationship (1) is true only if lever AB is bal-
anced horizontally. Although the applied load (e.g. 600
1bs) does not change under imbalance conditions, the
test load will be affected by the imbalance. It is, there-
fore, imperative to carefully balance the system in order
to apply the correct load to the tire.




As mentioned, all dead weight loading systems use the The loading system common to the machine just described
principle of leverage in order to reduce the weights to and any other brand of hydraulic loading machines thus
manageable units. To illustrate this point, we shall show contains the following components:
two more machines; the Overhead Adamson machine

) Figure 6, and the McNeil Carriage, Figure 7. Pump Motor

; Hydraulic Pump

Although the design of these machines differs considerably

from each other and from that of the Government machine, Reservoir and Filter

the underlying principle is the same. In each case, we see 0il Temperature Control System
again the levers ¢ and @5, the pivot point B and the Check Valves and Contro! Valves
|, levelling screw L.

System Pressure Regulator (Open Loop) or Feed-

Hydraulic Piston Thrust Loading back Regulation (Closed Loop)
Load Cylinder
y Machines belonging into this category replace the dead
weight with a hydraulic cylinder-piston mechanism. The Modern type hydraulic loading machines invariably use the
load-cylinder centerline concurrently intersects the tire closed lnop approach which requires in addition to the
spindle centerline at 90 degrees and the center of the tire above, a hydraulic servo valve controlled by cylinder
both radially and in the plane of the tire, Thus, the force mounted load cells and electronic circuitry.
of the cylinder rod is the load on the tire. Figure 8 shows
the essentials of a typical hydraulic machine. The tire is A typical servo controlled system is depicted in Figure 9.
mounted on a spindle which is attached to a movable
. carriage. The carriage is free to move horizontally on two Operation is as follows:
3 7 round ways, one mounted directly above the other, Ball
: bushings per way keep the drag low. The cylinder is flange The required test load (T+RA) is entered as an analog volt-
! mounted to the machine’s end frame. The piston rod at- age into one side of a comparator. The analog voltage of
\ taches to the carriage by means of a self-aligning rod end. this command signal is amplified in a power amplifier

4,

WEIGHTS

FIGURE 6
DEAD WEIGHT LOADING SYSTEM, ADAMSON OVERHEAD MACHINE
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FIGURE 7
DEAD WEIGHT LOADING SYSTEM, McNEIL CARRIAGE
MOTOR
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FIGURE 8
HYDRAULIC LOADING SYSTEM
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FIGURE 9
SERVO CONTROL SYSTEM

which drives the servo valve. The servo valve controls the
hydraulic fluid flow which in turn actuates a hydraulically
operated piston. The piston drives the tire assembly against
the roadwheel until the correct load, as sensed by a load
cell, is reached. The load cell signal is compared to the
command signal and if both are equal, the servo valve will
maintain the required load. A change in command signal
or load cell feedback signal will result in an error signal.
This error signal causes the servo valve to correct the load
until the error signal is reduced to zero. At that point, the
system reaches a condition of equilibrium.

Feedback is necessary in any control system that must
provide accuracy and response. Feedback is absolutely
essential in any application using an electro hydraulic
servo valve because of null bias present in all servo valves.
We shall come back to this point in a later part of this
paper when we compare the merits of electro hydraulic
servo systems versus the merits of the system as described
in this paper.

In order to correctly assess the part the loading system
plays in the overall system of a tire endurance testing
machine, an understanding of the FMVSS endurance test
is essential. The following is a brief version of the D.O.T.
109 test.

FMYVSS 109

Tires designed for highway use on passenger vehicles,
trucks, buses, trailers and motorcycles are subject to testing
in accordance with Federal Motor Vehicle Safety Standards
(FMVSS 109 or FMVSS 119).
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These standards require the determination of minimum tire
performance levels when same are tested on smooth fly-
wheels. Two tests are performed: Endurance (a step-up
load test) and High Speed Performance (a step-up speed
test).

Tests are conducted on 67.23" diameter smooth steel fly-
wheels (one revolution of the flywheel gives 1/300 mile tire
travel). The flywheels must be at least as wide as the tread
of tl(\)e tire under test. The ambient temperature should be
100F.

The U.S. Dept of Transportation specifies the operating
tolerances of the FMVSS test parameters as follows:

Tire Load in pounds +0 to 40 Ibs.
Tire Speed in MPH +0to - 2MPH
Test Area, Temperature in °F £ 5°
Tire Inflation Pressure +2 to -0 PSI
Time (Cycles)

4 hours +0to - 2 minutes

6 hours +0to - 3 minutes

24 hours 40 to -10 minutes

It is further specified that the load reading in pounds must
be made from load cells located directly on or adjacent to
the test tire axle. Load cells located on the test tire car-
riage are acceptable provided the load recording indicates
when the tire is actively engaged or disengaged from the
test wheel.




v | inch
TEMPERATUNE
140°4
AIR PRESSURE L0
2 75
OEFLECTION
0128
2
0 30 min ‘o'mm TIME
FIGURE 10

TIRE PARAMETERS CHANGE
DURING ENDURANCE TEST

Immediately after running the tire the required time, the
inflation pressure is measured. Tire pressure at the end of

the test shall be no lower than starting pressure. After cool.

ing the tire for one hour, it is removed from the test rim
and visually inspected. After completion of the endurance
test, the tire shall have no tread, sidewall, innerliner, ply,
cord, or bead separation, chunking, broken cords, cracking
or open splices. Thus far the FMVSS specifications.

It is interesting to note that the specified load regulation is
given as a fixed maximum quantity by which the applied
load may vary (+0 to 40 Ibs). In terms of percentage load
regulation, this means that at low load, the regulation can
be as high as 4%, whereas at the high end of the tire load
spectrum, regulation may have to be better than 1%.

A second point of interest is the determination of the
tolerance limits, namely +0 Ibs. and 40 lbs. This means
that the applied load is not allowed to vary by any amount
above the specified test load, but can vary by as much as
40 Ibs. below that value. Closed loop systems, which of
necessity have a t excursion cround the load set point
cannot run the tire at the exaci test load, but have to ad-
just the load to a value which i below the test load by a
certain amount. This may not e detrimental at high loads,
but will introduce a significant error at low loads. Thus,
the D.O.T. #pecilications present a Torniidabie problem to
closed loop servo systems, which 1s not easily solved by
conventional means.

The Behavior of the Tire During a Typical Endurance Test

In order to gain a better understanding of the design cri-
teria for the construction of an automatic tire test loading
system, one has to analyze the various factors which in-
fluence the performance and accuracy of the system. One

1000 s
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FIGURE 11
CONSTANT LOAD (SEE TEXT)

of the major factors the loading system has to contend
with is the change of the tire’s parameters during an en-
durance test.

Figure 10 shows typical temperature, pressure and deflec-
tion curves which were obtained with a tire loaded at
T&RA load against a roadwheel at a rotational speed of
50 mph. The starting inflation was 24 psi. It is generally
assumed that the following chain of events takes place:
Due to the hysterestic losscs in the tire materials, heat

is generated. The air inside the tire cavity will reach a
higher average temperature than at the beginning of the
rolling process due to heat conduction, and this causes a
higher pressure than the original inflation pressure of the
tire due to the increased temperature of the trapped air.
This pressure rise causes a reduction in tire deflection
which in turn slows down the rate at which the tempera-
ture increases. In addition, the hysteresis characteristics of
the visco-elastic tire materials also generally decrease with
higher temperature. These interactions, while complicated,
all tend to cause the deflection to decrease as time goes on,
until equilibrium conditions are reached. At the point of
thermal equilibrium, the rate of heat generated in the tire
is equal to the rate of heat dissipated into the oulside
world through convection, conduction and radiation. From
that point on, the deflection of the tire stays constant
throughout te remainder of the endorance test, wiless of
course, the development of an abnormal condition in the
tire changes the thermal equilibrium point.

Deflection and Load

The charige in the tire defiection directly aifects the test
load, except in the case where the load is applied vertically
to the tire and is not obstructed in its movement in the
vertical plane. The following figures (11, 12) compare dif-

i




FIGURE 12

a. COLD TiRE LOAD
b. TIRE LOAD AFTER WARMUP
¢, RE-ADJUSTED LOAD

ferent methods of load application and their respective
means to keep the load constant under varying tire deflec-
tions.

Figure 11 shows a vertical load applied to the tire. At the
cold inflation pressure, the tire deflection caused the tire
axle to be above ground by a distance €. After warmup,
(Figure 11b), the deflection decreased with the result that
the tire axle moved up assuming a new distance of €,
above ground. The weight (load) on the tire moved up by
the same amount and obviously did not change its value.
Under those conditions, the load stays constant and is not
affected by changes in tire deflection.

Let us now again apply the load vertically, but instead of
a weight we shall use a screw type loading system. (Figure
12)

The load is adjusted to 1000 Ibs. by turning the screw until
the load indicator shows that amount. Inflation pressure is
24 psi (cold) and axle height is €. After warmup, the in-
creased inflation pressure (32 psi) appears as an addition to
the 1000 Ibs. force and the tire experiences a resultant load
of 1,250 Ibs. (Figure 12b)

In order to return to the original test load, the screw is
backed up until the load indicator shows 1000 Ibs. Measure-
ment of the axle height now shows ¢, (Figure 12¢) which
is the same distance as shown in Figure 11b for a warmed
up tire under non-restricted load conditions.
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The principle just described applies to any type of loading
system, and either manual or automatic load regulation
has to be performed in order to compensate for the in-
crease in tire inflation pressure during the warmup period.

In the case of dead-weight systems, as for instance the
government machine, the decrease in tire deflection causes
carriage (D) to move toward lever BC. (See Figure 5) This
causes levers BC and AB to move out of the balance posi-
tion with the result that the tire test load has now changed
from the required value to an incorrect value. To rebalance
the system, the distance between the carriage D and the
lever BC has to be decreased by an amount equal to the
change in deflection. In practice, this is accomplished by
turning levelling screw E until lever AB is again levelled.

In the case of electro-hydraulic servo systems (See Figure 9)
it is the load cell which senses an increase in test load be-
cause of an increase in inflation pressure. An error signal is
thus created and a command is given to the piston to back
up until the load cell again senses the required test load.

Load Regulation

Armed with an understanding of the interaction between
tire inflation pressure and test load, we shall now proceed
to analyze the performance of the load regulation system
during a typical tire endurance test,
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Figure 13 shows test load deviations from the nominal test
load taken over a major part of the endurance test period.
The test load graph is typical of dead weight loading systems
where the adjustment is performed manually.

A typical test sequence is as follows:

The test starts with the tire under the correct T&RA load.
Within minutes, the tire begins to warm up which is re-
flected in an imbalance of the loading system. The first
adjustment is performed at approximately 15 minutes

after the start of test, bringing the test load back to normal.
The tire continues to warm up, and another adjustment is
performed. Typically, after 45 minutes, the tire has reached
a thermal equilibrium state, Another adjustment is made
and from that point on inflation pressure stays constant,
Consequently, there is no further need for additional ad-
justment of the test load for the remainder of the test.

Automatic loading systems perform the regulation in pre-
cisely the same way. Figure 14 shows the relationship
between tire inflation, piston travel and regulated test load.
The curves are typical for any hydraulic servo loading sys-
tem, The piston is backing up, compensating for increasing
load, thus keeping the test load constant throughout the
test.

The oscillatory waveform of the test load and piston travel
curves is the result of the hydraulic servo valve action. In
an ideal valve, the controlled oil flow is directly propor-
tional to the error signal, so that at zero error, control flow
is zero. In a real valve, such is not the case. A slight error
signal so-called null bias is required to bring the valve to
null. This action of the servo causes a continuous flow of

1,250 4
LOAD INCREASE MANUAL ADJUSTMENT
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FIGURE 13

TYPICAL TEST LOAD CURVE WITH
DEAD WEIGHT LOADING SYSTEMS

oil into and out of the loading cylinder, with the result
that the loading system is never at rest during the entire
endurance test.

Be this as it may, the basic performance of any of these
loading systems is the same and is governed by the follow-
ing two criteria:

1. Tire load increases because of increase in inflation
pressure.

2. Tire load stays constant at thermal equilibrium,
This leads to the following important conclusions:

1. Load regulation has to occur in one direction only
(decrease load).

2. Load regulation is not necessary after thermal equi-
librium has been reached.

These conclusions in conjunction with D.O.T. specifications
provided the basis for establishing the minimum necessary
requirements which had to be met by a tire louding system,
Namely:

1. LOAD RANGE 300 Ibs. to 3000 Ibs.

2. LOAD ACCURACY +0 to 40 Ibs. at any setting
3. LOAD REGULATION  Uni-directional

4. DUTY CYCLE System to be operative only

when regulation is required.

pei | ineh e
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FIGURE 14

TYPICAL TEST LOAD CURVES WITH
AUTOMATIC LOADING SYSTEMS
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5. LOAD CHANGE Automatic and

programmable
6. CONSTRUCTION Rugged and simple
The rationale for these six requirements is as follows:

1. LOAD RANGE

The load range depends on the type of tires to be tested.

The load range of 300 Ibs. to 3000 Ibs. is for passenger
car tires.
2. LOAD ACCURACY

The degree of accuracy needed in keeping the required
test load is based on D.O.T. specifications.

3. LOAD REGULATION

Analysis revealed that regulation is required in one
direction only. That is, during the early part of the test,
the load on the tire is continuously diminished in order
to compensate for increase in tire pressure. It should be
mentioned at this point that uni-directional regulation
will always occur under normal operating conditions,
provided that ambient temperature and speed remain
constant and no air loss occurs in the tire. Under vary-
ing operating conditions, thermal equilibrium will
change and may cause an increase or decrease in infla-
tion pressure and/or test load. However, abnormal con-
ditions a priori mean that the test should be truncated
since it does not conform to D.O.T. specifications,

4. DUTY CYCLE

The system performing the load regulation should be
active only when called for. This is advisable for any
servo regulation system but more so for a tire endurance
test regulation system since it has been shown that the
major part of the test does not require regulation at all.
In other words, energy should be expanded by the sys-
tem only when regulation is performed.

S. LOAD CHANGE
FMVSS 109 and 119 call for a number of load changes
during the SUL (stepped up load) cycle. The system
should be capable of automatically stepping up the load
to a pre-programmed new test load value when so
desired.

6. CONSTRUCTION

Construction has to be simple and rugged. Tire endur-

ance tests are performed under severe and adverse con-
ditions. The employment of delicate control units and

instruments should be avoided. Operation must be reli-
able and virtually maintenance free.

Evaluation

Having thus established the minimum absolute require-
ments for an automatic tire loading system, we shall now
proceed 1o evaluate existing loading systems in the light
of these criteria. The results arc tabulated in Chart 1.

EVALUATION OF COMMERCIAL LOADING SYSTEMS
TYPE OF REGU~ ADJUST~ | POWER RELIA- | ADVANTAGE | DISADVANTAGE
LOADING METHOD [y aTION | MENT  |REQUIRED | BILITY
MANUAL ADJUST-
NONE MINIMAL MENT, BULKY,
DEAD WEIGHTS | # 5 1bs| MANUAL | (GRAVITY)]EXCELLENT | MAINTENANCE | NON-PROGRAMABLE,
WEIGHT LEVERS NO LOAD READOUT
e | e
PISTON LOOP CONSUMED OPERATIONs | ~onTINUOUS WEAR'
THRUST HYDRAULIC [+ 10 1bs JAUTOMATIC |DURING POOR PROGRAMABLE| 1ean
SERVOQ ENTIRE LOAD NOISE POLLUTION
SYSTEM TEST READOUT
CLOSED PONER EASE OF DEAD ZONE
mecuanicaL | L99P CONSUMED OPERATION, | PROBLEMS,
SCREW SERVO t+ 20 1bs JAUTOMATIC JDURING FAIR PROGRAMABLE ,] HUNTING,
CONTROLLED 90% of LOAD CONTINUOUS WEAR-
DRIVEN TEST TIME READOUT TEAR
SCREW
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Design Guide Lines

The information thus far presented, inevitably led to the
followinng conclusions and design guide lines.

1. Since there is ito need for load regulation in both direc-
tions, there is no need for sophisticated hydraulic servo
systems. This eliminates in one fell swoop severe main-
tenance problems caused by continuous wear and tear
on pistons delicate servo valves, contamination of
hydraulic oil, leakage, etc., etc.

[ %)

. Uni-directional load regulation also eliminates the need
for closed loop servo controls as used with motor driven
screw type systems. Although these systems are designed
to stop the screw action within a certain *‘dead zone™,
thus improving efficiency, it turned out that the electri-
cal adjustment of the dead zone was very critical, result-
ing in an unreliable regulation.

3. Automatic load control is superior to dead weight load-
ing. It eliminates the need for heavy weights to be
manipulated by the operator.

As dictated by the design guide lines and conclusions, the
final design resulted in a straight forward, simple, loading
system which is operated by the following:

1. Motor driven screw type loading.

9

. Uni-directional automatic load regulation,

3. Programmable load change control.
The heart of the system is a directional control unit which
sees to it that regulation takes place in one direction only.
Moreover, this unit also assures that regulation occurs only
when called for, thus providing a highly efficient system.

Figure 15 shows an operational flow diagram of the system.

AMPLIFIER DIRECTIONAL CONTROL

DIALED LOAD

| SPSEE——

The required load is dialed in and appears as an analog volt-
age at comparator C. The load cell which is mounted in line
with the loading screw supplies the analog tire load signal

which is to be compared with the dialed-in load in compara-

tor C. As long as these two signals are not equal, compara-
tor C provides an output signal which is amplified and
passed through the directional control to motor M. The
loading screw, driven by motor M, will move the tire
against the roadwheel until tire load equals dialed-in load.
Bypassing the directional control makes the just described
control system look exactly like a typical closed loop servo
system, It is the introduction of the directional control
which changes the universal closed loop servo system to a
system which is optimized for the task at hand, namely,
regulating the load for tire endurance testing purposes.

Action of the directional control is best explained with the
aid of Figure 16.

Let us assume that a test load of 1000 1bs. is required and
has been dialed-in. Initially, the directional control has set
the motor rotation into the clockwise mode, thus driving
the loading screw forward with the result that the tire is
being loaded. When the tire load equals 1000 ibs., the com-
parator output equals zero. This zero crossing signal is used
to cause the directional contro] to reverse the rotation of
the motor and to stay in that mode for the remainder of
the test. As the tire warms up, the test load increases, caus-
ing an error signal. As explained previously, this signal
causes the motor to operate and turn the screw in a counter
clockwise direction until the test load again equals the
dialed-in load.

There is a slight overshoot because of inertia in the system
causing the regulated load to settle at approximately 5 Ibs.
below the set point. The tire continues to warm up and the
test load again crosses the dialed-in load level, causing an-
other cycle of load regulation. These cycles continue until
thermal equilibrium is reached at which point no further
regulation is required.

MOTOR SCREW LOAD CELL TIRE TEST WHEEL
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FIGURE 15
OPERATIONAL FLOW DIAGRAM (SEE TEXT)
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TYPICAL REGULATION PATTERN WITH
UNI-DIRECTIONAL LOAD CONTROL (SEE TEXT)

The remarkable reduction in motor power consumption is
shown in Figure 16 c. The motor is required to operate only
when the test load exceeds the predetermined level, and
then only for the short time needed for backing up the
screw. In between these points, the motor is shut off com-
pletely. Since most of the test is conducted in an equilib-
rium state, the motor and associated mechanical members
are hardly used, resulting in an excellent reliability of the
system, It is, of course, the introduction of the directional
control, which, by allowing load regulation in one direction
only, enabled the design of a reliable and rugged loading
system. And this, we believe, would not have been possible
without a detailed analysis of the endurance test as pre-
sented in this paper.

Although not originally intended, the uni-directional method
yielded two additional important features;

1. Detection of change in test conditions as caused by
air loss, ambient temperature, roadwheel speed, etc.

ey wos e
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2. Detection of the onset of incipient failure, which
enables a truncation of the test before tire destruc-
tion.

A discussion of these features will follow the next chapter
which describes the electronic circuitry of the loading

system. } a
Electronic Control Circuits 3

A functional block-diagram of the electronic portion of the
loading system is presented in Figure 17, The design is
straight forward and utilizes off the shelf items such as
signal conditioners, motor control units, etc.

Figure 18 shows a diagram of the complete circuit. Load
regulation, load programming, incipient failure and ab-

normal condition detection are all accomplished with the
aid of three op-amps, a few transistors and five relays. It |
is not the intent of this paper to give a detailed description , 8
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of the circuit, However, some explanation is necessary in
order to understand the detection features.

The output signal of the load-cell (which senses the ap-
plied test load) is amplified in a special instrumentation
amplifier Aj. The gain is adjusted to provide ImV per

1 1b. load. The amplified signal is filtered (force variations
are removed) and is then applied to the input of amplifiers
A2 and A3. Amplifier A3 compares the load cell signal
with an analog load setting signal E3. When the load cell
signal exceeds the set load E3, amplifier A3 changes its
output polarity and causes relays RY3 and RY4 to pull in,
Relay RY3 is the previously described uni-directional con-
trol. Its function is to change the direction of the screw
loading motor into the reverse mode and slow down the
rotational speed of same. The relay will stay locked for
the remainder of the endurance test, thus keeping the
motor in the reverse mode and allowing only backup
motion of the screw if regulation is required. Relay RY4
will turn the motor off when the screw has backed up suf-
ficiently to return the load cell signal to just below the

set load signal.

Monitoring the action of Relay RY4 provides an excellent
record of the tire’s behavior during the test. Analysis of
the frequency at which RY4 is operating provides the
basis for the incipient failure detection. Operational ampli-
fier A is used to detect an excessive decrease in test load,
that is more than the allowable 40 lbs. as specified by
D.O.T. The amplifier is wired up as a voltage comparator,
the voltages being the analog test load voltage (E2) and a
voltage produced by subtracting a constant voltage (E4)
equivalent to 40 Ibs. from the dialed in test load (E3).
When the test load voltage E7 falls below this low level
(E3-E4) the amplifier changes polarity and activates relay
RY35. The action of relay RYs5 is used in two ways. It
signals the operator that a change in test conditions has
taken place and, if so desired, causes the screw loading
motor to change direction and drive the tire towards the
test wheel until the correct test load has been obtained.
At this point, the uni-directional Relay RY 3 takes over
and operation reverts back to normal as previously de-
scribed.

The remainder of the circuit diagram as depicted in Figure
18 contains the digital read-out, various safety limit
switches, the motor control unit, and the motor. The
“fail-safe” approach was used wherever possible, that is,
loading the tire against the roadwheel can occur only with
relays in the energized state and limit siwtches in the
normally closed position.

Incipient Failure Detection
It has been shown in the literature and elsewhere (4, 5)

that the majority of developing tire flaws are accompanied
by anincrease iti tire termperature. Tnfact, this phenomenon
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INCIPIENT FAILURE DETECTION THROUGH
OBSERVATION OF LOAD REGULATION ACTIVITY

served as the basis for the development of the Monsanto
TFD system (6). An increase in tire temperature causes
an increase in tire pressure with the result that relay RY4
is energized in order to initiate load control action. Figure
19 shows copy of an actual recording of RY4's activity
during an entire endurance test with stepped load changes.
Activity is very pronounced during the first 10 minutes of
the start of the test and for the same period of time after
the start of the endurance test. As can be seen on the last
part of the recording, relay RY4 began to show activity
very close to the point where the test terminated. Termina-
tion in this case was caused by destruction of the tire,

A sizeable number of endurance tests were performed and
records of relay activity obtained. In almost all cases relay
activity started with incipient failure and continued towards
the point of destruction of the tire. Based on these find-
ings, a number of endurance tests were terminated when
increased relay activity pointed out the possible develop-
ment of tire failure. Subsequent analysis confirmed that
indeed incipient failures were present in those tires, The
method thus provides a means for studying the propaga-
tion of the incipient failure in far greater detail than would
have been possible under normal testing where the destruc-
tiom of e Hire in tray eases nasks the starting point.
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Detection of Change in Test Conditions

As has been pointed out, thermal equilibrium in the rolling
loaded tire will be obtained under normal conditions, name-
ly. controlled ambient temperature, constant test wheel
speed and no air loss in the tire during the test. Any change
in these conditions will manifest itself in a change of the
test load. In general, ambient temperature and rotational
speed of the test wheel are well controlled and do not pre-
sent a serious problem, Air loss, however, is a common oc-
currence, and the test must be terminated if air leakage

has been established. Since test load is directly propor-
tional to tire air pressure, a decrease in air pressure will
result in a decrease of test load.

The uni-directional method of the lnading system prevents
load regulation during a decrease in load. This feature made
possible the detection of air loss by simply monitoring the
progression of a decrease in test load and trigger an alarm
when the test load has reached a pre-determined low value.
In practice this has worked out very well. The alarm system
has aided in terminating tests where tires developed slow air
leakage. With regular closed loop hydraulic servo systems,
this detection would not be possible, thus causing many
hours of wasted test time.

In Summary

A description of a unique loading and control system for
tire endurance testing machines was presented. Analysis of
tire behavior during endurance tests led to a non-conven-
tional approach in designing a system which, being simple
and rugged practically eliminates downtime and mainten-
ance problems, Versatility of the system is further enhanced
through the addition of electronic circuits which detect in-
cipient tire failures and abnormal test conditions. Provision
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has been made to truncate the test at the onset of incipient
tire failure. Massive failure is thus prevented, enabling a de-
tailed analysis of the cause of failure and its progression.
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LABORATORY MEASUREMENT OF PASSENGER
CAR TIRE TREAD WEAR

L. Bogdan and 1. Gusakov
CALSPAN CORPORATION
Buffalo, New York

ABSTRACT

One-thousand mile wear tests were conducted on Calspan’s
Tire Research Facility using preselected G78-15 and GR78-
15 tires representative of low mileage and high-mileage
specimens. A tire test schedule was devised that achieved
(a) tread surface textures similar to road-worn tires, (b) uni-
form cross-tread wear and (c) predictable wea rates. Tire
wear was measured using sensitive electro-mechanical
tread-depth sensors. The test data verified the ability of
the laboratory method to rank order the test specimens

in accord with their selected basis as low- and high- mile-
age tires. Operational experience is noted and recom-
mendedations for technique improvement are proposed.

TIRE TREAD LIFE ranks among the important factors
that determine tire quality since it involves considerations
of safety and operating cost. Attesting to the importance
of tread life is the proposed Uniform Tire Quality Grading
Standard of the National Highway Safety Administration
which includes a provision for tread wear grading of new
tires.

A direct approach to determining tire tread wear rates is
to conduct vehicle mileage accumulation tests over regular
highways or special test courses, Despite its apparently
compelling simplicity, this approach has some serious
drawbacks. In votduor lesting many important parameters
that affect tread wear are not subject to control. As a re-
sult, high mileages must be accumulated on the test speci-
fiens i 80 abierepl 10 mindniiee distortions i best dadn
from these sources. Such lengthy tests are very expensive
and attempts have been made to shorten them by arti-
ficially increasing the wear rate. Unfortunately, such ex-
pedients have not proved to be very useful since wear
rates measured among tires tested under both normal and
accelerated wear conditions cannot be relied upon to cor-
relate.

As an alternative to the vagaries and expense of road tests
a laboratory method has been developed at the Calspan
Tire Research Facility (TIRF) (1)* that provides a reason-
ably short, reproducible and economical test procedure
For the produstion wnd meassrernent of ti read wea.
Successful implementation of the laboratory method has

*Numbers in parentheses designate References at end of paper.
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required realistic simulation of tire wear processes occurring
in normal use. In addition, the need to measure accurately
tread-depth changes of the order of one mil has had to be
satisfied.

The initial experimental tread wear studies were sponsored
by the U.S. Army Tank-Automotive Development Center
(TACOM) (2). Test results obtained from this program
demonstrated the feasibility of conducting meaningful
tread-wear tests on TIRF albeit only one size and one type
(tread design) of tire was employed in that study.

The subsequent program devoted to tread wear studies was
conducted forthe Rubber Manufacturers Association (RMA)
and involved a variety of passenger car tires (3). These tires
were pre-selected as having high-mileage or low-mileage
wear characteristics and the principal objective was to dem-
onstrate the capability of the laboratory tess to properly
rank order these tires.

The RMA study forms the basis for this paper which de-
scribes the laboratory test procedures which were developed
to achieve tire wear characteristics similar to those experi-
enced in normal highway usage and the implementation of
a technique using electro-mechanical displacement trans-
ducers to measure tread depth, Test data are presented and
their significance is discussed. Operational experience is
described and reommendations are suggested for further
improvements to the technique.

BACKGROUND

The many difficulties which are inherent in outdoor tests
designed to measure tire tread wear are well documented
(4). Because it does provide a *‘real life” environment and
since practical alternatives have not been available hereto-
fore, the practice of road testing continues to be used. A
brief summary of the pros and cons of road tests is given
in Table I.

In contrast, laboratory tests provide a controlled environ-
ment, a controlled variation of tire service parameters, the
feasibility of shorter tests and the direct evaluation of the
telationehip between ténvice patameters and Lire weer
Calspan’s computer-controlled TIRF machine, Figure 1,

PRECEDING PAGE BLANK-NOT FILMED |
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Table I - Road Testing of Tire Tread Wear
ADVANTAGES:;

° Tests duplicate 'real-life' wear conditions,
° There exists user familiarity with the
test procedure,

DISADVANTAGES:

° Uncontrolled tests result in extremely
large data spread.

° Tests are of long duration at normal wear

rates,

Tests are costly,

Data are biased by vehicle factors,

Data are characterized by a high 'noise"

level because of such uncontrollable

influences as weather conditions, road

temperature, driver inputs, etc.

is ideally suited to the conduct of indoor testing of tire
tread wear. It provides a high-speed flat roadway, a six
component metric balance and is capable of generating
a wide range of wear cycles under precise servo control
of slip angle, torque, load and speed. In addition, a choice
of roadway surfaces is available. To exploit the potential
of the TIRF machine, it was necessary to develop an ef-
ficient test methodology to (a) duplicate the character-
istics of road-worn tires and (b) produce a wear level of
normal severity, Concomitant with these needs was the
segulrerment Lo 8 precise ar! socurate fiwmns of meawar.
ing tread loss.

Table 11 summarizes the more important aims.

Table II - Objectives of TIRF Tread
Wear Testing

. Development of a '"normal severity' wear
cycle (10-20 mils/kilomile).

° Demonstrated feasibility of low-mileage
wear tests ( 1600 km or 1000 miles),

] Demonstrated wear levels of 10 to 20 mils
per kilomile,

. Development/implementation of a tread-
loss measuring technique accurate to

0.1 mil,

° Demonstrated correlation with road test

results,

Longer range objectives include the evaluation of the
dependence of tread wear on speed, load, inflation pres-
sure and tread depth.

The initial effort towards a partial fulfiliment of the ob-
jectives listed in Table II took place under TACOM
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sponsorship and is reported upon in detail in Reference 2.
A more ambitious program using passenger car tires was
undertaken for the RMA and included more explicit ob-
jectives which are detailed in the succeeding section. A
complete summary of the RMA study is given in Reference 3.

TEST PROGRAM

The principal objective of the RMA test program was to
demonstrate the capability of TIRF wear tests to rank
order tires on the basis of tread wear. Tire test specimens
were selected whose relative tread life characteristics were
known, These included high-mileage radial tires (GR78-15),
control bias-ply tires (G78-15) and low-mileage bias-ply
tires (G78-15).

Subordinate objectives included the generation of uniform
cross-tread wear, tread surface textures representative of
road-worn tires and 1chievement of specified wear rates.
Impiovements in tread-wear measuring instrumentation
and measurement procedures were implicit requirements in
the fulfilment of these goals.

FIGURE 1 TIRF MACHINE
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GEOMETRY OF LVDT WEAR
MEASURING DEVICE

All tires had been pre-conditioned by operation on vehicles
for 1600 miles. Tests were conducted at a load equal to
85% of the T & RA rated load at 24 psi inflation pressure
and at a speed of 80 mph for a distance of 1000 miles. The
relatively high speed reduced the machine operating time to
12% hours. Tire tread surface temperatures were monitored
continuously to insure that they did not exceed those expe-
rienced during typical road tests (< 200°F). Replicate tests
were performed on one high-mileage radial tire to ascertain
repeatability of the wear data.

Roadway surface samples, Safety-Walk made by the 3M
Company, were examined at intervals during the tests for
rubber contamination and wear as all testing was deliberate-
ly constrained to one path on the TIRF belt surface. A
scanning electron microscope (SEM) was used for sample
analysis.

TREAD WEAR INSTRUMENTATION
A.  Description

Tire tread wear rate was determined by the average change
in tread depth which was measured after 1000 miles of the
test cycle was completed on the tire. This measurement was
made using an electromechanical transducer sensitive to
linear displacements. Commonly known as a linear variable

electronics, provides a d-c electrical signal that is directly
proportional in magnitude to the imposed displacement.
Direction of displacement, relative to a null reference, is
indicated by the polarity of the output signal.

Calibration tests of the LVDT probes have demonstrated
excellent linearity and stability. Using gage blocks to intro-
duce known displacements, LVDT’s having a range of 0.5
inch, produced data with a standard deviation of less than
0.1 mil. Thus, 68% of all measurements would be expected
to have a random error not exceeding one-tenth mil,

LVDT probes are used in pairs to perform tread-depth mea-
surements with one probe in contact with the tread surface
(rib) and the other in contact with the base of an adjacent
groove. All measurements are made relative to a common
reference external to the tire, Figure 2 illustrates the
geometry of this device, Local tread loss is determined by
taking a second set of measurements, following a wear test,
with the probes set exactly at the same surface positions on
the tire.

Wear measurements are facilitated using a frame structure
that incorporates a horizontal spindle shaft to mount the
tire/rim assembly and permit rotational positioning. The
base assembly supports a fixture, above the tire, on which
are mounted two pairs of LVDT probes and allows a gross
positioning of the probes relative to the tire tread surface.
Each pair of probes is mounted in a smaller fixture that
permits (1) variation in the relative spacing between probes,
(2) rotational adjustment of the entire dual-probe assembly
and (3) vertical positioning of the probe-core assemblies. A
general view of the apparatus is shown in Figure 3 while a

FIGURE 3
LVDT MECHANICAL PROBES

differential transformer (LVDT), this device, using auxiliary
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close-up picture of the core-probe assemblies in contact
with a tire is shown in Figure 4. The advantage of using
two pairs of probes is that simultaneous measurements can
be made across the tread and along two meridians (by ro-
tating the tire).

Electrical signals from each individual probe are fed direct-
ly into the TIRF computer where the necessary computa-
tions are made to arrive at a mean wear value based on all
of the measurements. Computer printouts tabulate: (1)
prerun and postrun tread depths at each location sampled,
(2) tread depth changes, i.e. tread loss, at each location
sampled and (3) the average wear,

B.  Wear Measurement Locations on the Tire

Use of mechanical sensors to measure tread wear necessitates
that pretest and post-test tread depth data be taken at pre-
cisely the same points on the tire surface. These fiducial
points must be established on the tire surface and not with
regard to an external (spatial) reference because of the
viscoelastic properties of the tire. The following technique
was used to assure correspondence between probing points
in pretest and post-test measurements.

A small dot of color (made with a rubber-marking crayon)
was located on the flat area of a groove base and one probe
rod of the LVDT sensor was centered upon it, The other
probe of the pair was then adjusted laterally/rotationally

to contact a suitable point on the surface of a contiguous
rib. For rib-type passenger car tires, interprobe spacing was
typically 5/8 to 1 inch. The probe fixture permitted precise
measurement of the angular and lincar dispositions between
these probes, relative to the fiducial dot, so that they could
be exactly reproduced for repeat measurements.

Forty-eight measurements of tread depth were made on
each tire for each test. This total was comprised of mea-
surements made at each of six circumferential stations,
approximately equally spaced, on cach of four tire
meridians and a complete set of replicate measurements
made as the tire was rotated through one revolution,
Shoulder areas of the ticad wete avoided in selecting wear
locations as were rib edges subject to possible feathering.
Figure 5 illustrates a tire footprint with the selected wear
locations noted thereon.

Specific procedures employed in wear measurement are
detailed below. First the tire tread surface was thoroughly
cleaned, the tire was inflated to 24 psi and mounted in the
test apparatys which was ueated fio 2 tempornurc romidiy
controlled area. Following tire temperature equilibration,
wear locations were selected and marked in the manner
described. The wear instrumentation was calibrated using

a special fixture and tread depth measurements were made
immediately at the 24 selected wear locations, The tire was

FIGURE 4

LVDT MECHANICAL PROBES
IN CONTACT WITH TIRE

thereupon subjected to the wear cycle on the TIRF ma-
chine. Following completion of the wear test, the tire was
reinstalled on the test apparatus and a minimum test period
of four hours was allotted to eliminate tire creep, 1lat
spotting and thermal gradients. The tire tread surface was
again thoroughly cleaned using a bristle brush and an air
flush. Tire pressure was checked to verify that there had
been no loss of air. A second set of tread depth measure-
ments was then made and the data were reduced to deter-
minc the mean tread loss during the test.

