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[TV, ABSTRACT

As part of the overall program to modernize the government owned, ccmpany
loperated army ammunition loading and assembly plants, it is planned to
develop fully automatic equipment to manufa~ture non-clectric deton.tors
at the rate of 1200 per minute. This survey of literature sources zud
industry was undertaken to discover techniques and equipment that may be
applicable. Current production rate in the loading plants using semi-
automatic equipment is about 3z per minute with onc system used at Lake
City AAP capable of about 300 per minute. Methodology and equipment is
available to achieve the 1200 per minute rate after some development

work in the oreas of conditioning raw explosives, accurate metering of
explosive charges, safe consolidation rates, automatic inspection for
flaws in cups, automatic functioning tests (on-linc), barricades to
protect equipment and personnel and to avoid propagation of an explosion,
and remotely controlled trouble shooting devices. |

Specific recommendations include: (1) use design concepts based on con-
tinuous motion of individual, captive, oricented workpieces with endless, f
rigid transfer system and multiple tool modules (quick-change) on rotary
turrets processing numercus workpieces simultaneously; (2) use mechanical
presses with toggle or RLISS "Powerbar' linkage for consolidation, cup
l
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13. Continued

drawing, closure disc blanking and crimping; (3) use present gravity-fed,
volumetric metering devices with improved accuracy, precision and

safety; (4) develop optimum anti-propagation barricades for ecach opera-
tion, including dust control and reject disposal; (5) develop automatic
flaw inspection, leakage and functioning test techniques and equipment;
(6) develop remotely controlled binocular video equipped highly mobile
devices for maintenance, repair and trouble shooting; (7) automate the
"back-line" to meet high rate demands of the "front-line" safely;

(8) start work on advancing technology immediately.
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SUMMARY

A survey of six months duration was made to find tech-
niques and equipment for fully automatic, prodﬁction, 100%
inspection and packaging of non-electric detonators at a rate
in excess of 1200 per minute.

The detonators must comply with the current drawings,
specifications and functioning requirements.

It was found that the characteristics of the various
priming mixes and high explosives used in detonators constitute
the dominant constraints on choice of process techniques and
manufacturing equipment. These characteristics include:

(1) sensitivity to initiating stimuli.

(2) Explosive power (output).

(3) Handling characteristics such as flow prOpertées,
dusting tendency, particle size, bulk density,
uniformity, hygroscopicity, eirc.

Because of the extreme sensitivity and tremendous destruct-
ive power of the detonator explosives, safety is the major
consideration in all of the manufacturing processes. Detonation
pressures are of the order of millions of pounds per square inch
which no known structural material can withstand without damage.
Thus, every conceivable precaution must be taken to avoid
accidental detonations in the manufacturing processes and to

minimize the extent of damage if a "blow" should occur.
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The survey disclosed that techniques and equipment are
available within the state-of-the-art to construct a fully
automatic 1200 ppm detonator line except for several possible
problem areas that will require some development work.

The major operations in detonator manufacture are listed
in Part 4.5, pages 51-53, and the problem areas in Part 4.6,
pages 54-55, These are discussed briefly in Part 3, Conclusions
and Recomme:dations, and in more detail throughout the report.

Specific recommendations are as follows (justification
arguments will be found in the text and supporting documents):

1. Use individual workpiece holders and move them
continuously through the process line in captive,
oriented manner using rigid continuous transfer
devices. Mount multiple work stations (tool modules)
on rotary turrets to simultaneously process numerous
workpieces at one time. (See Appendix 2.)

2, Use mechanical presses with toggle linkage or Bliss
"Powerbar" fof consolidation stations for best control
of ram speed. Also, satisfactory for cup drawing and
blanking closure discs and crimping.

3. Automate the "back line" to meet the demands of the
"front line" safely.

4, Use present gravity fed volumetric metering devices;
Cargil scooper, Iowa Jlispenser, Chamlee dispenser,
etc., but try to improve accuracy and precision apd

reduce cost and frequency of "blows".

iii



9.

Undertake a study to determine optimum consolidation
rate, pressure, dwell, and tool clearances for each
type of detonator explosive.

Develop optimum barricades for each type of tool
module, process operation and inspection function;
include dust control and reject disposal,

Completely automatic, on-line, 100% inspection is
probably the most expensive feature of the envisioned
modern production line and will require the most
development effort. Automatic on-line functioning
testers, leakage testers and flaw detectors must be
developed although equipment for dimensional inspection
is within the present state-of-the-art.

“"Flaws" include cracks, splits, thin spots, dents,
perforations, burrs, scratches, exposed explosive,
missing closure discs, missing lacquer seals, foreign
materials, improper crimp, etc.

Remotely controlled maintenance, repair and trouble
shooting equipment with binocular video and great
mobility should be developed.

The efforts to advance technology in these problem

areas should begin at once.

iv
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1.  ABSTRACT

As part of the overall program to modernize the government-
owned, company-operated (GO-C0O) Army Ammunition Loading and
) Assembly Plants, it is planned to develop fully automatic
equipment to manufacture non-electric detonators at rates in
excess of 1200 per minute. This search of literature sources
and industry was undertaken to discover techniques and equipment
that may be applicable. Current production rate in the loading
plants is about 32 per minute with one system at Lake City AAP
capable of about 300 per minute. Methodology and equipment is
available to achieve high volume, automatic production after
some development work in the areas of safely conditioning raw
explosives, accurate metering of explosive charges, safe con-
solidation rates, inspection for flaws in metal parts, '"on-
line functioning tests, barricades to protect equipmenf and
personnel and to avoid propagation of an explosion, remotely
contro'led trouble shooting devices, and improved leakage
testing.

Specific recommendations include: (1) use design concepts
based on continuous motion of individual, captive, oriented
workpieces with endless, rigid transfer system and multiple
tool modules (quick-change) on rotary turrets processing
numerous workpieces simultaneously; (2) use mechanical presses
with toggle or BLISS "Powerbar" linkage for consolidation, cup

drawing, closure disc blanking and crimping; (3) use present



gravity-fed, volumetric metering devices with improved accuracy,
precision and safety; (4) develop optimum anti-propagation
barricades for each operation, including dust control and
reject disposal; (5) develop automatic flaw inspection, leakage
and functioning test techniques and equipment; (6) develop
remotely controlled binocular video equipped highly mobile
devices for maintenance, repair and trouble shooting; (7)
automate the "back-line" to meet high rate demands of the
“"front-line'" safely; (8) start work on advancing technology

immediately.

2. INTRODUCTION

2.1 Historical Background

This survey is part of the Army's long range program
to modernize the GO-CO Plants and the manufacture of munitions
in general. Major objectives include modernization of methods
and equipment with increased production capacity and quality

while reducing cost through automation.

(See "Automation Concept" following.)



Because the desired production rate for detonators
is orders of maynitude greater than present rates (1200 ppm
vs.~» 30), it was deemed wise to search for new techniques and
equibment that might be adapted to the job.

Accordingly, a contract was let with the following

Scope of Work and instructions for procedure:

THE AUTOMATION CONCEPT
e e e e ]

1. Cuts Cost
a8) Reduced Labor Cost
b) Reduced Material Cost via Fewer Rejects
2. Improves Quality '
a) Better Uniformity
b) Reduces Human Error
3. Less Floor Space Required
4. Reduces Inventory Requirements
S. Higher Production Capacity
6. Saves Time ("Time is Monez")
7. Avoids many Personnel Problems and
Resulting Costs

2.2 Scope of Work (Extract)

2.2.1 Objective

The contractor shall devote his efforts and

facilities to conducting a survey of modern high-volume, high-
rate equipment and technology which may be applicable to the
production of military detonators. This survey shall include
equipment and technology currently used in the explosives
industry and equipment and technology currently used in other
industries requiring high-volume, high-rate production.

It is not intended to limit this study to
the explosives and peripheral industries. At the conclusion of

this survey, the contractor shall recommend which (if any) of
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the equipment and techniques surveyed are worthy of further
consideration and may be adaptable to the production of
detonators.

2.2.2 Procedure

To attain the objective, the contractor shall:

a. Make a thorough literature search of
high-volume, high-rate equipment and technology.

