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“ PREFACE

i: On the basis of previous studies by the Institute

: for Defense Analyses, a Colloquium/Workshop on Composite

l: Materials - Standardization, Qualification and Certification

o was organized and held at the National Academy of Sciences

fg Building, Washington, D.C. on May 8-10, 1984. Announcements

Lﬁ were made in various technical and trade publications and

tf letters of invitation were sent to individuals in Government,

o industry and academia. Attendance was limited to U.S.

o citizens only.

:3 The Colloquium/Workshop was organized as a three

:{ day program, the first day being devoted to a series of short

; overviews from Government, industry and standards organizations,
?; The second day was devoted to discussions in four separate

; working groups covering the following topics:

b 1. TFibers and Reinforcements

o 2, Matrix Materials

:& 3. Intermediate Products

.éf 4., Components and Structures

i On the third day, summaries of the working group discussions

A and recommendations were presented in a general session,

;EI followed by a period of open discussion.

il This document contains the presentations by individual
:é speakers and the summary reports by the Working Group Chairmen.
;? These sessions were taped and the oral presentations have been
ff included in the document with minor editing to assist the
Iﬁ reader in the interpretation of the charts and tables. - The

» editor has attempted to provide an accurate transcription of
'ﬁq these presentations and regrets any errors that may have been
fﬁ introduced inadvertently.
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EXECUTIVE SUMMARY

The recommendations and suggestions made by the
individual speakers and the results of the working group
deliberations have been combined into this brief overall
executive summary prepared by the editor. The major topics
are discussed separately and recommendations for actions or
options are included. These items are arranged in an
approximate order of priority or need.

1. Composites Industry Association

Each of the working groups and several of the
speakers recommended that the industry form an Association
to provide a single voice in dealing with the problems of
the industry and in communications with the Government agencies.
The charter of this Association was not defined but the
Aluminum Association was often mentioned as an example of the
type of organization which may be appropriate. It was
generally felt that the Association should be limited to the
materials suppliers and should not include end users such
as the aircraft manufacturers, although some thought that
the end users were the beneficiaries and perhaps should be
included. Although there were some doubts about the advantages
of an Association in this relatively small and specialized
segment of the overall reinforced plastics industry, sufficient
interest was shown that preliminary arrangements were made to
(Shortly after the colloquium, DuPont
sent letters to the composites suppliers in the U.S. and abroad

survey the industry.

inviting them to attend a formative meeting in San Francisco
on July 26-27, 198, if the responses were sufficient.)

2. Test Methods Standardization

Although the A.S.T.M. test methods for composites
have been and are still being developed as standards for the
industry, there was repeated concern over the mis-use or

o0 e _ .
.......
--------
.......

-
Y

W

-
LSS

3




non-use of these standards by various suppliers and users.
There is also a tendency for individual organizations to
develop their own methods but refer to ASTM standard methods
when and if the data are reported.

The acceptance and use of standardized test
methods was strongly urged by many speakers and all working
groups. This is considered to be an essential prerequisite
to the development of standardized specifications as well
as qualification tests and criteria.

- It is recognized that the voluntary consensus

E method used by ASTM to develop standard test methods is slow
and relies on the enthusiasm of the committee members.
Recommendations were made that ASTM consider what steps can

be taken to accelerate the establishment of these methods.

It was also suggested that the industry provide A.S.T.M.
with recommendations and priorities for the tests that are
needed.

DoD may also explore the possibility of providing
support to ASTM in order to emphasize the development of
certain types of tests.

In the interim, it was recommended that the industry
adopt the current ASTM test methods to provide a more
standardized set of test data which can be transferred

between end users more readily.

3., Materials Specifications

materials bearing trade names or alpha-numeric designations
which identify proprietary materials, Although it was
generally recognized that some degree of standardization and
the use of generic descriptions would be desirable in specify-
ing the materials, there is some concern about trying to
establish specifications which are too rigid while the
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The industry has developed around a set of individual-
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;f industry is still in a period of frequent change. Provision 5;
-, must be made to encourage and accommodate the development 1!,
of improved materials. i~0'

One solution which was suggested by several

participants is to provide a series of stratified specifi-

cations which describe different levels of the properties S
required, It was also suggested that suppliers be included
early in the cycle for the development of these materials
specifications. The development of a series of standard
specifications was also considered to be important in

programs requiring international cooperation.

The Society for Automotive Engineers, Aeronautical
Material Specifications (AMS) activity has a voluntary
specifications committee for composites. In keeping with v
the Government trend toward the use of commercial specifi-
cations wherever possible, this committee is endeavoring to
compile AMS specifications for the composite materials which
will be standardized to the maximum extent. It was recommended
that AMS take a leading role in reviewing and recommending
standardized specifications. This will require the partici-
pation of industry and, perhaps, some Government organizations.
It is also recommended that DoD follow the present NASA
program on the development of specifications for toughened

matrix materials being conducted by the three principal

commercial transport aircraft. This program may provide a

basis for similar DoD action in military applications. °

L. Standardized Data Base (MIL-Handbook 17) ~;
Much of the data base on advanced composite materials iﬁﬂgf

has been generated by industry as part of development or : ;A

production programs and is not generally available for wide

dissemination, Mil-Handbook 17 is the only recognized source
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of data but its progress has been hampered by the unavail-
ability of data from defense contractors and a low level
of funding for the development of data by the responsible
organization, the Army Materials and Mechanics Research
Center (AMMRC). At the present rate of progress, a
statistically reliable data base on a single material will
not be available before the material has become obsolete.

It was strongly recommended that DoD explore ways
to accelerate the Mil-Handbook 17 program and that steps be
taken to require that contractors provide data for inclusion
in the Handbook. The participation of FAA in providing

data from commercial programs was also recommended.

5. Certified Testing Laboratory

One of the major problems in the composites
industry (especially for military aerospace applications)
is the high cost of qualification, which can vary from
$20,000 for a few simple tests on a material to several
million dollars for full scale flight demonstration. The
first supplier to become qualified is usually supported
financially by the contractor; subsequent suppliers find
it economically difficult or impossible to get their materials
qualified since they must often bear the full cost of quali-
fication (including materials and testing. wherever it may be
conducted). In many cases, the same type of material must
be qualified by several fabricators, resulting in replication
of the test program without the benefit of data sharing.

It was suggested that an initial qualification
test matrix could be completed at a certified testing
laboratory and these data used to "qualify" the material
one time only. Additional testing would still be conducted

by the individual end users because of certain design require-
ments and structural configurations. Although the concept
of a certified testing laboratory was viewed with favor, it




was recognized that there are many options which need to
be explored to determine the type of facility, its location,
cost, etec, A study of these options was recommended.