To quantitatively ascertain measurement repeatability
with the tread depth sensors, tests were made at each of
three conditions representing independent sources of
random error: (a) the calibration of the sensors using
gage blocks to provide known displacements, (b) tread
depth measurements, at a given location on a tire, follow-
g % hooseriian/ Lighiomning ol the s on the sou Finiwte
studs and (c) tread depth measurements, at a given loca-
tion on the tirc, with the wheel turned through one
revolution between successive measurements. Sample
standard deviations (s), as determined from these tests
are shown in Table III. i




REAR OUTER REAR INNER

" FRONT INNER

WEAR PROBE POSITIONS

FRONT QUTER

L] INFLATION PRESSURE = 24 psi
NORMAL LOAD = 1173 Ibs

FIGURES5 FOOTPRINT — DUNLOP HIGH MILEAGE RADIAL — #7-1-48

Table III - Repeatability of Wear Probe
Measurements

Error Source Wear Probe A Wear Probe B

Calibration

(gage blocks) s=0,07 mil s=0,085 mil
Loosened studs s=0,82 mil s=0,64 mil
Tire rotation s=0,21 mil s=0,31 mil
Composite s=0,85 mil s=0,72 mil

The largest random error was associated with loosening of
the rim studs. A composite standard deviation for each
probe was calculated as the root of the sum of the squares
of cach of the three error components.

WEAR TEST DETAILS

Tread wear is a strong function of slip as produced by ap-
plied steering angle and/or wheel torque. Several levels of
wear severity are recognized and are expressed in Table IV
in terms of mils per kilomile. In developing test procedures
to achieve low-to-moderate wear rates, uniform cross-tread
wear and surface textures representative of vehicle-worn
tires, use was made of information developed on the
TACOM program (2) related to the frequency distribution
of slip angle and longitudinal slip, gencrated by passenger

vehicles in typical urban/suburban/highway operation. From
this information, it was judged that slip angles should not
exceed 2° and longitudinal slip should not exceed 2'4% if
typical wear rates are to be achieved. Details pertinent to
the sclection of these limiting values are presented in Refer-
ence 5 and will not be discussed here,

Using one control tire and one high-mileage radial tire as
test specimens, various cycles and random schedules of
slip angle and torque were explored in order to define an
acceptable wear schedule (i.e. one that met the stated ob-
jectives of wear rate and tread surface characteristics). All
tests were made at a speed of 80 mph, a normal load of
1170 Ibs., zero camber angle and a distance of 200 miles,
Wear measurements were made after each 200-mile test
segment, Milcage during this exploratory phase totalled
1800 miles (on both tires). As the result of these tests,

Table IV - Tread Wear Severity *

Low wear (10 mil/kmi (straight run)

Moderate wear 10-25 mil/kmi (0,2g cornering)
Severe wear 25-50 mil/kmi (0.3g cornering)
Very severe wear >50 mil/kmi (>0,3g cornering)

e
Applicable principally to passenger car tires.
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Table V = Tire Identification Schedule

TIRF

Tire

No, Manufacturer Size

7-1-48* Dunlop GR78-15

8-1-48 Dunlop GR78-15

9-1-48 Dunlop GR78-15
11-1-48 Armstrong G78-15
12-1-48 Armstrong G78-15

1-1-48 Cooper G78-15

Kind of Other
Tire ‘Identification
Radial Elite Steel Radial
(High-Mileage)
Radial Elite Steel Radial
(High-Mileage)
Radial Elite Steel Radial
(High-Mileage)
Bias 4-Ply Polyester
Control Tire
Bias 4.Ply Polyester
Control Tire
Bias Rapid, 4-Ply
(Low=Mileage) Polyester

* Replicate tests were performed on this tire,

the following schedule of slip angles and torques was de-
termined as optimum and was therefore employed for all
subsequent tests:

Slip Angles:

* Gaussian Random Variations; 0.3° rms
* Period of Randomness; 20 minutes

Longitudinal Slip (Torques):

* Sinusoidally Varying Torque; £50 ft-Ib peak
+» Period of Sine Wave: 10 seconds

Tire operation on the Safety-Walk surfaced steel belt of
the TIRF machine generally does not always produce a
tread texture similar to that found on vehicle-worn tires.
In contrast with the tactilely smooth surface of road-
worn tires, following TIRF tests, rubber particles are
found adhering to the tread surfaces which produce a
tactile sense of coarseness and tackiness. To alleviate
this problem, cornstarch (mean particle size of about

10 microns) was blown into the tire-roadway interface
at a rate of about 23 Ibs for a 1000-mile test or approxi-
mately 13 hours of operation, The use of cornstarch re-
sulted in the smooth tread surface texture that was one
of the program objectives.

In the early stages of the checkout tests, close visual scru-
tiny was maintained over the belt surface for possible
buildup of rubber contamination. After one test of 200
miles, a sample of the Safety Walk was examined with a
scanning electron microscope (SEM). No evidence of belt
contamination or deterioration was found. This finding
corroborated our previous experience (2) with tread
wear testing.
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The second phase of the test effort was devoted to the ac-
cumulation of wear data on six different tires subjected to
the fixed-upon wear schedule of slip angle and torque.
Table V identifies the tires. Prior to test, each tire was
subjected to a 15-minute, 20-mile break-in. This break-in
was necessary to permit the tire to become adjusted to the
wear cycle. Prior tire operation had conditioned the tire
and consequently a different tire set takes place when it

is first subjected to the wear cycle. Such tire “‘memory”
effects can result in an erroneous apparent wear, or even
growth, if not compensated for by preconditioning. Pre-
wear measurements were made subsequent to this break-in
run but after a minimum four-hour tire soak in a tempera-
ture-controlled environment. All tread wear tests were
1000 miles in length and continuous in extent except as
otherwise noted. Tread surface temperatures, as sensed
with an infrared radiometer, varied between 98°F to
116°F for the tires shown in Table V which was well
within the specified tolerance limit of 200°F.

TEST RESULTS

A summary of the numerical tread wear rates measured for
the six test tires is shown in Table VI. The tread loss in mils
per 1000 miles (kmi) was measured at a normal load of
1170 Ibs (85% of T & RA rated load) at an inflation pres-
sure of 24 psi. An examination of these data does indeed
show that wear rate for the acknowledged low-mileage tire
was indeed significantly larger than that for the high-
mileage tires.

A chronology of the test events is important and instructive
in an understanding of the results shown in Table V1.
Firstly, the testing sequence occurred in accord with the
serial listing in Table VI.
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As verified by SEM photographs, the first specimen (tire
#7-1-48) was tested on a substantially clean belt surface
despite the fact that several hundred miles of checkout
tests and the entire wear program of Reference 2 had been
conducted on the same path of this first test, a road sur-
face sample was removed for SBM examination. Since
there had been no history of belt contamination by rubber
during any previous wear tests, the test schedule was con-
tinued despite the unavailability of the SBM for immedi-
ate sample analysis. Visual inspection of the roadway
surfaces was continued and no perceptible differences
could be visually or tactilely discerned between the tire
track area and other areas of the belt.

The remaining two high-mileage radials (#8-148 and
#9-1-48) were tested in succession. Wear rate data for
the three radisly showed 2 decrensing trend; 9.23,8.1%
and 7.58 mils/kmi, respectively. Testing then continued
on the two control tires (#11-148 and #12-1-48) with
the 1000-mile test on the former being completed on a
late work shift preceding a weekend. On the next work
turn, testing began on tire #12-1-48. Upon reducing the
data for tire #11-1-48, an apparently unrealistically low
wear rate of 5.31 mils/kmi was obtained suggesting a
change of roadway surface characteristics. Testing on

tire #12-1-48 was immediately stopped. At this point in
time 360 miles had already been accumulated.

A sample of the roadway surface in the tire track was re-
moved and examined with the SEM. Severe loading with
rubber was evident in this sample which had accumulated
4360 miles of testing since the initial SEM photograph.
Figure 6 shows SEM photographs of the contaminated
patch at two levels of magnification. Figure 7 shows simi-
lar loading apparently occurred during the time that the
bias tires were being operated on the roadway.

Removal of rubber from the belt was accomplished by
using a “scrubbing” tire. This operation involves mounting
an available spare tire on the machine and subjecting it

to a nominal normal load. With a roadway speed of 40
mph e tire s manually steered Lo Jivcrete enghe of £5°
In approximately ten minutes of operation, the accumu-
lated rubber was substantially removed.

Upon resumption of testing, the TIRF machine was
stopped after each two-hour period of operation to check
for rubber contamination of the belt. If necessary, the test
tire would be removed and replaced with the “scrubbing”
tire and the cleaning operation performed.

Table VI - Summary of Tread Wear on Six Tires

Tire Shore Wear Average Wear
Identification Hardness Test Run 'mils/1000 mi,
Dualop Hi-Mileage AVG = 61.3
Radial #7-1-48 s= 1,1 1000 mi, (1st) 9.23
Dunlop Hi-Mileage AVG = 62,3
Radial #8-1-48 s = 0.5 1000 mi, 8.16
Dunlop Hi-Mileage AVG = 61.3
Radial #9-1-48 s = 0,7 1000 mi, 7.58
Armstrong Control AVG = 55,3
Bias #11-1-48 s = 0,7 1000 mi. 5,31
Armstrong Control AVG = 57,7
Bias #12-1-48 s = 0.5 1000 mi,* 8,22%*
Cooper Lo-Mileage AVG = 59,2
Bias #1-1-48 s= 1.3 1000 mi, 16,91
Dunlop Hi-Mileage AVG = 61.3

{ Radial #7-1-48 s = 1,1 1000 mi, (2nd) 8,57
Dunlop Hi-Mileage G = 61.3
Radial #7-1-48 s = 1,1 1000 mi, (3rd) 6,95

*First 360 mi on rubber-contaminated belt, final 640 mi on cleaned belt.
**A value of 9.86 is obtained by numerically correcting for first 360 mi (See Text)
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The final 640 miles on tire #12-1.48 were accumulated on make the data comparable, the replicate tests cach were
a clean belt surface. A composite wear rate of 8.22 mils/ begun on a cleaned roadway and permitted to continue,
kmi (Table VI) was determined for this tire which had uninterrupted for 1000 miles. A summary of the wear
been operated on “loaded™ and clean roadway surfaces. rate data collected on the respectively-tested high-milcage
If it is assumed that the wear rate appropriate to the initial radial tire is given in Table VII below.
] 360 miles is that determined for tire #11-1-48, then 4 These wear data show a consistent decrease in wear rate
wear rate of 9.86 mils/kmi can be attributed to the last with accumulated mileage. A reason for this trend cannot
040 mils of wear tests performed on the clean roadway. be reliably established based on the available information.
| -- -y - y . It may be conjectured that this trend is an inherent charac-
{ A wear rate of 16.91 mils/kini was obtained from tests on teristic of this tire. Another possibility may be progressive §
the low-mileage bias tire. An examination of the meridional wear of the belt roadway surface with prolonged usage. :
wear measurements indicated that this tire exhibited a Some SEM photographs which were taken near the com- f
higher asymmetry of cross-tread wear than any of the pletion of this program showed evidence of breakup of the 3
other tires. The front outer rib* wear was significantly individual asperities in the belt surface. Figure 8, a photo-
larger than that of the other three ribs meusured. This tire graph of a sample which had experienced considerable .
is believed to have experienced highly asymmetrical lateral usage, graphically illustrates a grit particle that has frac-
3 forces which resulted in the non-uniform wear. Most of tured and apparently lost a portion of its original butk. i
1 the tires tested exhibit some asymmetry of wear but of
. a much smaller degree. Average wear rates for the two Table VII - Results of Replicate Wear :
f frontal ribs were generally larger than those for the two Tests on Tire #7-1-48 ]
! rear ribs. |
4 X Wear History Wear Rate, mils/kmi i

Two replicate test runs on a high-mileage radial tire (#7-1-

E i 48), which had been tested previously, concluded the 1st 1000 miles on TIRF 9,23 1

program. This tire had been tested initially on a clean 2nd 1000 miles on TIRF 8,57 ‘;
i roadway surface for a continuous 1000 miles. Thus to 3rd 1000 miles on TIRF 6,95 |
o |
i E.

o
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*Viewing the tire as if it were mounted in the right front position of a vehicle. 5
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Belt wear is a subject that requires further investigative
study.

In summuarizing the test results, the important conclusion
is that TIRF-determined wear rate data do permit a gross
rank ordering of the test tires according to the RMA
selection of high, control and low-mileage radial tire shows
the least wear, the bias (control) tire shows an intermediate
level of wear and the low-mileage bias tire shows the larg-
est wear rate by a factor of two relative to the radial tire.

Table VIII - Rank Order of Tires as Regards
Wear Rate

Tire Description Wear Rate, mils/kmi

Righ-mileage radial-Dunlop 8,25*
Control (bias) - Armstrong 9,86*
Low-mileage bias ~ Cooper 16,91

*Average of three tests on tire #7-1-48
**Calculated value

’ CONCLUSIONS

Based on the test results and the operational experience
gained in executing this experimental study of a labora-
tory evaluation of tire tread wear rates, involving accumu-
lated mileages of 5000 miles on high-mileage radial tires,
1000 miles on low-mileage bias tires and 2000 miles on

] control (bias) tires, the following conclusions are war-

| ranted:

* Gross rank ordering of tires as regards resistance
to wear was demonstrated.

* A tire test technique for TIRF was developed that
is capable of producing specified wear rates and
tread surface textures resembling those of road-
worn tires.

* Electromechanical tread-depth measuring instru-
mentation was demonstrated to be satisfactory in
determining normal severity wear rates.

* Replicate tests showed consistently decreasing
wear rates.

* Assymetrical cross-tread wear was experienced with
the wear rate for the front half of the tire tread gen-
crally exceeding that of the rear half,

* Wear tests on the order of 1000 miles in length
show potential in producing meaningful data on
the TIRF machine.

* Rubber contamination of the roadway was experi-
enced with the most rapid buildup occurring with
bias ply tires.

* Mechanical means can be efficiently used to clean
rubber-contaminated belt surfaces.
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RECOMMENDATIONS

1. Related to future test operations:

« Weur tests employing consistent lateral force varia-
tions rather than slip angle variations should be
considered to attain more unjtorm wear across the
tire tread surface.

» Weur tests should impose consistent tractive force
variations rather than wheel torque to achieve a
uniform distribution i longitudinal tread wear.

2

Related to future studies directed to improvement
of the laboratory technique:

+ Development of methods for detection and control/
removal of rubber contamination during test opera-
tions,

+ Evaluation of Safety-Walk durability in terms of
constancy of surface texture characteristics.

« Identification and control of test conditions leading
to variability in wear data.

+ Development and implementation of an improved
wear-measuring device that provides significant
improvement in the quality of the data and effi-
ciency in measurement relative to the electrome-
chanical device described herein.

+ Correlation of TIRF wear data with those obtained
from controlled road tests and other test facilities.
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QUESTIONS AND ANSWERS

Q: Have you taken tires of the same manufacturers from
the same batch and run repeated tests on them?

A: We did not do so on this particular program. We have
another study underway on different kinds of tires. These
are military vehicle type of tires but we don't have that
much data from that effort that will help here.

©Q: What maximum load range do we have over there?

A: Passenger car balance capability is 4,000 pounds.

Q: Youindicated that the wear rate keeps dropping oft’,
that it never reached a constant level. Does it eventually
level oft?

A: We don't know, There wasn’t time to conduct any
further tests to see whether the wear rate did in fact level
off. I'm not quite sure but I think that the RMA had some
road test data, which we were not privy to, that indicated
that there was some deciease in wear rate with mileage for
the road tests. It has been said about tires many times
that as tires wear, their wear rates change. Generally weur
rate decreases with wear. This is more pronounced for
radial tires than for bias-ply tires, Again, we have not con-
ducted such a test in this particular program and. to do it
right, you have to continue this kind of test. The tirc was
run for 1,000 miles at a time and the wear was measured.
Some three months later for another 1,000 miles. We'd
like to continue that throughout the entire life of the tire
and make those continuous measures.

Q: Did you check this tire for nonuniformities before test-
ing and did you find any kind of relationships between the
tire uniformity and wearing?

A: No, we did not make any checks in terms of any run-

O WD Bt

out, physical or geometrical distortions in a tire to begin
with. One of the objectives of this program was to deter-
mine a method for short duration wear. We would take a
new tire, which would have a minimum amount of break-
in and running, and run it for a very short distance so that
the wear would be very small. If you have nonuniformity
in the tire it's reasonable to assume that it would wear non.
uniformly, but if you think about the amount of variation
you’d have around the tire in terms of its wear, when
you’re only wearing off five mils or so, the uniformity
effect would be rather small, You'd only see it as you de-
veloped gross amounts of wear.

@: What was the time lapse between cach particular cycle
of thousand miles and what was the temperature variation
on the tires?

A: Well each tire generally was only tested once. Only the
one tire was repetitively tested. Between the first and second
test several weeks mmust have elapsed. Between the second
and third thousand miles I'm not quite sure but the time
interval was much shorter. There was a temperature limit
given to us that the tire tread surface temperature should
not exceed 200°F. We found on all these tests the tire
temperature ranged between about 96° and 120°F. The
tires ran rather cool for this test. These are surface tem-
perature measurements not internal measurements. In
terms of the time between measurements they varied. The
shortest time we would permit would be four hours, be-
cause it was required to expose the tire to a four hour soak
before all the creep and thermal stresses were stabilized
and meaningful tread depth measurements made. Beyond
that point, the time was not a great factor; it was a very
small factor.




RELATIONSHIP BETWEEN FLAWS AND FAILURE
IN PNEUMATIC TIRES AS IDENTIFIED BY ULTRASOUND AND ROAD TESTS

S. Bobo (presented by G. Plank)
Department of Transportation
Transportation Systems Center
Cambridge, Massachusetts

A test was conducted to determine whether law character-
istics found by reflection ultrasound correlate with tire
performance during destructive testing. This work was done
in conjunction with actual road tests to determine whether
there is a correlation between tires destructively tested by
roadwheel and those tested on the highway.

The test consisted of selecting a number of retread tires of
known characteristics and pairing them in a way that will
randomize any characteristics which might tend to con-
found the data. The tires were then inspected using the
three nondestructive testing techniques known to have the
most promise: (a) reflection ultrasound, (b) x-ray, (c) trans-
mission ultrasound. After the inspection, the tires were
then run on a roadwheel on a modified endurance test. Any
failures were noted and compared with the results of the
inspection.

A population of 109 tires was obtained for evaluation on
both roadwheel test and road test. The split was 75 tires to
road test and 34 tires to roadwheel test. In order to assume
a randoin selection for both road and wheel test, the tires
were broken down according to major construction cate-
gories: bias, fabric belted, glass belted. radial cold cap, and
radial hot cap. Tires for the wheel test were selected pro-
portionally from cach of these groups with approximately
one-third of each major category going to wheel test and
the balance to road test.

Of the 34 tires in the wheel test, ultrasound identified ten
as having significant damage cither before or after retread-
ing, of which six failed during the wheel test. The other
four tires showing damage were analyzed and showed
damage of sufficient variety to warrant consideration as

a failure.
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AUTOMATIC ANALYSIS OF HOLOGRAPHIC INTERFEROGRAMS

R. E. Haskell
INDUSTRIAL HOLOGRAPHICS, INC.

Auburn Heights, Michigan 48057

INTRODUCTION: This increased dependence on HNDT has created problems
related to the gathering, analyzing, recording, and storing

Holographic Non-Destructive Testing (HNDT) has proved of the data. It has been clear to users for some time that if

to be a useful technique for testing tires. Internal ply HNDT is to be a viable tool that can be used in a produc-

separations, voids, low adhesion levels, non-uniformity, tion environment, then some type of computer assistance

multiple cord fractures, carcass to belt damage, foreign will be required in gathering and analyzing the data.

object contamination, and mold pinch are some of the tire

defects that have been identified using HNDT. The useful- This paper describes the progress that has been made at

ness of such data has led to an increased use of and de- Industrial Holographics, Inc. to provide computer assistance

pendence on HNDT for critical testing applications. In- to gathering, recording, and analyzing HNDT data.

deed, some airlines now require all of their retreaded tires
to be inspected using HNDT.

FIGURE 1
LLH.l. COMPUTER CONTROLLED TV VIEWING STATION
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DATA HANDLING AND RECORDING AIDS:

With several hundred tires per day being tested on some
holographic tire testing machines, the handling and storing
of the holograms quickly becomes a critical task. The
ability to identify a particular hologram without having

to view the reconstructed image can greatly ease the hand-
ling of the holograms. The newest holographic intertero-
meters used in the IHI tire testing machines include the
capability of automatically writing an identification num-
ber on the film. This identification number is automatically
incremented for each new tire. Under computer control,
several different holograms at varying vacuum levels can be
recorded automatically for each sector of the tire. The
vacuum level and sector number are automatically written
on cach frame of the film for casy identification.

In order to unalyze the data and document the results, the
hologram is inserted in a TV viewing system that displays
the fringe pattern on a video monitor. A photograph of

this computer controlled viewing system is shown in Fig. 1.
The location of defects in the tire can be pinpointed by
superimposing a grid pattern on the fringe system with the
grid lines separated circumferentially by 15, as shown in
Fig, 2. The proper grid lines for different sectors can be
displayed by pressing the sector number on the keyboard.
The number of sectors per tire can be set to 2, 3,4, 0r 6
depending upon the number of frames made during the
test. This TV grid system climinates the need to grid

the individual tires. Only u single reference mark in the
center of the first sector needs to be put in each tire,

The keyboard can be used to type any alphanumeric data
on the screen. Full editing capability is provided —including
insertions and deletions. Special symbols can be used to
identify separations (*), non-uniformities (~), low ad-
hesion regions (@), and bad splice areas (/, N ). An example
is shown in Fig. 3. A permunent hard copy record of this
image can be made with a Polaroid camera, as shown in
Fig. 4. Alternatively, one can output the alphanumeric data

20

FIGURE 2
VIDEO MONITOR DISPLAY OF FRINGE PATTERN WITH SUPERIMPOSED GRID LINES
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FIGURE 3
THE HOLOGRAM IMAGE CAN BE ANALYZED BY
TYPING SPECIAL DEFECT SYMBOLS ON THE VIDEO MONITOR.

FIGURE 4
RECORDING THE IMAGE ON THE VIDEO MONITOR WITH A POLAROID CAMERA.
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and grid lines to a printer to give a permanent charting of
the hologram, as shown in Fig, S, The special defect charac-
ters (*.~, [N ) can be printed in red for emphasis and
case in reading the charts,

The system described above greatly simplifies the task of
reading, interpreting and documenting holographic inter-
lcrupams However, this task must be carried out by a
skilied persom wwhe 18 trained 1o recognize tire defeets asso-
ciated with fringe anomalies. It is clear that it HNDT is o
be used on a widespread basis in 4 production line environ-
ment. then some type of computer assistance in the actual

analvsis ot the holographic fringe pattern will be necessary,

B LGE A LFRLUETIEBE

image. The totality of possible measurement vectors de-
fines a feature space in which the classifier operates,

A wide varicty of features can be extracted in the pre-
processing stage, However, there are certain desirable char-
acteristics of features that are likely to prove useful in
HNDT. Thiese imclude 1) vacuun mdependence, 23 case ol
computation, 3) spatial and size independence. 4) good
Class diserimimation. and 8 proper seating and wommatiza
tion.

Once a feature vector has been defined, the classifier/
trainer block in Fig, 6 uses the feature vector either to

FIGURE 5
THE HOLOGRAM EVALUATION CAN BE PRINTED BY THE COMPUTER
ONTO AHARD COPY OUTPUT DEVICE.

COMPUTER ANALYSIS OF HOLOGRAPHIC FRINGE
PATTERNS:

Two applications ot computer analysis of holographic
fringe patterns are likely to prove useful in HNDT. One ap-
plication will be to simply accept or reject a tire, A second
application will be to flag suspicious tires for further de-
taited interpretation by trained personnel.

The system shown in Fig. | has the capability of scanning
the holographic fringe pattern and storing the digital data
in the computer memory. A block diagram of a pattern
recognition system that can be used to analyzc the holo-
graphic data is shown in Fig. 6. The scanned video data is
fed to a preprocessing block in which certain features of
the fringe pattern are extracted. These features form
measurement vector x which characternizes a particular

SCANNED FEATURE CLASSIFIER
VIDED r- EXTRACTION TRAINER
DATA PREPROCESSING

BLOCK D/AGRANA OF A USER

1
DEC/SION

TRAINED P,
RECOGNITION SYySTEM

FIGURE 6
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identify an unknown measurement (classify) based on
previous experience, or to help add to its experience
(train). The classifier, based on its experience, associ-
ates every region of its feature space with a particular
<lass (e.g., accept, reject, unknown). A decision is then
based on which region of the feature space a particular

measurement vector occupies. There are a variety of train-

ing and classification algorithms that could be used in the
classifier/trainer stage. However, for HNDT the desirable
characteristics of a classifier include 1) nonparametric,
2) real time capabilities, 3) interactive, 4) trainable over
time, 5) capable of operating with a limited sample set,
and 6) ease of operation. Our experience has shown that
it is possible to achieve most of these characteristics in a
single classifier.

SUMMARY:

In order for HNDT to play a central role in tire testing,
some type of computer aid for handling, recording and

83

analyzing the data is necessary. This paper has described

a system that is being developed at LLH.I. that takes a
major step in this direction. The basis of the system is a
TV viewing station that displays the holographic fringe
system on a video monitor, The system can be expanded
by adding a microcomputer and keyboard that allows an
operator to superimpose a grid pattern and any other
alphanumeric data on the screen, Hard copies can be made
on Polaroid film or a printer. The complete screen data
can be stored on video tape. Alternatively, the charted in-
formation about each hologram can be stored on a floppy
disk for later retrieval.

The fringe data can be scanned, and from computed fea-
tures the computer will either clawify the hologram, ur,

at the option of the operator, use the measurement as
training data for future classifications. Initial experience
gained in using the system indicates that it is a useful aid
{o the hiuman Interpreier and a promising tool for relieving
the human operator of actual decision making,
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COMMENTS UPON THE PAST, PRESENT AND FUTURE OF
[ HOLOGRAPHIC NDT OF PNEUMATIC TIRES

Ted R, Zimmerman
Director of Enginecting
INDUSTRIAL HOLOGRAPHICS. INC,
Auburn Heights, Michigan 48057

] By using a double exposure holographic technique, an inter-

7 ferometer can be constructed to measure very small move-

i ments of the object when it is stressed. Figure 3 demon- RIGEISE
; strates this basic principle. It the object is holographed

For those of you who are not familiar with holography. |
would like to begin by introducing you to the basic prin-
ciples and how we, at LH.1., incorporate them into a double
exposure holographic interferometer which is used in our

ment will change the length of the reflected hght path, The
difference in optional path length creates 4 series of inter-
ference fringe lines us shown, Since the object has moved
unitormly toward the film plane. the interference fringes

tire test equipment, are horizontal and uniform,

Simply stated, holography is a process of three-dimensional
photography. Figure 1 graphically shows the setup to re-

cord an image in a photographic media that can be dis- VIEWING OF THE 3-D IMAGE
played in three dimensions. A coherent or single frequency F

light is used. As shown in the figure, a laser is used for this «

single frequency light and it is split into two distinct paths— ;
one path, called the object beam, is used to illuminate the
object and is reflected back to the film plane; the second
path, called the reference beam, is brought directly onto
the film plane. It is the interference of the reflected light
wave coming from the object and the light wave from the
reference beam that creates an interference pattern that is
recorded on the film. When the film is illuminated by a
source similar to the original reference beam, the object
will be reconstructed in three dimensions. Figure 2 demon-
strates this reconstruction,

when it is at 4 steady state condition, and a second holo-
gram is taken on the same film frame after the object is
stressed to that shown by the dotted line. this small move-

HOLOGRAPHIC INTERFEROMETRY
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A HOLOGRAM LASER i
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' Let us consider a tire with a ply structure and a void
i between the plies as seen in Figure 4. We use the sume
procedure again and take a hologram of the tire ut atmos. ; H‘_OI._O‘G_HAPHIQ 'NT‘RFSROMETFY,

pheric pressure, We stress the tire by introducing @ vacuum
around it. The vacuum creates a bulge at the area of the
separation, If we take a second hologram superimposed
over the original hologram. the fringe lines would be dis-
torted in the arca ot this bulge. In fact, a topographical map
of the bulge would be created in this localized area while
the background tringes in the areas of uniform stress would
still be horizontal and uniform. Any condition within the

’ structure of @ tire that creates a non-uniforn stress such us
fatigue, separations, non-uniformity in the construction,
low adhesion, overlapping of splices, and uneven cord ten-
stoning will have a distinct holographic fringe pattern, it

is these basic principles and the procedures that are used i
in our holographic tire test equipment. FIG

)
i e

Y

URE 4

Figure 5 shows the original holographic tire test equip-
ment built by G.C.0. 1 will start with this original equip-
ment and discuss how this basic design has been expanded
and improved over the years, Originally , the laser was
mounted in back of the test platform which was rather
inefficiently isolated from vibrations. Through a series of
; mirrors, the laser light was brought around from the back
and into the camera which is located at the center of a
rotating table. The tire was placed over the camera and
rotated around it. These old units used a helium-neon laser
which was low in power and had a considerable light loss
' within the system. As a result, long shutter opening times
(3 to § seconds) were necessary which made the total sys.
. tem sensitive to vibration and outside interference, The
coherence length of the light was short, therefore limiting

_ | the size of the tire that could be inspected. The electronic

1 . controls of this unit were old style vacuum tubes and mag-

: i netic relays. High voltage contacts and the like made the

. SR entire electrical system less than trouble-free. In spite of

S all these adverse characteristics, there are still a number of FIGURE &

these machines performing daily tire inspection at locations G.C.0. MACHINE
around the world. Some are still in their original condition
and some have been modernized and updated.

The K60 unit shown here in Figure 6 was the first
attempt, The test platform is changed to mount the laser
pointing directly into the camera. The dome size was in-
creased. A Krypton-ion laser was introduced to give a
higher power, longer coherence length, single freauency
light, thus reducing shutter opening times. A new pneu-
matic mount system was introduced to reduce vibration
effects.

- —— —— -
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A third generation machine, the Industrial Holographics
Model K160, shown in Figure 7, was the first holographic
test unit to be placed in on-line production situations. This
unit has been, and still is, the primary unit being used to
: inspect retreaded high speed aircraft tires. While this unit
is somewhat similar in appearance, there are some signifi- FIGURE 6
cant differences to be noted. The system uses special heavy I.H.I. MODEL K60
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FIGURE 7 .
I.H.l. MODEL K160
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FIGURE 8
ALLEN-BRADLEY SOLID STATE CONTROL PANEL
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industrial environments. As before, a Krypton-ion laser is
positioned so that the incoming light enters directly into
the camera optics. A new laser cradle mount system is
employed for ease of alignment. The Krypton-ion laser
uses an oven heated etalon for a high power, stable single
frequency light with long coherence lengths. Shutter speeds
are reduced to less than one-tenth of a second. The dome
lift mechanism has been changed to a high spced pneu-
matic unit. The turntable drive unit is changed to a gear
drive system which allows for fast, precise positioning of
the tire during rotation. Another major advance in this
generation machine was the introduction of a conventional,
commercial, solid state controller using Allen-Bradley logic
cards for sequence control. Figure 8 shows the back of the
controller with the rack of control logic cards, which are
throwaway type boards available from any Allen-Bradley
supplier. In addition, precise timing delays have been intro-
duced through the use of thumb wheel timers shown here
on the left.

The overall enhancements and goals in the design of this
machine were to achieve a reliable unit which could be
operated as an on-line inspection device in moderate vol-
ume production facilities, and also as a research and devel-
opment tool or Q.C. sampling tool. These goals have been
achicved and this unit is still used as a standard holographic
tire test unit being sold around the world.

This same basic machine has been scaled up to our Model
K172/194, see Figure 9, which is a dual purpose machine
that is the same as the K160—only with a 72 inch dome.
The second configuration is for testing small carthmover
tires up to 92 inches in diameter.

FIGURE 9
I.H.l. MODEL K172/194
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A fourth generation of machines is currently in production,
Using some of the basic concepts of the K160, + new high
speed production unit, designated our Model K248, (see
Figurc 10), has been designed and produced to meet high
volume requirements. Along with available automatic film

FIGURE 10
I.H.l. MODEL K248

processing, this unit is designed to test more than one
thousand (1,000) tires per 24 hour period. As can be seen,
this unit is a dual-domed unit with two test positions. The
unit is redundant from a systems standpoint in that it has
two on-board lasers, two vacuum cabinets, and each dome
is capable of being cycled independent of the other. This
redundancy was purposely introduced into the design to
insure overall reliability and continued operation in a high
production environment. While some of the basic principles
of the K160 "ave remained, a major change in this unit has
been the introduction of a microcomputer controller which
has built-in automatic sequences and reduces operator skills
to a minimum. The operating functions of the machine are
displayed on a video monitor, as shown in Figure 11. The
operator can key in machine settings such as film exposure,
vacuum level, number of photographs in the film canisters
and identification serial numbers, by using the keyboard
below the screen. During machine operation, the lower
portion of the screen flashes machine sequence messages
and instructions to the operator. This information can also
be used for diagnostic information that can be useful in
trouble-shooting the machine.

This microcomputer incorporates new features which are

not available on the standard K160. One of these features
is the capability of writing information onto the firm. For
instance, digital information can be entered at the start of

a new roll of film which can act as a permanent identifica-
tion. During the production run, identification numbers
can be entered for each tire with this identification only
having to be entered for the first tire. The machine auto-
matically increments the identification code by one (1)
every time a tirc is run, When the film is developed, each
tire’s set of holograms has its own identification number,

Another unique feature of this machine is the capability of
automatically adjusting the beam ratio. This feature allows
running “black™ tires without painting or talcing. The beam
ratio is automatically set for each tire that is placed in the
machine regardless of color,

Another feature is the capability of running a calibration
run totally automatic. The operator keys in a shutter set-
ting range and a beam ratio range on the microcomputer,
The machine will then automatically cycle through the vari-

FIGURE 11
I.H.l. MICROCOMPUTER
CONTROL CONSOLE




] e e " et s -

S

ous shutter settings and beam ratios. The shutter and beam
ratio information is printed on the film, see Figure 12,
After developing, the operator merely selects the optimum
setting selected from the calibration run, He uscs this opti-
i setting as an input 1o is exposure setting at the top
of the screen, Once this setting is introduced into the com-
puter, the computer will use this shutter setting and auto-
matically sdjust thee Ve 1860 tu Ubasie the selacied besm
ratio. This capability of adjusting beam ratio for cach
individual tire ensures that the optimum value is used and
is totally independent of the inside tire color,

Another desirable feature that has been incorporated into
the computer is an automatic series of vacuum level changes
for each sector being tested. The operator can enter a lower
and upper vacuum level and an increment. The computer
will start at the lower vacuum level and will increment up
by e specilled incrimit until il tesclied the upper vae
uum level. This sequence will be shot for each sector, as
shown in Figure 13. (NOTE: The vacuum is printed as the
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fist two digits of the identification number.) A full series
of vacuum levels will be run on all sectors depending upon
the number of sectors that are selected. This feature can be
extremely desirable for tire development and research pur-
poses ad heavy duty tires,

A fifth generation design is being incorporated into a ma-
Jheme For e depoetion of I0.T R. tives. Thewe we il
huge. expensive tires used on today’s earthmoving equip-
ment, We are currently in production of a machine capable
of testing a tire up to 130 inches in diameter with a maxi-
mum weight of 6000 pounds. This unit incorporates the
Model K248s latest technology of using the microcomputer
control unit, It has two cameras which will have horizontal
and vertical movement. These cameras are capable of being
positioned with ditfercnt views of the tire to simultancous-
ly collect information anywhere within the bead-to-bead
petion el the tine, This machonme will be fstallod s e v, e
inspection tool in a major new tire manutacturer’s carth-
mover tire plant.

FIGURE 12
CALIBRATION RUN

FIGURE 13
MULTIPLE VACUUM RUN
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One other area of primary interest has been the develop- Our current corporate research and development programs
ment of an automatic compute: scan of holographic data are aimed in the direction of developing machines with

generated by our tire ana’yzers, We currently have hardware these capabilities, and our ultimate objective is inspecting
‘ available which will be the subject matter of Dr. Haskell's a passenger tire for the cost of a quarter. We believe that
3 talk. Along with the computer analysis of the holographic we are well on the way to achieve these goals, thereby
3 data, our long-term corporate objectives have been to de- making holographic tire inspection a viable, on-line pro.
i . sign and develop a machine with a reliable, reusable, real duction tool for inspecting every passenger tire coming off
) time imaging system with an on-board computer for analysis the production line.

J. of the image. The operator will not be required to analyze
the data. All decisions for “accept or reject” will be made
by the on-board computer,

90
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FAILURE ANALYSIS OF AIRCRAFT TIRES
AS OBSERVED BY HOLOGRAPHY

Dr. Ralph M. Grant — President
Industrial Holographics, Inc.
2247 Star Court
Auburn Heights, Michigan 48057

ABSTRACT

A review will be given of recent methods employed in the
holographic non-destructive testing of aircraft tires. Com-
ments will be made on both equipment and procedures.
The prime purpose of this paper will be to answer the
basic question: Do separations propagate? Dozens of spe-
cific examples of the propagation of separation in aircraft
tires are presented. Test results are presented on over two
thousand tires. Consequently, based on our observations,
separations always propagate; many at a very fast rate.
Detailed documentation of individual cases of separation
propagation is provided.

This paper summarizes a study carried out on the subject of
failure analysis of aircraft tires as observed by holography.