'b. Cull this listing to the extent of
eliminating: (1) obvious duplications and (2) equipment and
technology which is totally non-applicable to the production of
military detonators. Since new methodology is being sought,
extreme care should be exercised in the culling process to
insure not losing a potentially valuable possibility.

¢. The remaining equiprent and technology
shall be investigated thoroughly and a complete report submitted
to MTD at Picatinny Arsenal. The report will include complete
descriptive material, drawings, sketches, photographs, trip
reports, cost estimates for material, equipment, labor, or
implementation of technology and possible proprietary and/or
other forseeable problem areas.

d. As noted in the objective, the contractor,
in addition will submit a final report listing recommendations
and techniques which appear to be most profitable in adaption

to detonator production.

- END -
EXTRACT

13



2.3 Approach
The survey began by following the procedure outlined

in the Scope of Work, but was modified as it progressed. In
order to determine what to look for and how to evaluate potential
applicability to high-volume detonator production, it was first
necessary to have a detailed knowledge of how to make detonators.
.The various steps, procedures and processes were determined
(Para. 4.5) and then the search was concentrated in these areas.

As the survey progressed, the most important problem
areaswere identified (Para. 4.6) and the search concentrated
on finding techniques and equipment to resolve thenm.

This had the cffect of changing the nature of the
end product originally envisioned.

The most potent approach is to determine the
characteristics of the materials to be processed and then evolve
techniques and equipment suitable to do the job safely and
efficiently. Because of the nature of the cxplosive materials
used in detonators, it was found that very definite limitations
are imposcd on processing rates and safety precautions.

A typical detonator contains three explosive charges;
a priming mix, an intermediate charge, and an outrut charge.

The priming mix is purposely made very sensitive to facilitate
reliable initiation. The intermediate charge (usually lcad
azide) cffc . ts transition from‘burning (of the priming mix) to
detonatio ich shocks the output charge into strong detonation.

To accompl i this within very small confines of the detonator,



it is necessary to consolidate the dry granular explosive charges
under great pressure to achieve high density. Probably the most
hazardous operation in the manufacture of detonators is that of
consolidating the charges. Explosions or "blows" .as they are
frequently called, occur most often in consolidaticn of the
priming charge because it is very sensitive and requires the
.highest consolidation pressure, up to 100,000 psi. However,

its output is primarily flame and hot particles and even if it
should detonate, there is only minor damage because the

quantity of charge is quite small. Twenty-five milligrams is
typical.

However, lead azide is also very sensitive and when
initiated it always detonates. It is usually consolidated (on
top of the priming mix) at about 20,000 psi and "blows"
frequently result usually destroying the tooling and sometimes
propagating (via dust) to the metering station and other parts
of the line. Primarily for this reason, no more than one ounce
of initiating or primary explosives are brought into the line
at a time. Output charges, usually RDX, PETN or Tetryl are
high explosives and considerably less sensitive than primary
cxplosives. However, they too are consolidated at about 20,000
psi on top of the primary and intermediate charges and although
less frequent, when '"blows" occur, the damage is greater.

These characteristics impose certain basic limita-
tions on manufacturing equipment which indeed may be considered

design critesia as discussed in Para. 4.2.9.



The survey attempted to cover all conceivable sources
where uscful information might be available, but because of
obvious limitations on time and funds, had to be selective.

A sampling technique was used. The sources included known
literaturc, detonator lines, loading plants, arsenals, libraries,
patents, trade associations, consultants and industry,

A form letter explaining the purpose of the survey
was preparcd and mailed to numerous industrial organizations.
These were selected from trade magazines and catalogs pri-
marily. Notices werc published in the COMMERCE BUSINESE DAILY
and AUTOMATION MAGAZINE. In most cases, when responscs were

received, they were acknowledged via the form letter.

From these activities a rather imposing volume cf
brochure material was acquired as well as ecxtensive address
list of industrial organizations available to contribute their
special talents and equipment to the effort. These are under

separate cover.

3. CONCLUSIONS AND RECOMMENDATIONS

5.1 General Concepts

The problems of high-volume production of detonators
begin on the so-called "back-line" where the explosives are
received and conditioned prior to being moved into the "front-
line" where they are incorporated inte detonators. The explo-
sives arec btoth sensitive and powerful and safety dictates that

they be handled in small quantities and by very carcfully

evolved procedures.
-7-



“New Techniques'" that were surveyéd included better
methods of desensitizing the explosives and methods of auto-
mating the conditioning procecdures.

New desensitizing techniques will require considerable
investigation and development. The most direct and economical
approach with highest probability of success is simply to
automate the present back-line procedures. Effort is already
underway in this direction. (Picatinny funded program at Lone
Star AAP). The centrifuge method of washing and drying lecad
azide developed at ARC ("Rolliex) for Picatinny Arsenal is one
example of this.

Experience gained in the GO-CO plants over the years
has determined the maximum safe quantities of explosives and
rates at which they can be processed safely. 1t is recommended
that these limits not be excceded in the new, fully-automatic,
1200 ppm production line.

Tﬂe design of the new line must provide for bringing
safe quantities of explosives into the line and processing them
fast enough to maintain the required 1200 ppm output. Thus,
any operation that takes longer than 0.05 second
(%g_iggk_~= 0.05 sec.) will require multiple parallel processing

1206 ppm
stations. (Actually the time is even less to allow for rejects
and samples for functioning tests.)

Judging from operations obscrved at three GO-CO

plants (Lone Star, Jowa and Lake City), at least two secends



are required to consolidate the explosive charges. Even at

" this rate, occasional "blows" occur. In the Iowa Loader, it
was reported that increasing the rate increased the frequency
of "blows".

The Lake City system uses multiple, parallel process-
ing stations in the form of multiple cavity tooling (110 die
‘cavities per platen). In this manner, 110 cups are processed
at a time and the consolidation operation takes about 20
seconds, 10 times that a. Iowa and Lone Star. Even at this
longer operating time, the Lake City production rate is about
360 per minute (10 times that at Lone Star and Iowa). This is
air example of how the multiple, parallcl operation concept
can increase production rates. However, even though the Lake
City consolidation rate is slower than lowa's or Lone Star's,
they have occasional blows. These destroy the expensive tooling.

The recommended design approach for the new line is
to combine the best fcatures of both metiiods. This points to
multiple, parallel tool stations that are designed to survive
a "blow" or at least limit the destruction to an absolute
minimum so that replacement can be simple, quick and inexpensive.

This concept applics equally to all of the tool
stations. An additional requircment is to prevent propagation
of a blow from onc station to another. Good dust control systcms
and positive acting barricrs between tool stations should solve

this problem, but development work is nceded.



The nature of the explosive materials and the methods
in current use to load them into detonators that will perform
properly evidently preclude all hope of designing high-volume
automatic equipment that will never experience a blow. Design
goals should be to minimize the frequency of blows and the

damage they cause.

3.2 Metering

In the present GO-CO lines, explosive charges are
metered by volume rather than by weight, although they are
gravity-fed. With the multiple parallel tooling concept, the
gravity feed rate is fast enough. 1In view of the fact that
blows sometimes occur in the metering stations, attempts to
speed up this operation are not recommended. Any efforts to
improve the metering operation should include improving
accuracy and precision and reducing the cost of the equipment
which is usually destroyed when an explosion occurs. Another
approach would be to design the equipment to survive a blow.

Still another approach that appears worthy of further
investigation is to load the material in a wet condition which
should make it less sensitive and hazardous. Drying can be
accomplished either after metering or after consolidation in
the cup or both.

3.3 Consolidation Rate and Pressure

Optimum design of the new automatic line will be
facilitated by accurate data on safe consolidation rates and

pressure for each of the cxplosive materials to be used. 1In

-10-



the survey it was possible to calculate approximate values tor
some explosives as used in the existing lires, but it is not
known how accurate these are or whether or not they represent
limits,

Quite possibly, consolidation rate and pressure are
not the only factors to consider in avoiding blows. Friction
causing impurities and pinching of explosive between punch and
die should be avoided. Too little clearance between punch and
die may prevent the entrapped air from escaping, resulting in
adiabatic hecating and possible blows. Even without a blow, the
compressed air may cause spring-back after the punch is with-
drawn,

Pressure dwell is necessary for some types of
materials and in some cases where clearances are small, It will
allow time for trapped air to escape. At Lone Star and Iowa,
clearances of .002-.003 inch appecar adequate so that no pressure
dwell is required.