6. Qualification Test Matrix

Wide differences in the tests used for qualifi-
cation exist among various programs in both the military
and commercial fields. The FAA provides a standardized
set of qualification tests which are fairly uniform, but
the military programs differ among the Services. This is
particularly troublesome to the suppliers who are now
obliged to provide a variety of data in accordance with each
end-user's specifications.

It was recommended that DoD undertake a study to
explore the possibility of providing a standardized
qualification test matrix which would be acceptable to both
DoD and industry. This would require the participation of
industry, also.

7. Introduction of New Technology and Materials

into Production Systems

Comments from suppliers and from Government
representatives emphasized the difficulties in introducing
new and improved materials into a production system,
especially in the military programs. The commercial air-
craft industry appears to be more receptive to materials
improvements. While DoD supports the development of new
materials in its research and development programs, it is
also reluctant to accept these materials into an on-going
production program. It was suggested that materials
suppliers would have a greater incentive to develop new
products if there was some assurance that an opportunity
to use them in production would materialize within a
reasonable time period.
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It was recommended that DoD explore procedures
which would provide for the orderly introduction of new
materials and technology into production programs.

8., Requirements for Composite Materials

Industry representatives expressed the need for
information from DoD and the Services on the requirements
for various types and forms of materials in the different
applications for which they are intended. This informa-
tion is needed for the planning of future R & D studies
in industry as well as for the establishment of facilities
to accommodate these needs. A suggestion was made that
DoD should have a focal point for reviewing the multiple
and conflicting requirements of the Services.

It was recommended that DoD explore the feasi-
bility of determining these requirements and providing
periodic feedback to the industry.

9. Contractual Requirements

a. Dual Sourcing

Many materials and/or processes relating to
composite structures are provided by sole sources and,
in some cases, by foreign sole sources. It was
recognized that multiple sources are desirable but are
not always economically viable. It was recommended
that, if DoD requires dual sources, this should become
a contractual requirement at the time of procurement
of the weapon system rather than creating artificial

second sources.

b. Pricing

There was concern by some suppliers that the
Government did not fully appreciate the extent of the
investment required to produce some of the composite




..........................

materials., It was suggested that a DoD review of
the pricing regulations might be in order.

c. Data Base

A suggestion was made that the provision
to DoD of the material data base be made a contractual
requirement on production programs involving composites.
This would enable DoD to share the data base with other
DoD contractors, where appropriate,

10. Export/Import Regulations L:;;;ﬁ
It was felt, by some suppliers, especially those r @ . 4
associated with metal matrix composites and carbon-carbon, e
that the U.S. industry is being handicapped by the current
regulations on the export control of composite materials
and technology. It was suggested that the technology of
composites has become international and it is necessary to
recognize that fact in the export regulations. It was
pointed out that opportunities abroad are being lost as a
result of these regulations. Restrictions on the import
of composite materials from abroad are minimal,

A recommendation was made that DoD again review

the export control regulations covering composites to assess
their impact on the U.S. composites industry as a whole. A
uniform approach to co-production programs with foreign
countries was also recommended.

11. Development of Instrumentation Methods

It was concluded that instrumentation methods for
determining the characteristics of composites were generally
inadequate. It was therefore recommended that steps be
taken by DoD and industry to support the development of
acceptable instrumentation.

S=7




12. Hybrid Composites

It was recommended that DoD explore approaches

for the utilization of hybrid composites (carbon, Kevlar
and glass) to improve composite component supportability
in the military maintenance environment. This involves
the development of toughened resin systems as well as the
design of damage tolerant structures with built-in
repairability.

13. Analysis Methods and Test Validation

Analytical procedures are extensively used in the
certification of aerospace structures in lieu of full scale
testing of large structures. There is a need for the
development of analysis methods and test validation on sub-
scale structures to verify the performance of the structure
in post-buckling, impact, bolted joints and transverse
failure modes. The development of accept/reject criteria
is also necessary. Although much work is being done by
DoD and NASA in these areas, it was recommended that DoD
support a program to collect these data and make thenm
available to the industry.

S-8
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X INTRODUCTION
Ken Foster
N ) Department of Defense
.
)
) Since the Department of Defense plans to spend
N $80 billion for weapon systems which will use composites
EZ in one form or another over the next five years with in-
N creasing use of composites planned, this colloquium is
; timely and necessary. We are fortunate to have as our
keynote speaker, Mr. John A. Mittino. He joined the
i office of Secretary of Defense in 1972 and is currently
R the Assistant Deputy Under Secretary for Production Support.
é: In this capacity, he is responsible for Department of
s Defense policy development in several important areas
%: including the defense standardization program, the defense
i productivity, reliability and quality assurance. His
‘? other Pentagon experience included four years as director
‘ of standardization, acquisition support and, prior to that,
; he reviewed major defense systems from the production and
= logistics aspects. He has a BS in electrical engineering
% from the Missouri School of Mines and a Master of Business
- Administration from the University of Arizona. Please
3 help me welcome Mr. John Mittino.
O
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KEYNOTE ADDRESS

John Mittino

Department of Defense

Good morning, it's nice to be here. I appreciate
the opportunity and the invitation to be here. I come out
of an office that is concerned with the industrial base and
its relative health and vitality and revitalization and its
condition for readiness and for sustaining some kind of
emergency. Having said that, I think I can put in perspective
the interest we have in something like the whole area of
composites. I know nothing about composites, yet I have a keen
interest in them because I can already see that, in the normal
sequence of new technology and commodities that find their way,
k first, into weapons systems and defense materiel and, later, are

more prolific in the commercial sector, there is a great need

@j for exchange of information and community development of tech-
nology (industry and government, etc.) with little assistance
or participation by the government, DoD. I always try to
make that point clear. That may sound strange to you, but

i our rule of thumb as far as overall policy approach to any-
J? thing is that we try to keep out of it if we can. The best
; way to have things happen is in the private sector (we thought
. that even before this administration came into being) and, as
f_ all of you know who pay attention to those things, the policy
= of the Administration is just that. It says that we are a
= claimanty we are a customer of the industrial base and we
mean to keep it that way. Where necessary, we will engage in
é& some artificial moves to provide seed money for new technology
o if that be the case, but at least we will be a good customer. e
- And God forbid that, if there should come an emergency where Cliv
: we need to use some of this deterrent we have built over the ;‘\i
% years, we will be ready for that, not only in terms of the $7qf.
:: force structure, but in terms of the so called defense industrial .ﬁ?I?
:?: base, This is not really a defense base at all but it is the 1;f§
[
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U.S. basic industry we are talking about, of which we are a
claimant just like any other customer,

As I talked with Mr. Foster yesterday, I became
interested in the situation in composites. I wouldn't
presume to tell you anything about composites except that
there are some generalities that became apparent to me. I
have seen this situation before in other commodities. 1It's
happening in 2 or 3 other areas where we are concerned now
with a management approach in trying to facilitate the whole
area of standardization,and especially qualification.of the
technology or commodities. Fiber optics - does that sound
familiar to you? We have a person in the audience who is
working very diligently to help find a way to insert into the
system for productive purposes. the necessary documentation and
so forth that our acquisition community can use in the building
of the force structure.