Much of the work we have been doing on aircraft tires is
extremely preliminary. We have treated only a few thousand
to date. Normally our testing facility tests about 20 to 40
tires per day. We have learned from truck tire testing in
past years, that it takes a very large data base over an ex-
tended period of time before one can establish with any
degree of credibility exactly what is taking place in terms
of specific failure mechanisms. Our basic objective is an
understanding of the life expectancy or durability of a
tire. How does one get his money’s worth out of a tire?
How, basically, does it fail, and when is it going to fail?
In the case of truck tires, we look at the diameter of a
given separation 1n a ure as a funcuon of the mileage. We
follow a given tire up to 160,000 miles. For example, a
qrrter it wide separation i new rudie] troek tive
will grow linearly as a function of mileage up to typically
one or more inches within 100,000 miles. We plot the
separation diameter as a function of mileage through re-
peated tests at various mileage points. We then observe
the size of the separation just prior to the failure point.
We note, within the limits of statistical error, that in gen-
eral there is a linear relationship between separation size
and mileage, which almost always results in separation
propagation which is quite predictable in other tires of
identical construction under similar road and load condi-
tions.

Now, let us return to our discussion of aircraft tires. Air-
erelt stodies are mueh move JiMleult. The ivtiviel seraple off
a given size of new R-0 tires typically have few separations
in them, 1% or 2% on the average, 3% or 4% at the most.
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However, after watching them beyond R-1, the first recap
level, or R-2, the second recap, we will sometimes see
separations suddenly appear along with a progression of
poor structural uniformity in the tire. Separation will
propagate at a fairly slow rate for a period of time, and
then suddenly propagate almost exponentially into a
quick and sudden failure. Instead of having the linear
separation propagation relationship which we observe in
the case of a typical truck tire with good uniform strength,
we will have a situation where we may see relatively slow
propagation of separation over an extended period of
time which then abruptly leads into sudden separation
growth as the number of landings proceed. In a typical air-
craft tire, we will see a small separation sit idly by, propa-
gating very slowly as the number of landings progress, then
all of a sudden it will propagate to failure over a relatively
short number of Jandings. Aircraft tires arc complex be-
cause the propagation mechanism is critically influenced
by the overall structural strength and structural uniformity
of the carcass. That is, a small separation in a weak carcass
may propagate very fast, but a moderately sized separation
in a very strong carcass will propagate very slowly and go
through a surprising number of R levels before it will lead
to a terminal failure.

The result in aircraft tires is that the stretch or the elonga-
tion as a function of applied load which gives us the most
significant data, as opposed to the classical mechanics case
for homogeneous metals where strain data which is mea-
suted as a Tuniction uf applied stiess, provides us with the
best information, Life is basically simple in a homogeneous
mwtallurgiosl gituation o one diveneional probleny e
you can pull on the material with a given applied stress in
pounds per square inch and measure out the corresponding
strain in inches per inch. Holography testing does not pro-
vide us with strain data directly, but rather gives us the
overall stretch or elongation characteristics of the carcass
for a given applied load. This type of data turns out to be
exactly what we need, since it reveals the general strength
JDiaracteristivs of the tire,

Briefly, we might note that holography is a laser photo-
graphic process which can photographically record a three
dimensional view of the tire, Employing as a test method
the combination of holography and interferometry, minute
digplavoments ean be mensured in theee Sivienwionsl ob.
jects. In the case of a tire system, it is absolutely essential
to look at the complete three dimensional object, rather

e
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than gathering data at a single point which is the typical
case for metals. In a tire, the comparison between relative
rather than absolute data points is crucial to the strength
of materials analysis, The measurement of minute dis-
placements in tires as a result of an applied load can lead
to judgments about the quality of the tire,

Let us look at the following simple analogy which will help
us to understand the manner in which we obtain the final
data. Suppose we had a thinly stretched rubber membrane
of which we had taken a three dimensional hologram. (A
hologram is a special type of photograph taken with a laser

! I Relative |
| Height |

Ili—.'x:'p. size —h!

Plan views of bulges caused

by inner ply separation where
contour lines represent con-
stant height above a reference.

beam.) We could then set up a very simple interferometer
and look at that membrane and push it very gently forward.
The image we would see as we push that membrane out
would consist of rings or concentric circles which would be
contours of constant displacement. As we push the mem.
brane out, we could then generate a contour map (the con-
tour lines on the map would represent levels of constant
displacement or levels of constant height above a reference)
which would tell us the general displacement from the
original position. Now in terms of a tire, we want to see the
overall displacement between the unstressed and stressed
tire carcass. In reality, what we are trying to do is just set

Cross sectional view -
Physical change in height

FIGURE 1A
Interferometric Contour Maps

Non—uni formity -—¢

r=—Loose Splice

Upper Bead

Lowar Band

FIGURE 1B
Topographical Map of Typical Low Quality Aircraft Tire After Numerous Retreads

™ P




oS

up a three dimensional stress-strain measurement where we
can read the relative stretch or displacement out in the
form of a simple image as a result of an applied stress. It is
of crucial importance that we obtain our data over a region
of the tire's surface as opposed to obtaining data at a single
point in space which was the case priorto holographic inter-
ferometry. In a holographic tire testing machine, we take a
photograph or a hologram of an interior region of a tire, say
for example, a left to right view from O to 90 and a top to
bottom view covering the tire from the top head to the
bottom head as viewed from the center of the tire after we
have applied a stress, which can be done by putting the tire
in a vacuum, we come up with a contour map that repre-
sents to us the stretch that is produced in the tire as a
result of the applied stress (note Figure 1).

To get the tire ready for testing, metal spreaders are put
intu the interior tu hold the beads far erivugh apart tu en-
able the camera to view the interior of the tire (note Figure
2). The tire is then ready to be placed into the holographic
machine on a merry-go-round turntable assembly under a
vacuum dome. The tire surrounds the interferometric

camera which takes the hologram. Ninety (90) to 120 cir-
cumferential degrees are automatically viewed at a time.
The tire is holographed (or photographed) both with and
without an applied vacuum to obtain the relative stretch
caused by the applied stress. The tire is then rotated to the
next 90 or 120 degree view, etc. Typical test time for a
tire for the type of results we will be discussing is about
two minutes (note Figure 3),

In most tires which we test, we obtain an upper mid-
sidewall to lower mid-sidewall view. In a few cases, we in-
sert mirror assemblies to provide bead-toe- to bead-toe
views, as shown in Figure 4,

Now let us come back very briefly to the method. If you
were to take an object and put it in a vacuum, that object
being a multiple ply tire, the overall tire being tested would
dilate, stretch, or elongate as a result of the applied vacuum.
Our camera would record a background fringe pattern
which would relate 1o us how the tire surface moves or
stretches topographically (reference Figure 1).

FIGURE 2
Bead Separation By Metal Spreaders
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FIGURE 3.c. Typical Test Machines For Aircraft Tire Analysis

FIGURE 4.a. Bead View Holography — Mirror Placement
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FIGURE 4.d. Bead View Holography — Mirror Placement

In a situation where there is an interply separation inside
the structure, not only do we get this displacement as a
result of having put a negative pressure on the surface,
henge lifting the entire surface; but there is also an added
displacement as a result of the air expansion inside the
void or interply separation. Whenever we observe the con-
centtric ring pattern ol a separation, it has 2 background
fringe structure surrounding the separation which tells us
the relative strength of that region, in addition to the
tundamental pattern which reveals the void or separation
itseif. So, in summary, we observe a background displace-
ment pattern s well as the wypieal bulP's eye panemn. This
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FIGURE 5 Background — Structural Uniformity as Opposed to Structural Integrity or Separation
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pattern reveals the displacement which is associated with
any separation, or lack of structural integrity as you will
note in Figure 5.

Next let us explore this background pattern which reveals
the general strength of the tire. For example, if we look
momentarily at the turn.up region or the flipper edge of
the tire and rotate the tire circumferentially (reference
your observation point as being the center of the inside of
the tire) and assume that the tire’s internal construction
geometry remains the same within very close tolerances,
as does the relative strength in that region; we will then
note in the hologram that the fringe lines are always uni-
form and very beautifully behaved as depicted in Figure
6-A. If the geometrical components inside the tire are
straight and geometrically symmetric, the fringe lines or
contour lines will be geometrically symmetric. The tire
has stretched uniformly due to the geometrically sym-
metric construction detail. In other words, the fringe lines
merely correspond to the stretch nature of the tire. Had
there been an interply separation in the tire it would have
exhibited itself with its own characteristic pattern which
is a direct measure of its given size. If the separation is
deep or farther away from the observer (near the tread),
ihere will be fewer circular Fricgees or concenitric circles.
Consequently, we can resolve the general position of the
separation in the structure as well as determine its relative
deptih in the ure. As you look from left to right, parallel
to the bead, you will notice that the fringes are extremely
linenr and horizontal I you take » tire in your hands and
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6.,a, Excellent

6.b. Poor

FIGURE 6 — Structural Uniformity

rotate it around your head circumferentially (with your
head at the center of the tire), wherever you look circum-
ferentially (assuming you have X-ray vision), it should be
the same geometrically. On the other hand, if you observe
the tire in the radial direction, there are different cross-
sectional thicknesses, different strengths, and therefore
the fringe spacing is different. Hence from the above com-
ments, all holographic fringes (aside from the pattern
caused from changes due to variations in the index of
refraction during the measurement which enhances the
read-out) run horizontially from left to right and have dif-
ferent spacing up and down. Now what would happen if
we had a tire where there were variations in the height,
say at the turn-up? This variation could lead to a variation
in the strength, Then instead of the classic very uniform
linear horizontal fringes, we would see fringes which
wander up and down as we move circumferentially around
the tire. This would mean that we are getting a different
magnitude of stretch as we move circumferentially around
the tire as depicted in Figure 6-B.

When a tire is constructed with near perfect geometrical
proportions and such exacting geometry is further coupled
with near perfect adhesion throughout, the fringe pattern
will be highly uniform. This happens because the tire car-
cass responds, stretches, or elongates due to the applied
load or stress induced by the vacuum in a highly regular or
uniform manner. In other words, if the strength of the tire
is uniformly symmetric, the fringe pattern will be uniform.
In a highly uniform tire, we find the separation rate propa-
gating more slowly than in the non-uniform tires. Higher
shear stresses as well as higher temperatures develop in
non-uniform tires resulting in the higher propagation rates.
Fut example, a-quartet inich sepaation in 2 40 % 1 sirersfl
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tire will go through 200 or 300 cycles or landings before
propagating significantly if it is in a very strong carcass. If,
on the other hand, it is in a very weak carcass as revealed
by non-uniform fringe contour lines, it may propagate to
failure within 25 to 30 cycles, especially if it is in the
shoulder region. If the background fringe pattern is geo-
metrically non-uniform, cord tension will vary over a
greater range and fatigue will set in much faster. Separa-
tions will evolve more readily and will propagate at a
higher rate. If however, the background fringe pattern is
uniform, separations will only rarely appear over the first
hundred cycles: and when they do, they will propagate
much more slowly. Hence in aircraft tires, it is particularly
important to take this background structural uniformity
into account when predicting the rate of propagation of a
given separation at a given location. The performance char-
acteristics of a given tire construction will be critically de-
pendent upon the observed state of the tire’s structural
integrity.

In summary, it should be noted that a large structural uni-
formity data base must be established before realistic
acceptance-rejection criteria can be established on a given
type of tire. The existence and size of separation is not
nearly as important an observation as the overall structural
uniformity, unless of course the separation is well over an
inch in diameter and it is in a critical geometrical position.
One must always judge the criticality of the size of a given
separation as a function of the observed carcass strength
which is revealed by this general structural uniformity.

The type of data which we reference here, can be obtained
over a period of time by routine monitoring of commercial
carrier fleets. Tires wiidch develop damgerous separation
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characteristics can be run out on indoor test wheels to
minimize the danger to the commercial operation.

Now there are some basic questions at this stage which we
should begin to ask ourselves, What is the incidence of
eterply separation &i o typieal sample of aireraft virey!
Given the fact that they exist in a given structure, what is
the probability of failure during the original tread life: R-0,
or R-1; the first recap level, or R-2: the second recap level,
etc. In general, there are tewer separations in aircraft tires
than most of us realize, It turns out however in a few iso-
lated cases, that abnorinal outcropping of separations in
given tire sizes do exist as a result of construction mistakes,
poor workmanship, contamination, etc. Often modest
changes in tire construction can reduce separation problems,

One of the common causes of separation in new tires is due
to the existence of pieces of “poly™ left in the tirc when
these protective sheets are pulled off the original stock ma-
terial during the building of the tire. An example of deal-
ing with separation problems by changing construction de-
tails i 40 x 14°s 13 to reduce cord diameter ad Ineremse
skim coat thicknesses to provide greater insulation between
plys. In one particular test carried out on 100 new 49 x 17
aircraft tires, the author found that 3% of the tires con-
tained separations over one inch in diameter at the turn-up
edge due 10 pieces of poly. The Tacu that at leas one of
these could have lead to a critical failure within its normal
life expectancy is without a doubt,

But now let us come back to the basic point. Given the
Faet ! Sscparations Jo axit i alreralt thes: how nany
exist, and when they do exist in a given construction, how
fast do they propagate? When and under what circum-
stances do they lead to failure? What 1s the proper time 10
take tires off of a given system so as to get the maximum
usefulness out of a tire purchased?

To get a preliminary feeling for the answers to these ques-
tions, (a final answer is not yet possible), six descriptions
follow of random samplings from a mixture of R levels
taken from a few thousand aircraft tire tests. Let us choose
first a random sampling (Sample #1) of 100, 20 x 4.4
tires. About 9% of this sample were separated. Based on
our data to this date, we would con-ider about 6% of that
9% to be moderately critical, implying that there is a given
probability of failure within the life span of the carcass or
more specifically, that there is a high probability that the
tire would not pass a qualification test. Within this 6%,
about 3% of the tires contained one quarter inch or larger
separations combined with poor structural uniformity
such as non-uniform cord tension or fatigue. On the other
hand as a comparison to this sample, the author has ob-
served a group of 300, 20 x 4.4°s (Sample #2) in which
frot Orve Mrrpke separation wos Found. Wikkiin His proup.
probably not more than one to three would fail the basic
qualification test for the 20 x 4.4, However, we realize
that the indoor qualification wheel test is undoubtedly

T Ty
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more severe than the real world situation, In actual usage,
all 300 of these tires would probably have lived out their
tull carcass lives ower two or three R levels without mishap

A more typical case for 20 x 4.4's would be to find three
tis Ave serivoshy defectivg titon among 5 nimgle of SO0, or
about 1%. The percentage of critically defective tires in a
given sample lot will vary significantly when testing tires
manufactured by different companies. In other words, a
much more significant variation in data appears when com-
paring different retreaders. The quality of tires also vary as
a function of the date of manufacture.

Next not a more typical random sample (Sample #3) in
30 x 8.8 tires. In this sample, of the 100 tires chosen, only
two were separated. And of those two tires, only one had
a very high probability of premature failure since critical
non-uniformity surrounded the separation,

Ouwi next sanple (Sample #4) i of 100 tires, size 40 x 14 -
Manufacturer A. In this case, 41% of the tires were serious-
y defective sl rejected | tased v & refoetion eriteria for
separations of 22" or larger where the variation, %4”, is

a function of the overall strength of the carcass or structural
uniformity. Most of the separations in the 41% were serious
shoulder and/or splice separations. Less concern was given
1o the separations existing in the ceniter or crown region.
The £%4™ vartation was used to single out strong and weak
tire carcasses. In other words, a separation as large as three
quarters of an inch would be allowed in a tire with a strong
carcass, whereas a separation only as large as one quarter

ool am imaely wonld e allowed io o carcew which woi weak
and fatigued. We should also note that a few tires in the
41% rejection criteria were rejected solely on the basis of
extrermiely weak aind loose caicasses, that is, catcasses coir-
taining no separations. We tested a number of these rejects
(from the moderately-high-probability-of-failure types to
the very-high-probability-of-failure types) on the indoor
test wheel and they all, without exception, failed pre-
maturely.

The question: *“What do you mean by critical separation?”’,
or “‘How does one establish an acceptance-rejection cri-
teria?’ need to be answered, Acceptance-rejection criteria
must be established on a very substantial data base; 100
tires is not substantial enough. After testing over 1000, 40
x 14's, we began to establish a good degree of confidence
in terms of an acceptance-rejection criteria, which is % 114”
where the variation of £%" as mentioned above is a func-
tion of the carcass strength. Now let us look at a sample of
100, 49 x 17°s. which is Sample #5. Here, 11 tires were re-
jected. Although in this case we have not looked at enough
tires to clearly establish an acceptance-rejection criteria,
our general feeling is that separations up to one inch in
Jigrieter in the crown ares g soveptablo for se addinions!
R level as long as the carcass is strong. However, only sepa-
rations smaller than one quarter inch would be tolerated in
the turn-up area or shoulder areas.
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Now let us digress momentarily to point out that the
seriousness of a separation is established while observing,
as a result of repeated tests through many R levels, the
propagation rate of the separation as a function of the
number of landings. In addition, the propagation of
separation as a function of the number of taxi-take off
cycles has been studied (the author has studied repeated
tests on approximately 27 tires) on indoor test wheels,
There is a desperate need for more indoor test data, since
we have only scratched the surface of this immensely fruit-
ful area of research., Furthermore, one establishes a very
good feeling for how fast a separation propagates by ob-
serving from R level to R level how fast the tire is deterior-
ating both from the point of view of the structural uni-
formity and the structural integrity (the size of the separa-
tion as a function of the number of landings). By observing
the increase in size of very small separations from R level
to R level, one obtains a feeling or judgment as to how
many landings a tire will go through before the separation
reaches a size where the tire will fail. We have observed
both real world failures (failures on actual aircraft) in ad-
dition to failure cases which were simulated on indoor test
wheels,

Next let us look at a larger sample (Sample #6) of 40 x
14’s — Manufacturer B. In this distribution of 1000 tires,
there is a total mixture between R-0’s, R-1’s, R-2's, hence-
furth, un up through the R-5 level. The distribution con-
tained more R-2 levels than any other specific level. The
rejection over the first 1000 tires based on our data base
was 21.5%; however, these rejections were based on both
separations and loose splice detail combined with overall
cord-looseness and tire fatigue. In other words, about 15%
£3% of the total would be considered to be critical. And,
in this case, we would define critical as meaning those
tires which would have an above averase probability of
falling had the tire not been rejected prior to the next R
level. A special note should be made that many of the
tires we observed which contained critical separations
were removed from service prior to failure due to cuts,
skid burns, etc. Had the tire in the sample been more re-
sistant to cuts, for example, the.airline would have experi-
enced even more than the typical one failure per month
which was their situation, A brief note should be made
that many of the serious shoulder separations which were
in structural weak areas were not revealed by air needle
injection.

A few additional comments might be in order with regard
to the distribution of 100 new 49 x 17 tires. One percent,
or one tire, contained a very critical shoulder separation
whiich could have Ted to a setivus prubicm. Thirec percent,
or three of the tires, contained crown separations with an
average size of two inches in diameter. Separations of this
size could lead to a problem previous to the next R levels.
Five percent, or five tires, contained separations at the
turn-up, (lipper strip edge, and in the apex swip region
above the beads. Another one percent, or one tire,
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exhibited very poor cord adhesion characteristics. Upon
examining the eleven tires of special concern, we might note
that tire #1 contained a crown separation over 4", Tire
#2 contained a 1 crown separation, Tire #3 contained a
separation in excess of 1™ at the turn-up. Tire #4 con-
tained a separation in excess of 1" at the turn-up. Tire #5
exhibited cord socketing to an extent which could lead to
a serious problem. Tire #7 contained a 2™ separation at
the bead apex. Tire #8 contained a 1" separation at the
bead apex. Tire #9 contained a separation in excess of 3"
in the shoulder. This tire obviously had a high probability
of premature failure — and soon. Tire #10 contained a 3"
separation at the turn-up, Tire #11 had weak tread ad-
hesion in general, The remaining 89 tires had a very low
probability of failure and were excellent candidates for
further retreading. It is important to note that all of these
100, 49 x 17’s were new R.0's, Throughout the R-0 level,
we would consider only one of these above eleven to have
a very high probability of failure prior to the next R level;
this tire being tire #9, — the one with the 3" separation in
the shoulder. Had any of the above eleven tires been over-
loaded and underinflated at the same time, at least five of
the eleven would have had a high probability of premature
failure,

Considering R levels beyond R-1, there now is a probability
of failure which begins to become noteworthy even under
normyl laading gonditions jn tires £10, 3, 7; the tire con.
taining the 3™ separation at the turn-up, the tire containing
the 1" separation at the turn-up, and the tire containing
the 2" separation at the apex.

We should again ask ourselves the question, ‘““What consti-
tutes a critical defect?”, that is, a defect which has a very
high probability of failure prior to the next R level. And,
how does one go about getting data which relates to defect
criticality?

Allow me to digress momentarily to say that the beauty of
truck tire testing lies in the fact that the data is so much
easier to obtain. One simply sorts out defective truck tires
from good truck tires, selects several hundred, and then
mounts them on trucks in fleets with defective tires run-
ning alongside good strong tires to minimize any possible
danger of a serious situation occurring. Over ensuing
months, and observations of many tire failures, it is easy
to establish a clear cut criticality, or acceptance-rejection
criteria. Such data can certainly be obtained in a one to
two year period in the field. or over a few weeks employ-
ing indoor test wheel data.

But, what ¢an vne do 1o etablah oriticality in the ¢ase of
aircraft tires? First, one tests a very large number of tires
and separates out those which have a lack of structural
integrity (separations) and/or lack of structural unitormity
(poor construction geometry, loose cord tension, fatigue,
low adbesdon ete ) With aieerit tines, e cormor gubmil
them to actual field test runs as in the case of truck tires.
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Instead, we must sort out those tires on an indoor test
wheel to run them out to failure, After having done so,
we must establish the basic rate of propagation as a func-
tion of the number of cycles or landings. The obvious
problem lies in the fact that real world failure data is near.
ly impossible to obtain and the gathering of data on an
indoor wheel is slow and expensive. One researcher can
direct a study on a thousand truck tires in the same period
of time it takes to carry out failure analysis on SO aircraft
tires. Further work in this area is critically needed. The
best acquisition of data comes through monitoring tires in
a typical carrier’s fleet. As an example of the monitoring
of a given fleet, note tire sample #7 in which 2.6% of a
distribution of 2200 tires, size: 46 x 16 were rejected.
Here, there existed a clearly defined probability of failure
in service had these tires been allowed to remain in service.
Note Figure 7 which summarizes the various samples pre-
sented thus far,

Before proceeding to a discussion of results on indoor test
wheels to establish defect size criticality, it might be inter-

esting to point out that in the case of a 40 x 14 tire, we
made a mistake in the early stages of our testing and al-
lowed a tire which contained a 2 separation to get

placed into the “tires accepted” category as opposed to
the “tires rejected” category, At that time, we were using
an acceptance-rejection criteria of %", That tire, contain-
ing a 2" separation, was accidentally mounted on an air-
craft and it failed on the fifth taxi-take off, We were fortu.
nate in that the failure did not lead to as serious a situation
as it could have. As a result of this experience, we believe
that a 2" separation would obviously go to failure very
quickly.

But what about the case of the %", or 4", or % separa-
tions? How soon would they fail? Our next step was to
take these types of separations to the indoor test wheel
and to observe their propagation as a function of the num.
ber of cycles. As our first example of the indoor test wheel,
we will look at a 40 x 14 - 21 tire and observe the increase
in the separation diameter propagation as a function of the
number of taxi-take off cycles. In this first case (note

S T e Ko

Sample Size Tested Rejection Failupe Fad T

1 46 x 16 2200 2,6% 1.7% 0.9%

2 20 x L4 100 9.0 6.0 3.0

5} 20 x L4 300 0 0 0

L 30 x 8.8 100 2.0 1.0 1.0

5 LO x 14~A 100 41,0 22 - 25 16 - 19

6 L0 x 14~B 1000 21.5 12 - 18 35 = 945

7 L9 x 17" 10 | 11.0 1.0 10.0

*New R-0. All others: R-1 through R-7 with most at or near R-2.
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FIGURE 7 — Summary of Rejection Rates for Various Sample Tests
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Figure 8), we observed in the original carcass a 7/8" di.
ameter separation, The tire was then mounted on the in-
door wheel and after a brief warm-up period, the tire was
cycled through flve taxi-take off cycles. The tire was then
taken off the test wheel, dismounted, and then reholo-
graphed. At this time, we observed that the 7/8” diameter
separation had grown to 1%" in diameter. The process was oo 1 A0x14-21
repeated for another five taxi-take off cycles and the 1%”
diameter separation had now grown up to 6” in diameter.

) Other separations had grown in diameter which were close
to the original 7/8" diameter separation. These separations,
as they had grown, had also joined up into the above men-
tioned 6” diameter separation. Again, a 1/8" diameter
separation in this same carcass, which was originally close H
to the previously mentioned 7/8” diameter separation,
grew after five cycles to a 3/4” separation in an additional
five taxi-take off cycles up into the 6™ separation men-
tioned earlier, At the same time, an original %’ diameter
separation, which was at a further distance from the orig- H

} inal two separations mentioned, after five taxi-take off

cycles had grown to 1!%4”. Then after another five taxi-take

off cycles had reached out and joined into the above men-

-
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tioned 6 separation. In other words, the original 7/8” di-
ameter, 1/8” diameter, and %" diameter separation all grew
significantly and finally ended up after ten taxi-take off
cycles in a single 6” diameter separation which then, in
turn, went to failure after six additional cycles.

Let us give an additional example in a 40 x 40 - 21 (Figure
9) aircraft tire. In this tire once again, there was a consider-
able lack of structural uniformity throughout. In this case,
a %" diameter separation in the original measurement propa-
gated to a 1%4” diameter separation after five cycles, which
in turn, propagated to a 5" diameter separation after yet
another five cycles. Another original %” separation propa-
gated to %" in diameter after five cycles, which, in turn,
propagated to 4" after five more cycles. So, therefore, we

AIINUAR note that separations in the %4 to }4” category propagate
H. quite quickly, particularly when they are in a tire which is
structurally weak and/or the separation is in a shoulder re-

FIGURE 8 gion as the above cases were.
U.S. Navy Tire No. 1 — Indoor Test Wheel
40x 14- 21 Figure 10 is an example of an extreme case of separation

Physical Separation versus Taxi-Takeoff Cycles which existed in a tire removed from an aircraft. The tire

H, not toscaie 1]




Le i i b o Gt shbi i e e AT e A o i s o et

FALED — 4 cycle

Customer Tire O.K Size House Number
NAVY scasw [} A40x14/, | HS9-Nav.
Reject
LABORATORY Mileage Retread Number Carrier Serial Number
In
107X72
() Ryst ou 7X7298

Date Received Date Shipped Shipper Number Holograph

Number
Serial No. Up And

Date
i 90

1

cc

cC

N -

B = bead S - shoulder CC crown center

FIGURE 10
Indoor Test Wheel Data Extreme Case 40 x 14 - 21
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showed no visible evidence of separation, however its chart
in Figure 10 reveals the extent of physical separation on the
non-serial side shoulder at the time the tire was first holo-
graphed. This tire threw its tread on the indoor test wheel
at the start of the second taxi-take off cycles.

Next, note four more realistic examples of propagation in
Figures 11 through 14, Figure 11 depicts the propagation
of a 1” separation (at 141° from the serial number in the
non-serial shoulder) and an adjoining 32" separation in the
shoulder of an R4 tire which went to failure in 22 cycles.

Figure 12 depicts the propagation of two small 4™ separa.
tions and one larger 6" separation which failed after 15, or
on the 16th cycle. Figure 13 reveals the amount of propa-
gation which occurred after 10 cycles. The separation
originally was a 3%" shoulder separation at 207° from the
zero degree serial number position. Figure 14 depicts simi-
lar propagation after 10 cycles.

Next, allow me to give a dozen examples of propagation of
separation in aircraft tires — size 26 x 6.6. Note Figure 15
which is a summary of these examples. In the first 26 x 6.6

CYCLES 10
TIRE # NAVY SERIAL NUMBER SEPARATIONS FAILURE
1 4385 2=1/40, 1=3/40 19
2 000584, 2-1" 1
3 1036 1-3/8" 11
h LOL70125 weaknesses at 175 5 70" 15
5 9=66-87671 1-3", 1=2", 1=3/4", 1=1/8" 1
6 7-67-03703C30C 1-3/4", 1-1/8" 28
1-3", l-1/2", 6-1/8",
7 L2ECHRCET =3/l 127, 2= 1e1/20 e
8 1271 AK0680 weakness at 150 26
9 1031 1-1" 16
7-1/4", 2-1/8", 1-1/20
10 2115AK0281 1-1", weakness at 22° L
1n 1-66=3847L 31", 2= 1-1/2» 7
Control Tire - Uniform
12 02278128 no separations - Excellent Did Not
ity Fail
FIGURE 15

U.S. Navy Indoor Test Wheel Data for Twelve 26 x 6.6 — 16 Ply Tires
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tire, a %" separation at 127 in the crown area of the tire
propagated to a %™ separation after five cycles, which in
turn propagated to 5/8" after five more cycles, which in
turn propagated into a 5 separation after yet another five
cycles. An original 4™ separation at 143% propagated to
%" after five cycles, and then propagated to 3/4™ after yet
five more cycles, and finally propagated into the 5™ sepa-
ration mentioned above after five more cycles. A third
separation at 153 in the crown which was %™ in diameter
propagated to 7/87 in five cycles, which in turn propagated
to 1™ in five additional cycles, which in turn joined into
the above mentioned §™ separation. The § separation
then, in turn, failed after four more cycles. From the above,
we note that separations ranging from '™ to 3™ propagate
quite rapidly as a function of the number of ¢ycles. More-
over, these individual separations have propagated this
quickly as a result of the tact that they were clustered
quite close together. Had these separations been further
apart, or had they existed singularly, they would not have
propagated as fast. This example provides us with direct
information on our %" separation criteria used by the U.S,
Navy. (Present rejection criterja is 14™).

R I1£E ag B

IBBLUGE MO g38%

14X TakE (He CYCLEL ©

FAILURE

FIGURE 16
U.S. Navy Tire No. 1 — Indoor Test Wheel

Next let us look at an example of a 1™ separation in a 26 x
6.6 tire (note Figures 17-A and 17.B), This separation
propagated after five cycles into a 2" separation, which, in
turn, after five more cycles propagated into a 4" separation
which, in turn, propagated to failure at the beginning of
the cleventh cycle,

Another description (note Figure 18)is of a 26 x 6.6 tire
(#3) which had a very weak carcass, namely, poor struc-
tural uniformity. This tire originally had a separation, 3/8"
in diameter, which propagated to a 3" separation in five
cycles, which in turn, propagated into a 12" separation in
five additional cycles, which, in turn, failed before the next
cycle was completed. Note that poor structural uniformity
has a strong influence on the propagation rate,

Next allow me to provide a brief” example of a tire (#4)
which showed extreme non-uniformity in weakness
throughout the carcass, but contained no separation init-
ially (note Figures 19-A & 19-B). It exhibited the fact that
a tire, in this case a new R-0, which had extreme amounts
of structural non-uniformity would develop separations
very quickly. In this case, after five cycles a %™ separation

cAATION S1ZL 26x6 6
e ——l
by HOUSE NO N-9
TAXI - TAKE OFF CYCLES 0
r_ -'1 Ugper Sidewall
|
[
14
"
FAILURE
| H,

FIGURE 17.a.
U.S. Navy Tire No. 2 — Indoor Test Wheel
Propagation Pattern
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FIGURE 18
U.S. Navy Tire No. 3 — Propagation Pattern
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Notice the separation at 709, it went from %" - 2%" in 5 T.T.'s - unlike truck -
very fast - jump transition propagation. Proof that a tire must be tested at each
Ry, level where n=0,1,2,..... n,

Significant propagation, at what size separation will tire fail; propagation is
taking place very fast.

e

Reverse Side of FIGURE 19.b.

e

evolved at the specific point of non-uniformity. This %”
separation in turn propagated to a 2%4” separation within
five additional taxi-take off cycles, which, in turn, propa-
gated to a 20” separation after five additional taxi-take offs.

Figure 20 is another example of structural non-uniformity S 1) R e

‘ which progressed to 20” separation within 15 cycles. '
ALt HOUSE NO 1042
Figure 21 is a photograph of the test chart which displays YT TR YR

early failure in an R-1 tire (#5). The cross-hatched lines
represent a thrown tread which occurred after only one // ’
| cycle Jue to the cluster of four separations between 225° NON-UNIFORMITY

and 25:° in the center crown region, I

e c.oc STE S —

Tire #6 is an example of two small separations leading to
ket failure in, as you might expect, a larger number of cycles,
" namely, 28 (note Figure 15). \
’ 1
Another example of clustering separation can be noted
(Tire #7) in Figure 22. Here, you will note that the tread
had been thrown, as indicated by the parallel lines across
the chart, on the 10th taxi-take off cycle.

Tirc #8) (Figure 23), in this sequence, is another example
of clustering as related to the geometrical position of the
tire’s structural integrity.

Tire #9 (note Figure 24) is a straight forward geometrically H.
progressive propagation in a reasonably strong tire.

Hj not to scate

Figures 25-A and 25-B depict an R-1 tire (#10) with more

than the normal amount of separations; however, note how
the individual small separations come together to form the

5% separation at 10 cycles.

Our last propagation example, Tire #11, is again very FIGURE 20
typical for 4 ! ass,
typica for a reasonably strong 26 x 6.6 carcass, as shown U.S. Navy Tire No. 1042 — Indoor Test Wheel
in Figure 26. .
Propagation Pattern
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FIGURE 22.a.

U.S. Navy Tire No. 7 — Indoor Test Wheel
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U.S. Navy Tire No. 10 — Test Chart

*Not all Hq data has been inserted due to complex structure. |
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One control tire for this group, Tire #12, which wasa

strong, structurally uniform tire showed no signs of de-
Ty YA terioration after running through the same number of
I cycles as those discussed above.*
n.?(%.q Roves el This type of data could be given in greater detail for a large
9 - number of examples, but it represents the typical type of
TAXI - TAKE OFF CYCLES:0 information that one obtains on an indoor test wheel.

Needless to say, high quality *‘control tires”, observed
holographically, ran beside these without mishap. (In a
number of cases, as an aside comment, we have predicted
the success or failure of tires being sent through conven-
5 tional qualification tests required by the Navy.) In sum-
mary, we can say that when separations exist in a 26 x 6.6
aircraft tire in the size category of %" =%" category, it will
go through a significantly larger number of cycles (25 to
50) before it goes to failure if the carcass possesses a high
7 degree of structural uniformity. Digressing momentarily,
the author would like to point out that more detailed
RAIELRE studies should be carried out on adhesion levels and por-
| H osity, which are observable by holographic procedures.
Note, for example, the photograph (Figure 27) which is a
typical case of heavy porosity caused by undercure as con-
firmed after the hologram was taken by cutting the tire’s
center crown.

On the other hand, note Figure 28, which reveals via the

' holographic pattern a reduced adhesion level in two regions
of the tire. These regions were caused by a latex based
marking substance which was not absorbed by the com-

Shoulder  at 108"

FIGURE 26 *In future test work, a larger number of high quality test
U.S. Navy Tire No. 11 — Propagation Pattern tires should be run out to failure.
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FIGURE 27
Pososity in Center Crown Region
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— Courtesy of C. Hoff

FIGURE 28.a
Holographic Pattern Revealing Low Adhestion
FIGURE 28.b.
Physical Tire Dissection — Tread to Carcass rubber surface revealing
latex based marking substance which reduces adhesion levels.
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pound (marking substance used to record date codes on
the fabric). Note the reverse number *20" which resulted
in lower, “non physically separated”, adhesion levels as
revealed by the physical sample shown.

Before proceeding, mention should be made about the per-
centage of rejections as a function of a given R level for
commercial aircraft tires. We have found throughout our
statistics that roughly speaking the same percentage of
rejections, plus or minus 10%, take place at each R level

in large distributions of 40 x 14 - 21 aircraft tires. This
data would suggest that separations are appearing at each
R level at about the same rate. Separations continue to
appear as the cords loosen up and general fatigue sets in.
Much of the data which we have observed to date in 40 x
14’s would suggest that one would be wise not to make
the decision to reject a tire based on a given R level. It
would appear to be a much wise: criteria to decide on the
life of a tire based on the number of cycles or landings it
goes through rather than the number of R levels. This is
the data which must be obtained in the future, We strong-
ly feel at this time that once an understanding is obtained
of the degradation of a carcass as a function of the number
of landings that decisions should be made wherein a tire is
allowed to stay on an aircraft as a function of the number
ot landings and not as a function of the number of R
levels. It is conceivable that a tire with an R level of, for
example 5 or &, eould hrave signifierntly tevs tmdirgs on

it than another tire which is only an R-2 or R-3. This could
partially explain the reason why we sometimes see less
fatigue in an R-§ or R-6 than we might in an R-3 or R4.

Next we note in terms of failure mechanism characteristics
of a given tire construction that the small separations
propagate very slowly if they are in a very strong tire and
that these separations will propagate out through a number
of landings before the background carcass begins to weaken,
to loosen up, and then go to terminal failure over a fairly
short number of landings. Now let us compare the above
notation very briefly to truck tires whose separation propa-
gation rates are well behaved. If we were to look at separa-
tion size as a function of mileage and draw a graph for
truck tire data, we would notice that it would fall very
nicely along a given line. In general, the relationship be-
tween separation size and mileage is a linear function with
the variation in slope of that line being determined by the
overall strength of the tire. In the case of truck tires, we
then have a band of linear traces whose milder slope repre-
sents tires which are quite strong. Those linear traces with
a stronger or higher slope represent tires which are weaker.