The type of press used for consolidation is a matter
of designer's choice, but it is recommended that it be capable
of controllcd rate of approach of the ram or punch to the
explosive. A good example of the desired rate control is that
produccd by a spring loaded toggle linkage. This causes the ram
to move rapidly as it approaches the loose explosive charge,
but as consolidation procceds the ram slows down to a stop at
the desired pressure, which is maintained by the pre-set spring.

The lowa Loader uses this methed.

-11.



3.4 Barricades

The consolidation operation is the most hazardous
and must be performed within a barricade. In fact, all of the
operations require a barricade of some sort especially designed
. and tested to suit the particular process. Not only must the
barricade be designed to withstand the "worst-case' explosion,
it must also prevent propagation, be easy to clean and maintain,
have fail-safe features and arrangements for safe clearing of
jams. Barricades are a major feature of the new automatic line
and will require considerable design and development work, and,
of course, thorough testing.

3.5 Anti-Propagation Designs

A detonation or explosion can propagate by means of
shock, flame, flying fragments and combinations of thesec.

The line should be designed so that detonation or explosion
products from one station will be intecrcepted and neutralized
before they can reach another station,

A suggested approach is to develop rcciprocating
barriers between work stations that continuously clean themselves
of dust and always present a barrier to a possible explosion
even when the workpicces are moving from station to station.

This is another arca where development work wiil
be required. In this same category, mcthods of dust control
and disposal of rejects shculd be investigated.

The reject disposal method used at Iowa AAP has many

attractive teatures. Two heavy metal plates in a box-like

-12-



barricade form the sides of a "V", but do not quite make contact.
Rejected detonators are dropped into the box and roll down to
the bottom of the "V". The metal plates are charged electrically
one positive, the other negative. When a detonator reaches the
- bottom of the "V", it closes the circuit causing a heavy current
to flow which heats and fires the detonator.

This method is quick, positive, safe, reliable,
leaves little scrap to be disposed of and avoids accumulation
of large quantities of rejects.

3.6 Automatic Flaw Inspection

Fully automatic, fail-safe inspection at rates in
excess of 1200 ppm is probabl; the most difficult, complex
and expensive capability required of the new generation
production line.

The explosive materials can be tested on a sampling
basis from each batch prior to entering the "front-line" section
but the metal parts must have 100% inspection for dimensionms,
physical properties and flaws.

Tests required on the explosive muterials include
moisture content, grain size, purity, output and microstructure.
If these are to be fully automated, much development work remains
to be done.

Similarly, the metal used for cups and closures can
be tested for physical properties and metallurgical properties
on a batch or lot basis. However, once in the line, inspection
for dimensions and flaws must be on a 100% basis and fully

automatic.

-13-



Results of the s.rvey indicate that systems for
dimensional checks are within the state-of-the-art and though
probably expensive and somewhat complex, shoulﬁ present no
unusual problems. Flaw detection is another matter. Examina-
tion for flaws such as cracks, thin spots, splits, perforations,
dents, burrs, scratches, exposed explosive, missing closure
"discs, missing lacquer seal, foreign materials, improper crimp
and the like have always been done visually by human operators.
Although there are a number of cfforts underway to develop
sutomatic systems to perform these inspection functions, much
development work remains.

Gulf + Western and Frankford Arsenal together with
their subcontracturs in developing automatic inspection equip-
ment for small caliber ammunition have probably achieved the
most advanced state-of-the-art.

In the general inspection category also is the problem
of leak testing at high rates. Present methods (either batch
or individual) do not appear to be adequate. A new approach is
needed.

3.7 Automatic Functioning Tests

Traditionally, results of functioning tests are
ultimate factors in the decision to accept or reject a lot of
detonators. The usual definition of a "lot" is a quantity of
detonators made with the same equipment and processes from the
same batch of raw materials in a continuous production operation.

A number of detonators are randomly selected and
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tested in accordance with specifications drawn up by quality
assurance experts.

For detonators, the most important performance or
functioning characteristics are input sensitifity, output and
functioning time.

In the case of stab initiated detonators for instance,
“the specifications will require that all fire when the firing
pin is actuated by a specified minimum number of inch-ounces
force applied by a steel ball of specified weight falling a
specified distance. The detonator output must produce a dent
of at least a certain depth in a steel witness plate.

The functioning time, measured from firing pin
impact to output shock must not exceed a specified maximum
value.

This "functioning" test is conducted using prescribed
testing apparatus and instrumentation; parts of which are
expended in each test. The tests are conducted at a separate
facility from the production line and performed at the rate of
perhaps one per minute.

The new, high-rate, automatic production line con-
cept implies that sampling and functioning tests be performed
on-line and concurrently with production.

It appears that this will require some revisions
in concepts and procedures regarding acceptance testing.

If a "lot" is defined as a continuous production

run made by the same methods, using the same materials, and
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all from the same batches (or lots) of raw materials, then the
smallest batch of raw materials determines a lot. For instance,
lead azide is made in batches or lots of 10, 15 or 25 pounds.

The M57E1l detonator (used in the 20mm fuze) requires
.096 grams of lead azide, so a 10 pound batch will make about
47,291 detonators.

10 1bs. x 454 grams/1b.
.096 grams/detonator

47,291

At 1200 per minute, this represents a 40 minute run (assuming
no rejects). A 15 pound batch of lead azide will produce
70,936 detonators in 60 minutes and a 25 pound batch, 118,227
in 100 minutes.

Lot Sizes _
Lead Azide No. of MS7El Run Time at
Batch (1bs.) Detonators 1200 ppm {(min.)
10 47,291 40
1§ 70,936 60
25 118,227 100
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It is readily apparent that in céntinuous production
at 1200 per minute, safe storage capacity for large quantities
of detonators will be required. If the present concept of
acceptance testing of random samples from a lot is to be
retained, then means must be devised to random sample auto-
matically and maintain identity of the sample with the lot
from which it came.

Functioning tests of the samples must be performed
quickly to avoid having to hold large quantities of detonators
in temporary status pending outcome of the tests. Even so,
there is the risk of continuing to produce additional lots of
unacceptable detonators while the functioning acceptance tests
are being performed.

Perhaps it would be better to adopt a scheme whereby
say every tenth or one hundredth (the number would be con-
tinuously varied to sample all the tool modules) detonator
is subjected to a functioning test. This might be more sensi-
tive to changes caused by tool wear and system degradation,
yet still permit test results to be related to conventional lot
designations. Even conventional statistical treatments should
not suffer too much.

For instance, assuming the conventional binomial
distribution, 45 consecutive successful tests indicates the
production run will perform with at least 96% reliability
(with 90% confidence). As the run continues, if the number of

successful tests continues to incrcase, the reliability
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prediction can be increased and with greater confidence in
being correct. If a malfunction should occur, there should be
a system of instrumentation and a computer to quickly identify
the tooling involved and take corrective action.

Corrective action might be to replace a tool module,
adjust consolidation pressure, adjust charge metering, or even
shut down the line.

It appears that the automatic functioning test
feature will require considerable thought and development
effort.

3.8 Automatic/Remotely Controlled Maintenance,
Repair, and Trouble Shooting

A malfunction such as a jam, a broken tool, or a
blow will require repairs. Because of the high volume pro-
duction, relatively large quantities of explosives are being
processed and present a hazard to maintenance personnel who
might attempt to enter the line. It is therefore recommended
that consideration be given to such problems in the design of
the equipment in order to facilitate making repairs by remotely
controlled devices. Quick change tool modules have already
been specified as a requirement. It is entirely possible to
make such changes automatically or semi-automatically using
remotely controlled robot-like devices.

One of the '"new techniques" explored in the survey
was the use of robots and '"teleoperators" to perform the most

hazardous tasks. Many industries are now using them. Some

researchers are cven developing artificial intelligence systems,
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3.9 Safety and OSHA Standards

In designing the new line, safiety is the most
important consideration. Hazards to be avoided include static
electricity, fire, explosion, noise, toxic fumes, dust, sparks,

. arcs, friction, heat and moving parts of machinery. It will be
necessary to comply with the standards of the Occupational
Safety and Health Act (OSHA) of 1970 (Public Law 91-596) which
specifies that employers must provide work areas free from
hazards. See Appendix 18 for more details.