I was also interested to note that our foreign
friends have. in various ways. been interested in composites and
that we would have to watch ourselves, in my estimation, to
make sure that we retain the necessary minimum U.S. domestic
capacity in this area, It gets pretty difficult sometimes
because, throughout the 1981-82 period when the economy was
down, I would hate to tell you how many times well known
corporations would come in to see us and advise us that
business was down to the point where they felt relatively
threatened by what was happening in the market place. When
you combine this with the complexities of foreign military
sales and the whole offset approach, we find it is necessary
to pay particular attention to the kind of U.S. basic industry
retention of a commodity area that we will try to achieve.

The idea of this conference is just fabulous because
it is here that we can trade the information and try to under-
stand the trends for the next several years. We will play a
role in this in DoD but we want that role to be sensible and

sane and we don't want it to encumber an otherwise rapidly
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ﬁ' moving expansion of a new area. I would also like to

o . .

o~ point out that, as a matter of interest, we have people

- in the Pentagon, such as Dr. Richard DelLauer, and

formerly with Paul Thayer as Deputy Secretary and other
: Secretaries and Deputy Secretaries, whose attention can
3§ be gained very quickly when you talk about something like
o~ composites because they all have a stake in them. Almost
as a class of people, their attention wanes to zero when
you talk about other bureaucratic things - no interest.
So, its just delightful to find out that, when we broach
oo this subject with Dr. DeLauer, all of a sudden we get a
great deal of attention. So you do have a great deal of
attention in this area, and you can fully expect all the
support that we can provide, I believe that, with your

P
s Tpels
.

RS

i advice and consultation, we can position ourselves to be

: a partner and a help rather than a hindrance which all
;ﬁ_ too often happens when we get our nose into things. That's
Zﬁ really about the message I have - it will be one of the
;: shortest keynotes you have had. I wish you all the luck

in the world and, if you need something from us, all you

- need to do is let us know and you will have it. Good
%: luck on your conference here,
oW
o
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REVIEW OF IDA STUDIES

Stanley L. Channon
Consultant
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During the past five years, IDA has undertaken
several studies related to composite materials, strategic
and critical materials and industrial base issues. These
studies served as background for this conference and, in fact,
prompted the recommendation that such a conference be held.
A brief summary of the studies is shown in this chart.®

Under the sponsorship of Mr. Jerome Persh, Staff
Specialist for Materials and Structures, the International
technological status of composite materials was assessed from
1979 to 1981 and recommendations made regarding t.» export
control of composite materials and technology. An Industry/
Government workshop was held in 1981 to review these
recommendations, using a format similar to the format for

.
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this conference.
As part of a review of the DoD needs for strategic

and critical materials in 1981, carbon fiber was included
because of the potential for substitution of some critical
and strategic metals with composites containing carbon fibers.
This, coupled with the anticipated large increase in the use

ARARAE

. ."v'.. e "
et st ¢

i' of composites in military systems, prompted a more detailed

%Q analysis of the DoD needs and the ability of the U.S. composite
&i industry to satisfy these needs for the next ten-year period.
E? This study revealed several areas which were expected to have

a limiting effect on the expansion of the U.S. industrial base

in emergencies, and perhaps in peacetime, as well.
In the 1982-83 period, two complementary studies

were undertaken, one involving an assessment of the foreign
industrial base for production of composites rather than
technology and the other involving a survey of alternate
sources, qualification practices, standards and specifications

¥, 19.
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for composite materials in both the U.S. and abroad. This
study formed the basis for the present conference.

As part of another exercise on logistics and
supportability, there have been recent studies on the repair
and maintainability aspects of composites. The present
conference is timely in the sense that standards and speci-
fications also play an important role in the repair and
maintainability practices,

In order to put this conference in perspective, I
would like to indicate those items which might be thought to
comprise the industrial base for composites. This chart*
shows most of the key elements which make up the industrial
base. A weakness in any one or more of these segments of
the industry can have a limiting effect on the industrial
base on which DoD is dependent for its hardware needs.
Although the U.S. has capability in all of these areas, it is
strongest in some areas, especially those associated with the
design and fabrication of materials into final products. It
is also a major source of prepreg materials for many U,S. and
foreign fabricators but this situation is changing as other
foreign suppliers are becoming qualified as prepreg suppliers.
Except for aramid fibers which are, at present, primarily of
U.S. origin, many of the raw materials or semi-processed
materials are obtained from foreign suppliers.

The U.S. composites industry 1s generally
characterized by having several separate steps, each being
performed by specialty companies, Each segment of the
industry provides some sort of criteria by which the materials
are accepted by the next step in the fabrication cycle. In
some cases, material certifications are provided by the
supplier which confirms that the shipment has certain character-
istics, Specifications are generally written around available
materials and are more often placed on the intermediate

product (prepreg) supplier rather than the fiber or resin

¥, 20.
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Qualification involves testing against a set of

supplier.
criteria developed by the end user. Once a material has
been qualified, it is customary to disallow any changes in
the material or process. This restriction frequently
extends all the way back to the starting material.

It is the purpose of this conference to examine
the problems associated with qualification, specifications
and standards at each stage of fabrication, including the
requirements for certification of full-scale hardware.

Some of the factors which tend to limit the U.S.
Industrial Base for Composites are listed in this slide¥

From the standpoint of national security, it is
important to realize that many defense programs using
composite materials are dependent on foreign sources or sole

domestic sources for some materials.,

Many organic base composite materials are proprietary
formulations of resins which are unique to each formulating
company and could not be readily supplied by another producer
in an emergency. Lack of material uniformity in the inter-
mediate products and the shortage of reliable data on certain
forms of the material also tend to limit the use of composites.
Likewise, the lack of standardization is also believed to be a

deterrent to more extensive use,

The overriding impediment to expansion of the
composites base seems to be the high cost of qualification.
Current practices seem to favor the continued use of previously
qualified materials because confidence has been established in
the qualified material and it is too expensive to qualify new
or alternate materials, Several suppliers have indicated
that this cost is a determining factor in the economic via-
bility of the industry. Even though composites are being
used in increasing amounts, the total volume of business is

still relatively small and must be divided among many suppliers,

*p, 21.
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at present. If business conditicns are not favorable, some
suppliers may have difficulty remaining active which would

require that alternate materials would have to be qualified.

A1l segments of the industry indicated that trained
manpower would be a serious limitation in the event that
scaled-up production was needed to supply DoD needs. Since
many of the operations require skilled labor which must be
trained on-the-job, production could not be expanded in
proportion to the additional facilities without allowing time
for the training of new personnel. In fact, it was pointed
out that the addition of new manpower may actually result in
a slight decrease in production initially due to higher scrap
rates.