When measuring aircraft tires, we think in terms of the
number of taxi-take off cycles versus separation size. Here,
we notice that a small separation will typically propagate
in a strong tire slowly wherein the curve along which it
travels (that is the separation diameter as a function of
cycles) will look very much like the truck tire case, After
many cycles, and after the carcass has begun to fatigue and
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loosen up, there will be an increase in separation size as a
function of cycles which will increase exponentially to the
terminal failure point. In a tire which has a very weak
carcass, we will note that the separation size will increase
exponentially as a function of the number of cycles in very
early stages, whereas mentioned above, the separation size
as a function of a number of cycles will increase linearly
with a very mild slope for a long period of time and will
then rise exponentially in a strong tire. As mentioned
earlier, the cardinal difference between truck tires and air-
craft tires is the following point. Almost without exception,
all separations or areas with a high probability of separation
will be observed in the original carcass at the time the tire
is new, Even after the tire has been retreaded new separa-
tions are unlikely to appear in a radial truck tire unless they
are the result of mistakes the retreader has made, New sepa-
rations which are specifically a function of the carcasses
themselves do not appear at these later stages. Conversely,
in the case of aircraft tires, the separations which are ob-
served at various periods during the life of a given aircraft
tire carcass seldom appear when the tire is new or straight
out of the mold. As a matter of fact, on the average, rarely
does one see in new aircraft tires more than 1% or 2%
which are separated. On the other hand, after a number of
cycles, perhaps 1000 landings which may be at a R-5 level,
one might note a number of separations in a given tire
carcass which did not appear either at the early stage of
idee tivg'e e, o i the previoee R lewel I othier words,
separations continue to form and propagate (note Figure
29) at a variety of stages throughout an aircraft tire’s life
(throughout each of its R level stages). It is not uncommon
to see no separation in a R-O level of a given tire, or its R-1
level, or its R-2 level and on up to some R-n level where-
upun separations will appear over a very short period of
time and with great profusion. When establishing accept-
ance-rejection criteria, this would lead one to the conclu-
sion that aircraft tires must:

(A) be studied to determine the type and location
of separation which will form and the average
rate of propagation of these separations. The
rate of propagation is by far the most signifi-
cant parameter for a given tire.

(B) be studied to determine the type of failure
mechanism which is given construction expe-
riences. Furthermore, it is evident that the tire
must be tested intermittently after a given
number of landings. In the case of 40 x 14-21,
the number of landings associated with a given
R level, for example from R-1 to R-2 in a typi-
cal DC-9 operation, turns out to be just about
the ideal spacing for the frequency of testing.

(C) be studied by holography before and after each
R level to determine the optimum number of
landings for a given size, construction and manu-
facturer. In the future, this test time can be

o




e o I e e el .

N Ty,

2-1/2" - |
2" F.
Size of
1-1/2"=
Separations
l"
L]

1/

Number of Landings

FIGURE 29
General Separation Propagation Behavior As a Function of the Number of Landings

established as a function of the number of land-
ings a tire experiences, provided that the infla-
tion pressure has been maintained throughout
the period under consideration. Note: Under-
inflation will significantly increase the propa-
gation rate of separations. If a tire reaches an
established number of landings, it should be
retested prior to further use.

The following information is the result of our first com-
mercial carrier studies which were carried out over the past
two years. This carrier was experiencing approximately one
tire failure per month over a one year period with an aver-
age cost per failure (amortized over the year) ranging be-
tween $20,000 and $25,000, due to structural damage to
the aircraft and rubber ingestions in the engines. Over a

relatively short period of time, all the tires in service of a
given type were holographically tested and all tires with
separations greater than one-half inch in diameter were re-
jected. Since the tires with separation over one-half inch
were taken out of the systems, no tire failures were experi-
enced over the following two years, It is important to note
that this type of testing will not eliminate all tire failures,
but it can significantly reduce the incidence of failure
which has been dramatically proven in more than one air-
line. It is interesting to note that the original rejection

rate in the above case was slightly over 20%, whereas after
culling out the tires containing separations over one-half
inch in diameter, the rejection rate fell to around 12%.
Further analysis has revealed that larger separations can

be tolerated in the crown area which puts the rejection
rate under 10%.
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Now to summarize, The basic objective of this paper has
been to comment upon the meaning of separations in air-
craft tires. You can look at sizable distributions of tires
and discover that large distributions of tires have very low
incidences of separation — at times as low as 1%. Then we
will note other case histories where the percentages can
get significantly over 10%. Our basic objective at this time
is to understand more thoroughly the background strength
criteria in aircraft tires and to establish an acceptance-
rejection criteria based on a fairly large data base. In gen-
eral, we would like to test 1000 tires in a distribution and
then cull out those tires which have separations, The tires
pulled out must be evaluated to determine separate propa-
gation rates as a function of structural uniformity. Accept-
ance-rejection rates should then be established and then
routine testing of the tires should be carried out at each R
level where the R level does not exceed a given number of
landings for a given tire size and construction. It has been
said, “Well, you see most separations in retreaded tires;
you don’t see many of them in new tires.” This is a mis-
leading statement. Although separation typically does not
exhibit itself until an advanced stage in a tire’s life, the
original construction and the care with which the original
tire is built has a significant impact on the amount of
separations which will appear in the tire’s later life. Need-
less to say, we find that retreading practices are not often
the cause of separation in aircraft tires.

It is only going to be with the greatest of effort and pa-
tience that the separation propagation rates and basic
failure mechanisms are understood whereupon realistic
acceptance-rejection requirements can be placed on a
given tire despite the fact that relatively few tires contain
separation. Although all tires experience fatigue as a func-
tion of usage which—if the tire is used long enough—will,
in turn, eventually lead to separation. The general per-
performance of the typical aircraft tire far exceeds that of
most typical engineering systems. Aircraft tires perform
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an extraordinary job in terms of the requirements that are
placed upon them and the abuse given to them. With
modest effort, great improvements can be made in aircraft
tires at relatively low costs resulting in an example of one
of the most impressive engineering systems of our day—
namely, the typical aircraft tire,

Through the use of holographic testing, tire failure, which
can result in expensive aircraft damage, can be reduced.
The cost of these tests are relatively small as compared to
the potential savings brought about by reduced failure
incidence. Moreover, high quality tire carcasses can be
used for a larger number of total landings than was pre-
viously realized.
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EXPERIENCE WITH TIRE DEGRADATION
MONITOR IN COMMERCIAL APPLICATION

Richaid N. Johnson
GARD, INC.
A Subsidiary of GATX Corporation
7449 North Natchez Avenue
Niles, Illinois 60648

Experience with the TDM (Tire Degradation Monitor)
in Commercial Applications

Several years ago at the Second Symposium on NDT of
tires in Atlanta GARD and the U.S. Army(!) presented the
first of our results on ultrasonic testing of tires, That pre-
sentation gave the description of the genesis of the tire de-
gradation concept and road test results that verified the
concept with military tires. Bob Watts of TARADCOM
will in a later paper at thir symposium present a more
detailed look at the Army program—past, present, and
future. Again at the Third Symposium we provided up-
dated results of testing of the degradation concept and
associated tire research. Now at the Fourth Symposium
we are going to present our further experience since the
Third. I am going to emphasize the commercial use of

the TDM and Bob Watts will talk about the military use.

First I feel it is appropriate to review the concept of tire
degradation and its development. The original intent of
our Army sponsored research program was to develop a
NDT means of inspecting tire casings prior to retreading.
We concentrated on ultrasonics because of its potential
for speed, automation, sensitivity, and low operating
costs. We looked at two basic approaches: through-
transmission and pulse-echo.

The through-transmission had a number of potentially sig-
nificant advantages. It was air-coupled (no direct contact
with the tire would be needed) and it operated at a fre-
quency (25 - 40 KHz) which seemed to be good for the
size of defects of interest. It has one serious technical
drawback which in the end dictated against its use. That
is an inability to know the distance to the defect. Thus, a
tread lift or separation looks the same as a ply separation;
patches can look like separations; a nail hole in the tread
rubber may look like it penetrates the body; and cuts in
the tread will look like cuts in the plies. The lack of dis-
tance information is the fundamental reason why we
dropped further research with the air-coupled through-
transmission technique in favor of water-coupled pulse-
echo.

Water coupled pulse-echo has two fundamental advantages:

sensitivity and distance information. Its fundamental dis-
advantage is that it needs to be directly coupled into the
object of inspection. The direct coupling generally is done
through a liquid medium (in our case, water or a water
soluble compound). Our first attempt was a 360° scanning
machine shown in Figure 1. (We have built two of these
machines and both are currently in use at Army Retread

Depots.) We scan the ciown and shoulder areas of each tire.

FIGURE 1
- TIRE SCANNING MACHINE

After completion of a rather extensive (500 tires) program
of tire inspection with the UT scan system and in conjunc-
tion with other tire research we developed a rather unique

1. “Ultrasonic Tire Inspector”, Gamache and Kraska, Proceedings of the Second Symposium on NDT of Tires,

NTIAC 75-1.
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concept of a fundamental mode of tire failure—degradation.

Our research indicated that as a tire was run its background
ultrasonic character would continuously change until a fail-
ure occurred (Figures 2 and 3). We correlated this change
first with a reduction in cora and peel strength and finally
with road test failure.

We hypothesize that as a tire rolls and is fatigued in service
the cord structure begins to break down—particularly in the

outer plies. In a steel-belted tire the cords are basically
inextensible and the break-down occurs typically between
the steel belts and the body plies. (In fact even in fabric-
belted radial tires this seems to be true—thus giving rise to
the common belt-edge separation.) Retreaders know this
degradation by the term casing fatigue’” and see it also as
casing growth or stretching on fabric tires. A number of
other different researchers have apparently observed this
phenomenon without realizing it. It can be seen as exces-
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FIGURE 2
POPULATION DEGRADATION READINGS
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FIGURE 3
ON-VEHICLE DEGRADATION READINGS
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FIGURE 4
TIRE DEGRADATION MONITOR

sive attenuation in air-coupled UT, excessive absorption of
air or radioactive gas in variations of the air needle injection
test, and a fringe waviness in holography.

The fact that the UT degradation measurement correlated
well with road test failure led GARD to develop and intro-
duce the TDM (Tire Degradation Monitor) as a simple eco-
nomical means of estimating residual casing life prior to
retreading. The commercial version is shown in Figure 4.
Selling the UT concept to an industry that until this time
has not really utilized ultrasonics has been a difficult task.
First there is an expectation that if an NDT device is to be
of value it must cure all problems at once-which, of course,
no NDT device is going to be able to do on a structure as
complex as a tire. Secondly, it is expected to be totally
fool-proof as the industry apparently feels it has almost no
control over its work force. And lastly, it must be very in-
expensive,

Surprisingly, we fuel that the TDM comes close to doing all
of these things—except find every type of tire defect. Still
it has been a slow education effort that is beginning to
show a number of excellent results. This is a tribute to the
people who have bought a TDM, devoted some time to
learning its operating principles and how to use it. We have
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found that the users who made an effort to understand the
TDM and use it on a consistent basis have a very high regard
for its usefulness and value. Those people that dabble at it
get very confused and are less convinced of its valuc. For
our part we underestimated the time it would take for
people to become used to using the TDM and the general
need felt by our customers for the CRT presentation of the
signal in addition to the digital display. Small inexpensive,
($400) readily available scopes can be used and have been
supplied to most of our customers (the others supplied
their own scopes).

The main intent of this paper is to acquaint the tire industry
with some of the commercial applications to which the
TDM has been put and this I will now do.

One of our earliest applications was inspection of nylon
truck tires for undercure, Undercure in a new or “hot-

cap” type of retread is generally indicated by porosity for-
mation in the shoulders (Figure 5). The TDM used with a
scope can be used to detect this porosity and hence under-
cure, Figure 6 shows photographs of the scope traces for
both properly cured and undercured tires, The signals at
the far right of the undercure trace indicate porosity where-
as normal tires are clear in this area. All of this inspection

T




FIGURE5
CROSS-SECTION OF UNDERCURED TIRE

was done from the shoulder. The digital display is not used.

Figure 7 shows inspection being performed in the tire plant.

Note that tires are being inspected in stacks so that tire
handling is minimized. This capability is unique to pulse-
echo ultrasonics. The result of our inspection of approxi-
mately 700 tires was that approximately 70 undercured
tires were found which agreed well with the manufacturer’s
expectation. The alternatives would have been very expen-
sive radiography or scrapage of the whole lot of tires. Esti-
mated cost savings: $4000 up to $70,000 depending upon
ability of radiography to see minor porosity in truck tires.

Two of our earliest sales of production units went to two
Bandag dealers: American Bandag of Libertyville, [llinois
and Weirton Bandag of Weirton, W. Virginia. American in-
spects all incoming casings with the TDM for grading and
sorting. Originally they followed our suggested guidelines
(Figure 8) which initially caused distribution of tires as
shown on Figure 9. As American has gotten more experi-
ence they have instituted a much more complex disposition
procedure, Their current disposition grading scheme con-
siders such things as customer (end use), size, tire construc-
tion, and tread thickness to be applied to the tire. The TDM
readings are the key to this scheme and are recorded in the
tire invoices, and stored in their warehouse computer mem-
ory records for future data analysis.

An example of the system’s usefulness came when one
customer complained of top ply separations after only sev-
eral thousand miles of running, Knowing that the tires had
been graded and had been selected to be good casings for
drive wheel use, the plant manager, John Nelson, looked

a. Normal Tire Cure

b. Undercure

FIGURE 6
SCOPE TRACE — UNDERCURED TIRE

either for processing or use errors. It turned out that the
customer had used the tires on single drive-axle tractors
which apply a great deal of torque to the drive tires. Ameri-
can backed off to a lighter tread to minimize heating and
flexing problems and has had no further complaints from
the customer. In the pre-TDM days there would have been
a considerable tendency to blame the casings until a great
many failures had occurred. Another example of use is on
steel radial truck tires, They had prior to TDM use experi-
enced a large number of retread failures of tires from one
manufacturer. They (and a number of other retreaders)
were about to put a halt to retreading of that type of tire
when they started to examine the tires with the TDM. A




FIGURE 7
TDM INSPECTION IN PLANT
! Y
TYPICAL TDM CLASSIFICATION
(TRUCK TIRES)
: TDM ReapInG RANGE DisposiTion oF CASING
" 0-1 REJECT
3 2-4 TRATLER Use OnLY
; 5-16 Any Use
t i 17-25 TrAaTLER Use OnLY
: ERRATIC TRATLER Use ONLY
b RED LIGHT TRATLER Use/Ho WARRANTY
3 1

FIGURE 8

INSPECTED TIRES

—
el bl -

|

S
; i DISPOSITION DISTRIBUTION %
él i ReJECT* 4
% %ﬁ TRAILER UsE 46

J Any Use 50

VISUAL INSPECTION
FIGURE 9

* THIS REJECTION IS BEFORE NORMAL




T T SO TS TR S Ty e

it
AR VY a8 o

great many of the tires were found to give a very high
reading. (Such tires arc called “‘red-light” tires because the
reflected signal is so high as to trigger the separation indica-
tion light.) American held back the “red.light” tires and
retreaded the rest with their heaviest tread. Result: no
further failures of these tires.

“Red-light” tires are a small but significant portion of the
tires that come into American. Certain classes of these
tires have been found to be non-retreadable, while others
scem usable for light duty use. At first some customers
complained about holding out tires based upon TDM read-
ings, but most have become convinced about or at least
accept this procedure. An adjustment avoided by the re-
treader is a down-time incident avoided by the vehicle
owner—both save money.

American says they will not retread tires without a TDM
inspection. They have inspected almost 20,000 tires with
the TDM, and have it running 8 to 10 hours per day. After
some early electronic **bugs™ were corrected, reliability
has been 100%. The use of the TDM and other on-going
quality control improvements have reduced adjustinents
from near 5.6% two years ago from all causes down to
1.8% currently with records being kept by computer—not
based upon general impressions. The 1.8% figure is very
good while maintaining a very high rate of casing utiliza-
tion (80%) and is a good customer selling point. Their
John Nelson says that while he can not develop an exact
savings produced by the TDM it has greatly more than
paid for the cost of the TDM and that they would not be
without it,

Weirton Bandag does not use this machine on an every

tire basis, because as R. Rock, Retread Foreman, says: “We
learned so much about visual tire inspection the first two
months we had the TDM, [ feel we do not need it for
normal use because we can fairly accurately guess the
TDM reading”. They now use the TDM only on question-
able tires, but very much believe in the TDM and the
degradation concept. They too have moved away from

the original grading scheme to one tailored to each of

their customers unique requirements. They too have shown
customers that certain manufacturers or types of *red-
light™ tires can not be retrcaded even though visually the
tires look perfectly good. (The high level UT reflection

is ganerally from the first ply or the bond between the
undertread rubber and the tread rubber. In many cases

we have found a layer of microporosity to be the reflec-
tion; but in others we still do not know what causes this
veiy II;E,L wilection. H sdwuld be T lUp;L Ol sunic Veiy
interesting reseaich.)

In a test run by a major rubber company 16 pairs of
matched retreads were road-tested on trailers. One tire in
each pair had a TDM reading of 3 or less and the other had
a reading of 4-15. The results were that 80% of the low
reading tires failed during the test while only 20% of the

i b
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moderate reading tires failed. Further testing on (yna-
mometers has not shown such consistent results; but it is
our feeling that degradation failures are not well simulated
on wheel tests because wheel tests do not duplicate the
random fatigue loads that tires see in service. (Aircraft
manufacturers have found, for example, that metal behav-
ior under random loading is considerable different than
under a uniform cyclic load.) We recommend using road
tests.

A number of interesting uses have been developed using
the TDM as a quality control device. The major rubber
companies, large retailers, and consultants have been active
in this area. The use of the TDM to detect undercure in
truck tires was mentioned earlier, but it has also been shown
to work well on passenger tires as well (using shoulder in-
spection and a scope). One rubber company is using the
TDM as a means of checking for undercure and micropor-
osity in one of their retrcad plants, Searching for micro-
porosity one generally uses the scope although an experi-
enced operator can probably do it with the digital display
only. Figure 10 shows a schematic of what one would ex-
pect to see in the scope trace to find undercure. Figure 11
shows some actual scope traces of microporosity (as noted
by indication of a poor retread bond line) versus no micro-
porosity layer in a good retread bond,

Another rubber company has been using the TDM to moni-
tor the development of belt-edge separations in aramid
tires, The tires are checked every 2000 miles of road test-
ing. They are inspected in the shoulder (at the belt edge)
and the crown using the scope. The development of shoul-
der separation has been shown to coincide with changes of
the tire monitored in the crown. It is our feeling that this

DUTSIDE = .

REFLECTED SIGNAL
-SCOPE TRACE

NORMAL ABNORMAL

FIGURE 10
COMPARISON OF NORMAL TIRE ULTRASONIC
SIGNATURE WITH INCORRECT T{RE —
UNDERTREAD MICRO-POROSITY
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a. Normal Tire

b. Bad Bond - Mircoporosity

FIGURE 11
TOM DISPLAY OF MICROPOROSITY

agrees with our earlier studies of radials in which failure
occurs in the area between the belts and the body plics.
How this change would be expected to look for steel radials
is shown in Figure 12. The signal from the belt plies remain
constant, while the signals from the body plies change. The
radial setting on the TDM is set to read in this arca and
monitor this change, but the scope should be used to check
to see that the gate reads in the correct location for differ-
ing types of tires.

A series of tests(1) performed on the West Coast on a fleet
using radials also yielded information on belt-edge scpara-
tions. In this case the inspection was done in the shoulder
area because sectioning showed that the belt edge was

1. Results reported by Jim Weir, Tire Consultant, Los Angeles.
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directly underneath the outer rib and the surface plane was
parallel to the plane of the plies at that point. Belt-edge
separation caused a reflection to appear between the body
and belt plies and a drop of reflection from the liner. De-
structive sectioning of the tires indicated a 100% agreement
between ultrasonic prediction and existence of separations.
Partially as a result of these tests the fleet owner made a
change of tire supplier (a multimillion dollar contract).

We performed some laboratory work on belt-edge scpara-
tion detection and have shown it to be feasible. The key
problem is knowing the location of the belt edges or de-
veloping a correlation between between edge behavior and
changes in the crown, 1t would scem that one gets beyond
manufacturing causes of belt-edge separation, separations
at the belt edges ought to be indicated clsewhere, and
measurements elsewhere should lead to prediction of
belt-edge separations such as in the case of the aramid tires,

Another use of the TDM in quality control has been as a
detector of production mistakes. If one considers the basic
nature of a tire one can visualize a number of possible con-
struction mistakes—missing ply layer, wrong cord size or
material in a ply, two cord angles coinciding rather than al-
ternating as they should, plus a number of mistakes possi-
ble in the bead area. All of these mistakes can and do
happen. Typical factory QC normally catches these mis-
takes on a sampling basis, but usually only after thousands
of questionable tires have been made. Because tires are built
in many locations in a plant and funne! together for mold-
ing (where the serial number is applied in batches) a mis-
take at one building station is mixed with normal tires from
other building stations. The overall result is typically some-
thing like 5% of a suspected batch of tires are really incor-
rect, but the inability to tell good from bad may cause the
scrapage of 100% of the tires—possibly more than $100,000
worth of tires.

Past research with the TDM has shown that the TDM can
spot many of these errors and can be used to sort good tires
from the bad.The current problem is that human pattern
recognition by operators of varying experience can not do
this 100% reliably with a 100% confidence factor. Figures
13-15 show schematically some of the type of character-
istics we have seen for these anomalies and how they differ
from the reflected signals from normal tires. Qur currently
experienced 70% to 90% reliability should improve with
more operator experience at the plants and perhaps some
more sophisticated signal processing. Considering the cost
of production threatened by these errors we feel that a
substantial rescarch effort in this area would be warranted
by the tire manufacturers.

Finally, a note about separations. The TDM can spot sepa-
rations either by scope recognition (Figures 16 and 17) or
by the automatic circuitry in the TDM which extinguishes
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FIGURE 12
COMPARISON OF NORMAL TIRE ULTRASONIC SIGNATURE
WITH INCORRECT TIRE — RADIAL PLY SEPARATION
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FIGURE 13
COMPARISON OF NORMAL TIRE ULTRASONIC SIGNATURE
WITH INCORRECT TIRE — MISSING PLY CORDS — 2ND PLY
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FIGURE 14
COMPARISON OF NORMAL TIRE ULTRASONIC SIGNATURE
WITH INCORRECT TIRE — FIRST 2 PLIES WITH SAME PLY ANGLE
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COMPARISON OF NORMAL TIRE ULTRASONIC SIGNATURE
WITH INCORRECT TIRE ~ SEPARATION (UNDERTREAD TO TREAD BOND)

[}z LINER

OUTSIOE =]

REFLECTED SIGNAL

-SCOPE TRACE \ Wik \/m AA Jt

—— b

NORMAL ABNORMAL

FIGURE 17
COMPARISON OF NORMAL TIRE ULTRASONIC SIGNATURE
WITH INCORRECT TIRE — SEPARATION BETWEEN FIRST & SECOND PLIES
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the digital display and activates a red light. (*Red-light”
tires trip this light also without these tires having macro-
scopic separations. A little experience tells the operator
how to distinguish between the two.) But it is too time
consuming to search a casing by hand for separations and
is not cost-effective, Using the TDM for casing fatigue
measurement or QC on suspected areas or tires seems the
most cost-effective.

GARD hopes that the tire industry (OEM and Retreaders)
will continue to experiment with the TDM. It has an excel-
lent potential to make a substantial improvement in reduc-
tion of road service tire failures — especially at a time when
a great many radically different tire constructions are being
tried, higher pressures are being used, and while at the same
time a great effort is being made to reduce tire weight.
Real-time NDT techniques that have the potential of being
applied economically to 100% of a production run should
be carefully explored. It is rather a paradox that retreaded
tires can be 100% inspected by electronic NDT techniques
at some facilities and yet most new tires are not. The pres-
sure from the government on behalf of its own consuming
organizations and the public seems to indicate more work
will be done in this area.

QUESTIONS & ANSWERS

Q: With the present TDM, what’s the maximum size it can
work with and what does it cost?

A: The present cost of the TM is $5,850 and about $400
more to attach the scope. The question of tire thickness is
somewhat a nebulous one. We have gone through about 12
to 14 plys for nylon truck tire. You can do thicker tires
than that. We’ve looked at aircraft tires and we’ve looked
at off-the-road tires. Qur basic feeling is that for most tire
construction the failures tend to occur in the outer plys and
1t’s not very imporzant to look at what goes in down in the
lower plys. I know there are certain types of aircraft con-
structions whem the tires Tok! back on thernselses arid gt
a lot of failures on the inside of the tire but for most tire
constructions, failure does seem to occur in the outer plys
so the thickness of the tire isn’t very relevant. What you
want to do is look at the outer plys and guess what’s going
on. They’re the load carrying plys in normal tire construc-
tion.
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@Q: Do you feel now that you know what transducer and
instrument electro-characteristics, frequency, pulse voltages
are optimum?

A: 1could not say that we've arrived at the optimum one,
but we've arrived at one that we find works very well. The
transducers that we have are specially made for us after
quite a bit of trial and error type of work and do seem to
work better than the normal, off-the-shelf transducers.
These one megahertz transducers are specially built to work
well with rubber tires. Beyond that, I'd have to refer to our
ultrasonics expert, Irv Kraska, to tell you more than that.
Q: 1 was very impressed. But can you inspect for belt
placement problems on radial tires, because it’s very, very
difficult with radial tires.

A: Well, with the TDM held by hand, I’'m not certain if
you'd know that you had a belt misalignment. You should
be able to if you're talking about the runout and this type
of thing, lateral runout, you might if you monitored at a
fixture and move the tire underneath it to tell whether you
had that, With radial tires I might have a tendency to do
that with eddy current or something else rather than ultra.
sonics.

Q: You said here, I recall, that there were 4% rejected tires
during inspection. Could you explain that figure?

A: That originally was 4% more than the retreader would
normally reject beyond what they would reject for normal
visual reasons. This would add to their rejection rate by
about 4%. Actually, currently it's running less than that,
probably only a couple of percent. What they have done
during recent times is to use the casings that are graded to
their best advantage. If you have a weak casing and you use
it on trailers, then you are likely never to have any prob-
lems with it. If it’s weak then you throw it out. Even many
of these tires which originally were scrapped are now being
put on piggyback trailers which never see any real abuse
(all they have to do is hold air). So the actual rejection

rate caused by the TDM is very, very low, It is inportant
to note that they still do the normal visual inspection.

O Haw you tebed uming Jiffunnt freguencies?

A: Yes, with the higher frequency you don’t get as much
penetration into the tire, with a lower frequency you tend
to lose some of the sensitivity. We picked IMHz to give us
the maximum sensitivity and also an optimum penetration
into the tire.




PNEUTEST: A radioactive tracer method for the evaluation of aircraft type quality before retreading.
Method — Apparatus and performances.

Jean L. Boutaine, Georges Daniel, Gérard Joubert, Georges Roll
Section d’Application de la Radioactivité — CEA — SACLAY

FRANCE

ABSTRACT A prototype of an industrial NDT equipment based on this

method has been designed and manufactured. With this
The principle of this method was already presented at the equipment systematic tests are carried on with the coopera-
Second Symposium on N D T of tyres (Atlanta — Ga — tion of AIR-FRANCE, KLEBER and with the financial
october 1974). support of the French Civil Aviation Board (DGAC).
Since then a prototype of a industrial machine has been Before describing the equipments and the results, we shall
designed and manufactured. give a brief description of the principle of the method.

With this machine systematic series of test on various
tyres of different sizes, different retreading ranks, and
in use in different Air Transport Companies has been

carried on.

The paper presents a short review of the method, the char-
acteristics of the equipment and results of the test program
with emphasis on the statistical analysis of these results in
correlation with the life-time of the tyres.

I — INTRODUCTION

Tire failures are still a nuisance in airline operations. Such
failures may cause delays, cancellations, structural repairs
and in some instances even flight safety may be impaired
to various degrees.

That is the reason why many efforts are currently made in
order to develop valuable non destructive methods of tire
quality evaluation.

One well established method is the airneedle test. Air is
injected under pressure into the cords of the carcass by
means of a needle prior to retreading. The injected air dif-
fuses along the carcass plies building up an internal pres-
sure. Areas of ply separations from the rubber are shown
as local bulges which can be detected by the operator
visually and/or by feeling with his hands. These defects
occur mainly in the areas shown in Fig, 1. This method

is simple to be performed but it has low sensitivity and
depends greatly on the operator himself,

The radioactive trace; nethod [1] PNEUTEST), which
was already presented when the experiments started at
the Second Symposium on NDT of tires [2] is a develop-
ment of this metho.

FIGURE 1
In place of the regular :hop air, the injected medium is a TYPICAL SHAPE OF A TUBELESS AIRCRAFT TIRE
mixture of nitrogen and a radioactive gas, xenon 133, (A & B are the areas of maximum fatigue)
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I1 — PRINCIPLE OF THE PNEUTEST METHOD.,
II — 1 Injection.

One uses a mixture of nitrogen and xenon 133 (which
emits soft -y rays (81 keV) and has a half life of 5.27 days)
at a constant pressure of 8 bars (125 PSI).

This radioactive gas is injected with two needles in the
vent holes area of the tires (Fig. 2). The injection time
varies between 3 to 10 minutes depending on the size
and the wear of the tire to be controlled.

I — 2 — Increase of count-rates on points diametrically
opposite to the injection points, during the injection.

During the injection one records the count rates of two
probes (scintillation probes) which are applied to the tire
on points diametrically opposite to the injection points.

Lo »"ﬂ'r“"v‘; 1 m" ikl e R .

As the gas diffuses along the cords of the carcass plies, the
count rates increase. This gives a measurement of the dif.
fusion rate of the gas inside the structure of the tire. For
new tires this rate is equal to zero and one can observe
actually no significant increase of the count rates,

Higher will be the global fatigue of the tire, greater will be
the diffusion rate, i. e. the increase of the count-rates.

It seems to us that this method which is rather simple to be
operated will be able to detect fatigue of tires at an early
stage before any occuring of local defects like blisters.

Il — 3 — Scanning of the count rate around the tires,

After the injection and the first control done during it, the
needles are disconnected from the tire.

With four probes pressed against the tire, set in a fixed
position, in the four areas of maximum fatigue (shoulders

FIGURE 2
INJECTION DEVICE
(the tire shown is a 52 x 20.5)

TP




: FIGURE 3
EXPLORATION MACHINE — STAND-BY POSITION
(the tire shown is a 52 x 20.5) i

and beads areas), one makes a scanning of the distributed RMIN ]
activity, by rotating the tire around its axis. SoTg =— = 0 for a new tire 3
RMAX -
So in polar coordinates the activity is maximum just at d !
the injection point, and normally minimum a 180° from it. 2k :
- - : RMIN 5
Using this mode of graphical display of the results, one ob- Tg = has a tendency to approach 1 :
serves that for a tire which is little used and which presents RMAX for a tire “completely” worn
no local defect the repartition curve of the activity looks
like curve I (Fig. 5). The ratio between the count-rate at Thus the curve I1 is a characteristic of a tire more worn than E
180° from the injection point (RyqyN) and the one over the tire of curve 1.
the injection point (Rypx) could represent the global wear  The curve I11 is a curve of a tire which has the same global g
of the tire. porosity (or fatigue) index Tg as the one of the curve II,

but it presents 2 local defects.
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111 — CHARACTERISTICS OF THE PROTOTYPE
EQUIPMENT

HII—- 1 — Injection device,

It is an electro-pneumatical device (Fig. 2). It needs a
regular industrial nitrogen bottle. The pressure is set to
about 8 bars (125 PSI). One uses xenon 133 scaled amp-
ules. The mean tracer consumption is less than 0.5 mCi
per tire.

For a daily maximum control frequency of 100 tires (in 2 x
8 h), this requires 50 mCi.

The time of injection varies between 3 and 10 mn and
can be preset. All the valves are electrically driven and
backwards locked. The activity per volume of mixture is
continuously measured with an ionization chamber and
galvanometric display.

One uses two scintillation probes equipped with thin Nal
(T1) crystals of 144" diameter, two integrators and a 2
channel linear recorder.

III—- 2 — Exploration devices.

The prototype machine is designed to control automatic-
ally tires of various sizes (32 x 11.5 — 15 and 35 x 9.00 -
17 up to 52 x 20.5 — 23 in fact 15 to 23 inches rim ledge
diameters).

It is an electro-pneumatic device which requires pressured
air (6 bars or 90 PSI).

The tire is rolled on the platform (A). Six different sizes of
tires can be preset. Then the rails (B) clench the tire. The
platform climbs up to set the axis of the tire up to the
level of the shaft (C). This one moves forward in the center
of the tires. The jaws (D) expand. (Fig. 3).

The rails set the tire free, The fuur probes are pressed against
the sidewalls of the tire. Then the shaft rotates (one revo-

lution in about 5 mn). The fue- scans are recorded. (Fig. 4).

Then all the mechanical sequences arc reversely done. The
complete sequence takes about 7 mn.

IV — EXPERIMENTS BEING CARRIED ON.

On various tires of nose wheels or main wheels of various
civil transport aircrafts, experiments have been carried on
with this equipment for about one year.

The main goals of this work are:

(1) determine the various parameters to be taken in
account and optimize them,

136

FIGURE 4
EXPLORATION MACHINE, DURING THE SCAN
{the tire shown is a 62 x 20.5)

(2) make correlation between the rate of diffusion of
the tracer gas during the injection and the fatigue
of the tire, than means with the number of takings
off and touches down. The Figure 6 shows an ex-
ample of correlation between such values. The
tiresare 49 x 17/30 PR — 225 MPH from the same
manufacturer used on Boeing B 747 SP main
wheels of the same company (R02).

(3) make correlation between this rate of diffusion
and the excentration of the scans T~. The figure
7 shows an example of correlation between such
values. The tires are 46 x 16/24 PR-210 MPH from
the same manufacturer used on Airbus B 2 main
wheels of the same company (R0O and R02).

(4) make correlation between eventual local defects
shown by the scans and destructive tests in order
to be able to predict the type of defect to be
detected.

For this reason a lot of 46 x 16/30 PR used on BOEING
747 main gears of the same company were identified and
are currently being put in service. Before each retreading
all the tires have been controlled in the same manner.
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FIGURE 6

All the data are stored on magnetic files in order to check
and to study their evolution in connection with the lives
of the tire. At each retreading a certain fraction of the lot
will be cut to get destructive examination information.

This will be done till all the tires of this population will be
withdrawn from duty.

Moreover another series of tires (same manufacturer —
same size) have currently been subjected to endurance
tests. There are controlled after 200 - 400 - 600. . ..
km rolling tests in the same manner, in order to get quan-
tative equivalence to the data obtained on tires used in
airline service.
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V — CONCLUSIONS

The experimental machine has now been in operation for
about one year. All the procedure and safety and regula-
tion problems have been carefully solved.

We think that within one year the systematic tests on air-
line service tires will give us qualitative and quantitative
results that will ensure us about the true capability of this
method and the associated equipment to help airline com-
panies, tire manufacturers and retreaders to increase the
cost/safety balance of aircraft tires exploitation.

We wish to thank the friendly assistance of our colleagues
from AIR-FRANCE and KLEBER during all this week and
especially M. LAFANECHERE from KLEBER.

Our thanks also go to Mr. Paul E, J, VOGEL for his invita-
tion to this Symposium and for his help to introduce this
paper.
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A SECOND GENERATION HOLOGRAPHIC TIRE TESTING UNIT

H. Rottenkolber, J. Schorner
Rottenkolber Holo-System
Munchen, W. Germany

Description of the HRT 56

1. Based on many years of experience, not only of holo-
graphic tire testing but in many other industrial applica-
tions of holography, we have developed a tire testing
unit which incorporates the most modern technologies
in this field.

The advantages of holographic test methods are already
very well known and during the course of this meeting
the capabilities of holographic tire testing have already
been discussed. Therefore, this paper concentrates on
the description of a particular unit with which practical
holographic techniques may be applied.

The HRT 56 holographic tire testing unit is exceptional
because it incorporates the following special features:

1. The testing process is completely automatic and uses
an instant photo-thermoplastic film which is manu-
factured by the firm of Kalle-Hoechst. Further, the
test results are instantly available. The old fashioned
methods using silver halide film materials are not only
messy and complicated, but also a delay time of test
results of up to one hour is involved.

[3*)

. Our specially developed optical arrangements makes
possible the use of a single hologram per tire. Old
fashioned methods using four holograms per tire cost
not only time but also money.

3. Bead inspection, so important for truck and aircraft
tires, can also be carried out on our specially con-
structed unit.

The unit is, of course, designed for the severest production
environmental conditions and is fully isolated from ambient
influences such as dust, vibration etc.

Our holographic tire testing unit is, as a result of the incor-
poration of the most modern technology and a test capacity
of 1000 tires per day, the best test unit of its kind available
today.