Primary and initiating explosives are so sensitive
and powerful, they present serious safcty hazards. Much effort
in the survey was expended on finding ways to solve this problem.
Desensitizing the explosive with liquid or gaseous inert materials
seems like a good approach and should be investigated further.
However, many of the people interviewed do not seem to think
the chances for success are very good. They fecl that the
problems will ocutweigh the advantages of increased safety.

Even so-called desensitized material; water-alcohol wet lcad
azide for instance is reputed to detonate if initiated strongly.

3.10 Leak Testing

If it is a requirecment that detonators be hermetically
secaled, it will be neccessary to test them for leakage and most
probably on a 100% basis. There are various methods in current
use, some of which are sensitive enough but tend to be too slow,
cumbersome, expensive and elaborate. The usual approsch is to

subject the detonator to a vacuum, then introduce a gas under
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pressure, then evacuate again and attempt to detect gas leakage.
A simpler method is to submerge the det.,iator in water under
partial vacuum and look for air bubbles. These methods are
relatively slow and tend to lead to batch processes and the
safety hazards of having large quantities of detonators in close
proximity. A new approach is needed. Some ideas are suggested

under "New Techniques'", Para. 4.3.13.

4. DETAILS OF THE SURVEY

4,1 Literature Search

The modernization program has been underway for
several years and it seemed logical to check on the efforts of
the various government agencies and their contractors for
possibly applicuble techniques and equipment. The Small Caliber
Ammunition Modernization Program (SCAMP) mission is assigned to
Frankford Arscnal. Fully automatic equipment is being developed
to produce 5.56mm, 7.62mm, caliber .30, and caliber .30 carbine
rounds at the rate of 1200 ppm and caliber .50, 20mm and 30mm
rounds at 600 ppm. Gulf + Western is a major contractor in
this program. Much of the experience gained in this effort is
directly applicable to development of the new, high volume
detonator production line. A brief description of the G+W
approach appears as Appendix 2.

The Frankford Arsenal effort together with their
contractors and suppliers to develop high speed automatic
inspection techniques and equipment for cartridge cases and
bullets is paving the way for similar capabilities in the
dctonator line.
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In recent years, a number of concept studies for
automatic production lines have been made by various contractors.
A number of their reports were reviewed as part of this survey.
They are listed in Appendix 17,

Information was gleaned from many sources, the main
ones will be discussed briefly in the following paragraphs.

4,2 Information Sources

4,2.1 Automated Lines

Most of the Army non-electric detonators are
made in the G0-CO plants; primarily Lone Star, Iowa and Lake
City. These loading plants were visited and much useful infor-
mation obtained; however, nonc of the existing lines operate at
anywhere near 1200 ppm. There are a number of lines in industry
that make detonators and blasting caps (including electric), but
none were found with capability approaching that required for
the new line.

A sampling of about 27 industrial
organizations in the ordnance business were contacted
via the form letter. Apparently, none bave lines with high
rate capability. However, the Bendix Corp., under contract
to Frankford Arsenal, is developing a primer charging machine
that will be capabl. of producing about 5,000 per minute (a
report is in the literature file). The primer mix is pressed
wet into a 1,416 cavity metcring plate, doctored off level
then punched into primer cups by gang punches. Paper covering

discs are punched out at the same time and keep the mix from
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sticking to the punches., Wet primer mix is not usually con-
solidated at high pressure as the dry detonator charges are.
However, the Brunswick Corp. at Sugar Grove, Virginia success-
fully loads consummable primers with wet FA982 mix (12-30% H,0)
and consolidates it at 20,000 psi. This is a manual process,
but it is planned to be semi-automatic in the near future.

- The search was not limited to detonator
lines, but extended into many fields such as pharmaceutical,
electrical and electronic, cosmetics, food and drug, containers,
ceramics, rivets, screws, nails, fasteners, matches, packaging,
automoti-e, cigarettes, anything that is made by automatic
machinery and processes.

It soon became obvious that the people who
manufacture a product rarely manufacture the automated production
equipment. The survey was much more efficient and productive
when the. effort was directed toward the suppliers of automatic
equipment.

In most industries making consumer products
by automatic or semi-automatic means, there are several primary
considerations resulting in "trade-offs" which determine the
type of process, type of equipment used, and the production rate.

The automatic process equipment designer
starts by determining the characteristics of the raw materials
to be processed. He then attempts to choose the processes and
equipments best suited for the job. At this point, cost and
production rates arc considercd before the process and type of

equipment arce finally decided upon.
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This is, of course, a gréatly oversimplified
description as there are many other important factors involved.
However, the point is perfectly valid that in the casec of the
new detonator line the characteristics of the raw explosives
and safety requirements are the overriding considerations in
the choice of processes and types of equipment, as well as the
production rate, It is therefore of little value to inspect
automatic lines that were designed for products other than
detonators. It should be more fruitful to concentrate attention
on techniques and equipment that can help to solve the major
problems in detonator manufacture. The survey has identified
many problem areas and thesc are listed in Para. 4.6.

4,2.2 Loading Plants

The loading plants where detonators are
currently being produced; Lone Star, Lake City and Iowa, are
fertile sources of information on conditioning of explosives,
manufacturing techniques, safety and problem arcas. All of
these are important, but probably the most significant are the
concepts and approximate limits on the maximum quantity of raw
explosive (one ounce) that can be handled rafely and the maximum
consolidation rates. These concepts lead to the conclusion that
a multiplicity of tooling rather than high speed tooling is the
way to high-volume production of detonators (sce Para. 4.2.9
for analysis).

Additional dectails will be found in the trip

reports of loading plants visits; Appendices 6, 7 and 11.
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4.2.3 Industry
Various industries were contacted by direct

mail, telephone, sales representative interviews and visits.
A form letter explaining the purpose of the survey was prepared
, and used whenever appropriate.

An article was published in AUTOMATION Maga-
zine and in the COMMERCE BUSINESS DAILY.

-Interested industrial organizations with
applicable techniques and equipment were requested to forward
descriptive brochure material. These were filed in various
appropriate categories corresponding to the various processes
in detonator manufacture. This approach was intended to be
selective and the material in the file pertinent to specific
processes required by the new detonator line.

Three hundred forty-four (344) selected
industrial organizations were contacted by direct mail and
reader's servicce cards. Of these, 219 responded with brochure
material, 43 indicated no applicable capability and, as of this
writing, 68 have not yet replied.

Additionally, material has been gathered
from various sources without direct contact.

It appears certain that industry will be
capable of supplying the necessary equipment if it is described
and specified in sufiicient detail except for those problem

areas requiring more development work as listed in Para. 4.6.
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4.2.4 Trade Associations, Magazines

Industry reaches its potential customers by
a variety of means not the least of which are magazines, trade
association publications and activities and trade shows. The
survey made good use of these within the short time available.
Typical magazines and trade journals used are listed in

“Appendix 17.

4,.2.5 Technical Libraries

Although the main emphasis in the survey
was on direct contact with industry much useful information
was obtained at the Franklin Institute and Gulf + Western
libraries which are both convenient to th2 base of operations.

4.2.6 Patent Literature

It was planned to conduct a patent search
on a subcontract basis. A proposal and cost estimate was
prepared by the Franklin Institute Research Laboratories.
However, a precliminary trial search indicated that the cost
of the effort would not be justified. The reason for this is
that there are so many categoriecs and ycars to search. Results
of the trial search indicated that any applicable, worthwhile
patents are incorporated into products currently on the market
and will thus turn up in the brochures submitted by industry.
In the case where a specific patent is known
a copy was rcadily obtained from the Franklin Institute.
However, even in such cases it is difficult to determine how

successful it has proven without considerable detailed follow-up.
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A typical example is the Olin-Winchester Patent No. 3,423,259
on the use of Karaya Gum binder in priming mixtures.