Several cases of limitations in production due to
the environmental regulations have been reported. This
subject has not been thoroughly reviewed to determine the
future impact on composites production. New fibers and

resins are being developed which may require special controls.

Some key examples of U.S. dependence on foreign
sources are listed in this chart* It is well known, by now,
that polyacrylonitrile precursor fiber used in the manu-
facture of carbon fiber is essentially imported from Japan.
Almost 100 percent of the qualified materials used in DoD
programs rely on Japanese precursor, some of which 1s converted
to carbon in the U.S. and some is imported as carbon fibers
from Japan and the U.K. We will hear more about these fibers
from speakers from Union Carbide and Hercules this afternoon.
At this time, however, I would like to point out that each
of the carbon fiber producers in Japan, the U.S., and the U.K.
use somewhat different processes for the production of
precursor and conversion of PAN to carbon. The interchange-
ability of these fibers has not been established. In the
working group discussions, I expect that this subject will

receive considerable attention.

¥p. 22,
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R, This chart¥shows world production of carbon fiber

LY

produced from PAN precursor, the carbon fiber production by

LA AP

company, and a cumulative total for each country. It also
shows the origin of the precursor. Red indicates a Japanese
precursor, blue is a U.,K. precursor and green is the U.S.

»

0y

precursor (based on Japanese technology applied to domestic

ﬂ¢¢)a

acrylic starting material), and yellow is the French precursor.
It will be noted that the Japanese production is nearly

double that of the U.S. and about 70 percent of the U.S.
production depends on the use of Japanese precursor., British
- production of fiber has been recently more than doubled by the
~. addition of a new fiber line at Grafil and start up of a line
;L by R.K. Fibers. The SOFICAR venture by Toray and E1f-
Agquitaine will provide further European capacity in the next
year or so. A similar venture by Hercules and Pecheney has

- been discontinued and it is now understood from press releases
' that Pecheney may be buying into the SOFICAR venture.

;; Two other significant foreign sources include

: diaminodiphenylsulfone (D.D.S) which is used as a curing

;i- agent in most resin systems employed in DoD composites appli-
S cations. There is no production of DDS in the U.S. even

- though this material had its origin in the U.S, The French
i{ pharmaceutical company, Roussel, has been the sole supplier
o of this material to the U.S. Ironically, DDS is not used

- extensively in Europe as a curing agent. The establishment
of a domestic source of DDS or the availability of an alternate
e curing agent would result in an extensive requalification

: o program, if the past philosophy of qualification is adopted.

High purity quartz fibers used in some special
military applications are also 100 percent imported from
o5 France. There is no U.S. production facility in operation
for this material and the amount of material needed is small.
Several years ago, sufficient material was procured and stock-

"
oo
22 piled for the 1life of the program.
(

High strength glass (R Glass), a product of France,
is competitive with S Glass produced in the U.S. and is

¥This chart is reproduced here in black and white in four

parts (pp. 23-26).
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receiving attention among some of the military departments
in the U.S. If adopted for production applications, this
would result in dependence on another foreign source, as
well as requiring qualification of this material for these
applications. Silicon carbide continuous fiber produced
by Nippon Carbon Company in Japan is also gaining interest
in the U.S. and would represent another imported material,

if used extensively.

It was mentioned earlier that there are many U.S.
domestic sole sources for materials used in composite
fabrication. Some examples are shown in this chartf In
some respects, each supplier of prepreg may be viewed as a
sole source because these materials are often qualified by
their proprietary name rather than by generic type. Sole
sources are not necessarily a serious limitation to the
industrial base unless the product is so special that the
production volume 1is insufficient to provide a return on the
investment and the supplier discontinues production. This
occurred in the case of rayon precursor in the late 1960's.
It is understood that Owens-Corning discontinued the avail-
ability of S-glass in 1983 and now provides only S-2 glass.
Attempts to establish second sources of materials may not
be appropriate if the market is not sufficient to sustain

two suppliers, under normal circumstances. Under emergency

conditions, the sole source suppliers may have to expand

production by diverting other production or adding facilities.

In either case, requalification may be required. One of the
questions which this conference should address is the accept-
able amount and type of testing required to qualify products

from the expanded sources or alternate sources.

On the subject of alternate sources, and specifi-
cally domestic alternate sources, part of the IDA study was
aimed at determining the interest of U.S. companies in
becoming suppliers of some key materials needed for DoD
production programs. The responses were very disappointing

in terms of the number of responses received. Some offered

*p. 27.
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encouragement that some materials would be domestically
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produced in the near future. Announcement of any such

s el

P

actions will have to come from the companies themselves.

i

This survey indicated that all U.S. acrylic fiber producers
could be potential suppliers of PAN precursor fiber if the
consumption was sufficient for them to enter the market. It

| ’
AR AAY

is interesting to note that the Japanese and U.,K. carbon
fiber producers are essentially in the textile business and
o only 2 percent of their polyacrylonitrile production finds
- its way into carbon fibers. No U.S. textile company is

- engaged in the production of carbon fibers.

Several resin producers could supply the resins
required for DoD use. It is understood that two former
specialty resin producers may reenter this market in the
near future. Similarly, DDS could be produced by several
companies and alternate curing agents could be developed and
N qualified.

- In the case of quartz fiber, it is more likely
- that the volume of material needed is so small that no

commercial company would be willing to set up and operate a

- facility for a single product with limited consumption.

In the consideration of sources of supply and

qualification, it is well to keep in mind the fact that the

composites business has already become international in a

(N
et S
o o

very complex manner, partly due to the manner in which the

S}
*
)

industry has developed (fabrication in the U.S. and Europe,

»*

fibers in Japan and the U.,K. as well as some in U.S.) and

ko

the expanding involvement of foreign countries in the

fabrication of composites hardware for U.S. programs.

Examples are Boeing's association with Aeritalia and

.0

-, Japanese aerospace companies, European associations
between countries and U.S. military co-production programs.

LN

This means that standards and specifications must be developed

LA 4 l'_ "_.

a e
L B

which can be applied in various countries and products must

’

e

be interchangeable, to a certain extent.
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This chart®*shows the complicated interrelationship

between producers of PAN and PAN-base carbon fibers in the
geographical areas of the free world in which composites

are being used, There are also indications that the prepreg
phase of the industry is pursuing a similar course. This
chart emphasizes the fact that business ventures are
generally established between companies in different
countries to protect their competitive position, The
establishment of domestic sources must take into account
these existing relationships. It should also be realized
that some foreign countries are also leaning toward self-
sufficiency and, in some cases, insist on domestically
available material being used. The U.K. is already in this
position, with respect to carbon-epoxy composites. The

Japanese are heading in that direction rapidly.