The holo tire testing unit HRT 56 is suitable for non-
destructive testing of tires of all types up to an outside
diameter of 56”. Individual faults and structural character-
istics can be inspected. The unit is the result of many years
of development and it is based on the principle of holo-
graphic interferometry. The robust construction of the
HRT 56 allows a high degree of sensitivity even under

noisy operating conditions. Therefore, the unit is suitable
for installation on the production floor as well as in the
laboratory.

Many tire investigations have shown that holographic tire
testing is capable of delivering clear information with
respect to:

— tire construction
~ quality control
— tire life expectancy.

This guarantees a broad applications field covering virtu-
ally the whole tire production spectrum.

. Principle

The principle of holographic tire testing is based on the
fact that faults in the tire produce minute alterations of
the surface contour of the inner face when the ambient
pressure is slightly changed. Pressure reductions of a few
hundredths of an atmosphere lead to contour changes of
something less than one thousandth of a millimetre.
These minute contour changes can be registered using
the holographic technique. Fig. | shows the schematic
arrangement of the HRT 56 tire testing unit.

{ wheticat mitror '
; vatuum chamber l

, tire contact surtace
npection

+ sparat wn]

| Wumination
impection beam

| retetance bnm_]

| ' ]holuuum ‘
@ 3 |I | | (vldoornmou'
|
/9 67 N
@ | shutees |
{dn-c!l-mbum !

FIGURE 1
Schematic arrangement of the
HRT 56 tire testing unit.
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The holo tire testing method employs a laser to illumin-

ate the inside of the tire. The light reflected from the

iire surface goes directly to a photo-sensitive material,
without passing through any lenses. By superimposing

the laser light returning from the tire with a direct laser
beam on the photo-sensitive material (reference beam),

the light wave pattern is recorded directly onto the
photo-sensitive material. The photo-sensitive material

on which the wave pattern is recorded is described as a
hologram. Using a particular optical set-up, it is not
necessary to divide the tire into portions and make a
separate hologram for each portion. A single hologram
contains the complete tire information. With the holo

tire testing method, the photo-sensitive material is ex-
posed twice. The first exposure is made under normal
pressure conditions and the second is made after apply-

ing a slight vacuum. The hologram is made on a photo-
thermoplastic material which obviates the use of chemi-
cals for development and reduces the whole process to
aTew seconds. After the shont processing time, the wave
patterns which have been stored in the hologram are re-
constructed by illuminating the hologram with the so-called
reference beam. Looking through the hologram (see fig. 2)
one can see an interference fringe pattern on the inside of
the tire. This pattern shows the contour changes on the in-
side of the tire to an accuracy of approximately one half of
one thousandth of millimetre. The image is viewed at a TV-
monitor.

FIGURE 2
Monitor image of a specially prepared tire

The holographic testing method has first been made
practical with the introduction of the HRT 56. The use
of holography in a production environment was imprac-
tical because a wet processing was required with old
fashioned photographic materials. This barred thic usc
of holography in production and the first generation

test units were used only in the development field for
over ten years, The wet processing was not able to be
automated. The holo tire testing unit HRT 56, with its
use of a new photo-thermoplastic material has broken
through this barrier,

Many new developments in the HRT 56 make it the most
advanced unit of its kind at the present time. Some of
its particular advantages are the following:

. extremely short cycle time,

. completely automatic operation,

. instant test results,

. one single hologram for the complete tire,

. bead inspection without optical adjustment.

BN

. Image diagnosis

The test results are presented in the form of a TV image.
This form of presertation has thee sdvantage of wpid Yo-
cation and quantitative analysis of tire faults. Subjective
errors are eliminated. This diagnosis of the monitor image
can be applied to virtually all fields of tire manufacture.
One of the most important data is concerned with the
life expectancy of the tire. The life expectancy, and
therewith also the quality of the tire, is influenced con-
siderably by individual faults and by structural weak-
wess i the tire carcass. Both of these effects can be in-
spected on the TV-monitor.

The tire constructor can establish the tendency to such
weaknesses during the construction and testing phase,
using the holographic diagnosis technique. Faults can
also occur during production due to human error. Faulty
material or faulty storage of the tire can lead to a pre-
mature fatigue of the tire structure, Holographic test-
ing allows the detection and correction of such faults.

In the field of tire retreading, the life expectance is of
major importance. Using holographic testing techniques,
faults which have occurred in the past life of the tire
Tiray be Jeternmired and then décided whether the vire
should be retread. Therefore, without any sacrifice of
safety factor, a much more economical usage of tire
carcasses can be achieved. Other safety factors, such as
a larger minimum profile depth, can be taken into ac-
count witthout financial burden on the tire user.

The monitor image contains all the necessary informa-
tion for diagnosis. Individual faults are seen as ring pat-
terns (see fig. 2 and 3) with an elliptical form. The
geometrical dimensions of the separation are determined
with the help of a mask. Frequently, there are cases of
several closely grouped individual faults. These faults,
which are typical for belt edge or shoulder area, indicate
an extremely dangerous situation as when such indi-
vidaal fralts fiow togethier, trey drastically shorten the
life expectancy of the tire. The monitor image presents
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' FIGURE 3 ]
0 Establishing the size and location of a tire fault ‘

the possibility to ascertain the likelihood of a flowing
together of several closely grouped individual faults. With
the use of the mask, the location of the fault can be ex-
actly determined on the tire cross-section (e.g. shoulder
area). The depth of the fault can be determined by the
number of rings, checked against a master tire, The fault _
position on the tire meridian is indicated on a digital 3
counter. The carcass structure condition can be inspected :
by means of the background fringe patterns which run

et e st i

|

i tire circumferentially. The uniformity is indicated by the
. FIGURE 4 more, or less central position of the rings. The density

? Chain separations in crown centre and structure of the fringes give an indication of the por-

osity or degree of fatigue of the tire.

The information which is read out on the TV monitor y
is transferred to a printed form — an example of which )
is shown in fig. 6.

The coordination of all the paranieters obtained from
the image diagnosis allows the assessment of the condi-
tion, and therewith also the life expectancy, of a tire.
These parameters are:

e X S L

i

fault size (circumferential)
location of individual faults on meridian (e.g.

SO

| 4
A FIGURES crown, shoulder, bead) H
] .( Background fringes provide information — several closely grouped separations 3
X about carcass structures. — condition of carcass ,
E < i
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FIGURE 6 7
Example of Holo tire test printed form 1
i i
: The influence of these parameters on the life expectancy of the relaxing time on the actual testing time can be obvi- 1
of a particular tire is dependent on the various types of ated in a simple way by having several tire stations. The :
4 ! tire construction and must be ascertained for each indi- relaxing stations, which are also used as the loading sta- §
vidual type, whereby specific quality criteria are estab- tions, are constructed on the “building block™ principle 5
% ! lished in conjunction with the tire manufacturer or re- and can, therefore, be tailored exactly to requirements. A |
' treader. number of different steps are required (depending upon
i tire type and test-cycle time) when testing tires. If, for )
. 4. System description instance, a tire life history is being compiled, the serial ]
' number and exact fault positioning is most important.
f i The testing process involves three steps: This is generally necessary in development applications 4
and retreading quality control. Tires with very dark sur- 4
‘ — tire manipulation face may be sprayed with talcum powder to improve their
P — automatic test unit functions reflectance. Depending upon tire type and the required b
L — evaluation of the test results on the TV monitor tire test area, the tire may be spread open with metal |
3 (as described in “Image diagnosis™). spreading posts. The spreading, however, does lead to a i
LC certain lengthening of the relaxing time, and is therefore
i The individual function steps can be seen in the follow- to be done some time prior to the actual test period.
! ing time graph (fig. 8). Time graph I shows the function
' steps with a one operation, typical for development and 4.2 Test unit
; } limited series applications. Time graph Il is for a two
' % man operation in a production environment. With an After the tire pan, with the tire, is rolled into the test
'\ approx. 80% efficiency in a three shift operation, a fig- unit (see fig. 9) the actual testing process begins with
! ure of 1000 tires per day/tested can be achieved. the closing of the vacuum chamber bell. (Details may
be seen in the time graphs). A vacuum of 0 to 250 mbar
4.1 Tire manipulation can be achieved in the vacuum chamber, and is regulated
by a manometer. A so-called double exposure hologram,
1 Tire manipulation means: on and off-loading of th~ test is made of the tire. The hologram is made on a photo
unit, For heavy truck and aircraft tires a crane is used. The thermoplastic film material which bears the name “PT
(0 tire is then placed in a pan, which is apart from the test Instant Film”,
3 unit, and is rolled into the unit on a railed platform (shown
in fig. 9). The tire is not on a rim. A certain length of time, The PT instant film was developed by the firm of Kalle-
] dependant upon the type of tire under test, is required for Hoechst AG and Rottenkolber Holo-System has an i
the tire to “settle™. For car tires, 4 settling time or relax- exclusive licence on this film. The processing is non- 1
S" ing time of approximately five minutes is sufficient, where chemical and takes only a few seconds. High sensitivity i
.i siseralt tives only require me litile as one minute 3e o wesult {5 erglem) high resolution (1000 Bnesfrim) and » |
) of their more stable structural characteristics, The influence high diffraction efficiency (max. 30% assure good ?
1 144 ;
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quality holograms with a short exposure time and a
relatively low light output. The 35 mm film is delivered
on spools containing 30 m film length (sufficient for
1000 holograms). The holograms are storable for many
years and they can be reconstructed in an external ap-
pliance or in the test unit itself. A hologram ¢ounter
makes the location of particular holograms a simple
matter. Therewith, a tire life can be followed through
all of its stages and can be compared with previous
stages, as required. This is of particular importance
when dealing with the study of fault or fatigue problems.

The complete tire circumference can be viewed by a
spherical mirror, and therefore, only one single hologram
is necessary per tire, The tire image is reconstructed
from the double exposure hologram and is inspected by
a TV monitor feature. Optical enlargement ensures a
high degree of fault resolution. The complete tire is in-
spected by rotating the TV camera, whereby, the tire
position is indicated on a digital counter. Using this
counter, an exact location of the fault on the tire cir-
cumference can be read. Using the mask, the fault can
be located on the cross section of the tire and its geo-
metrical form and size can be established. A subjective

faulty afagnosis is largely cancelled out using this method.

The test results appear on the TV screen two seconds
after exposure,

146

FIGURE 9
General arrangement of the Holo tire test unit HRT £6

The holo tire testing unit HRT 56 is equipped with a
highly efficient vibration damping system which assures
a good quality of holograms even in a production envi-
ronment. The optics system is sealed off and is thereby
kept free of dust, The whole process from loading the
unit to viewing the test results on the TV screen is auto-
mated. Without the need of readjustment of the optics,
all tire sizes can be inspected by means of a simple
mechanical adjustment of the tire pan.

. Testing the bead area

As a second gener.tion system, the HRT 56 makes possi-
ble the inspection of the bead area. The inspection of the
bead area is of particular importance when dealing with
truck and aircraft tires because a large number of the
failures which occur in this field of applications, occur
in the bead area. For this type of inspection, the only
adjustment necessary is the height of the tire pan rela-
tive to the spherical mirror. No optical adjustment is
required. The fault location, establishing of fault size

as well as the cycle time is comparable with that of the
crown test cycle. Regardless of tire type, there are three
different methods of tire inspection as seen in Figures
10, 11, and 12.
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FIGURE 10

“Bead-crown-bead’’. — This method is always possible when
the tire may be spread apart. It is only used for car tires of
special construction. In this case, the tire may be tested in
one single test cycle.
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FIGURE 11

“Half-crown-bead’’. — This method may be used when the
tire can be spread apart only a little. Most car and truck
tires are under this heading. In this case, two test cycles
are necessary.

—

FIGURE 12

“Bead from outside tire’’. — This method is used when the
tire can hardly be spread apart at all, which is in case of

most aircraft tires. In this case

6. Conclusion

The holo tire testing unit HRT 56 as described here is
exceptional in its automatic test cycle. This is made
possible by employing the most modern technology. It
offers all the prerequisites for “one line”” production
testing.

Lastly, a look at the cost factors:

, three test cycles are necessary.

Test costs balance of a single tire break down as:

40% unit depreciation

30 % running cost

30% personnel cost
The absolute test costs are dependent on the tire type
and test capacity factors. As a guide, one may assume
approximately one dollar. I feel sure that the relatively
modest test costs are justified by the great increase in
tire safety which can be achieved using holographic test
methods.
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PRODUCTION X-RAY, 1978
T. Neuhaus l
Monsanto Company ]
Akron, Ohio ’
T This paper reviewed recent advances and design changes in Systems to be discussed were: \
‘ production x-ray systems. Modificutions have been the
’ result of increased inspection and output demands by the 1. Computerized Automatic High Production Passenger
tire industry. and Truck Tire Systems.
2. Air Inflated, Automatic Passenger and Light Truck i
i Tire Systems, b
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SOME NEW TRENDS AND DIRECTIONS IN THE WORLD OF

SPECIFICATIONS AN

D STANDARDS

R. Chait

Army Materials and Mecha
Watertown, Mas

As most of you know, standardization documents that are
part of the Defer.se Standardization Program (DSP) are
used in the procurement of many DoD items including
tires. What I will discuss with you this morning are some of
the new trends and directions in the world of specifications
and standards as viewed from a DSP perspective. In particu-
lar, there have been several studies in recent years that have
concerned the DSP thaty - “ould be aware of. 1 will
examine these studies anu p ot out some of the recom-
mendations that have been forthcoming. Also, 1 will
describe the DoD followup to these recommendations in
terms of new initiatives that have been seen. Lastly, I will
comment on just a few of the DSP specifications and stand-
ards that deal with tires keeping in mind these initiatives.

To begin, let me show (vu-graph 1) some of the more im-
portant studies/hearings that have concerned themselves
with our country’s standardization efforts. After World
War II, Congress became very interested in how the Gov-
ernment was procuring the various items it used during
the war effort. To reduce the proliferation of items among
the armed services, Congress passed the Cataloguing and
Standardization Act in the early 1950s. DoD’s answer to
this legislation was the DSP which provided for control of
item proliferation by a) preventing the preparation of
duplicative and overlapping descriptions of materiel, b)
fostering reuse of existing technology to satisfy new sys-

nics Research Center
sachusetts

tem requirements, ¢) developing methods for reviewing
items in the inventory to reduce or eliminate varieties and
sizes, and d) establishing as appropriate, uniform type
grades, classes and sizes of items and levels of performance
requirements which define physical properties of materiel.

By and large, this program has been successful and has been
used as a model for foreign countries to emulate. There are
some 46,000 documents in the DSP. These are listed in the
Department of Defense Index of Specifications and Stand-
ards or what is commonly referred to as the DODISS. To
review, each military specification is uniform in its format
and contains different sections devoted to the scope of the
specification, what other standardization documents are
applicable, important requirements, quality assurance pro-
visions to insure requirements are met, delivery aspects and
miscellaneous notes. To complete the review, let us ex-
amine the first page of a typical document (vu-graph 2).
This specification is MIL-A-12650C(MR), Armor Steel
Plate, Wrought, Homogeneous; Combat-Vehicle Type (% to
6 inches, INCL.), as is shown in the top right-hand corner.
“MR?” is the abbreviation for the installation charged with
the preparation of the document. In this case, it is the
Army Materials and Mechanics Research Center (AMMRC).
“*A” is the first letter in the first word in the title, In the
bottom right corner is the identification FSC 9515. As we
will see in a moment, all documents that are a part of the

STUDIES/HEARINGS

« HOUSE ARMED SERVICES COMMITTEE . . . .« .+ .+ o\ e oot oo, 1952
¢ HOUSE COMMITTEE ON GOVERNMENT OPERATIONS (HOLIFIELD REPORT). . . .. ... o\vvvvnenn.. 1971
o REPORT ON TASK FORCE ON SPECIFICATIONS AND STANDARDS . . .. ..\ tvvveieennnennnnn, 1977
o NMAB REPORT ON MATERIALS AND PROCESS SPECIFICATIONS AND STANDARDS -. .. .. ......... 1977

(NMAB 330)
¢ NMAB REPORT ON ECOUNOMIC AND MANAGEMENT ASPECTS OF NONDESTRUCTIVE . ... ......... 1977

TESTING, EVALUATION AND INSPECTION IN AEROSPACE MANUFACTURING (NMAB 337)
o PRESIDENTIAL POLICY ON NATO STANDARDIZATION . . ...\ ' \vitieeteeneanennnnes 1975-1977
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151

PRECEDING PAGE BLANK-NOT F1LMED




Ce S ol e e S

SR s

MIL-A-12560C(MR)
9 July 1976
SUPERSEDING
MIL-S-12560B(ORD)
31 July 1962

MILITARY SPECIFICATION

ARMOR, STEEL PLATE, WROUGHT, HONOGENEOUS;
COMBAT-VEHICLE TYPE (1/4 to 6 INCHES, INCL..)

This specification is approved for use by the Army Materials
and Mechanics Research Center, Department of the Army, and
is available for use by all Departments and Agencies of the
Department of Defensc.

1. SCOPE

1.1 Scope. This specification covers wrought-steel combat-vehicle
type of homogeneous armor plate in thicknesses from 1/4 to 6 inches in-
clusive (see 6.1 and 6.4).

1.2 Classification. Wrought armor shall be of the following classes as
specified.

1.2.1 Class 1. Wrought armor plate which is heat treated to develop
maximum resistance to penetration.

1.2.2 Class 2. Wrought armor plate which is heat treated to develop
maximum resistance to shock.

2. APPLICABLE DOCUMENTS

2.1 The following documents, of the :ssue in effect on date of invi-
tation for bids or request for proposal, form a part of this specification
to the extent specified herein.

STANDARDS

FEDERAL
Fed. Test Method Std. No. 151 — Metals; Test Methods

MILITARY
MIL-STD-129 — Marking for Shipment and Storage

(Copies of specifications, standards, drawings, and publications re-
quired by suppliers in connection with specific procurement functions
should be obtained from the procuring activity or as directed by the
contracting officer.)

Beneficial comments (recommendations, additions, deletions) and any pertinent data which may be
of use in improving this document should be addressed to: Army Materials and Mechanics Research
Center, Watertown, MA 02172 by using the self-addressed Standardization Document Improvement
Proposal (DD Form 1426) appearing at the end of this document or by letter.
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DSP are identified with a particular class or area as de- an important House committee which recommended that

tailed in the Defense Standardization Program Direction, the responsibility for policy and coordination be assigned
the SD-1, For example, our standardization responsibilities to a central point-of-authority which within DoD now rests
at AMMRC are varied and cover the classes shown on the with the Director, Defense Research and Engineering. In

next (vu-graph 3).

addition, it was stated that this coordination should inte-
grate both development and logistics. For this purpose, the

I would like to return to vu-graph 1 that lists the studies Defense Materials Specifications and Standards Board was
and hearings that have concerned themselves with standard- established.

ization activities. In 1971,

FSC

FORG
MECA
MFFP
MISC
NDTI
THIM
3439
471C
5330
5345
5350
6850
8010
8030
8040
8470
91GP
9130
9140
9150
9320
9330
9340
9390
95GP
9505
9510
9515
9520
9525
9530
9535
9540
9545
9630
9640
9650
9660

ASSIGNEE RESPONSIBILITY:
MECA (J. GALLIVAN)
MFFP (E.CLEGG)

NDTI

THIM (H.KLEIN) ‘
8010 (E.CLEGG) i

8030 (E.CLEGG) ]
9640  (J. GALLIVAN)

Congressman Hollifield chaired

AMMRC
STANDARDIZATION MANAGEMENT RESPONSIBILITY

TITLE

METAL FORGINGS

METAL CASTINGS

METAL FINISHES & FINISHING PROCESSES & PROCEDURES
MISCELLANEOUS

NONDESTRUCTIVE TESTING & INSPECTION

THERMAL JOINING OF METALS

MISC. WELDING, SOLDERING & BRAZING SUPPLIES & ACCESSORIES
PIPE AND TUBE

PACKING & GASKET MATERIALS

DISCS & STONES, ABRASIVE

ABRASIVE MATERIALS

MISC. CHEMICAL SPECIALTIES

PAINTS, DOPES & VARNISHES

PRESERVATIVE & SEALING COMPOUNDS

ADHESIVES

ARMOR

FUELS, LUBRICANTS, OILS & WAXES

LIQUID PROPELLANTS & FUELS (PETRO BASE)

FUEL OILS

OILS & GREASES (CUTTING, LUBRICATING & HYDRAULIC)
RUBBER FABRICATED MATERIALS

PLASTIC FABRICATED MATERIALS

GLASS FABRICATED MATERIALS

MISC. FABRICATED NONMETALLIC MATERIALS
METAL BARS, SHEETS & SHAPES

WIRE, NONELEC., IRON & STEEL

BARS & RODS, IRON & STEEL

PLATE, SHEET & STRIP, IRON & STEEL

STRUCTURAL SHAPES, IRON & STEEL

WIRE, NONELEC., NONFERROUS

BARS & RODS, NONFERROUS

PLATE, SHEET & STRIP, NONFERROUS

STRUCTURAL SHAPES, NONFERROUS

PLATE, SHEET, STRIP, FOIL & WIRE, PRECIOUS METAL
ADDITIVE METAL MATERIALS AND MASTER ALLOYS
IRON & STEEL PRIMARY & SEMI-FINISHED PRODUCTS
NONFERROUS REFINERY AND INTERMEDIATE FORMS
PRECIOUS METALS PRIMARY FORMS

(J. QUIGLEY)

VU-GRAPH 3

153




=

oy sl G et LR iR SR s
PRt e e AR AN

& Ak g
f_}—ﬁ N~

That brings us to 1977 when the Defense Science Board
examined the DoD standardization activities and issued a
report entitled *“Report of the Task Force on Specifica.
tions and Standards” dated April 1977. Some of the major
findings are shown in vu-graph 4. The major thrusts are to
improve the climate of application, upgrade existing body
of documents and to provide and maintain high level man-
agement attention.

Also in 1977, the National Materials Advisory Board
(NMAB) examined that part of the DSP which dealt with

TRy VT Y IO | Yo
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materials and materials processing. The result was a report
(NMAB Report No. 330) which detailed the following
recommendations (vu-graph 5): a) exploit cost-effectiveness
potential of standardization, b) increase DoD empbhasis on
specifications and standards, c) take advantage of volun.
tary standards system, d) work toward a unified system

of specifications and standards, and e) use specifications
and standards as a mechanism to cope with shortages, sub-
stitution and conservation.

REPORT ON TASK FORCE ON SPECIFICATIONS AND STANDARDS

SHEA REPORT, April 1977

SOME MAIJOR FINDINGS:

® SPECIFICATIONS AND STANDARDS ESSENTIAL TO TECHNICAL PROCUREMENT

® PRESENT BODY OF MILITARY SPECIFICATIONS AND STANDARDS IS ADEQUATE TO

THE NEEDS OF DoD

® SPECIFICATIONS AND STANDARDS CONTAIN CORPORATE HISTORY OF LESSONS

LEARNED

® MAJOR PAYOFF FOR IMPROVEMENT IN SPECIFICATIONS AND STANDARDS WILL
COME INITIALLY IN THEIR METHOD OF APPLICATION FOLLOWED BY LONGER

RANGE IMPROVEMENTS IN CONTENT.

VU-GRAPH 4

MATERIALS AND PROCESS SPECIFICATIONS AND STANDARDS

NMAB REPORT 1977

SOME MAJOR FINDINGS:

® EXPLOIT COST-EFFECTIVENESS POTENTIAL OF STANDARDIZATION

® INCREASE DoD EMPHASIS ON SPECIFICATIONS AND STANDARDS

® TAKE ADVANTAGE OF VOLUNTARY STANDARDS SYSTEM

® WORK TOWARD A UN(FIED SYSTEM OF SPECIFICATIONS AND STANDARDS

® USE SPECIFICATIONS AND STANDARDS AS A MECHANISM TO COPE WITH
SHORTAGES SUBSTITUTION AND CONSERVATION.

VU-GRAPH 5




DoD DIRECTIVE 4120.21, April 1977 :

TITLE: “SPECIFICATIONS AND STANDARDS APPLICATION”

SCOPE: REQUIRES ALL DoD COMPONENTS TO ESTABLISH SPECIFIC AND CONTINUING

: MANAGEMENT CONTROLS OVER THE UTILIZATION OF SPECIFICATIONS, STANDARDS
{ AND RELATED TECHNICAL DATA IN THE ACQUISITION PROCESS TO ASSURE THEY
ARE PROPERLY APPLIED AND TAILORED TO REFLECT THE MINIMAL ESSENTIAL
REQUIREMENTS FOR THAT PARTICULAR SYSTEM.

VU-GRAPH 6 |
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Both the Defense Science Board study, which examined
the entire DSP, and the NMAB, which examined only those
documents pertaining to materials and materials processes,
have led to important new initiatives. [ would like to discuss
some of them now.

First. DoD Directive 4120.21 entitled *“Specifications and
Standards Application™ issued during 1977 (vu-graph 6).
The thrust here is not to treat the entire specification as
sacred but to only use that portion of the document ap-
plicable, thereby reducing the cost of the item. This con-
cept is known as “tailoring.”

The second initiative is also in the form of an official DoD
policy (DoD Instruction 4120.20, “Development and Use
of Nongovernment Specificatior:s and Standards’) which is
detailed in the next vu-graph (vu-graph 7). As you can see,
emphasis is placed on the adoption and use of nongovern-

ment documents as well as on participation in standards
writing body activities such as American Society for Test-
ing and Materials (ASTM). In other words, if there is a
private sector document that is duplicating the military
document, the latter should be cancelled. This is a tall
order but some progress is being made as is shown on

the next vu-graph (vu-graph 8). I should mention that the
rate of adoption of private sector documents is not ex-
pected to increase indefinitely at the rate shown, since
there is a finite number of documents that can be adopted.
Therefore, the curve will probably bend over and level off.

The last initiative which I would like to cover this morning
is one given the acronym CCAP standing for Commercial
Commodity Acquisition Program. Additional details are
provided on the next vu-graph (vu-graph 9). This initiative
is still in the pilot stage emphasizing the procurement of
items such as gasoline.

DoD INSTRUCTION 4120.20

December 1976

TITLE: “DEVELOPMENT AND USE OF NONGOVERNMENT SPECIFICATIONS AND STANDARDS”

SCOPE: PLACES GREATER EMPHASIS ON 1) ADOPTION OF NONGOVERNMENT SPECIFICATIONS
AND STANDARDS, 2) USE OF NONGOVERNMENT SPECIFICATIONS AND STANDARDS
IN THE DESIGN AND DEVELOPMENT OF MATERIEL, 3) DoD PARTICIPATION IN THE
DEVELOPMENT AND ADOPTION OF NONGOVERNMENT DOCUMENTS IS PREFERRED
TO THE DEVELOPMENT OF A NEW, REVISED MILITARY OR FEDERAL DOCUMENT,
AND 4) DoD DEPARTMENTS AND AGENCIES ACTIVELY PARTICIPATE IN NONCOVERN-
MENT BODIES ENGAGED IN THE PROMULGATION OF NONGOVERNMENT DOCUMENTS.

VU-GRAPH 7
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. OFPP STATEMENT
1
9 : ! TITLE: “('OMM_ER(‘IAL PRODUCT ACQUISITION™
. ' ;
3 } SCOPE: THE GOVERNMENT WILL PURCHASE COMMERCIAL, OFF-THE-SHELF
: PRODUCTS WHEN SUCH PRODUCTS WILL ADEQUATELY SERVE THE
GOVERNMENT'S REQUIREMENTS. PROVIDED SUCH PRODUCTS HAVE
AN ESTABLISHED COMMERCIAL MARKET ACCEPTABILITY. '

ALSQ, THE GOVERNMENT WILL UTILIZE COMMERCIAL DISTRIBU-
TION CHANNELS IN SUPPLY ING COMMUERCIAL PRODUCTS TO ITS

USERS.
VU-GRAPH 9
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1t should be noted that as part of a continuing effort to re- shown in the next vu-graph (vu-graph 10). From this, a list
duce cost, DoD has identified through the Defense Science of FSC areas or classes that bear on these cost driver areas
Board report categories that are candidates for misapplica- have been compiled and are shown in this vu-graph (vu-
tion and misinterpretation. These cost driver areas are graph 11).

GENERAL COST DRIVER SPECIFICATIONS

® GENERAL DESIGN REQUIREMENT SPECIFICATIONS
® ENVIRONMENTAL REQUIREMENTS AND TEST METHODS
® RELIABILITY AND MAINTAINABILITY
® QUALITY CONTROL
® HUMAN FACTORS AND SAFETY
® DOCUMENTATION
@ CONFIGURATION CONTROL
® INTEGRATED LOGISTIC SUPPORT
® PACKING, PACKAGING, PRESERVATION, TRANSPORT

VU-GRAPH 10

STANDARDIZATION COST DRIVER AREA ASSIGNMENTS
AND PROGRAM PLANNING

AREA LEAD SERVICE ASSIGNEE
RELIABILITY DMSSO DMSSO (SD)
ELECTROMAGNETIC COMPATABILITY NAVY NAVELEX (EC)
CONFIGURATION MANAGEMENT NAVY NAVMAT (NM)
DOCUMENTATION (UNASSIGNED)
QUALITY CONTROL/ASSURANCLE ARMY ARRADCOM (AR)
NONDESTRUCTIVE TESTING & INSPECTION ARMY AMMRC (MR)
PACKING, PACKAGING, PRESERVATION &

TRANSPORTABILITY ARMY TOBYHANNA (SM)
HUMAN FACTORS & SAFETY ARMY MIRADCOM (M1)
ENVIRONMENTAL REQUIREMENTS & RELATED

TEST METHODS AIR FORCE AFSC/ASD (11)
GENERAL DESIGN REQUIREMENTS AIR FORCE AFSC/ASD (11)
THERMAL JOINING OF METALS ARMY AMMRC (MR)
SOLDERING ARMY MIRADCOM (MI)

VU-GRAPH 11
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In this regard, one FSC class of importance, and one for a time-phased program plan whose objective is detailed in
which AMMRC has responsibility, is Nondestructive Test- the next vu-graph (vu-graph 12). One of the main ingredi.
ing and Inspection (NDTI). | would like to spend a few ents here is to list for subsequent evaluation all documents
minutes describing the approach that we have taken in light that comprise the NDTI area. This has been done as shown
of the above initiatives. The first step is to put together in the next group of vu-graphs (vu-graph 13 - vu-graph 17).

DoD STANDARDIZATION AREA PROGRAM PLAN — NDTI

: THE PROGRAM PLAN PROVIDES A TIME-PHASED DELINEATION OF TASKS
J REQUIRED TO OVERCOME OBSOLESCENCE, OVERLAP, AND VOIDS IN THE

: BODY OF MILITARY STANDARDIZATION DOCUMENTS DEALING WITH NON-
DESTRUCTIVE TESTING AND INSPECTION (NDTI).

THE THRUST OF THIS DOCUMENT IS TO DEFINE, SCHEDULE, PLAN AND
, CONTROL THE NECESSARY STANDARDIZATION ACTIVITIES WITHIN THE DoD,
| T AND TO REFLECT CONCURRENCE AND COMMITMENT BY THE SERVICES TO
! THE ACCOMPLISHMENT OF SPECIFIC ASSIGNMENTS WITHIN SCHEDULED
\ MILESTONES.

b VU-GRAPH 12
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NDT STANDARDIZATION DOCUMENTS '
INTRODUCTION
1 On the following pages are listed the more common standardization documents dealing with NDT.
The listing is broken down into several groups relating to specific NDT areas. The areas identified are:

General

Radiography

Ultrasonics
Penetrant
Electromagnetic (Eddy Current)

Magnetic Particle

Leak Testing !
The listing shown is as current and thorough as practicable (compiled as of March 1978). The reader !

is cautioned to first check the latest issuc of the DODISS (or other applicable indexes of technical society
publications) to ascertain availability and currency of any document referenced. A list of NDT standardiza-

tion handbooks and pertinent quality assurancy pamphlets is included.

VU-GRAPH 13 .
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MIL-STD-271

MIL-STD-798

MIL-1-6870

ASNT-TC-1A

AWS - A2.2-58

Air Force
TO-00-25-224

ASME

MIL-STD-410
ASTM
ASTM

ASTM E543
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e
T
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GENERAL

Nondestructive Testing Requirements for Metals. (Radiography, Magnetic
Particle, liquid Penetrant, Leak Testing, Ultrasonics).

Nondestructive Testing, Welding Quality Control, Material Control &
Identification & Hi-Shock Test Requirements for Piping System Compon-
ents for Naval Shipboard Use. (Radiography, Magnetic Particle, Penetrant).

Inspection Requirements, Nondestructive for Aircraft Materials and Parts
(Magnetic Particle, Penetrant, Radiographic, Ultrasonic, Eddy Current).

Recommended Practice Nondestructive Testing Personnel Qualification &
Certification. (Supplement A, Radiographic Testing; Supplement B, Mag-
netic Particle; Supplement C, Ultrasonic Testing; Supplement D, Liquid
Penetrant; and Supplement E, Eddy Current).

Nondestructive Testing Symbols (Replaces MIL-STD-231).

Welding High Pressure and Cryogenic Systems (Section 4 — Nondestructive
Inspection by Ultrasonic and Eddy Current Methods).

ASME Boiler and Pressure Vessel Code. Section 1, Section II1, Section VIII,
Section IX, Division 2, and Section IV,

Qualification of Inspection Personnel
Index to ASTM Standards
Book of Standards, Part 11

Determining the Qualification of Nondestructive Testing Agencies

VU-GRAPH 14
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PENETRANTS
J (Sce General Section)
MIL-1-6866 Inspection; Penetrant, Method of,
MIL-I-25135 Inspection Materials, Penetrant (ASC).
MIL-F-38762 Fluorescent Penctrant Inspection Units.
4 Air Force Inspection of Materials: Fluorescent and Dye Penetrant Methods.
T.0.42¢--10
! MSFC-STD-366 NASA Standard: Penetrant Inspection Method.
' ASTM A462 Method for Liquid Penetrant Inspection of Steel Forgings.
ASTM Blo65 Standard Methods for Liquid Penetrant Inspection.
]
ASTM B270 Terms Relating to Liquid Penetrant Inspection.
y AMS 2645 Fluorescent Penetrant Inspection,
L AMS 2646 Contrast Dye Penetrant Inspection.
d
f AMS 3185 Oil, Fluorescent Penetrant, Water Soluble.
.
; ' AMS 3156 Oil, Fluorescent Penetrant, Water Soluble.
AMS 3157 0il, Fluorescent Penetrant, High Fluorescence, Solvent Soluble.
: ‘ AMS 3158 Solution, Fluorescent Penetrant, Water Base.
4 ? i
|
E !
8
]
|
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(Sec General Section)
MIL.STD-770
MIL-1-8950
MIL-U-81035
NAVSHIPS
0900-006-3010

AlSI

AlSI

Al Assoc.
Al Assoc.
AMS 2630

ASTM
AS78

ASTM EL13

ASTM 114

ASTM 127

ASTM El64

ASTM E21S

TR AKX TR AP o

ULTRASONIC

Ultrasonic Inspection of Lead.
Inspection, Ultrasonic, Wrought Metals, Process tor.

Ultrasonic Inspection, Immersion, of Wrought Metal, General Specification for
(Torpedo MK 46 MCD O).

Ultrasonic Inspection, Procedure & Acceptance Standards for Hull Structure,
Production Repair Welds.

Industry Practices for Ultrasonic Nondestructive Testing of Steel Tubular
Products.

Ultrasonic Inspection of Steel Products.

Ultrasonic Quality Limits for Aluminum Mill Products.

Ultrasonic Standards for Plate, Extruxions and Forgings.
Ultrasonic Inspection.

Longitudinal Wave Ultrasonic Testing and Inspection of Plain and Clad
Steel Plates tor Special Applications.

Ultrasonic Testing by the Resonance Method.

Ultrasonic Testing by the Reflection Method Using Pulsed Longitudinal
Waves Induced by Direct Contact.

Fabricating and Checking Aluminum Alloy Ultrasonic Standard Reference
Blocks.

Ultrasonic Contact Inspection of Weldments,

Ultrasonic Inspection of Metal Pipe and Tubing for Longitudinal Discon-
tinuitics.

VU-GRAPH 16
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(See General Section)
MIL-STD-139

MIL-STD437
MIL-STD-453
MIL-STD-746
MIL-STD-775

MIL-STD-779

MIL-STD-1238

MIL-STD-1257

Fed. Std. - No. §2
MIL-R-11468

MIL-R-11469
MIL-R 11470
NAVSHIPS
0900-003-9000

MIL-R45774

MIL-R-51060
MIL-C-6021
MIL-R-81080

RADIOGRAPHIC

Radiographic Inspection; Soundness Requirements for Aluminum and
Magnesium Castings (For Small Arms Parts).

X-Ray Standard for Rare Aluminum Alloy Electrode Welds.
Inspection, Radiographic.
Radiographic Testing Requirements for Cast Explosives.

X-Ray Standards Welding Electrode Qualification and Quality Conform-
ance Test Welds.

Reference Radiographs for Steel Fusion Welds; Vol. 1 0.030”, 0.080”
and 3/16”; Vol. II 3/8”, 3/4” and 2.0”; Vol. III 5.0”.

Radiographic Inspection; Soundness Requirements for Steel Castings
(For Small Arms Parts).

Radiographic & Visual Soundness Requirements for Cobalt-Chromium
Alloy Liners (For Small Arms Barrels).

X-Ray Tube Focal Spot, Method of Measurement.