4,2.7 The Arsenals

The commodity arsenals most intimately
associated with dcvelopment, manufacture and use of non-electric
detonators are Picatinny and Frankford. Much pertinent infor-
mation was gained from these sources via reports, telephone
and personal visits. See Appendices for details,

4,2.8 Consultants

Many of the individuals interviewed in the
survey may be considered consultants in their own right, but
only a few were consultants by profession. These include
Dr. Herbert Ellern and Professor Joseph H. McLain. Informal
discussions with these men were helpful and good use was made
of their publications (referenced in Appendix 17),

4.2.9 Design Criteria Analysis

The most hazardous operation in the manufacture
of detonators is that of consolidating the charges, particularly
the lcad azide. In this operation inadvertent explosions fre-
quently occur. This is easily unucerstandable because the
consolidation ram at about 20,000 ps1i is doing considerable
work upon the explosive. To fire detciators and primers inten-
tionally, they arc most oftcn struck by a firing pin. The
initiation mechanism is a concentration of energy resulting in
rapid heating of the explosive by a combination of compressive

force, friction, and pinching action. If the resultant heating
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exceeds the threshold level for a long enough period of time,
a self-sustaining reaction will be initiated and an explosion
will occur. It makes no difference whether the cause is a
firing pin or a consolidation ram; the basic mechanisms are
the same.

Therefore, in the design of automatic, high-
volume production equipment a basic limiting design criterion
is the maximum safe rate that the consolidation ram can move
against the explosive material. If this rate is known in terms
of the minimum time required for consolidation, then the
number of consolidation stations required to produce at a given
rate can be calculated. As an example, if the desired rate is

1200 ppm amd the minimum consolidation time is two seconds,

then 60 secs. . ¢, 05 seconds and N x .05 = 2 seconds
1200 ppm

Where N = Number of Consolidation
Stations Operating
Simultanecously

In this case, N = 40 (40 x .05 = 2)

Lone Star Army Ammunition Plant is currently
producing detonators in a semi-automatic, Ferguson "Trans-O-Mater"
at 30-60 ppm. Thus, consolidation is done in one to two seconds
(assuring only one press station), and no pressure dwell is used
by Lone Star. The Iowa Loader operates best at 32 ppm and em-
ploys no dwell.

At Lake City Army Ammunition Plant, consolida-
tion is performed at about 20 inches/minute using 110 (gang)
punches and eight seconds dwell.
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Roughly calculated, the Lake City ram speed
is about threce to ten times slower than that used at Lone Star
and lIowa, yet blows occasionally occur.

In addition to the consolidation time, it is
necessary also to allow time to accelerate the punches and to
move the workpieces into and out of fhc station. Thus, for the
Lake City type of operation, about five consolidation stations
operating simultaneously would be required for 1200 ppm and the
Lone Star system would require about 40 (assuming continuous
motion).

In each case, if one ounce batches of lead
azide are fed periodically into cach station, the Lake City
system would require about one ounce per minute to each of the
five stations and the Lone Star system would require about one
ounce every 10 minutes to each of the 40 stations (for the

MS7E1 Detonator).

Calculations [M57E1 Detonator]

454 grams/pound

16 ounces/pound

1 ounce = %ﬁ%-a 28.375 grams

M57E1 Detonators use .096 gram (max.) charge of lecad azide

1200 ppm requires 1200 x .096 = 115.2 grams of lcad azide/minute

115.2
5

If five stations arec used, = 25,04 gram/min, per station

If 40 stations arc uscd, = 2,88 grans/min./station

115.2
40
(About .1 ounce/min./station)
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Calculations [MS57E1 Detonator]

-3%3%%5-- 295.57 Charges/Ounce

295.57 Charges/Ounce x .1 ounce/min/station x 40 stations =~1200

One ounce of lead azide seems to be the
maximum amount that a reasornably heavy (about 1/2'" thick steel)
barricade can withstand and which will not seriously damage
the press. However, a one ounce "blow" will destroy the metering
device and the tooling.

Thus, unless a means can be found to load
desensitized lead azide, two major design criteria are estab-
lished: ()) the rate at which consolidation can be performed;
and (2) the rate at which lead azide can be fed to the line.

Design criteria for other production opera-
tions can be developed by similar reasoning orocesses. -

4.2.10 Visits

Visits were arranged during the course of
the survey to places wherc it was expected that useful and
detailed information could be obtained. In some cases where
it was feared that proprietary intercsts might inhibit informa-
tion gathering, Mr. Hal Wanger of Picatinny Arsenal made the
trip rather than G+W personnel.

Trip rcports constitute Appendices 3, 4, S,
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4.3 New Techniques

A number o{ "new techniques'" were surveyed for
potential applicability to high volume manufacture of detonators.
They are discussed briefly in the following paragraphs and
. additional details are in the Appendices, the project files and
the originating sources.

4.3.1 Machine Design Concepts

Present detonator lines in the GO-CO plants
are, at best, semi-automatic, indexing, low rate operations.
So basic to the problem as to be easily overlooked is the concept
of continuously moving, captive, oriented workpieces being
processed by multiple tool stations mounted on rotating inter-
connected turrets. One hundred percent inspection is carried
out on the line. The operation is fully automatic and fail safe.
This concept is being applied by the Gulf + Western Advanced
Development and Engineering Center to the Small Caliber Ammuni-
tion Modernization Program to produce small caliber ammunition
at the rate of 1200 per minute. It should be seriously con-
sidered for the high volume detonator production line. This
and other concepts for automatic production of munitions have
been proposed and evaluated by various research and development
organizations. Their reports are listed in Appendix 17.

4.3.2 Desensitized Explosives

It has been proposed to desensitize explosives
by means of inert liquids, gases and/or solids in order to
reduce the safety hazards and make it possible to process larger

quantitics of explosives at onc time.
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TOC S T O SO W RS T

It is a well known fact that some sensitive
explosives are shipped and stored in a wet condition. A com-
bination of water and alcohol or sometimes just water is
usually used for this purpose. Current practfce at the
detonator loadiné plants is to '"condition" the explosives be-
fore they are loaded into detonators which includes drying
"them. They are much more sensitive and hazardous in the dry
condition.

It has been proposed to use an inert material
to desensitize the explosives during handling and loading, then
remove the material after the detonators have been safely
packaged or assembled in fuzes. There has been some work done
along these lines and the survey uncovered several patents
on specific processes and materials.

It appears that safe handling of bulk explo-
sives is the key to success of the modernization program, not
merely the detonator line. However, the detonator is unique
in that it incorporates sensitive initiating and transition
materials in the same casing with powerful high explosives.

At the high-rate production line these materials must flow
steadily into the consolidation presses. To maintain the flow,
relatively large quantitics of hazardous materials must be on
hand in close proximity. Approximate quantities required for
even the smallest detonators, typified by the M55 and MS7E1l,
are, per cight hour shift, 1200 ppm; priming mix 19-32 pounds;
intermediate charge 78-118 pounds; output charge 24-45 pounds

for a total of 120-192 pounds.
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The priming mixes and intermediate charge
materials are extremely sensitive and also capable of powerfu}
detonation. Detonation of even a few ounces of the material
is certain to damage machinery components in fhe immediate
vicinity and larger quantities would constitute a major
catastrophe.

Present practice is to ship, store and handle
sensitive materials in a water-alcohol wet condition, which
greatly reduces their sensitivity and permits handling of larger
quantities safely. However, before loading into detonators,
small quantities are removed and dried in a slow laborious process
behind heavy barricades.

Gun primers are generally loaded in the
water-wet condition and dried later; sometimes after being
assembled in the cartridge case. However, high pressure con-
solidation is usually not required of gun primer mixes as it is
for detonator charges. Water tends to interferc with consolid-
ation and the wet mixes often tend to stick to the punches and
dies.

Morcover, water mixes are prone to separate
on standing and during compression. Current practice in loading
pluhts is to dry the mixtures prior to loading. However, the
dry mixes are very sensitive and hazardous and so only very
small quantities (about one ounce) are put into the heavily

barricaded metering stations at one time.
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Other substances than water, alcohol and
0il are known to be effective desensitizers and there is
evidence that some of these can be used during the complete
manufacturing process.

Explosive mixtures used in detonators are
granular crystalline solids. Even when consolidated at 20,000
psi, there is considerable volume in the interstices occupied
only by air. If the interstices are filled with inert material
such as water, oil, wax, freon, etc., the explosive is much
more difficult to initiate or detonate. The mechanism appears
to be a combination of effects, including reduced friction
between particles, cooling of hot spots, and a physical barrier
to high energy, high velocity particles (from decomposing
explosive molecules).