Developments on pitch-base carbon fibers have been
advancing rapidly in Japan during the last couple of years
with claims being made of fibers being produced with
properties similar to PAN base fibers and cost projections
which indicate that lower prices may be achievable. If
successful in production, a lower cost pitch-base fiber
would be an attractive replacement for the PAN hase fiber
and would, of course, require a new round of qualification
tests.

Finally, a few words about the cost of qualification.
In the questionnaires sent to all segments of the composites
industry throughout the U.S., a number of questions concern-
ing qualification testing and costs was asked. The costs
were found to vary rapidly with the stage at which testing
is performed and the criticality of the end product. Examples
of typical costs are shown in this slide¥* The figure of
$9K for basic tests represents the least cost involved. More
typical costs for evaluating an alternate precursor fiber
range from $20-30K just for fiber testing. The cost for
complete replacement of an alternate precursor fiber in a

helicopter rotor blade application amounted to $750K.

“¥p. 29.
k%p, 30.
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Qualification of a prepreg costs $20-50K per
customer, However, the development of a design date
package can cost $500K-1.5M. The most expensive qualifi-
cation programs appears to be those involving nozzle ablative
performance in which costs of $1-2M can be incurred. The
costs are assumed by the customer (which would be the
Government for DoD programs) for the first material to be
qualified. As a general rule, subsegquent suppliers may
have to share the costs in some manner, either by supplying
material free of charge, conducting or paying for the testing
involved, or both. Additional prospective suppliers
frequently must absorb all costs or be denied the opportunity
to qualify.

The purpose of this conference is to recommend
options for expanding the U.S. industrial base for composite
materials in the interests of national security. The items
to be addressed in the next few days include means .for
establishing domestic sources for materials which are now of
foreign origin, qualification of alternate materials and
sources, including methods of streamlining the procedures;
standardization of materials, test methods and specifications,
establishment of a data base and means for acquiring and

exchanging data, expansion of training programs and a definition

of the roles which might be played by Government and industry.

In these few minutes, it is impossible to cover all
of the ramifications of qualification, supply, specifications,
and standards. Examples of some industry views provided
during the survey are included as appendices in the executive
summary provided to you. It is hoped that this report and
the discussions which follow today will stimulate your
thoughts and suggestions on those subjects.

Thank you for your attention.

17
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U.S. ARMY QUALIFICATION PRACTICES
Edward Lenoe

Army Materials & Mechanics Research Center

Good morning, I'm pleased to be here to speak
with you. I'm sure the next three days will be very
productive. What I'm going to try to do this morning is
to briefly try to identify the range of DARCOM or Army
activities related to composites, talk a little about the
philosophy of qualification, but I'd also like to raise a
number of issues for the working groups to consider, and
then I'd like to conclude with some personal concerns.

. With regard to DARCOM activities, they cover the

A full spectrum of materials R & D, preliminary design and

. analyses, prototype systems and also the development of

ki advanced characterization techniques., We manage the DoD

3 Specification and Standardization program as well, which I
will describe in a little detail. I'd like to say that our
orientation, at least in the composites community, is around

airframe structures. We hear a lot about the future use of
composites being at the level of around 40-50 percent in air-
;3 frames; however, one of the things I'd like to emphasize in
N my presentation is the increased utilization in all types of
y military hardware. Regardless of the application, the
range of concern includes the production capability, the
’ actual certification of repairs (this is another issue which
o should receive increasing attention) and finally the vulner-
- ability and survivability and the increased enhancement of
these qualities using the unique properties of composites
for a number of advanced weapons threats.

With regard to Army applications in the aircraft,
most of us are familiar with helicopters. The Army approach
has been evolutionary, starting with a number of major
components, moving into secondary structures, various flight
controls and, most recently, strong efforts toward an all-

composite helicopter. In general, the Army helicopter
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experience has been excellent. While one main rotor blade
design has been expensive to maintain, we have several
components that have accumulated quite an impressive log of
hours. The oldest component has been in service for 13
years with over 7000 hours on one blade. Some specific
problems have been erosion strips and leading edges. The
certification procedures for rotor blades are fairly well
pinned down, but as you heard from Mr. Channon, they are
quite expensive, This document, the Engineering Design
Handbook on Helicopter Engineeringf is representative of

an Army approach to qualification in a variety of systems.
We deal largely through program manager offices. We have
a number of documents of this type which outline general
procedures. The contractor maintains a great deal of
responsibility in the full definition of the certification.
I believe that this is sensible in general; however, it
does lead to a proliferation of certification and qualifi-
cation procedures, and I hope the working group will address
the issue of how to introduce more uniformity in general
qualification approaches.

I'd next like to refer to a chart that Dick Hadcock
put together at Grumman, It is interesting because it
brings to mind the historical perspective that we have to
have., What we have here is a demonstration of weight
savings in a chronological order. This one curve
essentially indicates the first time structures were built
and tested - essentially the prototype demonstration of a
variety of components. You can see that there is a fairly
large time lag between the introduction in the prototype
sense and in the application sense. This ranges from 10
to 15 to 20 years and, obviously, this whole cycle is a
learning experience. It involves iterative design, analysis
and testing. If you look at the history of advanced
composites, you see the learning curve in a production
capability, you see the improvements in design and quite

often, these design improvements can be a factor of two.

*p. 44,
¥#not included 1in proceedings .
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I'd 1like to keep this as a perspective in looking at the

whole range of Army applications where we have done either

design or prototype testing. It covers not only the more

i familiar aircraft applications, but it ranges over arwmor,

o various kinds of body armor, tank liners, new initiatives

§ in the design of advanced artillery gun barrels, howitzer

g trail arms, looking at composites in munitions and bridging.
We did extensive work on flywheels a number of years ago,
work on rocket motor cases as in the Viper system, and so

: on. You can appreciate the fact that ground vehicles, as

- opposed to aircraft or electronic shelters for chemical/

. biological warfare, each have to be approached in a different

- way. It is obvious that an advanced Pershing structural

lﬁ adapter or a nose cone is a different situation than a man-

:f‘ rated anti-tank weapon system such as the Viper system. The

;4 Viper system cost, last year at its preliminary production,

!? something like $700 per unit. The actual inspection cost

ii was, I believe, a fraction of a dollar, and that involved

? real time proof testing of the case. Anotiher interesting

ii facet of the Viper was that the presence of small holes which

-t would be cause for rejection of a lot of aircraft components
had absolutely no bearing on the performance of these launch

tubes. The certification procedure was essentially field

ruggedness, e.,g . whether a soldier would sit on it in an

!! extended position. Another kind of a situation is in the
Eﬁ; 5-ton truck. We've built the entire cab area out of
Si composites with a 45 percent welight savings. We've manu-
;; factured truck wheel hubs and the actual truck frame.