Radiographic Inspection, Soundness Requirements for Arc and Gas
Welds in Steel.

Radiographic Inspection, Soundness Requirements for Steel Castings.

Radiographic Inspection, Qualification of Equipment, Operators &
Equipment.

Radiographic Standards for Production and Repair Welds.
Radiographic Inspection, Soundness Requirements for Fusion Welds in
Aluminum & Magnesium Millise Components.

Radioactive Test Sample, Strontium 90 and Yttrium 90, Beta, M6.
Casting; Classification and Inspection of.

Radiographic Inspection, Quality Levels for (Torpedo MK MOD 0).

VU-GRAPH 17
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Having done this, an analysis is performed where some im-
portant questions have to be asked. Do documents need
updating? Have advances in NDT been included? Are there
pertinent private sector documents? Is there overlap in
documents? Is the CCAP program applicable here?

Perhaps a similar approach should be taken with regard to
those FSC areus that pertain to tires and which are of in-
terest to those of you in the audience this morning. These
FSC areas are 2610 - Tires and Tubes, Pncumatic, Except
Aircraft; 2620 — Tires and Tubes, Pneumatic, Aircraft;
2630 - Tires, Solid and Cushion: and 2640 — Tire Re-
building and Tire and Tube Repair Materials.

From a quick examination of the DODISS. these FSC
Classes (vu-graph 18) account for approximately 35 docu-
ments (vu-graph 19 - vu-graph 20). Obviously. we dont
have time to discuss all of these documents. However, |
did pick out three for comment:

MIL-T-12459C. Tire. Pneumatic: For Military Ground
Vehicles. Examination reveals the plunger test is utilized

as a quality assurance provision (vu-graph 21). Following
the plunger test, the tire is then examined and a visual
examination is then made for hidden defects. How much
better it would be to utilize a true nondestructive test.
From what I've heard this morning, some of these NDT
type tests appear to be very promising and perhaps are
ready for incorporation into standardization type docu-
ments.

MIL-STD 698A. Quality Standards for Aircraft Pneumatic
Tires and Inner Tubes. With regard to aircraft tires, it is
seen (vu-graph 22) that many defects for tire treads are
mentioned. However, no reference standard is given for
*moisture or air under the surface™ as shown in vu-graph
23. How do we evaluate that particular defect?

The next example pertains to MIL-STD-1224, Visual In-
spection Guide for Pneumatic Tires (Nonaircraft). Here,
many figures (vu-graph 24 - vu-graph 27) are devoted to
visually detected defects. However, how many of these
are applicable to radial tires?

24GP TRACTORS
2410 TRACTORS, FULL TRACK, LOW SPEED ME YD 99 ¢S CS
2420 TRACTORS, WHEELED ME YD 99 ¢S CS
2430 TRACTORS, TRACK LAYING. HIGH SPEED AT YD 99 AT
3
25GP VEHICULAR EQUiPMENT COMPONENTS
2510 VEHICULAR CAB, BODY AND FRAME STRUCTURAL CMPTS AT YD 99 (¢S CS
2520 VEHICULAR POWER TRANSMISSION COMPONENTS AT YD 99 (S S
2530 VEHICULAR BRAKE, STRG. AXLE, WHEEL AND TRACK CMPTS (S AT YD 99 CS
2540 VEHICULAR FURNITURE AND ACCESSORIES CS AT YD 99 CS
2590 MISCELLANEOUS VEHICULAR COMPONENTS CS AT YD 99 Cs
S
26GP TIRES AND TUBES
2610 TIRES AND TUBES, PNEUMATIC, EXCEPT AIRCRAFT AT YD 99 AT
2620 TIRES AND TUBES, PNEUMATIC, AIRCRAFT 99 AV AS 99
2630 TIRES, SOLID AND CUSHION A7 YD 99 A7
2640 TIRE REBUILDING AND TIRE AND TUBE REPAIR MATERIALS A7 YD 99 AT

VU-GRAPH 18
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2610 Inner Tube, Pneumatic Tire USERME . . .. .. .. ... ... ... ..o i ZZ-1-5S0E (2) 1 19 Mar 76
2610 Inner Tube,Pneumatic Tire. . ... ... ... .. ... oo, N0 0B gD an FED-STD-308B t 01 Aug 77
2610 Tire And Rim Association, YearBook 1972, ... ... ...... ... . TRA-YB 99 08 Aug72 AT YD 99
2610 Tire, Pneumatic, With Flap, 14.00-20,RunFlat . ... ..................... MIL.T-62157 AT 07 Nov72 AT
2610 Tire, Pneumatic Permissible Sizes And Loading For Use On Original Material
Handling Equipment Validated Nov 70 USER-MC ASOSCS ... ............ MS-16968A SA  28Jun6S GL SA 99
2610 Tire, Pneumatic, For Truck, Logistical Goer Type (Tubeless). . . .............. MIL-T-62129A (1) AT 12 Nov76 AT
2610 Tire, Pneumatic, Large Size, Off-the-road, Special, 18.00-25, 12 Pr. Sand,
Amphibious USERMCREVAT. .. ........ ... . o MIL-T-52583/3 (1) ME 24 Apr 78 ME YD
2610 Tire, Pneumatic, Large Size, Off-the-road, Special, 24.00-29, 16 Pr, Sand, .
Amphibious Validated May 70 USERCEMC REV-AT .. ................. MIL-T-52583/2 ME 088Sep67 ME YD 99
2610 Tire, Pneumatic, Large Size, Off-the-road, Special, 36.00-41 Pr, Earthmover
Amphibious Validated May 70 USERCEMC REV-AT . . .............. ... MIL-T-52583/3 ME 08Sep67 ME YD 99
2610 Tire. Pneumatic, And Inner Tube, Pneumatic Tire, Tire With Flap, Packaging Of MIL-T-004) AT 11 Feb 76 AT
BIO2T6 o e e et INT AMD 3 (AT)
2610 Tire, Pneumatic, And Inner Tube, Pneumatic Tire, Tire With Flap, Packaging And
Packing Of USER-AVMCREVMESMSA. . .. ............ ... . ... .. MIL-T4H AT 23Jan75 AT YD 99
2610 Tire, Pneumatic, For Military Ground Vehicle Validated Feb 76 USER-ME MIL-T-12459C(2) AT 15 Aug67 AT YD 99
RENVZCSEA o A AR N e b o P S o T L I e R e INT. AMD6
2610 Tire, Pneumatic, Industrial USERMEMCSA26 REVEA . ................. ZZ.T410A (3) AT 25Feb75 AT YD 99
2610 Tire, Pneumatic, Large Size, Off The Road, Special, Widebase 23-21 ML .. .. .. ... MIL.T-52583/4 ME 24 Apr78 ME YD
2610 Tire, Pneumatic, Large Size, Off-the-road, General Specification for
USER-MC REV-AT . .. . e i MIL-T-52583(1) ME 24 Apr78 ME YD
2610 Tire, Pneumatic, Vehicular (Highway Ligat Truck) USER-CE REV.ARYD ... ..., FED-STD-345 *AT  ISMar72 AT
2610 Tire, Pneumatic, Vehicular (Passenger Highway) . . ... ... ................ FED-STD-316A *AT  15Nov76 AT
CHANGE |
05 Apr 78
2610 Tires, Pneumatic And Tires, Semipneumatic, Installed On Vehicles, Preparation for
Storage Of Validated Nov 74 USERMCREV-SM. . . . ... . ... ...oovnit MIL-T46755A AT  04Sep69 AT 99
2610 Tires, Pneumatic, Agricultural . .. ....... .. ... . e ZZ-T-1619B + 15 Jul 77
CHANGE 1
06 Jan 1978
2610 Tires, Pneumatic, Low Speed, Off Highway USER-CEREV-YD. . ............. ZZ.T-1083E *AT 20 Aug 76 AT
2610 Tires, Pneumatic, Vehicle And Portable Equipment USERCE . ... ............ ZZ.T-381M (2) % 10 Jul 72
INT AMD-8
2610 Tube, Inner, Pneumatic, for Tires (Automobiles, Trucks, Motorcycles, And
Other Ground Vehicles) . .. ... ... . i e e e ZZ.T-721E + 20 May 52
2610 Visual Inspection Guide for Pneumatic Tires (Non-Aircraft) Validated May 77 MIL-STD-1224 AT 15Sep60 AT YD 99
USER-ME CHANGE 1
23 FEB 1961
2620 Color Coding -age Identification Actf Tires. . . . ... ........ ... ... ... .... MS.27822A 99 07 Mar 72 99
2620 Identification Aircraft Tires By Colored Tape. . .. ........ ... ... ... MS-14113B AS 298ep 75 AS
2620 Inner Tube, Pneumatic Tire, Aireraft. . . ... ... ... ... . . oo MIL-I.5014F (2) 99 16Jan78 AV AS 99
2620 Method of Dimensioning And Determining Clearance for Aircraft Tires And Rims MIL-STD-878A 11 220ct69 AV AS 11
Validated May 76 REV.99 CHANGE 1
30 APR 1971
2620 Quality Standards for Aircraft Pneumatic Tires, And Inner Tubes USER-MC REV-99. MIL-STD-698B AV I15Jul77 AV AS 11
2620 Reguilt Tire-aircraft 22X5.5 200 Mph) Type Vii (Navy). . .................. MS-14142 AS  31Jan73 AS
2620 Repair And Reguilding Of Used Aircraft Pneumatic Tires REV.GL11........... MIL-R7726F(T) 99 10May 78 AV AS 99
SUPP |
2620 Retread Tire - Aircratt 20.00-20 (200 Mph) Type li (Navy) Validated Mar 75. . . . .. MS-3389 AS 18 Feb 69 AS
2620 Retread Tire - Aircraft 26 X 6.6 (200 Mph/high Performance) Type Vii (Navy)
Validated Mar 75 . . . ... . e s MS-3383 AS 18 Feb 69 AS
2620 Retread Tire - Aircraft 28 X 7.7 (200 Mph) Type Vii (Navy) Validated Mar 75 . . . . . MS-3384 AS 18 Feb 69 AS
2620 Retread Tire - Aircraft 28 X 9.0 (173 Mph) Type Vii (Navy) Validated Mar 75 . . . . . MS-3385 AS 18 Feb 69 AS
2620 Retread Tire - Aircraft 36 X 11 (200 Mph) Type Vii (Navy) Validated Mar 75 . . . .. MS.3386 AS 18 Feb 69 AS
2620 Retread Tire - Abrcraft 40 X 14 (200 Mph) Type Vi (Movy) Validated! Mar 75 M5 3187 AS 1& Feh &y AS
2620 Retread Tire - Aircraft 44 x 13 (200 Mph) Type Vii (Navy) Validated Mar 75. . . . . . MS-3388 AS 18 Feb 69 AS
2620 Retread Tire-aircraft Laboratory Quality Assurance Requirements .. ........... MS.3377A AS  09Jun7s AS
2620 Retread Tire-aircraft 18X4.4 (200 Mph) Type Vii (Navy) Validated Mar 75 .. . .. .. MS-3378 AS 18 Feb 69 AS
2620 Retread Tire-aircraft 18X5.7 (247 Mph) Type Vii (Navy) Validated Mar 75 . . .. . .. MS.3379 AS 18 Feb 69 AS
2620 Retread Tire-aircraft 20X5.5 (200 Mph/high Performance) Type Vii (Navy)
ValidatedMar 75 . .. .. .. ... e MS-3380 AS 18 Feb 69 AS
2620 Retread Tire-aircraft 26X6.6 (200 Mph) Type Vii (Navy) Validated Mar 75 .. . . . .. MS-3382 AS 18 Feb69 AS
— b3 Bervivs Subiubiling {Fg') Teu OF Rebulh Navy Qorsit Tins WS 14057 AE AL Ten e "E
2620 Tire - Aircraft, 11.00-10, Type lii (Navy) Validated Dec71. .. ........ ..... MS-90444 AS 02 May 66 AS
2620 Tire - Aircraft, 13.5 X 6004 (Navy). . .. ........ ... . ...t .... MS-14158 AS 16 Oct 74 AS
2620 Tire - Awrcraft, 20 X 5.5 Type Vs (Navy Validated Nov 73 . .. ............... MS-26540A AS 12 Feb 68 AS
2620 Tire - Aircraft, 22 X 6.6-10(New Design). . ... ......... ... ..., MS-14168 AS 21 May 76 AS
2620 Tire - Aircraft, 26 X 7.75- 13 (Navy) . . ... ..ot i MS-14159 AS 16 Oct 74 AS
2620 Tire - Aircraft, 28 x 7.7 - (200 Mph) Ft- Type Vii (Navy) Tubeless Validated Dec 73 . MS 17838 AS 24 Aug62 AS
BN T At P XU BoThypeWleavy) .. . oo o MES182A AS Nk AS
2620 Tire - Aircraft, 7.50-10 Channel Trend Application, OV-10 Nose Landing Gear Only
Validated Apr76. . . ... ... e e MS.3502 AS  24Mar 70 AS
2620 Tire Pneumatic Rebuilt Type Viii 30 X 11.5-14.5/24Pr . ... ................ MS-87953 99 28 Mar 78 99
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L 2620 Tire Pneumatic Rebuilt, Type 1ii 12.50-16.12Pr. . . ........ ... .. .. ....... MS-22080 99 10Jun77 AS 99
L 2620 Tire Pneumatic Retread Type Vil 56 X 16.24Pr . . . . ..................... MS-27812 99 2] Dec 70 99
L 2620 Tire Pneumatic Retread, Type Vii 20X 44/ 12Pr ... ... ... ... ..., TTEY MS-27821B 99 12Nov73 99
L 2620 Tire Pneumatic Retread, Type Vii 30 X 8.8 /22Pr . . ............. ... .00, MS-27819 99 2] Dec70 99
L 2620 Tire Pneumatic Retread, Type Vii 36 X 11 /22Pr . .. ..................... MS-27817A 99 01 Apr78 99
L 2620 Tire Pneumnatic Retread, Type Vii 38X 11/ 14Pr. ... ..ot MS-27818A 99 01 Apr78 99
L 2620 Tire Pneumatic Retread, Type Viid9 X 17/26Pr. . . ... ...........viinn. MS-27811A 99 01 Apr78 99
L 2620 Tire Pneumatic Retread, Type ViiS6 X 16 /34Pr. . ............... .. .00 MS-27816 99 21 Dec70 99
L 2620 Tire Pneumatic Retread, Type Vii 56 X 16 % 38 Pr. 250 Mph .. . ... .. 00 R MS-27813 99 21 Dec70 99
L 2620 Tire Pneumatic Retread, Type Vii S6 X 1632Pr . . . ............ .. cviunnn MS-27814 99 21 Dec?70 99
L 2620 Tire Pneumatic Retread, Type Viii 31 X 11.50-16/22Pr. .................. MS-27820 99 21Dec70 99
L 2620 Tire Pneumatic Retread, Type VII44 X 16,28Pr. . . . ....... .. ..o, MS-27815B 99 O01Apr78 99
2620 Tire Pneumatic Type Vi 20X 4.4/12Pr .. ... . oot MS.22076 99 10Jun?77 AS 99
2620 TireRebuilt 26 X6.6/14Pr. ... .. ... i s MS-22078 99 10Jun77 AS 99
L 2620 Tire-aircraft 20 X 5.5 Type Vii (Navy) Validated Feb 75. .. ................. MS-3374 AS  20Dec 68 AS
L 2620 Tireircraft, 24 X 5.5 (200 Mph) Fabric Tread Type Vii (Navy) Validated Feb 75. . . MS-18060A AS 17 Dec 67 AS
L 2620 Tire-aircraft, 26 X 6.6 (200 Mph) Type Vii (Navy) Validated Apr74. . ... ....... MS-26564A AS 15Juné67 AS
L 2620 Tut-aucrall, 36X 14200Mph) ype VA (Navy) Validared Nov 73 ... ... L M5-205034 AS HWhl®? AS
L 2620 Tirecasing - Aircraft, 24 X 5.5 Type Vii (Navy) Validated Nov73 . ... ...... ... MS-26526B AS 1 Dec 61 AS
2620 Tire-pneumatic Rebuilt, Type Vii 2000 20/26Pr . . .. ............ .00 vun MS-27823A 99 28Sep77 AS 99
2620 Tire-pneumatic Type lii 12.50-16/12Pr, .. ... ... . it MS-22079 99 10Jun77 AS 99
L 2620 Tire/casing - Aircraft, 18 X 5.5 Type Vii (Navy) Validated Nov73 ............. MS-26535A AS 1 Dec 61 AS
L 2620 Tire/casing - Aircraft, 20 X4.4 Type Vii(Navy) . .. . ... . ...... . ... .... MS-27538B AS 20Jun7s AS
L 2620 Tire/casing - Aircraft, 22 X 5.5 Type Vii (Navy) ValidatedNov73 . ............ MS-26539A AS 1 Dec 61 AS ¢
L 2620 Tire/casing - Aircraft, 22 X 8.8 Type Vii (Navy) Validated Nov73 ............. MS-26537A AS 1 Dec 61 AS
L 2620 Tire, Aircraft 22X 6.75-10 135 Knots (Navy). . .. .. ... .. civinnena.. MS-14161 AS 25Nov74 AS
L 2620 Tire, Aircraft, 26 X 8.75-11 (Navy). .. . . .. .o i e i MS-14160 AS 160ct74 AS
L 2620 Tire, Aircraft, 28 X9.0 Type Vii (Navy) . . ...... ... ... .o, MS-90443B AS 31 Jul74 AS
L 2620 Tire, Casing - Aircraft, 24 X 7.7 Type Vii (Navy) Validated Nov73. . . .. ... ..... MS-26558A AS  1Decél AS
L *2620 Tire, Pneumatic - Aircraft, 25 X 6 0Type Vii(Navy) . . .. ... .......ooviinn MS-26543A AS OB Apr75 AS
2620 Tire, Pneumatic New Type lii 20.00-20.26PR . . . . . ... ... ... .. ... . ovvon. MS-22081 99 10Jun77 AS 99
2620 Tire, Pneumatic, New Type Vii 26 X6.6/14Pr . . . .. .. ... ... .. ovnin. MS-22077 99 10Jun77 AS 99
L 2620 Tire, Pneumatic-helicopter Ground Handling, 3.50-6 Validated Feb77 .. ........ MS-87013 AV 29Jun64 AV
U W) Tise, Rheurmiie Adendlt DT ME SLK U WA T RIS E)Y L AMu T Ay AR 1D
L 2620 Tire, Pneumatic, Aircraft 30X11.50-14.50, Type Viii(Navy) Fabric Reinforced Tread  MS-14171 AS 22Dec76 AS
L 2620 Tire, Pneumatic, Aircraft, Rebuilt, 30 X 11.50-14.50, Type Viii (Navy) Fabric
Reinforced Tread ... ... .0ttt i ineeenrinenns MS-14172B AS 12 Dec 77 AS
L 2620 Tire, Pneumatic, Aircraft, Rebuilt, 30 X 8.0-16.00, Type Vii (Navy) Fabric
Reiforced Tread .. ... ... o MS-14176 AS 1llaa M AS
L 2620 Tire, Pneumatic, Aircraft, Rebuilt, 27X 11.5-16, TypeVii ................. MS-14170A AS 23Jan 78 AS
L 2620 Tire, Pneumatic, Aircraft, 24 X 6.5-14 Fabric Reinforced Tread (200Knots) . .. ... MS.14178 AS 11 Apr78 AS
L 2620 Tire, Pneumatic, Aircraft,26 X 6.6, Type Vii(Navy) . .. ................... MS-26533D AS O07Feb78 AS
2620 Tire, Pneumatic, Aircraft, 34 X 9.9-16. . . .. ... .. ... ... .. ... MS-14162 AS 06Mar75 AV AS 99
L 2620 Tire, Pneumatic, Aircraft, 36 X 11 High Speed, Type Vii(Navy) . ............. MS-90346A AS 31Jan78 AS
2620 Tire, Pneumatic, Aircraft, 44X13 High Speed-type Vi . . ................... MS-26557A AS 27May75 AS 99
2620 Tire, Pneumatic, Rebuilt, Aircraft, 34 X9.9.16. . .. ................ ... ... MS-14167 AS |7Feb76 AV AS 99
L 2620 Tread Tire-aircraft 24X5.5 (200 Mph) Type Vii (Navy) Validated Mar 75. . .. .. ... MS-3381 AS 18Feb69 AS
2630 Tire, Cushion Permissable Sizes And Loading For Use On Original Material Handling
Equipment Validated Nov 70 USERMCASOSCS .. ................... MS-16966A SA 28Jun65 GL SA 99
2630 Tire, Solid Permissible Sizes And Loading for Use On Original Material Handling
Equipment Validated Nov70. . .. . ... .. ... ... coviuivinernonn.. MS-16967A SA 28 Jun 65 SA 9
2630 Tire, Solid Rubber, And Wheels, Solid Rubber Tire, (Industrial) Validated Apr 74
USER-MDMC REV-AT ... ... it i i 22-T-391D /ME 11Dec70 ME YD 99
Q 2630 Tire, Solid Rubber, And Wheels, Solid Rubber Tires Validated May 75 USER-ME MC
REVML .o e e MIL-T-3100B AT 22Apr63 AT 9
L 2630 Wheel, Solid Rubber Tires, Rebuitd Of USERME . . . ..................... MIL-W46759A (1) AT 10May74 AT
2640 Adapter, Pneumatic Tire Valve - Liquid . . .. .. ......... ... .. . i, MIL-A-28677 YD 10Sep73 YD 99
L 2640 Cement,Thread,Rubber. ... ... ... .. ... ... ... ... ieriniuininn MIL-C42123 AT 18Feb70 AT
2640 Compound, Lubricating, Inner Tube, Aircraft Tire Validated Dec 70 USER-ME-REV-IS MIL.C-5024A (1) 99 02 Jun 65 AS 99
L 2640 Lubricant, Mold, Tire, Silicone Base Emulsion Validated Jul 75 REV-EA. . .. ... .. MIL.L-3921A AT 05Jan71 AT
2640 Lubricant, Tire And Rim, Demounting, Validated Feb 76 USER-ME MC REV-AV AS  MIL.L.-8362C 99 100ct68 AT YD 99
2640 Patch, Pneumatic Tire Repair - Semi-cured Nylon Validated Mar 77 USERMC . . . . . MS-52124 AT 22Sep72 AT YD 99
2640 Patch, Pneumatic Tire Repair, Chemical Cured Nylon And Vulcanizing Fluid
Validaced Mar 77. . . .. Y C P MSS213 AT 2.Sep7. AT YD %
2640 Patch, Pneumatic Tire Repair, Uncured Validated Sep 76 USER-MC. . .......... MS-51312 AT 16JulS9 AT YD 99
2640 Patch, Repair, For Inner Tubes and Tubeless Tire Liners USER CS REV-AR ... ... ZZ-P-112D(1) [AT 27Jul74 AT YD 99
L 2640 Repair Kit, Puncture, Pneumatic Tre REV.SMME . . . .................... MIL-R45949A AT 23May77 AT
2640 Tire, Pneumatic, Retread And Repair Materals. . . .. ..................... ZZ-T416U /AT 268¢p75 AT YD 99
© 2640 Tire, Pneumatic, Retreaded And Repaired REVIMC. . . .................... ZZ-T-441D (3) *AT 1SFeb77 AT YD 99
L 2640 Tread Rubber, for Recapping Pneumatic Tires, And Solid Rubber Tires for Industrial
And Track Laying Vehicles, Packaging and Packing Of, Validated May 76 . . . . .. MIL-T-13584B AT 30Apr76 AT
2640 Tread Rubber, Solid Rubber Tire For Track Laying Vehicles USERMC. . ... ..... MIL-T45301B AT 20Nov75 AT YD 99
INT AMD I (AT)
L 2640 Tread Rubber, Strip Form Stock, For Retreading Tires Validated Nov74 ., .. .. .. MIL-T-62118 AT 22Sep99 AT
QL 2640 Valve Care, Pneumatic Tire, Inner Tube and Tubeless, Aircraft REV.CS. ... ... ... MIL-V-27317(2) 99 24 Mar 78 99
2640 Viives Al Vaive Spuds Taps RiidCores, Piituinadc Tire USER-ME AS USWMC TG
SHEE S vy o N R L L L R r L AL L Er LY ZZ-V-25D(2) *AT 20Sep?77 AT YD 9
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4.5.2.4.4 Thickness. After the tire has been cut to determine hidden defects (see 4.5.3.2), the thick-
ness of the sidewalls and undertread shall be measured in accordance with method 2011, 2021, or 2121 of
Standard FED. TEST METHOD STD. NO. 601.
4.5.3 Breaking energy and hidden defects.
4.5.3.1 Breaking energy plunger test.
4.5.3.1.1 Procedure. After the mounted tire in 4.5.2.4 has been measured as specified in 4.5.2.4.1
through 4.5.2.4.3 inclusive, a cylindrical steel plunger, 1% inches in diameter and hemispherical at the
working end, shall be forced into the center of the tread portion of the inflated tire at the rate of 2 inches
per minute to determine the force and penetration at break. Five measurements of force and penetration
at break shall be made at points equally spaced around the circumference of the tire. In the event that
the tire fails to break before the plunger is stopped by reaching the rim, the force and penetration shall
be taken as this occurs. The energy value to determine conformance to 3.5 and table IV shall be calculated
from the average values at break using the following formula:
FxP
==
WhereW = energy at break, inch pounds.
F = force at break, pounds.
P = penetration at break, inches.

4.5.3.2 Hidden defects. After the plunger test has been made, the tire shall be subjected to visual
inspection to visual inspection for hidden defects. This shall be done by cutting the tire in ten radial sec-
tions, with each section being cut, circumferentially, in midcrown and on each side of crown, near breaker
edge at point of maximum shoulder thickness; any additional cuts deemed necessary for complete inspec-
tion of the tire shall be made. The cut séetions shall then bo inspected for evidence of separation of tread
ply, cord, or bead.

4.5.4 Tensile strength and elongation. After being checked for hidden defects the tire shall be sub-
jected to tests for tensile strength and ultimate elongation of tread and sidewall, to determine conform-
ance to 3.6 and 3.7 respectively.

4.5.4.1 Preparation of test specimens. Test specimens shall be cut (longitudinally at center of tread
or sidewall) with a die No. VIl of method 4111 of Standard FED. TEST METHOD STD. NO. 601. On
tread specimens, the nonskid portion shall be sliced off with a knife, after which the central portion shall
be buffed on each side over a length of 2% inches until free from friction compound, fabric impressions, or
irregularities of surface. In case specimens cut with die No. VII cannot be obtained, specimens may be cut
with a die No. IV of method 4111 of the same standard. On sidewall specimens, rubber solvent shall be
used, if necessary, to separate rubber and fabric and one or both sides shall be buffed as necessery For
class MR tread test specimens, tread shall be removed from wire.
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Table 1

Table II Classification of defects in tubes in accordance

CONTENTS

SCOPE
Coverage
Application

REFERENCED DOCUMENTS
Military Publications

DEFINITIONS

GENERAL STATEMENTS
Classification of tires and tubes

DETAILED REQUIREMENTS
Tire defects subject to MRB section
Tread defects acceptable without rework

MIL-STD-698A
25 September 1968

Page 1

Tread defects acceptable but requiring rework

Veneering of sidewalls

Inside surface defects of tube-type tires acceptable but

requiring rework

Tire and ply body defects

Bead and inside surface defects

Bead and inside surface rework
Tire defects not subject to MRB action

Marking and lettering

Tread surface defects

Sidewall defects

Bead defects
Fabric-tread tires

Not acceptable, not repairable

Acceptable
Tubes

Repair material

Repair area

Defects which may be repaired
Valves

Inflation of fabric-based tubes for inspection

Product quality control
TABLES
Classification of defects in accordance with
Standard MIL-STD-105

with Standard MIL-STD-105
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MIL-STD-698A
25 September 1968

TABLE 1. — Classification of defects in accordance with Standard MIL-STD-105.

AQL Paragraph or
Cate- percent specification
gories defective Items Defects reference
MAIJOR: | Tire treads:
101 Moisture or air under surface is
unacceptable.
102 Open tread splice whre immediately 5.222

below tread splice there is a
hollow area in the carcass.

103 Porosity in tread ribs is
unacceptable.
104 Cord outline visible in tread 5.3.1

grooves (unacceptable except in
special-purpose tires which v/ere
qualified with that conditior ).
105 Mold flash or rind at tread register: 5.2.2.1
(a) Tires from open or cocked
molds with a depression
in the carcass.
(b) Tires from open or cocked
molds where tread flash
thickness exceeds:

Tire cross Open
section register
8 inches or 0.06-inch
less
More than 8
inches and

less than 15 0.13-inch
15 inches and
longer 0.18-inch
106 Off-register molds (tires from off- 5.2.2.1
or out-of-register molds wehre
radial stepoff, at tread rib, between
the two halves, exceeds 0.03-inch).

VU-GRAPH 23
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MIL-STD-1224
15 September 1960

CONTENTS

: 1

E ;J L SCOPE « vttt e et e
2,
| SUAMA TS . eI N ool el o el ol b ol ool eh ot e R B (ool el e
3

1
1
REFERENCED DOCUMENTS .. ..o e 1
1
1
1

FIGURES 4
Figure

Buckled cords.
Insufficient ply coating.
Bead kink.

. Bead kink.

. Sidewall cracks.
Sidewall cracks.

. Cut or damaged cords.
. Ply separation.

9. Ply separation.

? 10. Tread folds.

11. Tread folds.

) 12. Mold fold.

13. Incomplete marking.
14, Tread craters.

15. Tread edges.

. Open tread splice.

17. Open tread splice.

18. Open sidewall splice.
19. Open sidewall splice.
20. Open sidewall splice.
21. Sidewall light or thin areas.
22. Sidewall blister.

23. Sidewall blister.

24, Sidewall blemish.

25. Sidewall blemish.

26. Narrow beads.

27. Spread cords.

28. Loose cords or splices.
29. Loose cords or splices.
30. Shallow or thin spots.
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MIL-STD-1224
15 September 1960

FIGURES—Continued

3 Figure

Tread element rounding,
Tread element edges.
Tread pock marks.
Tread blows.

. Sidewall craters,
. Sidewall craters.

Airbag roughness,

. Foreign material cured outside tire.
. Foreign material cured inside tire.

. Foreign material cured inside tire.

. Foreign material cured inside tire.

. Wavy cords.

Loose tuck-under.

. Mold tearing.

., Oxidized liner stock.

. Exposed fabric (tubeless tire).
. Liner splice opening.

. Defective bead (passenger).

. Defective bead (truck).

Broken bead.

. Damaged bead wire.

. Damaged bead.

. Sidewall damage.

. Chafed bead.

. Burned bead.

. Bead damaged by sprung lock ring.

. Excessive chafing,

. Damage by overload or underinflation on narrow rim.
. Tire ruined by use on wrong rim.

. Tire ruined by bent lock rim.

. Tire tool damage.

. Fabric fatigue.

. Fabric fatigue.

. Flipper fatigue.

. Break above bead.

. Loose cords due to incorrect operation.
. Cord body deterioration.

. Overload or underinflation cracking.

. Break due to overload (truck).

. Protruding, broken bead wires.

. Diagonal break due to load stresses.

. Repair failure.

. Rupture due to road object impact.

. X break due to road object impact.

. Diagonal break paralel to band ply cords.
. Diagonal break across band ply cords.

. Diagonal break due to underinflation.

. Spot break due to overheat.
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MIL--STD-1224
15 September 1960

FIGURES—Continued

Figures

79.
80.
81.
82.
83.
84,
8S.
86.
87.
88.
89,
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.
100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119,
120.
125
122.
123.
124.
125.
126.

Puncture-flex break.

Rim smash failure.

Double bruise from rim smash,
Weather aging due to ozone attack.
Weather agir, due to ozone attack.
Weather aging due to ozone attack.
Buffing rib furling.

Split chafer,

Circumferential cracking.

Radial cracking.

Undershot buttress cracking,

Open tread splice.

Tread separation due to tread cracking.
Tread cracking due to neglected cut.
Underinflation wear on passenger car tire,
Center tread wear due to overinflation.
Center rib wear due to overinflation.

Uneven wear due to incorrect toe-in adjustment.

Uneven wear due to incorrect caster.

Uneven wear due to incorrect camber and toe-in.

Uneven wear due to grabbing brakes.
Uncven wear due to wobbly wheel.
Heel and toe wear.

Angle wear,

Edge compression.

Rasp wear.

Trend separation.

Trend separation.

Trend separation.

Cap and base separation.

Shoulder separation,

Sidewall separation.

Sidewall separation.

Internal blister.

Cut through rib of tread design.
Neglected cut which spread.

Cut resulting in fabric break.
Internal view of punctured tire,
Tire ruined by using a blow-out patch.
Sidewall snag.

Tire ruined by underinflation,

Tire ruined by running it flat.
Recap failure.

Tread chipping.

Cutting and gouging,

Liner blisters.

Liner separation.

Tread flaking.

N T
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MIL-STD-1224
15 September 1960

FIGURES--Continued
Figure
127. Diagonal wear due to heavy tread splice.

128. Construction features of typical 4-ply passenger car tire.
129. Construction features of typical highway truck tire.

3
!
TABLES
Table . Classification of Defects. |
VU-GRAPH 27
Standardization has brought us a long way in this country, ardization effort. However, it will require top manage-
. and is responsible in large part for the standard of living we ment’s continuing support to sustain the momentum that i
E enjoy today. However, the time is ripe to upgrade the has been initiated. Both ingredients are necessary to insure 1
4 ‘ standardization effort. | believe that the current directions that Gillette's criterion of specification (*“What the buyer ;
: described in this presentation will do just that and result needs and what the vendor is willing to sell him.") are met.
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DISCUSSION OF THE NEED FOR SOME STANDARDIZATION
IN THE FIELD OF NDT OF TIRES

R. W. Yeager
Goodyear Tire & Ruuber Co.
1144 E. Market Street
Akron, Ohio

ABSTRACT

Non Destructive Inspection of tires has become a funda-
mental part of tire development. There are many different
techniques, each employing various basic principles and
methods of inspection and also utilizing numerous types of
equipment. There are equally as many directions and goals
being pursued and answers being obtained.

Is it possible that this is the time for the introduction of a
standard to obtain a common language and set a realistic
goal for the good of consumers, suppliers, manufacturers
and inspectors?

During the initial phase of tire development there have
been found numerous general categories of irregularities
which can conceivably exist in a complex tire of today.
Considering the various components, multiple belts and
plies and the significant locations in a tire, there can exist
an impracticable number of individual inspections which
would be required to detect and identify cach potential
irregularity.

With some exceptions, each anomaly has a direct or in-
direct bearing on the overall performance of the tire.
Depending on its degree of severity, it would be difficuit
to classify these as t-» their importance.

To detect a large variety of these conditions, there exist

a multiplicity of industrial Non-Destructive Inspection
(NDI) pieces of equipment. All of these methods of NDI
have been found, from our experience, to have significant
present limitations, along with their attributes. There
simply does not yet exist a single Panazea NDI technique.

Consider the following:

X-ray is a vital and presently irreplaceable technique for
techindgue for Jeteeting Mlows, and defining geometie
placements and conditions of beads, belts, plies, and many
components. It is our experience, however, that X-ray

is greatly limited in locating many critical thin line ply

and belt separations as well as other irregularities detected
by other methods.

173

Experience with ultrasound techniques indicates excellent
potential for various areas of tire inspection. These include,
but are not limited to, the measurement of gauge variation,
location of foreign material and separations.

Due to the wide variations in acoustical impedance between
certain materials, however, there has been considerable dif-
ficulty in detecting specific critical separations and other
irregularities.

There is also a wide varjation in potential use and limita-
tions of reflective vs. thru techniques for ultrasonics.

Holography or Holographic Interferometry can be used to
detect separations and locate their position and depth
within acceptable limits, It also can be used to detect gross
non uniformities, under certain conditions, and other
anomalies.

Holography is not without its limitations. In the bead area,
and turn-up region of a tire, holography can be ambiguous,
time consuming and lacking correlation for many tire con-
structions. Holography islimited when utilized to determine
the severity of a non uniformity of a new tire or in cases of
multiple non uniformities.

In essence, most popular NDI techniques have considerable
merit and value and while their coverage may overlap, many
significant anomalies will escape one or the other or all
techniques.

I would like to make a crude analogy between a tire and the
physical make up of a human being. To predict a tire's life
span is akin to expecting a doctor to predict a life span of

a baby at birth. There are obvious tell-tale signs in rare
cases which may be reason for congern But it would be a
monumental and probably an insurmountable task to
achieve a single test which would guarantee a life expect-
orey oF gither 1t wunld be AMlouly Lo digisose s heard
murmur using an encephalogram or a brain tumor using a
stethoscope. Just as there are well established medical tests
to diagnose various diseases, there is also, based on experi-
ence, specific NDI techniques to diagnose some of the
various tire syndromes.
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If it were known to a doctor that the new born infant was
to be a long distance runner or was to survive in an environ-
ment requiring superhuman stamina, as that required of a
high performance tire, he may be directed to performing
tests with fairly conclusive evidence of survivability. This
may also be the case with specific types of tires.

For the sake of discussion, consider the separation. Separa-
tion growth during service may or may not correlate with
durability. Separations may grow, remain dormant, grow
and become dormant, or even diminish in size, for some
passenger tires for example, with increased mileage.