The following is quoted from Explosive Trains

AMCP 706-179, Page 37: "The addition of a few percent of a

waxy substance such as calcium stearate reduces the sensitivity
of RDX by a factor of 2 or 3 as indicated by the air gap test."
However, it is also observed that the lubricating effect of

the calcium stearate permits higher loading density (at the

same pressure) which makes the charge more difficult to initiate,
thus accounting for part of the desensitizing effect.

Robert Heincmann at Picatinny Arscnal exper-
imented with Freon 113 to desensitize detonators. He found that
as little as 5-6% Freon absorbed into the interstices between
the explosive particlcs prevented initiation even at input

energies several times the normal all-fire amount. As the
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Freon was driven off (by heating), the detonators regained

their sensitivity and in S minutes began to exhibit some output
(as measured by dents in steel witness blocks). In 15 minutes,
the detonators completely regained normal sensitivity and output.

This work was reporved at the 6th EED
Symposium in San Francisco July 8-10, 1969, in U.S. Patent No.
3667388 and in Picatinny Arsenal reports. An additional benefit
claimed by Mr. Heinemann is that water is not permitted to be
absorbed when the explosive materials are surrounded by Freon.

t is suggested that the inert desensitizer
such as Freon might be added to the explosive in super-cold
condition to improve its effectiveness as a desensitizer. The
consolidation operation generates hcat which would help to
drive off the desensitizer.

If wet mixes are allowed to dry during
storage or processing, they becomc hazardous. Frankford Arsenal
priming mixes are considered "dry" when they contain less than
2% moisture.

A new development by Olin-Winchester Group
(U.S. Patent No. 3423259) is the usc of a small amount of karaya
gum (3 pph) in Frankford Arsenal primer mix FA956 (water-wet)
which makes it extrudable and non-sticking. It also prevents
the water and the various different sized particles from scparat-

ing out (stratification).
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The gum remains in the mix after it is dried
and apparently has no significant cffect on the sensitivity or
output of the primer. Yet, because of its abality to hold
water in a gel form within the interstices when the mix is
wet, it has a great desensitizing influence.

It would be interesting to see if karaya gum
or a similar material can be as beneficial in a Freun desensi-
tized mix and permit the necessary consolidation to be performed.
It should be noted that in Mr., Heinemann's experiments, the
detonators were loaded dry in the usual manner. Porous closures
were used which permitted the Freon to be absorbed and later
driven off by heating. It remains to be shown that detonators
can be made using explosive mixes that are desensitized by
inert liquids and/or other substances. Other substances that
have been used as lubricants and desensitizers include gum
arabic, trajacanth, gelatin, dextrin, wax, calcium stearate,
and polyviny. alcohol. These are used ir very small quantitiec
and remain in the final product. Perhaps something like this
could be used wit’ an excess of inert desensitizer which is
later completely removed.

Complete removal of Frcon for instance is
apparently readily accomplished by evaporation. A new process
for drying water-alcohol wet lead azide in a centrifuge rinses
it with water, then alcohol and finally with Freon.

Freon is a comparatively expensive material,
but as it is evaporated from the finished detonators, it can

be recovered, condensed and used again and again.
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In this connection it would be well to keep
the Freon "wet" explosives cool to minimize evaporation, but
also because cool explosives are generally less sensitive than
hot ones.

Bxplosives are metastable compounds and even
at room temperature are continuously decomposing. Their decom-
.position is always exothermic. Thus, a decomposing molecule
causes a momentary '"hot-spot'" and if several molecules in
close proximity should decompose at the same time, enough local
heating could excite other molecules into decomposition.
Chemical reaction rates generally double or triple for each
ten degree increase in temperature so it is easy to see how a
run-away reaction (explosion) can get started unless the heat
can be dissipated more rapidly than it is generated. Keeping
the explosive cool and flooded with inert material with high
heat capacity can help a great deal.

If metering and consolidation of Freon-wet
explosives does not prove feasible, it should not be difficult
to drive the Freon off quickly using heat and vacuum just before
the metering step in the automatic process line.

4.3.3 Consolidation Aids

It has been noted that consolidation of dry
granular explosive at high rate and high pressure tends to
heat the explosive by virtue of the work being done on it and
on the entrapped air. Some investigators have suggested

evacuating the mold during consolidation and rerforming the
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consolidation in several short strokes rather than one contin-
uous compression. It has already been mentioned that the
addition of even very small quantities of such substances as

wax and calcium stearate tend to reduce friction and sensitivity
and enable consolidation to higher density at less pressure.

It has been demonstrated that these consol-
'idation aids produce more uniform density distribution which is
an important consideration in columns with high length over
diameter ratios.

Another application of the friction reducing
effect of wax like inert materials might be to use such materials
as a lubricant in drawing the detonator cups and then it would
not have to be removed, thus eliminating a cleaning operation.
There may be a problem here because in most high speed cup
drawing operations it is necessary to apply a coolant as well
as a lubricant in order to keep the tooling from overheating
although one material could perform both functions.

This would make it feasible to form the
cup right in the die or workpiece holder that moves through
the line and this could even be used as part of the packaging
(reusable). '

4,3.4 Sealing Techniques

A method of hermetic sealing of detonators
by ultrasonic ring welding has been proposed in some detail
by Aeroprojects Inc. of West Chester, Pa. The method is fast,

clean, safe and reliable and can readily be automated .
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The detonator cups would have t» be formed
with a flange on the open end. The closure disc would be ring
welded to the flange and then crimped 180°. This would leave
a double thickness of the closure disc in the ring area and
© probably necessitate drawing and specification changes. For
most applications this should not cause any change in
detonator performance because closure discs are only a few
thousandths of an inch thick at the most.

Another scaling technique that appears
feasible and in fact has been used on some types of explosive
initiators is known as the hot-melt process. The closure disc
is pre-coated with a sealing adhesive material. After it is
crimped into place a heat pulse is applied just long enough
and hot enough to melt then quickly cool the adhesive, thus
effecting a seal. The hot-melt could be made electrically
conductive to overcome any adverse static electricity vifects.

4.3.5 Electroplating

The idea of consolidating explosives in a
die without a cup and then forming a protective metallic
coverin;; by electroplating has been investigated. Although not
actually done with stab detonators, the Naval Ordnance Labora-
tory at White Oak, Silver Spring, Maryland successfully plated
silver and copper on explosive charges. The small scale
laboratory experimental program is reported in NOLTR 64-131,

October 1964, rcference 26 of Appendix 17.
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Although there are many attractive features
offered by the electroplating approach, close scrutiny led to
the conclusion that it is not suitable for the contemplated
high volume detonator line within the present frame of
~ reference. The analysis leading to this conclusion appears
as Appendix 15.

4,3.6 Plastic Encapsulation

The idea of using plastics in some manner
to encapsulate the explosive charges rather than using metal
cups has been suggested. Evidently the idea is to capitalize
on advances in plastics technology. To switch to plastics
would require changes in drawings, specifications and probably
re-qualification testing.

In general, plastics do not have the dimen-
sional and temperature stability of metals, nor the physical
strength and stiffness. There are very few applications in the
ordnance field where a plestic can be directly substituted for
a metal.

It is doubtful that any plastic material
available today could survive a twenty-five year surveillance
test as a detonator cup and mecet all of the other stringent
requirements (assuming direct substitution for the present

metal cup).

However, if constraints of existing design
specifications arc removed, plastic encapsulation should be

investigated.

-39-



] [ o= ] [ S

4.3.7 Drying Explosives

One conditioning process currently performed
at the GO-CO plants 'back-line" which is both .time consuming
and hazardous is that of drying lecad azide and lead stypnate.

A new technique is being developed by the Atlantic Research

Corporation under contract to Picatinny Arsenal. Known as

"ROLLIEX", the system uses centrifugal force to wash, rinse
and dry lead azide in two-ounce batches.

4,3.8 Sheet and Drawn Explosives

It has been suggested that if detonator
explosives were pfepared in sheet form with just the right
thickness for a particular detonator charge, it would facilitate
automation. Individual charges could be cut out with a
"cookie cutter" type of punch directly into the cup. It seems
entirely feasible that primary explosives can be formed in
sheets and ribbons just as readily as th;y are consolidated
into detonator cups. However, this will present handling and
safety problems unless a binder material is added to give
flexibility, strength and reduced sensitivity. If this is
done, every detonator will have to be requalified and the'
specifications changed.