One thing I'd 1like you to consider. I think our’
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emphasis has been on high reliability, relatively low volume
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aerospace type productinn. The Army also deals with high
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volume and cheap items in which we are willing to accept low

.

reliability. I think the philosophy of design allowables
"A" and "B" is fine for the high reliability items but we
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should also leave room for an approach which considers a wide
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range in materials properties so that we can achieve
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appropriate reliability.

Another thing I'd like to remind the working
i groups to consider are the opportunities for light weight
materials for specific weapons threats, e.g. laser resistance
or ballistic tolerance. So much for the philosophy related
to the wide range of applications for composites.

R e B e 2

. Next, I'd 1like to talk about the Defense Standard-
ization and Specification progranm. The mission of this
activity is to achieve the highest degree of standardization.
It includes preparation, revision, amendment and cancellation
of specifications. Within the co-~called DODISs, there are

- TR SR LI

46,000 standardization documents, more than 500 dealing with
threaded screws., It is obvious that we have a long way to
go in this business. Of the approximately 46,000 standard-

ization documents, 4500 are related te materials and these

- v
N S e

are administered in our laboratory, the Army Materials and
Mechanics Research Center, We have automated that data
base which will be hooked up to 8 interactive terminals so
that we can get a real time playback of at least these

materials specifications. We have a lower degree of
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computerization of the 46,000 documents. An examination

of this data base indicates that there are currently 450
Federal Supply Class documents that relate to plastics
fabrication. One of our primary activities relates to MIL
Handbook 17 about which you will hear from one of the other
speakers. In a general sense, we produce about 233 updated

revised specifications in a year and we have a look at over-

aged documents every 5 years. S0, in principle, nothing in
this automated data base is older than 5 years. That means
: that some respected organization in DoD has given its

E blessing that it is still an acceptable document.

I do want to emphasize that the Defense Standard-

L radn

ization program actually implements consensus specifications

PR
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to a high degree. I have an example of that with regard
to work over the last 20 years or so. This j& the total
number of documents that have been adopted from ASTM, ASM
and other industry type standards. You see that they
! begin to approach 2400. With regard to composites, we
E} have adopted 60 test methods from ASTM and most recently a
i: number of specifications related to armor, body armor, air-
=2 craft seats, transparent armor and Frank Traceski is here to
. answer any details on that, I'd 1like to say that we have 5
is participants and if there are any questions on any of the
i: subjects that I have briefly discussed, I will be happy to
ii put you in touch with the appropriate individuals,
Next, I'd like to talk in a philosophical vein,
I'd like to go back to Stan Channon's chart which he used
o earlier and look at this from a somewhat different per-
:j spective. We heard recently that 2 or 3 new pitch base
2 fibers have been announced by Japanese producers and
: apparently 8 to 10 manufacturers are involved in that enter-
2 prise. You've heard the story about PAN base fibers. It
ii looks as if there is an aggressive entry into the pitch
. base fibers as well.
52 The other thing I'd like people to give some
:- consideration to is uniform approaches to co-production.
.I If you look at military sales, we are doing co-production
: with Turkey, Spain, Italy, France, etc. On the civilian
‘i; side, we are doing co-production on very high performance
ﬁ% aircraft as well. I think we've got to be very protective
i: of that and adopt some uniform approaches as well. Stan's

document essentially concluded that the U.S. is not only
strongly dependent on foreign materials but, encouragingly,

- it has the largest fabrication base. We have some truly
E: unique facilities. We are currently the largest consumer
- of composites. I think we shouldn't give up this position,

but we should try to enhance our national capabilities in a

variety of areas, These intersecting three circles are a
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useful way to approach the situation. We are talking in
terms of the supplier, the manufacturer and the user. In
terms of international collaboration, I believe it
certainly makes sense to collaborate as fully as we can with
regard to gqualification and certification of raw materials.
At the user end, I think this is the arena where we have to

be extremely careful,

Lastly, I'd like to allude to a personal problem
that we have, We have been approached by a number of
overszeas authorities who are interested in adopting the
structural certification procedures, in particular, recently,
the U.K. They are interested in our activities on MIL
Handbook 17. They have some good perspectives - one of
their questions is whether we use a fracture mechanics
approach or an equivalent overload approach. I just wanted
to lay that on the table since we are currently wrestling
with how to approach that. In conclusion, I want to
remind you that my major concern is that other certification
activities be initiaten with regard to non-aircraft

structures as well.
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1981 - AMRC Revisep DADISS

1. MIL-N-18352A(0S)

2. MIL-M-19887A(SH)
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COMPOSITES

e MILITARY HAND BOOK 17 (ParT 1)
MecHANICAL PROPERTY DATA PRIMARILY FOR AEROSPACE VEHICLES

o MILITARY SPECIFICATIONS
MIL-A-46103C
LieHTWEIGHT, CERAMIC FACED ARMOR (BoDY ARMOR & AIRCRAFT SEATS)

MIL-A-46108B
TRANSPARENT ARMOR - VisIon BLocks, WINDSHIELDS

MIL-A-46166 (MR)
LIGHTWEIGHT REINFORCED PLASTIC/CoMPOSITES ARMOR -
PILOT SEATS, SIDE AND FLOOR PANELS
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Michael Dubberly

Naval Air Systems Command

I want to cover two main topics in the time we

have.-— (a) how we go about selecting materials for a new

aircraft program, and {(b) structural certification procedure
as we go through a full scale development program. Relative
to the material systems. there will be some discussion on the
thought process that drives us to select one or the other
material systems, the qualification procedures once that
material is selected and some concerns that I have in the

way we currently do business in the composite materials sector.

On certification issues, we'll just cover the

broad view in terms of how it compares to what we would do
for comparable metal structures, some of the characteristics
that drive you to certain types of testing and an overview

of the static and fatigue testing (full scale and small scale)
as 1t involves a new full scale aircraft development program,
the options and some words on what we have done in the past
and what we are likely to do in the near future. Then, I
will summarize and include some examples of current uses and

immediate future uses.

Relative to selection considerations, there are two
main ingredients - performance and experience. In any new
aircraft, you are going to try to get the weight down. A
new materlal system has to come in near the leaders of the
pack relative to strength and stiffness. If not, it is not
likely to receive much consideration. It also has to have
good processing characteristics because,in a production
environment, we can't afford the kind of luxuries that we
can in a laboratory environment. Relative to experience,

(and this certainly is a key issue) we would like to do
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nothing better than to adopt those new systems, but they

are not quite there yet in terms of an experience base,

So we play the role of pushing the technology on .he one
hand and, on the other hand, acting as a gatekeeper when

we commit to full scale production. We consider how much
material has been produced, whether the supplier appears to
have a stable production base, the consistency of properties,

the size of the existing data base (not that we are looking

for an allowables data base, necessarily) and a warm feeling
that, when you do get to the allowables data base, you are
going to achieve the advertised properties, and lastly, some
fabrication experience. This is more than just small
specimens, We have run into a number of scale-up problems

over the years in which the material went together fairly
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well when we were making small specimens but, when we began
to make large panels, difficulties arose. A1l of the

critical selections are either made by the Navy cr subject

to Navy approval. We feel that this is too important to

leave to the contractor himself, so it is a joint venture.