A distinct advantage that the tire companies have in evalu-
ating NDI techniques is in the development stage of the
tire design. Many experimental passenger and truck tire
designs which are thwarted because of poor road and lab
wheel test results indicated excellent correlation to various
NDI techniques which were used to monitor the tire during
its test cycle. Contrary to this, many passenger tires which
pass exhaustive road and whee! testing generally indicate
pocr correlation to NDI techniques when monitored re-
gardless of the anomalies they may develop.

Not all irregularities are detected or identified by the most
popular methods of NDI. There are numerous techniques
applied when specific problems are suspected.

It would be a mistake and a step backward to propose or
single out a unique method of NDI. This would indicate an
over reliance on that method and possible subjugation of
other valuable methods, thus relaxing an overall vigilance
required to produce a quality tire.

We then come to the problem of attempting to establish
standards. The mere fact that there are nearly 275 methods
of NDI or NDT used to assist in providing some quality
assurance for over 700,000 tires manufactured per day,
suggests that setting standards may be premature, Yet the
mere numbers involved also imply that some type of stand-
ard is desirable if we are to obtain continuity and give
direction to the NDI equipment manufacturers.

Then I ask, what type of standard would not be premature?

I would propose as a beginning to establish a glossary of
terms which would at least result in a common language.

As a second step, I would propose a calibration sample,
similar to a stepped block used in X-ray. The stepped block
could be improved to incorporate various construction
techniques similar to that used in a tire. Programmed flaws
of all types could be built into blocks and these blocks
could be available to the various NDI equipment manu-
facturers,

As a third step, I would propose eventually extending this
technique to a series of calibration tires of contemporary
design. Flaws could then be built into these tires for final
evaluation of equipment, The type of calibration tires
could include, but not be limited to, passenger, truck, air-
plane, military and retread tires.

There would be a multitude of problems realized with such
a proposal. Obtaining a manufacturer and agreeing on con-
struction, type of flaws, etc. would only be a few; however,
I do believe it would be a worthwhile adventure and a
beginning.
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ULTRASONIC TIRE INSPECTION

R. Watts
U.S. Army TARADCOM
Warren, Ml

ABSTRACT

For the past several years, TARADCOM has been involved
in various ultrasonic, holography and radiography tire in-
spection evaluation programs. The primary objective of
the tire testing program is to eliminate or minimize defec-
tive tires, which would fail prematurely, from entering the
retread system. Based on cost, safety, hardware required to
perform the testing, and other considerations, the best
inspection technique to meet the Army's needs is considered
to be pplse-echo ultrasonic testing of tires. Therefore, the
TARADCOM Product Assurance Directorate's Tire Inspec-
tion efforts have been concentrated in this area of NDT

of tires. The plans for the current and future TARADCOM
Tire Inspection Programs, which have been initiated to
solve specific problems and satisfy particular user hardware
requirements, will be discussed.

INTRODUCTION

Tire degradation is defined as a defective rubber to
cord bond or the unraveling of the cords themselves. De-
tection of degraded tires is impossible by visual inspection
of a retread candidate tire. The result of retreading a tire
with degraded cord structure is premature failure of the
retread tire. Early failures relate to lost investments. In
most cases the cost of shipping the tires to the retreading
facility is not recoverable. The same is true for the expenses

TARADCOM
ULTRASONIC TIRE INSPECTION
EQUIPMENT REQUIREMENTS

CAMPS. POST: AND STATIONS

for material and labor expended on tires that fail during re-
treading or are rejected after retreading. Only a portion of
the expenses of retreading a tire are recovered for tires that
fail in the field before they reach their useful life expect-
ancy. However, these premature failures pose not only a
dollar loss to the Army, but also create a potential safety
hazard for the personnel operating the vehicle on which the
tires fail.

In response to these problems, hardware requirement
definitions for two different types of tire testing equipment
have been generated (Figure 1). An inexpensive, easy to use
tire tester is needed for posts, camps, and stations to in-
spect tires before they are shipped to the retreading facili-
ties, This tester must require minimal operator action and
must provide a single digital output on which the decision
to ship the tire or not would be automatic. For the depots
that have the tire retreading mission, more sophisticated
tire inspection equipment is required for both pre and post
retreading inspection. The tire inspection equipment would
be utilized in the pre-retread area to monitor ultrasonic
readings in relation to tire casing suitability for retreading.
The post retread ultrasonic inspection equipment would be
used to inspect for retread quality. Operator training and
test result interpretation would be required for most re-
tread inspection with the ultrasonic equipment.

TARADCOM has focused its attention on one pulse-echo
ultrasonic tester which has been developed during this pro-
gram and which has the potential to satisfy both these
equipment requirements. However, before our NDT evalu-
ation plans are discussed, a brief background of prior
TARADCOM programs will be presented.

BACKGROUND (Figure 2)

Since its inception, the ultrasonic tire inspection develop-

$6,000 i "‘7 ‘ ent effort has been in conjunction with and unde
i ol S ment effort has been in conjuncti I con-
‘ mm mm = w TRAINING tract to General American Research Division (GARD). In
mmm 05 mid-1973, the effort began with laboratory tire testing with
] i a pulse-echo tire scanner at the GARD facility in Niles,
DEFOTS - . Rt - o g [llinois. From this initial effort a single transducer ultra-
SR 7 sonic tire inspector, which we call the Big Red Machine,
$10.000 MAXIMIUN i ; was fabricated and utilized during two separate evaluations,
SEM-SKILLED OPERATOR — TRAINING | one at Red River Army Depot (RRAD) and the other at
m TION m’ .‘m" o i A GARD. The GARD evaluation involved testing 500 used
. INTERPS ‘ o il 4 tires ultrasonically and correlating the measurements to
peel tests and optical examinations. The results of the 500
FIGURE 1 tire test revealed the requirement to inspect the tires at
175
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TARADCOM
ULTRASONIC TIRE INSPECTION
BACKGROUND

JOINT TARADCOM AND GARD EFFORTS

LABORATORY TIRE TESVING BIG RED TOO COMPLEX,
RRAD COMMENTS > EXPENSIVE AND TIME
S00 TIRE TESTS CONSUMING

2> HYGROSCOPIC PROPERTIES — DEGRADATION CONCEPT
YPG ROAD TEST ~ PROOF OF YIRE DEGRADATION

GARD DEVELOPMENT EFFORT

ULTRASONIC CONTACT INSPECTION YECHNIQUE GENERATION
TOM DEVELOPMENT

FIGURE 2

at both tire shoulders and the midline. This requirement
and user comments from the RRAD evaluation were in-
corporated into an enginecring prototype (Figure 3) which
utilized three transducers for inspection of the shoulders
and midline and a tire controller, The tire controller (Figure
4) sequenced the setting of the tire and the firing order of
the transducers.

A parallel GARD effort to the 500 tire test on hygrosonic
properties of or water effects on tires revealed that water
absorbing tires also had low ultrasonic readings, Peel tests
on these water absorbing tires verified a degraded cord
structure state, This discovery inspired the birth of the de-
gradation measurement concept. Two reports, “*Ultrasonic
Inspection for Tire Recreadability ™ and “Water Effect on
Tire Maintenance Expenditure Limits,” document the 500
tire tost amd the'ly groscopic svataations, .»spé\,l"rvthy . Prar
ing these evaluations pulse-echo tire inspection with the
Big Red Machine was shown to be somewhat complex,
expensive and too slow for high rate production testing of

FIGURE 4

FIGURE 3

retread tires: however, the degradation concept was still as
yet unproven in carly 1975 to abandon the program to
ultrasonically inspect tires for both local and circumfer-
ential defects with Big Red.

The hypothesized concept of tire degradation had to be
verified. The existence of tire degradation was substantiated
during a Yuma Proving Grounds (YPG) evaluation. A modi-
fied portable sonics unit (Figure §) was used at YPG to fol-
low ultrasonic tire measurements as a function of tire
mileage during a vehicle road test. The data from this test
showed that a tire mileage increased, the average tire de-
gradation measurement decreased for both new and retread
tires (Figure 6). At this time no further consideration was
siven to the deployment of the big ed ultrasonic system
because of the hardware inspection complexities, and be-
rgese the cireumiterential defeet, that & degradation, ap
peared to be the tire characteristic best able to indicate
casing suitability for retreading.

FIGURE 5




e p—

——n n a e e aaal

BACECAOUND I FULL SCaLE
VLTRASOmIC ANFLITUORE

-
.,

faled, 1v.2)

ESVERAY §a
IELL alRselr

TA19%,08.8)

IETIN
isvay

FIGURE 7

|

FILES THOLSans-

FIGURE 6

Since the time of the YPG road test, development and re-
finement of ultrasonic contact tire inspection techniques
continued. This effort included transducer selection, gen-
eration of calibration standards, and further modification
to the pulse-echo ultrasonic unit. From the contact tire
inspection development effort, there evolved a commer-
cially available single digital output tire inspection device,
the tire degradation monitor (TDM) (Figure 7). The usage
of the TDM became the central issue of the TARADCOM
ultrasonic tire inspection program,

EVALUATION PROGRAMS

As stated, the ultrasonic equipment has evolved from the
use of a pulse-ccho tire scanner to a combination of modi-
fied sonics unit used in conjunction with a tire controtler

in the big red machine to a commercially available tire
degradation monitor (TDM) with scope output capability.
Therefore, the current TARADCOM programs are oriented
to the evaluation of the TDM and to qualifying the degrad-
ation principle. Of the two current programs, one at RRAD
and the other at YPG, each has its own objectives but both
have been implemented to provide preliminary information
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for accomplishment of the objectives of the final ultrasonic
inspection evaluation, scheduled for nitiation at the Army
Maintenance Plant at Ober-Ramstadt next year.

RRAD EVALUATION SUMMARY (Figure 8)

The TDM is being utilized at RRAD to determine the ultra-
sonic tire inspection related savings which can be attributed
to reduced tire casing failures during the retreading process
or to fewer rejected tires after retreading.

A program work directive (PWD) for retreading 3,000
1100 x 20 tires has been issued to RRAD, which has also
been funded to ultrasonically inspect these tires. The in-
spection personnel have been trained in the operation of
the ultrasonic tire inspection equipment and a pilot inspec-
tion program on 50 tires has been completed. Results from
this pilot program will be used to minimize any problems
that might have arisen during the 3,000 tire inspection
program, which is anticipated to start in June 1978.

The inspection data will be collected, summarized, ana-
lyzed and compiled into a final report by 1979.

YPG EVALUATION SUMMARY (Figure 9)

The evaluation will be run as a TDM pilot progran: to
assure that the data collected at Ober-Ramstadt, to de-
termine remaining useful life of a retread tire in relation
to the tires’ degradation readings, will be statistically suf-
ficient. In addition, the tires will be holographically in-
spected and these readings will be compared to the
ultrasonic measurements. To date, YPG has been funded
to perform the evaluation and has initiated the TDM pro-
curement action. The program will follow the sequence
of events as depicted in Figure 9. Depending on the TDM
procurement lead time, either a final or interim report
will be prepared in December.

ULTRASONIC TIRE INSPECTION
YPG PROGRAM

ESTABLISH DEGREE OF CORRELATION BETWEEN
ULTRASONIC AND HOLOGRAPHIC MEASUREMENTS AND
REMAINING USEFUL TIRE LIFE

STATUS —

YPG FUNDED TO PERFORM EVALUATION
YPG TOM PROCUREMENT INITIATED

SCHEDULED ACTIVITY —

EVALUATION MEETING FOR PLAN AND TEST INITIATION
DATA COLLECTION

ANALYZE DATA AND COMPILE RESULTS

COMPLETE FINAL REPORY

FIGURE 9

o
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ULTRASONIC TIRE INSPECTION
RRAD PROGRAM

ORJCTIVE —
DETERMING SAVINGS ATTRISUTED YO

SCHEDULED ACTMITY

WITIATE PWD TIRE INSPECTION — JUNE 70

COLLECT AND SUMMARIZE DATA — JUNE THRU SEPT 78

ANALYTE DATA AND COMPILE RESULTS — SEPT THRU
ocT 78

COMPLETE FINAL REPORT — DEC 790

FIGURE 8

OBER-RAMSTADT EVALUATION SUMMARY
(Figure 10)

There are multiple objectives for the Ober-Ramstadt evalu-
ation. The establishment of TDM ultrasonic accept/reject
criteria as well as a possible plan for grading or rating tires
to maximize the remaining life expectancy represent two
objectives. Determination of the TDM’s inspection capa-
bility to identify casing quality, that is suitability for re-

treading, and cost effectiveness are two additional objectives.

The final objective is to generate sufficient data to develop
a draft TDM usage specification.

Currently, besides setting up the pilot TDM evaluation test
plan is being prepared by General American Research Divi-

ULTRASONIC TIRE INSPECTION
OBER-RAMSTADT EVALUATION
OBJECTIVES —
ESTABLISH TDM ULTRASONIC ACCEPT/REJECT CRTERIA
DETERMINE TOM EFFECTIVENESS FOR RETREAD QUALITY
INSPECTION
COST JUSTIFY ULTRASONIC INSPECTION
DEVELOP TDM USAGE SPECIFICATION

STATUS —

EVALUATION/TEST PLAN BEING PREPARED
SELECTED FIELD USER ORGANIZATION

SCHEDULED ACTIVITY

INITIATE EVALUATION — 3RD QTR 79

COLLECT AND SUMMARIZE DATA — JRDQTR 79 TO IRD QTR S0
ESTABLISH ACCEPT/REJECT CRITERIA — 4TH QTR 80
COMPLETE ECONOMIC ANALYSIS — 15T QTR 81

DRAFT TOM USAGE SPECIFICATION — 2ND QTR 81

FIGURE 10
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sion (GARD) and will be evaluated prior to implementation ¢. Identification of method and procedures for prescribing |
at Ober-Ramstadt. The TDM evaluation plan will include: tire failure mode (i.e., degraded casing, manufacturing
defects, road hazards, etc.) for retread tire field failures i
a. Identification of all parameters which can affect the during the TDM evaluation.
TDM readings (i.e., ambient temperature, tire tempera-
3 ture, TDM probe pressure, etc.) during TDM usage for f. Recommendation for TDM hardware support and main-
R both pre and post retread tire inspection. For each of tenance during the evaluation. ]
‘ J the parameters identified, a brief discussion of the
. : parameters’ affect on TDM measurements will be pro- The other accomplishment to date has been that the Ober-
; vided, along with the recommended experimental ap- Ramstadt personnel have contacted the Commander of
proach for controlling or eliminating the parameters’ the 37th Transport Division about conducting the field tire
influence in determining the degradation reading cozre- life evaluation on the tires o the 37th’s vehicles. At this
i lation with tire casing quality or the tires’ remaining time, it appears that the 37th Transport Division will co-
) useful life (i.e., eliminate affect through ran.domization, operate and participate in the evaluation. Again, the evalu-
specifying parameter range or value, etc.). ation is scheduled as shown in Figure 10 with the program
culminating with the draft TDM usage specification for
b. Identification of what and how the various facets of the ultrasonic inspection of retread tires.

retreading process (i.e., casing repairs, buffing texture,
retread rubber quality, etc.) might affect the post-retread
tire degradation readings and a description of how such

readings could be used to assure retread quality. i

; REFERENCES
¢. Identification and preparation of the recommended pro-
, cedures to be followed during pre and post retread in- “Ultrasonic Inspection for Tire Retreadability”, I. R.
;‘ ' spection with the TDM. Kraska, Nov 1974
) d. Identification of data, which must be recorded for “Water Effects on Tire Maiatenance Expenditure Limits”, §
control of the evaluation, T. A. Mathieson, April 1976 |
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TIRE SEALANTS: FUNCTIONAL REQUIREMENTS;
STATE OF THE ART; PROBLEM AREAS; ECONOMICS

L. Bruce Ritchie
Ti'Seco Ltd.
London, Ontario, Canada

This paper is presented to provide a look at one of the more
controversial subjects of tire maintenance—the use of in-
ternal liquid coatings for sealing, balancing, and cooling
tires with a view to reducing failures and extending service
life.

Over the years, there have been numerous attempts at de-
veloping tire sealants. These have ranged from ccmbinations
of turkey feathers and India rubber, to straw and condensed
milk, to some of the more sophisticated polymer chemical
combinations. In recent years, a variety of foam materials
have been used in various applications with variable success.
While these materials are effective in specific applications,
the cost and limitations hav: restricted their use. Some
areas of both Canada and the United States impose maxi-
mum speed limits on foam filled tires, usually less than 10
mph. Of primary interest to me has been the more versa-
tile materials which, rather than fill the entire air chamber,
simply provide various degrees of coatings to the inner
surfaces of the tire. A review of past literature, including
issued patents, and discussions with almost anyone in the
tire industry quickly indicates that there have been some
rather unfortunate experiences with these materials. On

the other hand, there have be2n some excellent experiences,
with some products.

Basically, past failures can be divided into two major groups,
Product and Application.

PRODUCT: There have been many products which simply
failed to perform. Some of the bad habits
have been:

(a) Freezing

(b) Damage to the tire or rim: materials
(c) Deterioration forming rubbery lumps
(d) Failure to seal even minor punctures

APPLICATION: As with any product there are limitations.
Unfortunately, some overzealous salesman
and/or overanxious customers tend to
ignore those limitations and try to use
the wrong product for the wrong appli-
cation, At best the results are disappoint-
ing, at worst, disastrous.

As with anything else, a good piroduct iti e piopé: applica-

tion, with realistic expectations, will perform satisfactorily.

FUNCTIONAL REQUIREMENTS: A puncture sealant
has to meet several basic requirements, some of which
tend to be incompatible.

1. It must coat the entering, puncturing object and pro-
vide an air tight seal. When the puncturing object is
thrown out, or otherwise removed, the sealant must
flow into or over the aperture and seal the hole.

2. The sealant must stay in place across the full tread,
notwithstanding the 160 g’s of centrifugal force in
the shoulders of a truck tire traveling at 60 mph.

3. It must be stable and able to function over a wide
range of ambient temperatures.

4. It must either assist in balancing the tire or have little
or no effect on balance.

5. It must be compatible with tire and rim components.
6. It must be easily removeable prior to retreading.
7. It must be easily and economically applied.

This paper will be limited primarily to the use of sealants in
truck and earthimover type tires. Passenger and light truck
tires present special problems with balance. Low pressure,
short radius, high speed tires, are subject to rather extreme
deformation in operation. The more viscous fibre based
sealants can adversely affect balance in these tires. While
this does not necessarily occur in every case, the results are
inconsistent enough to warrant avoidance of passenger type
tires with viscous fibre based materials. There are, however,
several low viscosity non-fibrous sealants which have little
or no affect on balance which can be successfully used to
seal small leaks in passenger and light truck tires. Some of
these products do provide excellent protection against stow
leaks caused by rubber porosity, rim/bead leaks, and small
pinhole punctures.

SEALANT: In attempting to define an effective sealant, it
is necessary to define:

1. What types of air leakage are to be
stopped?

2. What level of performance is acceptable?
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FIGURE 1

Air leakage can come from a varicty of sources including: occurrence. These operations are indeed rare. In most
operations, a flat tire can mean substantial expense, and
(a) Punctures in some cases, disaster.
! {b) Rim/bead interface imperfections
(<) Porous or flawed inner liners or tubes We have developed., with a great deal of help from a large
(d) Rim impcerfections, i.e., pinholes at welds. number of companies and organizations a product which
| performs particularly well in a wide variety of applications.
, Acceptable performance level is usually an individual mat- The material is a short fibred mixture in colloidal suspen-
ter, primarily economic in nature. In some operations, a sion with anti-frceze, adhesives, lubricants, diluant and
. flat tire is only a slight inconvenience and a relatively rare corrosion inhibitors, among other ingredients,
]
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It would appear that for many truck tire operations, the
90 percentile puncturing object is typically represented by
a 12 gauge nail (0.100" diameter), As part of our continu-
ing evaluation program, testing was conducted on the
product by Smithers Scientific Services, Inc. A copy of
their report is included in this paper.

Testing has been directed at achieving 100% sealing of
tread area punctures by the 90 percentile object. Our ob-
jective was to achieve a 90% reduction in the incidence of
flat tires in the average highway operation using tubeless
tires.

While the exact mechanics of why this material effectively
seals most punctures are theoretical, it would appear that
FIG. 1, Fluid carrying fibre and filler enters the puncture
as the hole in the rubber spreads under load. An adhesive
coats the sides of the hole and the fibre and filler begin to
adhere. FIG. 2, the fluid is squeezed out as the tire rolls
off the load point depositing the fibre and filler. Repeated
rolling, under load, deposits more fibre and filler until a
solid plug is formed. This process is repeated when the nail
is removed. The tire must roll under load after the punc-
ture to assure proper sealing. Under actual operating
conditions, this entire process is almost instuntaneous.

One of the most frequent causes of tire failure is under-
inflation. An underinflated tire runs hotter, wears faster,
and is much more subject to being punctured. Maintenance
of the specified inflation pressure is vital for full service life.

Rubber is relatively porous. Most tires will lose air over a
pdniud of thne, suiiic Taster thaiv otheis, We have Tound thiat
a good tire sealant can reduce or virtually eliminate that
potesity aed eati sor w3 an aid i st aining tee specitiad
inflation pressure, We live in a very imperfect world and
cven the best manufactured rims and tires are subject to
trequent punishment from missed hammer blows and care-
less handiing, ete. Rim and bead leaks are frequent. A good
scalant can compensate for many of these problems.

Tread separations, particularly with tubeless retreads, are a
ingjur headsehy whiclh cat, inimaby cdses; be geaided.
These separations frequently are caused by small holes
through the inner liner which are missed in the pre-retread
inspection. High pressure air passes through the hole to the
new rubber of the tread, FIG. 3. Its escape route cut off, it
spreads out between the old casing and the new tread until
separation occurs. By effectively sealing these small liner
holes, the pressure on the new tread can be reduced so that
full service life is achieved without incident. In my opinion,
given the frequency and severity of this problem, the use of
an effective sealant in tubeless retreads should be mandatory.
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{f it is found that the sealing characteristics are not as
expected, check for:

1. Oily or lubricated puncturing object

2. Lack of sealant in the tire.

3. Sidewall puncture. The rubber continues to work to

break the scal.

4. Rips, tears, or cord damage.

. Stretched rubber, sometimes found in overinflated
tubes.

6. Proper tube size for tire.

7. Puncturing object larger than 0.1 diameter,

wn

A question has been raised on the effect of leaving nails in
the tire and their possible effect of working to enlarge the
hole. We have seen no instance where this problem has, in
fact, occurred. We do, however, recommend regular tire
inspection and removal of these nails. It is important to
keep in perspective the maximum size of hole that a scalant
can plug. If indeed the hole were enlarged, the tire would
simply go {lat long before irreparable damage were done.
What seems to actually occur is that the vehicle makes it

1o its next inspection where service is more casily and cco-
nomically carried out. Routine in-shop service is invariably
less expensive than on-the-road service calls. In the case of a
major puncture. the leakage is usually slower, allowing the
driver to maintain control of the vehicle for a safe stop.

Three has also been concern about the effect of scalants on
stee| belted radial tires. Some fears have been raised that
moisture could attack the belts causing separation.

Tou put tis nelo peispective, it must be realized that the
majority of punctures arc stopped by these belts. That is
their primary parposc. These tncomplete penetrations cam

FICURE 3
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allow outside moisture to reach the belts by capillary action.
This outside moisture is usually highly contaminated and
has strong corrosive action. The effect of a tire cooling
while moist on the outside can aggravate this problem and
the moisture can penetrate the rubber sidewalls directly or
through vent holes,

A good sealant contains effective corrosion inhibitors for
protection of both the rim and steel belts. A complete
penetration through the belts to the air chamber allows
corrosion inhibiting material to protect the belts from de-
terioration. In short, a complete penetration is safer.

Concern has been raised that sealants might pass through
the inner liner to attack the belts. In the case of severely
defective liner this wouiu seem possible. However, a good
sealant will form its own liner effectively compensating for
the original flawed liner. It is interesting to note the cal-
cium and water ballasting charts produced by manufacturers
of steel belted tires.

The puncture sealing capability of a tire sealant will, of
course, vary between tube type and tubeless tires. The
greatest efficiency is in tubeless tires, for obvious reasons.
However, we have had exceptional success with tubetype
tires in highway fleet operations. While the material will
scal some tube type punctures, we feel that the primary
reduction in flat tires has come from the material helping
to maintain the correct inflation pressure. A properly in-
flated tire does not tend to pick up nails etc. as easily as
a hotter, underinflated tire. The sealant may be preventing
the problem in the first place, rather than correcting it
after the fact. Whatever the reason, controlled fleet tests
show substantial improvement with the product.

Sealing capability will also vary between highway and the
stower Off-road tires. The higher speed highway tires tend
to have concentrated protection in the tread surface area,
the area most likely to be punctured. We have noted, that
a thin moist film is retained on the sidewalls, and in the
rim/bead area. When the tire is moving at lower speeds it
tends to allow the material to coat these areas chich, of
course, can help seal rim/bead leaks and porosity leaks.
The much slower moving earthmover tire tends to spread
the material more evenly throughout.

BALANCE: Out-of balance highway tires can be costly,
These tires bounce and scuff the tread away as they hit

the road. This bouncing reduces tread life and can impair
driver control. Vibration also causes excessive bearing
wear, chassis damage, and dangerous driver fatigue. With
conventional lead weight balancing methods, dual tires and
wide floatation tires are almost impossible to balance. A
liquid sealant of the correct viscosity can hydrodynamic-
ally balance highway truck tires for longer tread life.

In any rotating body with an unequal weight distribution,
the center of gravity is closer to the heavy side of the body.
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This holds true in an unbalanced tire assembly, Since the
tire will try to rotate about its center of gravity, which is
toward the heavy side of the tire, the light side of the tire
will trave) through a longer distance. Since Centripetal force,
C=MV2/R, where M is the Mass at a point, V is the Velocity
of the point, and R is the distance from the center of Rota-
tion; therefore, on the light side of the tire the centripetal
force is greater, Because of the larger centripetal force on
the light side, more fluid will flow to this arca. This action
returns the center of gravity to the center of the wheel as-
sembly ., where it belongs.

The product’s ability to remain mobile is vital. This allows
it to shift as the tire wears or road and load conditions
change. It would appear that the viscosity of the product
is an important factor in its ability to act as a balancing
agent. If the viscosity is too low, a confused wave action
can be set up reducing or eliminating its ability to act asa
balancer. If the viscosity is too high, the material could
pool in one place after standing for an extended period and
be difficult to redistribute within the tire. It is for these
reasons that adequate freezing point depression is essential
and that product stability is important. In some products
there has been a tendency to use some natural or synthetic
cross-linking polymer gums which under extended heat
conditions have tended to cure and ball up in the tires.
This, of course, aids neither balance nor sealing. The use of
very long fibre can also aggravate the tendence to ball up.
While the viscosity tolerance is relatively wide, it certainly
is a consideration.

A curious condition has been noted in assessing the balance
capabilities of liquid sealants. As yet we are uncertain as to
the reason for this condition. In mechanical spin-balance
testing, the tire may or may not show as balanced. In over
the road testing, vibration analysis will indicate a consist-
ently balanced condition. The ability of liquid to balance
is directly proportional to the quantity installed. In a 10.00
x 20 tire, lead weights are placed approximately 10 inches
from the center of the wheel. A liquid in the tire is approxi-
mately 20 inches from the center of the wheel. Therefore,
half as much liquid weight will do the same job as the lead
weights. As the total liquid is widely distributed, only a
small part of the liquid actually acts as a balancer. We have
found with 10.00 x 20 tires that 32 ounces of sealant can
provide balancing the equivalent of 12 to 14 ounces of lead
weight. It can be assumed that 6 to 7 ounces of liquid is
actually used for balance, or roughly 20% of the installed
quantity. Increasing the installed quantity helps, within
limits. For a properly mounted, reasonable quality 10.00 x
20 tire, 32 to 40 ounces of sealant should normally be ade-
quate to achieve proper balancing. In tubeless tires with
exceptionally heavy liner ribbing, increased quantities may
be needed to allow the material to flow over the ribbing.
With tube type tires, care should be taken in mounting the
tube in the tire. Folds or creases can act as a dam, prevent-
ing the free flow of the liquid. This occasionally happens
where an oversized or stretched tube is used.
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While many fleet operations balance the steering axle tires,
most do not even try to balance either the drives or the
trailer tires, This results in & great waste of potential service
life on the unbalanced tires. While balancing these drive and
trailer tires with lead weights on the rims is extremely diffi-
cult;ifnot abnowt impossible; Hquid balaneing provides an
inexpensive, quick and easy solution to the problem. Be-
cause the liquid automatically seats itself in actual npera-
tion, the tires can run consistently balanced for extended
tread life.

On the initial installation, it will take a few miles of driving
to distribute the fluid within the tire. Subsequent runs
should balance within a few hundred yards. Liquid balanc-
ing can be used in truck and bus tires 9.00 x 20 and larger.
We have also been successful with the smaller heavy duty
tires used on auto carrier trailers which run at substantjally
higher inflation pressures than passenger and light truck tires.

It is important to recognize that not all vibration problems
are tire balance related. Where the problem is actually a tire
balance problem, a liquid balancer will normally be the
solution

CONLS: Internal liquids can have a cooling effect on the
tire. It must be noted that when using a liquid coolant, the
coittaired b leimperitute fay o fray Kot be lowesed
Contained air temperature is just that—a measurement of
the temperature of the air within the tire. Qur concern is
with the temperature of specific locations within the tire
itself. Because of the variations of internal and external
friction on various parts of the tire, and since rubber is a
reldtively poorcondueetor of heat, there are substan tisl dif-
ferences in temperature at different points within the tire.
An internal liquid coating of a good heat conducting ma-
terial, such as a glycol, can act as a thermal conductor,
transferring heat from areas of higher temperature to arcas
of lower temperature. Ideally, this thermal transfer will
keep the temperature of the hot spots below the critical
level at which the tire will fail. Thermal conductivity varies
with the properties of the liquid, the thickness of the coat-
ing, and the extent of the coating. The effect of thermal
conductivity tends to be greater in earthmover type tires
because of the larger areas of the side wall that are coated.
While a slow moving tire tends to be more evenly coated
throughout, the high centripital forces generated by high-
way vehicles tend to concentrate the bulk of the material
in the tread area.

A secondary, and perhaps more important, cooling effect is
obtained through eormect inflation pressurs mairienaroe
An underinflated tire tends to operate hotter. Increased in-
ternal flexing heats the rubber making it much more sub-
ject to wear.

The use of a good sealant assists in pressure maintenance
wideh in actual operations mcim thal B tites mwin covier
than the normally underinflated tires.
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As discussed earlier, it is important that the liquid be casily
removeable prior to retreading. Water soluble materials are
fdeal for facilitating removal from a puncture area which
must be repaired.

Ease of fmstalbation it alao nportant, The majutity of evafr
able sealants are injected through the valve stem after the
valve core has been removed. Hand pumps capable of work-
ing agatnst the tire s internal air pressure are available and
normal installation in a truck tire can usually be accomp-
lished in less than five minutes without removing the tire
from the vehiclke o d\:ﬂu'l;ns g Tiic wulpie'le'ry.

QUANTITY CALCULATION: The quantity of sealant re-
quired will depend somewhat on size of the puncture to be
sealed, the size of the tire, and the type of operation in
which the tire is to be used. If it can be assumed that a seal-
ant layer of 0.050"” would be adequate to seal the more
normal punctures, then the quantity needed can easily be
computed based upon known tire dimensions. Typically, a
10.00R20 steel radial, load range G truck tire has a mea-
sured 0.D. of 41.50” and a toe-to-toe internal perimeter of
269" when mounted on a 75" wide rim. The tire measures
10.7" in width at its widest point and has a tread radius of
approximately 20.00".

The necessary quunity ol sealand vequired cun then be
calculated as follows:

TSV = (BB) (CIMM) (0.050)

Theoretical Sealant Volume = Bead toe-tu-Bead toe mea-
surcment x Circumferential Internal Mean Measurement x
0.050"

where Circumferential Internal Mean Measurement =
0., (% section height)
CIMM =415 -(]0;75) 3.1417 = 96.6

Therefore

TSV =(96.6) (26.9) (0.050)
TSV =129.94 cubic inches
Knowing that 1.805 cubic inches =

then
129.94

1 805 71.96 vz.
TSV =71.96oz.

Unfortunately, in highway service the sealant material will
ol aay sl the sdewalls dus to.the action of conitrilugal
force as the tire rolls. Therefore, the calculation should
only direct itself to that area of the tread which is more
likely to be subjected to punctures. in this instance, an 117
width should be used instead of the bead toe-to-bead toe
measurement of 26.9" (Tread width of 8.0 + 1.5” each
shoulder + 117)

et bl asiiin.




P (.

et X oS W T

Recomputing we obtain:

TSV = 96.6 x 11 x .050 = 53.1 cubic inches
TSV = 52.1/1.805 = 294 oz.
TSV = 29.4 oz.

Therefore, 29.4 oz. of sealant would theoretically seal ade-
quately.

We have theorized that a sealant layer of 0.050” in thick-
ness will be adequate within the performance aspects of

the tire and the environment in which a tire operates. Based
upon many variables, actual thickness of a sealant material
may vary to almost three times the 0.050" suggested.
Under actual testing, it was determined that the best results
were obtained at 40 ounces of sealant in an 11 R 22.5 tire.
Recomputing, this would place the sealant thickness at
about 0.07".

An alternate and simplified approximation of the desired
quantity can be roughly calculated as follows:

Highway Operations — Quantity in Ounces = 0.109 (A(A+B))

Where A = Section Width
B = Rim Diameter
ey 11-223
0.109x 11(11+
22.5) =40 ounces
OFF-THE-ROAD OPERATIONS

In Off-The-Road Tires, centrifugal force tends to be
much less a factor, and the sealant tends to spread out
and more evenly coat the sidewalls. While this has obvi-
ous benefits in sealing sidewall leaks and rim/bead leaks,
it does deprive the inner tread surface area of the liner of
adequate protection. To provide this protection, larger
quantities of sealant are needed. It is for these reasons
that we recommend at least doubling the quantities
recommended for a highway service tire of the equiva-
lent size. Converting the above rough formula to earth-
mover type tires etc. the O.T.R. formula would be:

0.22 (A (A+B) = Quantity in Ounces
eg. 205-25
0.22 x 20.5 x (20.5 + 25) = 205 Ounces

As balance is normally not a1avius s wescane voeen, .

are no minimum size restrictions as in the case of highway
service tires, However, as sealing capability is normally of

the greatest concern, it is best to restrict a sealant’s O.T.R.
use to tubeless tires.

While the performance of a sealant will vary greatly depend-
ing on type of operation and the standards of tire mainten.
ance in that operation, the results are often difficult to
believe. In some operations, flat tires are virtually eliin-
ated. In others, the incidence of flat tires is reduced to an
acceptable lcvel, Operations using tubeless retreaded tires
have reported virtual elimination of separation failures. In
testing by Smithers Scientific Services, 11 R 22.5 tires
with eight 0.100” diameter nail holes in each tire success-
fully completed the Federal Motor Vehicle Safety Standard
119 endurance requirements. There is no question as to
what would have happened to those tires without a sealant
installed. Many tires which would have been serapped be:
cause of defective liners have achieved full normal service
life. In highway service operations, service life extension
has ranged from 16% to over 40%.

There are many benefits to the proper use of sealants in
many applications. These products are not meant to be a
substitute for a good maintenance program, They are a
valuable aid to that program. However, I must admit that
our results are best where the maintenance program is
poorest. The need for good sealants has been recognized
by several of the tire manufacturers. Some currently use
our product to help improve competitive performance.
Some use it to help correct minor manufacturing problems,
such as liner flaws. Some companies, such as Michelin, are
developing their own formulations. I was rather amused to
note the issuance of a sealant patent to Michelin in Britain.

Essentially, tire sealants can be an inexpensive problem. It
is a simple fact that a properly inflated, balanced, cool
running tire lasts longer and is less subject to failure. A
good sealant can help achieve that ideal and allow the op-
erator to get full value from his tire investment.

FIBRE BASED NON-FIBROUS FOAM
Flat Guard* Micro-Seal*
Seals Punctures (0.10” Dia.) YES NO YES
Seals Porosity, Rim/Bead leaks YES YES N/A
Balancing YES NO NO
Cooling YES YES NO
Truck Tubeless (Highway) YES YES NO
Truck Tube Type (Highway) YES YES N/A
O.T.R. Tubeless YES YES YES
O.T.R. Tube Type NO YES N/A
Passenger & Light Truck NO YES NO
Legal Speed Limits Over 50 mph YES YES NO

*Flat Guard and Micro-Seal are Trade Marks of Ti'Seco Ltd.
Care must be taken to assure that the selected commercial product has the required performance characteristics and that it is

used in the proper application.

Because of the wide variety of applications, controlled testing for suitability is important,
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CORROSION CONTROL

Flat Guard has undergone the most extensive corrosion
control testing at the University of Western Ontario Engin-
eering Faculty, Tire Manufacturers, and in our own facilities.

PRIMARY PROCEDURE

The numerical values of the corrosion rate were determined
by linear polarization technique.

APPARATUS

Wenking Potentiostat

300-400 M. Flat Guard Mix
Graphite Counter Electrode
Calomel] Reference Electrode
Provision for stirring and heating

Polarization resistance determinations were made with 2
and 4 mV polarizations. In the calculations a factor of
0.026 was used whether or not the electrode was active.
Several full polarizations were measured.