The well known sheet explosive DuPont
"DETASHEET" is PETN, RDX or HMX mixed with an elastomeric
binder. The more binder the more flexible, but less sensitive
and less powerful (detonation velocity is lower). Data

published by DuPont becars this out. Most detonators cannot
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afford much reduction in sensitivity, and/or functioning
time.

The idea of punching detonator charge
increments from sheets made of the currently used and unadulter-
ated primary explosives may not prove economically sound because
of additional process steps and waste (plus handling and safety
hazards). The explosive must first be conditioned then metered
and formed into sheets or ribbons, then punched, then consolid-
ated, waste must be removed and destroyed or recycled. The
present method eliminates the sheet forming and waste recvcling
operations and minimizes safety problems. It should be more
economical in both cost of equipment and operating ccsts, unless
of course the sheet method can be developed to be highly
efficient and to eliminate some of the other steps.

Another, similar approach is to load the
explosive materials into metal tubes, then draw them through
dies or swage them to the proper consolidation and physical
dimensions. This method is currently being used to make MDF
(Mild Detonating Fuse, Reference 29, Appendix 17). The proper
quantity of consolidatecd explosive for a particular detonator
could be automatically sliced off the end of the rod and in-
serted into a detonator cup by high speed equipment and would

not require reconsolidation.
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4.3.9 Robots

It is true that robots are both blind and
stupid, but the same can be said of all automatic equipment.
Much proygress has been made in recent years to improve the
- versatility and capability of robots or robot-like machines
(Appendix 17,Reference 33). At the very least, their use should
be considered for the most hazardous tasks in detonator manu-
facture. These would include various operations on the "back-
line" where relatively large quantities of explosives are
“conditioned" and for trouble shooting anywhere on the line.

For such tasks, it would probably be feasible
to operate the device by remote control rather than automatically
even though a human operator is required. Devices are currently
under development with binocular television "eyes' for improved
depth perception. Some are even being provided with artificial
intelligence and can recognize and sort such things as paper
back books. b0 it seems entirely probable that devices cun be
developed to perform "visual" inspection of detonators without
human eyes being required.

4.3,10 Noiseless Crimping

As an example c¢f a "new technique'" aimed at
reducing the noise level of haich speed n2utomatic machinery, a
method of noiseless crimping is described in Reference 35,
Appendix 17, OSHA regulations place a maximum of 85 decibels
on such operations as riveting and crimping. The method
described in the reference is a rolling process called orbital

headforming.
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4,3.11 Ferrofluidic Solenoid*

A new device with possible application to .
the new detonator line is described in Reference 32 Appendix 17,
A totally enclosed solenoid, it has no sliding or rotating
parts, and imparts maximum force at the extreme end of its
stroke. Its efficiency is high because it has no air gap and
" can provide either variable force at constant displacement
or variable displacement with constant force.

4.3.12 Quartz Crystal Microbalance

Most conventional balance type weighing
systems are much tooslow for the 1200 per minute rate desired
for the new line. Frankford Arsenal is developing a system
capable of weighing cups for cartridge case manufacture at
800 per minute. It uses a servo-motor to restore balance when
a cup is placed on the pan. The electric currant required is
a measure of the weight of the cup. Two of these operating in
parallel can weigh up to 1500 cups per ainute. |

Another approach which appears feasible and
capable of even faster response is described in Reference 30,
Appendix 17. Instead of the one '"g" environment of conventional
weighing systems, the Quartz Crystal Microbalance detects mass
(weight equals mass times the acceleration of gravity, "g") in
terms of the change in vibrational frequency to produce or
rather re-establish resonance. Piezoelectric materials such as
quartz, Rochelle salt, tourmaline and barium titanate become

electrically charged when mechanically stressed. And, conversely

*See also brochure material from Ferrofluidics Corp.
in file under 23, Machinery and Miscellancous.
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undergo change in dimensions (strain) when electrically stressed.
A wafer of piezoelectric material silvered on opposite surfaces
can be made to expand and contract in the thickness dimension
by application of an alternating electrical voltage. A wafer
has a natural or resonant frequency that is a function of its
density (mass), thickness and eclasticity (also temperature).
If a mass such as a detonator cup or charge of explosive
material is placed upon the wafer, it will cause the resonant
frequency of the system to change. The difference in resonant
frequencies is directly proportional to the weight of material
added.

Proper choice of materials, dimensions and
electrical components should produce a system having great
accuracy, precision and very rapid response.

4,3.13 Leakage Testing

A new technique for leak testing is described
in Reference 31, Appendix 17. It is an innovation applied to
the standard method of helium bombardment leak testing. This
method measures the rate at which the leak rate decays rather
than the magnitude of the leak rate. It provides a more precise
and repeatablc measurec and eases the requirement for tracer gas
bombardment pressure and time as well as the time constraint on
measurement following bombardment. However, it remains to be
seen how fast the test can be made which will determine how many
parallel operating work stations wiil be required or whether a

batch process will be the best way.
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Gulf + Western has developed a concept for an
automatic leak detection system for small caliber ammunition.

It uses the water submergence method and detects air bubbles.
However, it is slow (1-4 per minute) and could be considered
, @ destructive test.

Perhaps an explosives "sniffer" detector
could detect leaks if one can be found with sufficient sensi-
tivity and rapid response. After all explosives being meta-
stable compounds are continuously decomposing.

4,.3.14 Static Electricity Control

Static electricity is generated whenever two
materials come into contact and then separate. If the materials
are good conductors of electricity and a circuit is available,
whether planned or not, the charges are quickly neutralized.
However, if the materials are poor conductors, they may retain
the charge and constitute a potential hazard to sensitive explo-
sives. Care ic taken to electrically bond and ground all
machinery and equipment where explosives are stored, handled and
processed, but even with these preccautions, static electricity
is still considered a possible cause of "blows'" and spontaneous
explosions in the GO-CO plants.

A technique suggested in the course of the
survey is to use radio active materials to ionize air and then
cause this air to flow through the process line to neutralize
any electrostatic charges as they are formed. Care must be
taken to isolate the radio active source so that an accidental

explosion cannot spread it around in an uncontrolled manner.
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Equipment is available commerically, but apparently an acceptable
application to detonator production lines has not been worked.
out (see file no. 14, Safety, No. 6).

4.3.15 Functioning Tests

The usual method of performing functioning
tests on stab type detonators requires a special test set and
.expendable components which include firing pins, firing pin
guides and witness blocks. After firing, the dent depth in the
witness block must be measured. Compared to the planned produc-
tion rate of 1200 ppm, the present method of testing is too
slow and cumbersome,

A new technique that can lend itself more
readily to automation is practically a must. This author
suggests the use of detonation light, a little known phenomenon,
to obtain an accurate measure of detonation velocity and
functioning time simultaneously using remotely located 1: %t
sensors. This will eliminate witness blocks and the dent
measuring function. The functioning time measurement using
detonation light gives an immediate acceptance or failure signal.
The detonator is initiated by the specified minimum all-fire
stimulus so if it fails to fire or "hang-fires", it is an
immediate reject. Detonation light is described in Reference 24,
Appendix 17,and a method of using it in functioning tests is

described in Reference 36, Appendix 17,
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Briefly, detonation light in granular explo-
sives is an "extremely brilliant, short-lived flash of light
produced when detonation products, after expanding from a
crystal into an interstice are stagnated against the next
grain". It is not to be confused with light produced by the
shock wave in the air surrounding a detonation. The detonation
light is produced only in the interstices as a discrete band
of light about the size of the interstices. Thus, a photo-
detector aligned with the end of an explosive column (such as
a detonator) and collimated by slits so only light from the end
of the column can be "seen", makes an excellent sensor for
providing a '"stop" signal to a chronograph or oscilloscope.

The start signal can be provided by the firing pin contacting
the input end of the detonator (breaking a light beam).

To be a successful test, the time interval
must be equal or less than some predetermined value which assures
that the detonation velocity at output attained the required
value. Detonation velocity and pressure are related so that a
measure of detonation velocity is as good as dent depth in a.
steel witness block without having to expend the block.

A fixture to automatically position each
detonator for the test can be designed to last for several
firings and to be self renewing.