Once we have selected a system and launch into a
material qualification prog:am, typically, as part of the
full scale development program, we only have to be concerned
about the qualification of the material as opposed to going
into the further development of aircraft components. The
allowables program consists of developing either "A" or "B"
basis allowables, To date, we have been using "B" basis
allowables but I don't know that that will necessarily
continue to be the case. Typically, that will run in the
neighborhood of 800 to 1000 specimens, will take about a
year and will cost $1 - 1.5 million, depending on the extent
of the usage and how much experience we have with the particular
system that has been chosen. For a major program, we
usually qualify only one system. This has to do with the
costs and the schedule constraints, and once we've selected
a system that we believe to be the best for the application,

there is hardly any time or money to gqualify more than one.
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In terms of manufacturing experience, we would
tailor the early stages of the program to acquire
substantial hands-on experience prior to beginning to make
something that we are going to count on either as a full
test article or a flight article. That process also
includes developing the process specifications, the incoming
inspection testing and so forth. The latter part is crucial
relative to being able to assess the quality of the materials
that are received and the consistency of the materials.

Some of my concerns relative to the materials systems that
are in place today relate to receiving inspection. We do
that quite extensively and, frankly, it is due to the lack

of a verifiable composition or process control at the supplier.
We are not suggesting that everybody does not do the best
they can and are well intended, but there is some history of
variation of products over a period of time, particularly in
the early days. When those things occur, the proprietary
nature of most of the products prevents complete openness

by the supplier in resolving the problem, so we are often
left with uncertainty about what went wrong and realize that
it may happen again. Lastly, the fabrication process is
fairly sensitive, much more so than with the metals,. Metals

have their own problems, but they aren't nearly as sensitive

in the production operation as composites are.

The second subject is certification. In the
broad view, the differences-in certification for composites
and metals depends on how far up the chain you are when you
look down. At a high enough level, it looks about the
same in terms of what we would do relative to the analysis,
development test, major full-scale testing, floght testing
and so forth, Again, from a program manager's or higher
perspective, it doesn't look appreciably different; however,

when we set out to design test programs, we try to design
programs to interrogate the specific characteristics of the
material and the failure modes. Over the years, we have

developed fairly standard practices for metals, but this
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is the result of a lot of feedback over a period of years.
Comparing composites and metals in terms of their
characteristics, the composites are fairly linear and
metals are ductile, the composites are statically notch-
sensitive whereas the metals are not. One of the main
problems with composites is the low strength through the
thickness, whereas metals have a relatively low direction-
ality. Analytically, that is difficult to deal with,
because. obviously. we can't do three~dimensional analysis
all around a large airplane. Composites exhibit an
appreciable temperature and moisture sensitivity that the
metals do not, at least over the short term, Composites
don't corrode but they certainly experience some reduction
in properties. In metals, we are typically used to watch-
ing out for the tension loaded structure in fatigue but, in
composites, it is just the opposite. Both are reasonably
notch sensitive. Composites have a high variability which
is one of the chief problems in the qualification of a
composite structure to try to obtain the same degree of

confidence as you would have in a metal structure.

In terms of a certification program, (both
statically and in fatigue) we try to account for those items
which make composites difficult to deal with, such as the
environment, the variability and the fact that most of our
structures nowadays are neither all composite nor all metal,
but a mixture of both, Conducting a conventional ambient
test and interpreting the data in the normal manner that we
would do in full scale testing, is clearly inadequate.

Over the last few years, we have adopted the building block
approach in which we produce progressively more complex
structures, starting with the allowables on simple specimens
to joints, to a unique section of a wing or fuselage to a
component, and maybe one or two spar boxes of a multi-spar
wing., We try to get an environmental test on the largest

components that are practical (say a three spar box on an

F-18 wing - something about three feet wide and 6-8 feet long).
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In the area of the full scale tests, there are a nunmber

of options. Most of those are going to be ambient tests.
In accordance with our specifications, we compare the
measured strains to the allowable strains developed during
the allowables program, Just getting the structure to
reach the normal 150 percent does not pass the test, We
can test to a factor above 150 percent; if the design is
adequate, the composites can clearly handle this whereas
the metals frequently can't. We are always dealing with a
mixed structure. Full scale environmental tests are
generally impractical, unfortunately. Sc¢ we'lve tested to
failure and we've compared the strains all around the
structure with the allowables. In other words, when you
are at 150 percent, if the strain that you are measuring
exceeds the design allowable, then you have failed the test

whether the structure broke or not.

Relative to fatigue, the same three factors are
important. We have adopted the same building block
approach as before, building progressively larger and larger T
specimens, and then conduct conventional fatigue tests.

These are similar to and usually the same as the static
specimens. What is considered conventional in the Navy
isn't necessarily che same as what you might see elsewhere.
Our fatigue tests are generally done to severe loads
relative to the expected usage. They are not intended to
represent the normal expected usage. This is not a function
of composites but has been the general practice over a
number of years, We test to a 2 lifetime test and perhaps
to three or four if nothing happens, but usually there is a
lot happening. Or we can cest with higher load levels in
order to interrogate the composites. To some extent, what
we adopt is the tailored spectra but it really doesn't end
up being appreciably different than our past practice. As
you begin to add more and more high loads to a spectrum, if
you look at the life of the metal parts that are thc ones

that will fajl first, (unless you erred in the composite
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design) then the 1ife tends to initially get longer as you

get those residuals in from the metal, and then it tends

to get shorter as you get more loads and the high loads

seem to dominate the life, We always try to make it a

practice to be over on the far right hand side of the curve

so that the high loads are dominating. Composites are very

sensitive to a few high loads so, while we don't have a test

procedure that gives you the same level of certification

confidence in the composites as you get in the metals, it is

moved in that direction as much as

the metals will allow.

The last item has to do with some efforts that we

have under way in the research area now, There is certainly

a possibility that you can tell something about the fatigue

life from the static test results if you can get to a high

enough load level and you have fully quantified the fatigue

characteristics of the particular composite material system.