Eight coupon specimens were partially immersed in Flat
Cuard mixes in loosely sealed containers. The containers
were at room temperature and a few drops of water added
as required to keep the mix wet. These specimens were
used to confirm the polarization resistance measurements
and to test for water line corrosion.

SUMMARY OF RESULTS
Corrosion Rate IPY
1. STEEL 26 C( 79F) Passive, Specimen
Shiny on Removal
80 C (175F) Passive, Specimen
Shiny on Removal
2. BRASS 26 C( 79F) 0.001"/Year
103 C (243F) 0.007"/Year
3. ALUMINUM 26 C( 79F) Less Than .001"/Year
(6061-T6) 80 C (175F) 0.002"/Year

The fact that Aluminum reacts slightly is beneficial in that
it makes the alloy less susceptable to other forms of local
attack.

Attempts to induce pitting corrosion and stress corrosion
with Flat Guard were unsuccessful.

Flat Guard will not damage the materials used in tires or
rims.
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QUESTIONS & ANSWERS

Q: Speaking as a hostile member of the audience, for
twelve years I've been with Firestone. For twelve years one
of my responsibilities has been tire sealants and everyone
comes around and gives the same pitch as you do. They
seal the tire. We run the tires on test and we find some-
times they seal, sometimes they don’t. We find with tire
sealants we have comments like OK they run in testing




— g e

PR

b Dl e u Ll ootala td A danad o ohichiie i 3 ad e

TRANSPORT FLEET #1°

Test run on 6 new Ynite "Road Boss" tractors for highway transport be;ween
Teronto, North Bay, and Timmins. The units travelled on both flat diYIded
hichweys and high crown roads. 30 tube type 10.00X20 tires on Units#6521,
£522, anc 6527 were treated with Flat Guard. 30 tube type 10.00X20 tires
on Units #6511, 6512, and 6513 were not treated and were usad as a con;ro]
group. In addition, some trailer units were treated and comparad to otner
untreated trailers.

TRACTORS TREATED WITH FLAT GUARD
20 tires run 1,897,440 tire miles ===== 2 FLAT TIRES (1 flat caused by valve
cap left between tive and tube)

TRACTORS UNTREATED CONTROL GROUP

TREATED tires averaged 948,720 tire miles per flat.(6.7% of tires had flats)
UNTREATED tires averaged 190,862 tire miles per flat.(43.3% of tires had flats)
THEREFORE: 80% FEWER FLATS WITH FLAT GUARD. (adjusted mileage)

TRATLERS
TREATED with Flat Guard ---- 34 tires ---- 1 FLAT TIRE.(2.9% had flats)
UKTREATED CONTROL ==-==-nca- 84 tires ---- 22 FLAT TIRES (26.2% had flats)

THEREFORE: 88.8% FEWER FLATS WITH FLAT GUARD
LONGER TERM TESTING INDICATED AN INCREASE IN TREAD SERVICE LIFE OF OVER 20%
0N TRI TREATED TIRES.

COST / BENEFIT RELATIONSHIP IN THIS FLEET

ASSUME:

Tractor @ 10 tires + trajler @ 8 tires = 18 tires / tractor-trailer unit.

Tire Cost @ $:i30 / tire

Balancing Stearing Axle with lead weights on Untreated unit @ $20.

Flat Guard Treatment Cost @ $7.00 / tire = $126 / tractor-trailer unit.

(Industry

Downtine Cost per Flat $100 $400 Average)

TREATED UNIT

Tractor 2 flats/30 tires X 10 tires $ 67 $268

Trailer 1 flat/34 tires X 8 tires 24 )

Flat Guard treatment cost $7 X 18 tires _126 126
SUB-TOTAL (A) S217 $490

UWTREATED UNIT

Tractor 13 tiats/30 tires X 10 tires $430 $1720

Treiler 22 flats/84 tires X 8 tires | 210 840

Salancing steering axle with lead weights 20 20
SUB-TOTAL (B) S660 $2580

DOWNTIME COST/BENEFIT WITH FLAT GUARD ( B - A ) $443 $2090

Value of 20% increasaed tread service life on

treated unit.($150 X 20% X 18 tires) 540 540

NET SAVINGS ON FLAT GUARD TREATED UNIT $983 $2630

NET RETURN ON INVESTMENT AFTER COST 780% 2087%

Cverall average net savings per tire per full

tractor-trailer unit $54.61 $146.11
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FLAT GUARD

PERFORMANCE NET BENEFIT PER 100 TIRES

GIVEN: 11-22.5 TIRE PRICE @ $150.00
DOMNTIME = $100.00/ FLAT
FLAT GUARD COST = § 8.75/ TIRE 11-22.5
0/0 INCREASED TREAD SERVICE LIFE
fo |5 ]10 15 |20 |25 (30 |35 |40 |45 | 50
0 [-675( 75 | 825 |1575 | 2325 | 3075 |3825 | 4575 | 5325 |6075 (6825
2 1-475|275 | 1025 |1775 | 2525 | 3275 4025 | 4775 | 5525 6275 (7025 i
4 -275(475 | 1225 (1975 | 2725 | 3475 (4225 | 4975 | 5725 |6475 (7225 ﬂ
6 [-75 |675 | 1425 |2175 | 2925 | 3675 |4425 | 5175 | 5925 |6675 (7425 1
8 |125 |875 | 1625 |2375 | 3125 | 3875 |4625 | 5375 | 6125 |6875 (7625
«, 10 {325 [1075| 1825 |2575 | 3325 | 4075 |4825 | 5575 | 6325 (7075 (7825
[~
- s
S 15 (825 [1575! 2325 (3075 | 3825 | 4575 |5325 | 6075 | 6825 7575 8325 |
~
3 20 (1325/2075| 2825 (3575 | 4325 | 5075 |5825 | 6575 | 7325 (8075 (8825
T 25 |1825/2575| 3325 14075 | 4825 | 5575 |6325 | 7075 | 7825 (8575 [9325
[oS
v
S 30 |2325(3075| 3825 |4575 | 5325 | 6075 [6825 | 7575 | 8325 |9075 9825
—
&
= 35 |2825|3575| 4325 (5075 | 5825 | 6575 |7325 | 8075 | 8825 (9575 (10325
L
€3
Z 40 |3325(4075] 4825 [5575 | 6325 | 7075 |7825 | 8575 | 9325 |10075/10825
45 [3825(4575| 5325 |6075 | 6825 | 7575 [8325 | 9075 | 9825 |10575|11325
50 |4325|5075| 5825 |6575 | 7325 | 8075 |8825 | 9575 | 10325 |11075|11825
EG.:|IF 35 FLATS PREVENTED AND|30% TREAD SERVICE LIFE INCREASE THE NET
SAVIXG WOULD|BE |$7,325,00 PER {00 TIRES.
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laboratories and these tires would assuredly fail if they

did not have the sealants in them. However, I've had many,
many examples where tires have run perfectly well with
nails in them and when they’ve been removed, the retreaders
will find five nails in the tire was obviously holding air. I am
really wondering what is different about your sealant? I am
very interested in sealants and have spent so much of the
company’s money and it bothers me when someone gets up
and says they have developed one that works. Frankly, I've
wasted a hell of a lot of my company’s money and my con-
science bothers me a lot. I'm willing to test someone else’s
but I'd like to know what is different about it.

A: Thate to get a hostile member of the audience excited
but Firestone approved our product; they tested it several
years ago. Quite a number of their branch operations
throughout Canada have been using the product for the

last four years.

Q: Firestone in Canada?

A: Firestone in Akron tested the product and accepted it
as nonharmful to the tires and to the rims. As far as the
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other testing that you’ve done down there, I really don’t
know,

Q: That testing would have been accomplished in my de-
partment, and I don’t know of any tests.

A: You’d better talk to John Byers.

Q: OK, I'll talk to John Byers.

A: 1also have a copy of the letter from John on the
product.

Q: You said that Michelin has a patent on it.

A: Yes, they are using the ingredients in our formula.

Q: Why don’t you have a patent on your formula?

A: Because we withdrew our patent application. The
patent was granted, and we withdrew it just prior to publi-
cation. It’s not exactly the same formula, but one of the
things we've recognized in the chemical industry is that it
is one of the worst industries for patent piracy. We prefer
the trade secret route. So far we’ve had four different tire
companies and other companies trying to break our formula
and they haven’t been able to do it yet. If somebody can
do it, they’re welcome to it.
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CHAPTER IV
WORKING GROUP REPORTS

Charles P, Merhib, Moderator

ULTRASONIC WORKING GROUP REPORT

I. Kraska, Chairman
GARD/GATX
7949 N. Natchez

Chicago,

The meeting of the Ultrasonic Working Group started with
a review of the ultrasonic tire testing methods, who was
doing what in development and the use of the various
techniques. John Burche reported on Bandag’s efforts

in developing the air couple sonic system. Irving Kraska
reported on the ultrasonic immersion system and Dick
Johnson fielded questions on the GARD TDM. Several
inquiries were made about the future plans for the use

of the DOT pulse-echo system. Unfortunately, there

was no DOT representative present to field these inquiries.
We discussed at length the tire depradation monitor, its
use in retreading, quality assurance, and new tire develop-
ment. Various participants described their experience with
the TDM. Mr. Clerger of Armstrong Rubber described their
interest in monitoring their new tires and Dick Baumgardner
of Firestone talked about his experiences with the unit. The
general opinion seemed to be that the use of the contact
ultrasonic pulse-echo system seems to be a reality for de-
gradation and QC purposes. The successful uses of the
TDM in the retread shops is somewhat dependent on the
interests of the operator and knowledge and use of the
tires. This is practical for the independent retreader but
more difficult for the tire manufacturers’ retread plants.
Mare in-plant experienge neads to be gained in manu-
facturers’ retread shops, in human factors, and job motiva-
tion area. The use of contact pulse-echo ultrasonics in new
tire dévelopment seemns 16 be practical and it Tull putential
has not yet been realized. Steel-belted radials, at the re-
tread plant level separations are still a problema This prob-
lem may be a good application for the thru transmission or
the 360° scanning pulse-echo systems. Currently, no such
systems are available, however, several manufacturers are
working on them. Truck tires, the use of pulse-echo for
nylon and steel: the capability seems to be there and in
fact it is in use at the retread level, and since military tires
resemble commercial truck tires, the use of ultrasonics
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seems very practical and is currently being pursued by the
Army. The use of ultrasonics for aircraft tires has been
shown feasible, but not enough work has been done to
prove that it is practical. If degradation is found to be
practical, for aircraft tires, it could be very cost effective
and could be used as a day-to-day routine on vehicle
inspection procedure. Further research in ultrasonics
should be pursued. Ultrasonics is one of the few NDT
methods shown to be fast enough for production use.
Again, it seems to be the consensus of all the working
groups that a very important point brought out was the
encouragement of more cooperation and exchange of
information both research and use between the tire manu-
facturers and equipment manufacturers working in the
ultrasonic field. More important are the results in overall
use is needed.

@: Can NDT be used for on-the-vehicle inspection? Has
there been a history of somebody using it?

A: Yes, we've used it both on military applications and

the commercial retread plant. We actually monitored some
of the tire testing that we’ve done out at the Yuma Proving
Grounds with actual on-vehicle inspection. For example,
we’re running the 151 jeep and prior to the driver going
out, we inspected all four tires. We told him to be careful,
sinee une was Jefeetive and indeed two hours later fre

came back with a flat tire. The tire had actually failed. We
have run both the 2% ton truck and a jeep in the Chicago
area. We piggybacked some other tests, They had some
diagnostic equipment on them for some 20,000 odd miles
and we did our on vehicle inspection every 2,000 miles. In
addition, we did go to a retread plant, a commercial re-
treader, who was experimenting with retreading. What he
wanted to do was take just the whole wheel off and retread
it without demounting it. Just drive the truck in, remove

191
S, R N el S e T e R A P e 1 e e .
- \ e u-—’“;

S e




e e B =+ Ao b i s B .+

the wheel from the vehicle, retread it, and stick it back on.

We did do our tire test on the vehicle but it was done be.
fore demounting the tire.

Q: Is there a very significant difference between the signal
readout?

A: Actually what happens is that you get better reflectiv-
ity off the ply layers because of the inflation pressures in

s et sk, o wied i T TR Ty,
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the tire,

Q: How long does it take to run the test?

A: Tests like this tuke about thirty seconds as long as
you're not documenting anything. Once you start docu-
menting then it takes a fot longer, but we just simply
make the inspection.
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HOLOGRAPHY WORKING GROUP REPORT

R. M. Grant
Industrial Holographics, Inc.
Auburn Heights, M1

The Holography Committee consisted of over thirty people,
and I think a brief comment should be made before trying
to summarize the opinion of that committee. In view of the
recent DC-10 accident which occurred in Los Angeles and
which was caused by tire failure, many of the people on the
committee who are in the field of tire manufacture and tire
testing had that particular accident on their minds constant-
ly during the last few weeks. Therefore, much of our dis-
cussions centered around what the basic concept/reject cri-
teria are in the aircraft tire industry.

Carroll Shaver. from Air Treads, served as a focal part of
that conversation and did a very excellent job of summariz.
ing for us the commercial testing which is presently being
done in industry by and large on commercial aircraft tires,
Approximately three quarters of the time was then spent
on the concerns regarding the reliability of the accept/
reject criteria that is presently being used in commercial
testing, and an evaluation of whether that criteria was
realistic.

In the past, the criteria, had been typically one half inch
separation diameter, (actually % 1 '4). Experience has
shown over the recent past that acceptance or rejection of
a tire due to the existence of a % inch or (smaller) separa-
tion is much too tight a criteria. Recent commercial airline
tires are being accepted or rejected on a criteria of allowing
separations up to one inch to pass in the central crown
region of the tire; or rejection for any size separation when
the carcass is extremely weak and fatigued. In other words,

193

the newer accept/reject criteria is %4 £ %) inch, depending
upon the strength of the carcass.

One commercial carrier experienced approximately forty
failures in the last year before using holography. Then,
using holography and the above describ2d more liberal
accept/reject criteria which was instituted, that airline
experienced no other tire failures for over a year as a re-
sult of separation.

A second airline company has experienced approximately
a dozen failures in a single year prior to requiring holog-
raphy. They had established a % inch diameter separation
accept/reject criteria which was probably a bit too severe.
With holography, that accept/reject criteria was liberalized
slightly, and evidence now is that the airline did not expe-
rience any additional failures as a result of the new criteria.

So again, most of the committee discussion centered
around the realism of the accept/reject criteria and the
liberalization from (% T %) to (%% £ %).

The committee then moved on to discuss a feeling of disap-
pointment that so few of the rubher companies had taken
part in, and actively participated in any previous sessions,
One of the suggestions which came out of our discussion

is that a possible alternative to the procedure which we
have used in the past four symposia, would be to allow
individuals to present their views without having them
published,




STANDARDS WORKING GROUP REPORT

R. Yeager, Chairman
Goodyear Tire & Rubber Co.
1144 E, Market Street
Akron, Ohio

Good morning. Ladies and Gentlemen. I'd like to first
thank Paul Vogel for his time spent in preparing and con-
ducting this Symposium and also the assistance given by
Mr. Merhib and Mr. McConnell. The standards working
group met for nearly two hours yesterday. We had nine
participants in the field of tire NDI specialists representing
tour of the major rubber companies, the Army, the Navy,
FAA. and independents. 1 think this was a milestone since
it was the first committee meeting to discuss standards
here, It was generally concluded that the field of standards
is a very complex subject and no overnight breakthroughs
are going to happen. The first order of business is an at-
tempt to set goals for this committee. These can be in the
area of providing a sample block to evaluate X-ray. ultra-
sonics, and holography. These three were considered plus
any new development type of nondestructive techniguc
that may come up. The sample block could be a step block
witls built-r supsestivin sa deis eoukd be used wihthin e
industry to coordinate a standard type of testing and to
give the suppliers a suitable sample to initially evaluate
their products. From all of this will probably evolve a
glossary of terms and additional terms which could be
applied at any later date. I plan on working with the par-
ticipants in order to arrive at a mutually agreeable set of
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goals, glossary of terms, and finally establishing a test
standard block. These could then be presented at a later
time. I would recommend a national meeting on a less
frequent basis and then probably have a committee meet-
ing whenever anything of interest or value is established.

Q: Why a block instead of 1 tire, for instance?

A: 1think a block is easier to use. It’s a first step. For
example, if you use a block, you could have a series of
them, not necessarily just one. You could have a series
of blocks with different types of separations built into
them or different types of defects or anomalies what-
ever we agree on. You could set this up very quickly and
run tests on it. It would give you a working knowledge.
Within the industry, for example, you could sent it from
plant to plait, amung the nundestructive testing picces
of equipment. Let them try it out. It would be easier to
handle A tiw 1 think isa long slop because you are guiny
to have to agree on bringing a mold in and the type of
tire, whether it be a passenger, truck, airplane, military
or retread. I just think right now at this time a tire would
be very difficult to agree on. The type of tire would be a
very long range program to come up with a standard. It
would certainly be a worthwhile goal.
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QUALIFICATION WORKING GROUP REPORT

G. McConnell .
Navaj Air Development Center
Warminster, PA

My thanks to Air Treads, Piedmont Airlines, BF Goodrich,
and the Naval Air Rework Facility at North Island, for par-
ticipating in the Qualification Working Group. We unfortu-
nately didn’t have a good cross section of the tire industry
or rubber industry. Qur representation was primarily
aircraft-related people,

Since most nondestructive inspection processing does not
produce subjective evidence of the product quality, the
individual inspectors’ knowledge and skill combine to es-
tablish the sensitivity and reliability of the inspection
process. Therefore, most commercial organizations, all
DoD departments and agencies, and all DoD contractors
have mandatory standards which establish the minimum
requirements for training, qualifying, examining, and
certifying nondestructive inspection personnel. Qur work-
ing group discussed existing standards and the most prom-
inent of which are the American Society of Nondestructive
Testing recommended practice, SNT-TCIA, and MIL Stand-
ard 410D. We talked about equipment qualification and
the need for uniformity among the many facilities perform-
ing nondestructive tire inspection. The operation of non-
destructive inspection effort is often restricted for the
following reasons, The speciality is just too new and not
properly understood by supervision and management. My
experience shows that often direct supervision has no real
appreciation for the methods, they are not trained, and
management is further removed and is worse in that respect.
Inspectors often perform the nondestructive work as a

collateral duty and this tends to neutralize their proficiency.

Many organizations have no formal inspector tramning pro-
grams, | have had a document shown to me from many of
the tire companies so the retreaders that do military work
have a document for standard qualification but, [ haven’t
seen any from the commercial tire companies. The final
thing iz that yuality sssuranes people oflen hawe no el
control of nondestructive processing. During our discussion,

many cases have been cited to demonstrate improved reli-
ability because of nondestructive inspection but we also
recognize that we do not always have the desired capability-
uniformity among facilities. For instance, one organization
may have a half a dozen or a dozen different nondestruct-
ive and test facilities and they have personal preferences.
Not all of them but some organizations have personal pref-
erences for the quality of work that comes from one or
two or several of their facilities. The conclusions and
recommendations are that qualification and certification
standards are necessary. That we should use common
qualification certification standards for commercial and
military aircraft tires. Separate qualification certification
should be required for each inspection method, and MIL
Standard 410D should be updated to include holography.

In conclusion, we express our thanks to Paul Vogel; the
Army Materials and Mechanics Research Center, the host
activity; for conducting this Symposium. We would like to
ask the Army to consider a request. I think most of you
are familiar with a report that Paul wrote that was pub-
lished in Rubber Age about five years ago. Now with four
symposia behind us and five years of progress and new
techniques, we feel an update of Paul’s report would be
of great value to the entire rubber community. Mr. Vogel
is knowledgeable in these fields, and his tact and respect
for industrial competence gives him a unique qualification
and ability to gather together the most information into
an entire NDI report. So since we are deeply concerned
with equipment and techniques, we list as an Army need
an updated state-of-the-art survey; and we would tike Paul
to do this if possible. We would like to see as much statisti-
cal information as is available to assist in understanding
the capabilities of the various inspection methods.

Thank you
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X-RAY WORKING GROUP REPORT

D. T. Greene, Chairman
Imagex, Inc.
Mentor, Ohio

The following recommendations are respectfully submitted:

1.0 The need for standards for evaluating performance of
X-ray equipment is recognized.

1.1 Suggested method is to have a group of interested
and knowledgeable people from the tire industry, the X-ray
manufacturers, concerned Government agencies, with par-
ticipation by a member of a suitable existing standards

organization, hold two or more one-day meetings at month-

ly intervals to formulate the type of standards required to
properly judge performance of X-ray equipment,

1.2 Any necessary funding for preparation of standard
samples as decided by this group is unlikely to be provided
solely, if at all, by the tire and X-ray manufacturers, and
should preferably come from interested federal agencies.

1.3 Itisnotintended to imply that any standards will
be set up, or judgements made, about the quality of fin-
ished product as a result of the above, but rather that the
results be confined to the evaluation solely of the X-ray
testing equipment itself.

2.0 We recognize a change in X-ray technology which will
permit very rapid examination of certain structural features
of tires without the use of human operators at a much
lower cost per tire, and which provides outputs in digital
form. We suggest that the impact of the new technology

be recognized and that DoD inform itseif on this subject.

3.0 We believe that there would be advantages in a com-
bined program that would simultaneously apply the several
NDI systems, such as X-ray, force variation, ultrasonics and
holography, to study how they complement each other. A
test series where a large number of tires is analyzed by all
of these methods, taking into account the recent avail-
ability of modern X-ray and holographic equipment which
can provide digital rather than subjective data, should pro-
vide valuable correlation information which seems lacking
at present. We strongly feel that any single test method is
most unlikely to be » panacea, and that some combination
of methods is the proper route for the future. A test pro-
gram as outlined, using only the most modern equipment
available, should point out the proper future direction.
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CHAPTER YV
PANEL DISCUSSION

Mr. Kyriakides: 1 would like to make some comments to
the participants involved. I would say at this time it is very
important that the proceedings consider the problems of
the consumer and the big problem to the consumer is the
problem of radial tires, You are aware that now, over 80%
of new cars are equipped with radial tires, and since this
change we are taking is very, very fast, In a very short
time, we will face a real problem. And the real problem in
radial tires is belt edge separation. This type of failure in
the radial tires presents a belt edge separation, and this
separation is due to curing of compound. The radial belt
edge due to flexing will start very, very slow tearing and
this type of tearing will extend in time and is to be in
direct proportion to the age of the compound. The method
just to detect and to establish a relationship between this
propagation of tearing or separation in the radial belt will
be extremely important. We performed some tests, and |
was a little disappointed with that I didn’t hear it now. . . .
H:ar about infrared method which should also be con-
sidered official. All these methods presented yesterday,
they were very important, very interesting, very valid re-
sults but at the same time we got some very interesting
results on infrared methods also at Monsanto. The problem
on infrared is to establish a warm-up period which could
be very short in urder to wanin-up the tire and after this we
got very promising results. This doesn’t mean it will be the
method of the future, but I would say that this method
should be considered official also as a nondestructive test
which seems to be promising also besides programming,
holographic, ultrasonic and X-ray technique.

Mr. Vogel: We have a partial answer to your question. We
are very active in infrared at the Army Materials and
Mechanics Research Center. I wonder, you have explored
with Monsanto an active infrared test where you inject
heat temporarily and then look for the flaw in the cooling
process. We have just finished a preliminary study with
infrared for the Navy on a part that resembles a massive
5-steel ply tire. We are developing a new instrument that
will hopefully do a very rapid macro scan of that so that
we can then get down and do the micro with a smaller
infrared instrumer:t. These are two instruments we have
under development, one is a pyroelectric vidicon which
will do away with the cooling problem involved in the
prosent infrirod wetnigues and the other one e single-
line scanner. We aimed initially at looking at the integrity
of the long spars, the rotors, on helicopters. It would also
be ideal for tooking at the aircraft wings for water content,
for example, which the airline people say is a tremendous
problem. When they sre eurrying lons of water, Ihet's tons
of fuel that they are not carrying. There, this single line
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scanner would be of advantage too. We would like to hear
more of your problem and your interest in infrared and
possibly pursue this as an Army need if you could maybe
boil the problem down to a few paragraphs and drop us a
note. We may have the equipment just down the road a
little bit that could answer your need.

Mr. Shaver: In regard to what’s been said about future

symposiums, and participation of many papers and so

forth, we have all kinds of problems, individually and com-

pany, not the least of which the gentlemen of Goodyear

pointed out that we have a lot of different hats to wear.

Some of our people have to wear so many that they’ve

worn their hair off. In the Atlanta symposium I presented

a paper on what we were doing in holography and when

the next symposium happened in Akron I told myself well

we're not doing anything new, so it will just be a rehash of

the old paper. When Paul sent out the deal on this one, the

same thinking process "vent through my mind. But I think

really that what I need to do is to plead guilty to compla-

cency and plead guilty to just wanting to come along and i
take the easy route out and listen to what other people
have to say and present. I plead guilty to not having a full ﬂ
realization that everybudy that comes tu these things has

some kind of obligation to put a little into the pot, rather

than always reach in and take something out. Pretty soon

the cookie jar runs dry. There is a slight indication made

that the interest in these things is waning and it really

shouldn’t be but we are all trying to come and take some-

thing out of the cookie jar and not put anything back in.

Perhaps it is incorrect to think that we’re not doing any-
thing new at Air Tread, so what is there for you to talk
about? Yet, it seems that even people like Dr. Kruger in
Germany on truck tires is interested in what we are doing
in airplane tires. So maybe we're not doing so many new
things but we’re doing more and more of it, I think it
would be of some interest for people to know to what
gradually growing extent we’re getting into nondestructive
testing. We operate machines and tire plants on a continu-
ing day-in-day-out production basis. And by the next sym-
posium there’s just no telling to what deeper extent we will
be into nondestructive testing. [ even wondered if we should
try to broaden the scope a little bit. And instead of just
Liges. gn Lires ot wheeds But then 1 eacoguisa the (et thal
we are not just talking airplane tires. We at Air Treads are
at the present time being forced into doing such interesting
ND1work on whcels in that we are having 1o make our own

machines. We have a machine right now about 90% com.

plicte thanwill do whel the Dr Foster systoni has dohe wo

well for SAS in automated scanning of the tube wheel-well
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The thing that we're doing different is instead of having to
hand-scan that very important place which is the bead seal
radius, our machine is going to turn that corner and come
on up the wheel flange. That is just something that we must
do and we are doing it in aircraft wheel NDI, There is
enough interest in what we have so far that we have some
airlines extremely interested in having us make this. But |
think 1 can assure you that when the next symposium is
held, and the invitation for papers comes up, Paul, | will
look at it in a new light and not try to be as lazy as I've
been in the past and | will sec if 1 can put a cookie back
into the jar.

Comment: In casual conversation with major tire manu-
facturer employees, they really are under pressure not to
cone to this environment and they have even had subtle
threats of job loss if they violate certain rules set up by
management. So | think we’re talking to the wrong people.
There is upper management putting planks on this and
how do you get to them. Everyone appears to know that
there is a threat.

Mr. Merhib: Yes, that is a basic problem. 1 don’t know
how you reach those people, maybe if we had their names
we could send them correspondence and hope that they'll
read that it stresses the desirability of having their points
of view presented and try to convinee them that it is in
their best interest to have someone here and speaking pub-
licly. It is not easy, you're in a competitive field and there
is a lot of secrecy.

Mr. Marx: I'm not in any position to speak for the tire
companies but 1 can try though. When the call for papers
goes out, if you direct some to me I will see what I can do
to get some cooperation from the tire companies.

Comment: 1 think the point has to be made here that 1
am not too sure if 1 totally agree on the pressure not 1o
attend. If there was pressure not to attend, we would not
e tiere, As an industry we're “close $ the chest” on what
we tell our friends across town and so forth. It seems that
Michelin has indicated that perhaps more than anybody in
the industry, but [ have to object to the pressure not to be
here. I think the tire companies do very well in supporting
the various societies. | think that point has to be made.

Comment: One of the gentlemen mentioned during his
talk that he was disappointed about the turnout at the
committee meetings. We were extremely disappointed in
the fact that we were only able to attend one of these
meetings. Some of us would like to attend most of the
Jdifferent group meetings but we can’t do it because they're
all held at the same time. | would have liked to attend two
or three but | couldn’t,

Mr. Merhib: We do have a restriction on time. | would like
to open the floor to questions to see how to handle this
suit of thing, We iave a Tixed arncunt of din and we have

many committees. You just have to pick one, unless you
extend the working group meetings over a long period

of time, or change the whole format. For example, we
could hold the working groups as we're holding them

now but instead of only the reports would have full dis-
cussions of holography, then ultrasonics, then Xray, then
standards, ete., but you would extend your period of time
into days, I'm surc, And we just don’t have that sort of
time,

Question: Do we need to hold these group meetings after
the program, or can they be held during the program?
Maybe one-half hour or forty-five minutes before lunch
cach day or maybe twice a day.

Mr. Merhib:  You mean the working group meetings? No,
they don't have to be held after the mectings, that is just
the format that we have used three times before, and even
with its drawbacks, there has been no strong objection.

Comment: [ would like to make a suggestion that the first
few days of the session, could the working meetings be held
in the evenings? Most of us, | won't speak for all of us, but
most of us spend our evenings looking at the tall end of the
glass until about two in the morning. We could have as
many as two sessions a night starting at the very first night
because much of what is discussed in these working groups
is stutf people have been thinking about before they came
and does not always relate to the vendor type speeches that
we hear anyways. And 1 would suggest that cach evening we
have two sessions. Say one starting out at about 7:30 and
the other one at 9:30 so that everyone can attend, It was
always a great deal of concern to me that I can’t attend my
competitors’ sessions. [ must be at my own. I would sug-
gest that on the third evening, many of the people have
already left, so that the very first few days, there be at

least two or three sessions each evening and that we fill the
evenings up with informal discussions and 1 would ike o
suggest that those discussions be closed door. In the optical
suiely e ate itldeded lotkad door semsinns No aessbeny
of the press are allowed and there is a general understanding
amongst the members that arc there that, that which they
discuss is not carried out and discussed further. You would
be rather surprised as to how well that is adhered to be-
cause, in the next session, the man who shoots off his
mouth is not invited. And the people who really have an
active contribution to it, as Carroll says, who really want

1o put a cookie into the jar, attend these sessions. It is un-
believable as to what is accomplished in the optical society
mectings in the late hours. As a matter of fact on some oc-
casions, until one or two in the morning, That is when the
real donnyhrooks take place After holography was first
invented, in that field and optics, I'll tell you there wasn’t
anyone of importance in the whole damn field who didn’t
attend that. You couldn’t get standing room only, because
everyone was so eager to hear what the other guy was going
to say. At those times, everyone came—Dupont, Xerox,
gt dowr, 1BM, RUA, and afl the rrajor aniversities, and
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everyone who had two cents to put in was damin eager and
in fact those were the sessions, which they really prodded
people like Kodak. “*What is your new film? What are you
coming out with? The hell with using what you have got
now. What do you have on the burner for next year?”
“Where's the AGF A man? Get him in here,” and they
would start like that. These people, as compared to the

tire industry, are not talking about individual compound-
ing or specific constructions or specific test programs on
the track but rather taking the situation of — well let's take
Fd Follird in San Amgele EJ what bhase you used down
there? What are you happy with? We don’t need to know
the specific details but how do you feel about this sort of
thing. And let's get Glen Gray right up here beside him and
I think you fellows might be a little surprised at how much
could be gained from that without disclosing much of the
confidential information. No one is more appreciative of
the confidentiality than Hans Rottenkolber, Jim Thompson
and myself. If you guys look in a dusty bar somewhere this
week, most likely the three of us are together having a
drink. We don’t exchange circuit diagrams but we do ex-
change a lot of our feelings and 1 think in a way that we
helped each other quite a bit. I think a lot could be done
in this form without worrying about disclosing very much
information because no one is more aware of the profit
motive than guys like Jim or me. If he gets a little ahead of
me on one circuit and I a little ahead of him on one, it's
where the next machine sale is going. That's the same thing
with you fellows on the tires. I think you have less danger
—maybe more to lose than we have—but you have less
danger than fellows like Jim or me. If Jim gets up a little
earlier than me the next day, there goes my next machine
sale, and Hans Rottenkolber is breathing on us hot and
heavy every day of the week and besides his time shift—

his jet lag—is five hours, he’s up five hours earlier than Jim
or me. Now I would like you fellows to comment on that,
as to whether there might be the kind ot optical society
meetings, the kKind of ones in which you throw out people.
1 alprrost gt doefensive in the beglnnng whin pou sty why
are you? Who are you with? You don't belong in this ses-
sion. This is a private session and another guy comes in who
has not been very active in the sessions in the past and as
Carroll says, he hasn’t put his cookie in the jar, so the hell
with himi too! so in these sesstons mach van be gained, A
1 think a more realistic perspective can be had. Are there
any comments on that or anything?

Mr. Yeager: 1 go along with the idea about having night
time evening committee meetings because things are chang-
ing. Five or six years ago, holography wasn’t as well estab-
lished, not as many studies, and I would have liked to have
attended some of the other committees and I couldn’t, I

think the idea of having them in the evening would be great.

Maybe two each evening for the first two evenings.

The other thing is the quality of the program. I have at-
tended a lot of symposia on the west coast when [ was
wotking in the sirerafl irdustty and alto-on the cast cosst.
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It seems like there is a tremendous difference. On the west
coast, the attendees are much more critical. I don’t mean to
be sarcastic and facetious but they are more critical of the
papers that are given; and, when they are critical of the
paper, | think that if it is done on a constructive criticism,
rather than just to knock somebody, 1 believe that you will
enrich the symposium, you will make it a better quality.
When you make it a better quality, you will get more
people to attend. Keep it on a technical level, rather than
political level. Sure, there will probably be sume question
o jued what yonioan gho s don't gile awiay e et
I really don’t believe the secret stuff. That 1 have never
gone for. | think it is all ridiculous anyway. While | worked
in the aircraft industry, just for example, just to show you
something that is so ridiculous. They used to make us lock
all our cabinets and put the secret bar on it. And when you
unlocked it, you took the secret bar off and you put the
lock on the inside and you closed the cabinet. And that
was supposed to be safe. But when you left, somebody
could walk in and replace that lock with their lock. You
would lock that secret cabinet up at the end of the evening
with their lock, and they could come in that night and take
anything they wanted out and put your lock back on. You
would never even know anything was missing. This is how
ridiculous [ feel, that the secret thing can be carried and |
think that if we become more critical of what type of
papers are given, and if we are more outspoken, and work
together, [ think there will be a more mutual trust between
say the companies and the Government. There would be
more open discussion; I think people would be in a more
relaxed atmosphere. It's always been said that the Govern-
ment only fills vacuum. If we create the vacuum then |
think the Government rules will probably fall in. Let's say
for example thirty or forty years ago would have been kind
of ridiculous to try and design a supersonic transport. The
state.of-the-art wasn’t there and 1 think the state-of-the-art
1sn't there today to have the T0U% nspection of any type
of tire. We've tested probably, holography wise, pretty
clow 1 s million tires  We lamea kot of infonmtion. Heant
say too many things for sure. I'm not trying to hedge on it.
1 just don’t know. I would ask anyone if they could say
anything for sure in NDI. What a separation means exactly,
how did it get there, and why. We can build certain types
of tirer it will do-certain typey of things but ndbuly
builds bad tires on purpose. 1 think we should have more
criticism to try to upgrade the quality of the meetings,
don’t be afraid to say something. If somebody gets up and
says something that’s off color or wrong, call them down
on it, Then | think at the next meeting, you will have a
better quality paper given and it will follow that with a
better quality of paper you will have more attendees.

Mr. Merhib: Regarding the next symposiuni, please com-
municate your suggestions for a possible location to the
time and place committee chairman Mr. Jack Price of Air
Tread. Mr. Price is here [ believe. So if you do want one
and have any comments to make regarding another sym-
posiur Fack Price will be happy 10 socept thow comments
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WORKING GROUP VIEWS. Center: Working Group Presenters: (Left to Right) Mr. Yeager, Standards:
Mr. McConnell, Qualification: Mr. Merhib, Chairman: Dr. Grant, Holography: Mr. Kraska, Ultrasound;
not shown, Mr, Greene, X-ray.
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Left to Right Top: banguet headtable, Mr. Hampton, Mr. Yeager, Mr. Henry, COL Benoit, Mr. Lavery:

COL Benoit, Mr. Fahey, Mr. Henry, Mr. Lavery; Mr, Merhib: Center:  The Harmony Heroes; view of de-watered
Niagara Falls as presented by Mr. Henry: Kathy Seege and Sue Coppella of the Executive Hotel assisted in
planning the banquet and arrangements; Bottom:  Mr. and Mrs. Price: banquet scene; Mr. Vogel.
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Top to Bottom Left: Mr. Kyriakides, Dr. Grant, Mr. Hampton, Prof. Rottenkolber: Center: COL Benoit,
symposium view, Prof. Clark; Right: Mr. Lavery, Mr, Klaasen, Mr. Lyngsgaard, Mr. Stiebel.
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EXECUTIVE

Top to Bottom Left: Mr. Yeager, Mr. Watts, Dr, Johnson, Mr, Zimmerman; Center: Mr. Neuhaus,
symposium view, Mr. Bogdan; Right: Dr. Chait, Mr, Ritchie, Mr. Plank, Mr, Haskell.
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