Lastly, in summary, the conventional static and

fatigue tests, all by themselves; without any modification

from tailoring that I have described, just really don't tell

you what you need to know. The building block approach is

a key element in the certification procedure in terms of

supporting the full scale test results. The full scale

test options that are available are, to some extent,

application sensitive, depending on the nature of the

structure, the environment and the

scope of development

testing. In some cases, we have taken a much less than

desirable approach to producing a piece of production hardware,

The mixed structure is going to remain a difficult area to

deal with. When we do the static
get up to the high loads, In the
really interrogating the metals in

Lastly, I just wanted to
primary applications to date,. On
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areas for composites are the wing skin, the dorsal covers
and the horizontal and vertical tails, The wings and the
horizontals and verticals all have metal substructure and
are about 10 percent graphite which works out to about

1200 pounds per aircraft. A number of doors and secondary
To date,

we really have not had bad experiences with the F-18 and

structure are also included as well as the flaps.
composite materials, We have certainly had a few difficulties,
but nothing that would make us think that we might have made

The AV-8B 1is a much smaller aircraft

It also has about

1200 pounds but the overall structural weight is only 4600
pounds compared to 10-12,000 for an F-18.
AV-8B is really the
long development program much preceding the full-scale

the wrong choice.

but it has higher use of composites.

The wing of the
centerpiece and was the product of a
development. The horizontal tail and forward fuselage
The wing is a full depth
structure, probably one of the first of its kind in a

are more recent applications.
production application. We've recently adopted a few

other composite parts in hot areas, using bismaleimide and

a few others, not extensively, but just where the temperature
required it. Overall, composites comprise about 25% of the
structural weight. Lastly, the new aircraft that we are
launching 1is being described as the all-composite aircraft,
(all means about 60%, which is a lot).
system for this is the IM6 - 3501-6.

were either AS-1 or AS-4 fibers in the same resin system.

The material

The other two systems

A1l the primary structure in this aircraft is goinz to be
graphite, with a few fittings of metal, The majority of
the structure is composite, including the wing, fuselage,

empennage, and so forth.
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U.S. AIR FORCE QUALIFICATION PRACTICES

John Lincoln
Aeronautical Systems Division
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U.S. AIR FORCE QUALIFICATION PRACTICES

John Lincoln
Aeronautical Systems Division

I hate to start off a presentation with an apology.
I don't have vpictures to show you of airplanes, and the
reason for that is that, 10 years ago, the Air Force was
bearish on composites. They viewed composites as having
a number of inhibitors. The Navy and Army pushed forward
and moved into composites while the Air Force lagged behind.
In the last 10 years or so, a number of these inhibitors
have been removed. Government and industry programs,
particularly the durability program at Northrop and the
damage tolerance program at Boeing, have been very influential
in removing these inhibitors. They have been conducted under
contract to AFWAL. The things I'm going to show you are
still pretty much in a stage of evolution. Things that we
said 2 or 3 years ago were different than what I'm going to
tell you today. If we had to go to press today and design
an airplane out of composites, the type of things I'm going

to tell you are what we would be doing.

I'11 talk first about aircraft. . Back around the
late 1950 time period, the Air Force got tired of cracking
metal airplanes and instituted the aircraft structural
integrity program. This has persisted through the years
and has now become quite formalized. The details of that
program are covered in MIL STD 1530 which is required by Air
Force Regulation 80-13, The regulation describes the
details of the aircraft structural integrity program, the
details of the master plan, the responsibilities of the
users, the responsibilities of the Air Force Systems Command
and the Air Force Logistics Command. It is really a cradle -
to - grave operation composed of these five tasks - design

information, design analyses and development tests, full
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scale testing, force management data package and force
management, The last task is usuall.ly an Air Force only
responsibility. The first four tasks are usually done
through a contractor. I am going to talk to these first
three tasks relative to composites., In those five tasks,

there are 35 elements,

Task 1 has included material allowables; right
now, we are thinking in terms of B basis allowables, to include
the effects of temperature and moisture history as imposed
on the structure. If temperature and moisture degrade the
material, it will not be a very valid competitor. In terms
of analyses, which are a Task 2 responsibility, things of
interest there are strength, durability, damage tolerance,
and they include flutter because of the modulus implications
in composites. Damage tolerance considers a worst case
type defect with which the structure may have to live. In
terms of analyses on damage tolerance, we are asking that
the damaged structure be required to survive two life times,
without failure. Durability requirements are for two life
times without impairment of function. Tests in Task 2,
include design development tests and some damage tolerance
testing. Task 3 has the full scale static tests and the
full scale durability tests,

It is true that the building block approach is
necessary for composites. I guess 1t is true for metals,
too. I don't think we have emphasized the building block
approach enough for metals, but it's always been there, and
we put great stock in the final static and durability
testing. It is mandatory in composites that you understand
the composite structure through coupons, elements, sub-
components and components. If nothing more, you've got to
do this, strictly on an economic basis, because you can't
afford to do it in full scale. In coupons and elements,
we are looking at the effects of moisture and temperature
on the allowables; we evaluate the effects of high energy

impacts up to 100 foot-pounds and living with that type of

78

..................

......................................

--------------------------------
-----

.......

e s

Q_;_-.\

. i. - ., .. o
N A AR AR A

L
-

'y - L PO . T e
I Tl Nl IS T RS WY A A I Y Bt Tt U RTINS




impact for two lifetimes, At this level, we also need
to determine the potential failure modes and this
examination may take more testing than you would think
would be normally required in a metal structure. Lastly,
in the design development tests, you need to establish

the full scale test requirements,

e feel that the full scale durability tests
really can be a test of the metals. Every airplane that
we can conceive will be a mixture of composite and metal,
The durability of composites will be established in the
design development tests, We think that composites have
superior durability capability. It is a problem in a

sense, because we have something that is very good, but it

takes an extensive amount of testing to verify that coodness.
We may have to test in the early development tests for a
number of lifetimes to obtain the same level of confidence
that we have "'n metal structures. We think also that the
damage tolerance of the structure will be developed in the
building block process. Currently, in metal aircraft,
there is un option of using the full scale article or
components to validate the damage tolerance capabilities.
For composites, because of the concern of shift in failure
modes and the need for all of the impact testing, delami-
nation testing, and so forth, full scale testing is probably
not in the realm of reality. Right now, we are working
with Boeing in sotting up requirements on damage tolerance;
those are being coordinated through AIA and include impact

damage, delaminations, scratches, bird strike and lightning

strike.
I would like to say a word about missiles and
spacecraft, The general requirements for strength and

rigidity of missile structures are covered in MIL-8856A.
Unfortunately, that was last updated in October 1969 but
does nol say anything at all about composites. They do
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753 rely on the 88 series but it is hard to find specific .s,':
§3 requirements for composite structu:es in missiles and

: spacecraft. For missiles that are carried on aircraft

- and would affect the safety of an aircraft, we do apply

‘ the aircraft structural integrity program. For missiles
; that are not on the aircraft, the ASIP does not apply.

E So there seems to be some work needed for requirements

| for these types of vehicles. The qualification approach
= has been one of testing to fracture, based on rather

:j rudimentary analyses. There is some evidence that the
X analysis techniques are improving. For exit cones and

- nozzles, those analyses are pretiy complex.
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