Another type of remotely located, rassive
type of functioning tester is described in Reference 37,

Appendix 17 ,
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The device consists of two broad band, high
speed photomultipliers having a spectral sensitivityin different
portions of the spectrum. The photomultipliers are directed
to sense the explosion, and the ratio of their outputs is
" recorded as a function of time. Since the light source will
emit a spectral distribution which is dependent upon the
temperature and energy of the source, the two-photomultiplier
technique should reveal the differences between acceptable and
unacceptable explosive devices.

Some of the salient features of the detector
are rapid response of at lcast 0.1 microsecond and the ability
to measure temperature in the range 2000°K to at least 10,000°K
without linitations on source size or emissivity. This develop-
ment appears worthy of further consideration for functioning
tests of detonators at high rates with automatic read out of
results.

4.4 Equipment

4,4.1 General Considerations

The search for applicable equipment for the
new high-volume, high-rate detonator production line included
equipment for carrying out the multitude of operations as
listed in Para. 4.5, following. Obviously, time and funds did
not permit a comprehensive, all inclusive search. Instead, a
selective sampling was made of those industries believed to be
active in the areas of interest. The anticipated new line was

described and they were asked to respond with brochure material

-48-



about their equipment and capabilities. These are filed in

the categories of the major operations. Additional material is

contained in the correspondence file and the index to the

brochure material as well as in the appendices to this recport.
With the exception of the problem areas

listed in Para, 4.6, it appears that industry can provide

'equipment to do the job. However, before making trade-off

analyses and specific recommendations, it will first be necessary

to work out an overall design approach.

4.4.2 Design Approach

The general concepts and performance
characteristics of the new detonator line are pretty well

spelled out in Appendix 1, Description of Overall Systems

Concepts, Appendix B, Project No. 5724000. It remains to work
out detailed designs of systems and equipment to implement the
overall concepts.

For instance, orienting and feeding metal
parts, metering explosive and consolidation of the charges can
be performed by various typcs of mechanisms. Several different
types are described in the appended documents and referenced
reports, some of which represent efforts at comparative evalua-
tion of different design approaches. Some desigms feature
continuous motion of individual workpicces being processed by
a multiplicity of tool modules mounted on rotating turrets.
Some designs feature multiple cavity workpiece holders which

are moved synchronously or non-synchronously (work demand system)
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from work station to work station. Other designs combine such
features. Unfortunately, without some basic data to work with
it is difficult to make objective evaluations of the different
designs and equipments available.

Probably the best place to start is with the
characteristics of the explosives to be loaded and the detonator
design and performance specifications. These are basic restraints
within which framework the designers of the new line must work.

Flow characteristics, sensitivity and destruc-
tive capability of the various explosives must be considered in
designing conditioning systems, transport, metering devices,
consolidation tooling and rates, barricades and other safety
devices. It appears that the best approach is to design pro-
totype equipment and test it, modifying as required before
finalizing the design. Concurrently with this activity a
program should be implemented to resolve the problems in areas
requiring further study (Para. 4.6).

Descriptions of the various types of equipment
currently offered by industry will be found in the various
brochures in the files. Examples of sclected types are described

in Appendix 5.
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4.5

4.5.1

4.5.2

4.5.3

Major Operations in Detonator Manufacture

Conditioning the Explosives

4.5.1.1
4.5.1.2
4.5.1.3
4.5.1.4
4.5.1.5
4.5.1.6
4.5.1.7
4.5.1.8
4.5.1.9

Shipping and Receiving
Storage

Conveying

Washing

Drying

Blending (priming mixes only)
Sieving (sifting)

Dividing into One-Ounce Lots

Inspection Testing

Metal Parts

4.5.2.1
4.5.2.2
4.5.2.3
4.5.2.4
4.5.2.5
4.5.2.6
4.5.2.7

Metering

Physical and Metallurgical Tests
Cup Fabrication

Closure Disc Fabrication
Cleaning

Inspect for Dimensions and Flaws
Feed and Orient in Dies (cups)
Feed and Insert (closure discs)

of Explosive Charges

4.5'3.1
4.5.3.2
4. S.3l3

Metering (adjustable)
Pelleting (output charges only)

Cleaning and Dust Control
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4.5.4

4.5.5

4.5.6

4.5.7

Consolidation of Charges

4.5.4.1 Pressing at Controlled Rate § Pressure
4.5.4.2 Measuring Charge Height

4.5.4.3 Cleaning § Dust Control

4.5.4.4 Reject Disposal

End Closure '

4.5.5.1 Blank § Feed Discs

4.5.5.2 Crimp

4.5.5.3 Inspection

4.5.5.4 Sealing Lacquer Application
4.5.5.5 Inspection

4.5.5.6 Leakage Testing

Functioning Tests

8.5.6.1 Sensitivity Test

4.5.6.2 Output Test

4,7.6.3 Functioning Time Test

4.5.6.4 Evaluate Test Results

4.5.6.5 Accept - Reject

Packaging

4.5.7.1 Package or Assemble in Fuze

4.5.7.2 Stack Packages in Cartons and.Seal
4,5.7.3 Mark (identify) Cartons and Inspect

4.5.7.4 Convey to shipping or Storage Facility
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4.5.8

Auxiliary Operations § Equipment

4.5.8.1
4.5.8.2
4.5.8.3
4.5.8.4
4.5.8.5
4.5.8.6
4.5.8.7
4.5.8.8
4.5.8.9

Controls § Display
Sensors

Counters

Timers

Computers

Vacuum Systems
Compressed Air Supply
Reject Disposal System

Waste Collection, "Kill" and
Disposal Systems

4,5.8.10 Air Conditioning § Heating Systems

4.5.8.11

4.5.8.12
4.5.8.13
4.5.8.14
4.5.8.15
4.5.8.16
4.5.8.17

4.5.8.18
4.5.8.19

Pollution (environmental) Control
Systems

Static Electricity Control Systems
Fire Protection Systems

Explosion Protection Barricades
Warning Devices § Systems

Noise Abatement Systems

Maintenance, Repair § Troubleshooting
Systems and Equipment

Off-Linc Gaging Standards

Power and Utility Services
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4.6

Problem Areas Requiring More Study

4.6.1
4.6.2

4.6.3

4.6.4

4.6.5

4.6.6

Automating the Back Line Safely

Metering
4.6.2.1 Accuracy

4,.6.2.2 Precision
4.6.2.3 Safety

_Consolidation

4.6.3.1 Rate
4.6.3.2 Pressure
4.6.3.3 Clearances
4.6.3.4 Dwell
4.6.3.5 Safety

Barricades

4.6.4.1 Conditioning

4.6.4.2 Conveying

4,6.4.3 Storage (ready box)
4.6.4.4 Metering

4,6.4.5 Consolidation

4,6.4.6 End Closure and Seal
4.6.4.7 Functioning Tests
4,6.4.8 Packaging

4.6.4.9 Dust and Reject Disposal

Anti-Propagation Designs

4.6.5.1 Including Dust and Reject Disposal

Automatic Flaw Inspection

4,6.6.1 Leakage Test
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4,6.7 Automatic Functioning Tests

4.6.7.1 Sensitivity
4,6.7.2 Output
4.6.7.3 Functioning Time

4.6.8 Automatic/Remotely Controlled Maintenance
and Repair
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4.7 Supporting Data

4.7.1 Correspondence®

4.7.2 Documents®

4.7.3 Vendor's Brochures®

4.7.4 Visit Reports (appended)
]

4.7.5 Monthly Progress Reports

4.7.6 Form Letters®

* (Under separate cover.)
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4.8

Description of Overall Systems Concepts

G+W Cartridge Module "A"

H. Wanger - Perry Industries

H. Wanger - Olin Corporation

M. Friedland - Machine Tool Show

H. Wanger, E. Hannum - Lone Star AAP

H. Wanger, M. Friedland -

E. Hannum - Frankford Arsenal
J. Kelly - Frankford Arsenal
E. Hannum - Phila. Scientific Controls

H. Wanger, E. Hannum - Jowa AAP

E. Hannum - Picatinny Arsenal

E. Haanum - Picatinny Arsenal

Analysis of Llectroplating as Detonator
Manufacturing Technigjue

Automation Editorial on Productivity

Literature Reviewed

Appendices

1,

2,

3. Trip Report

4. Trip Report

5. Trip Report

6. Trip Report

7. Trip Report
Lake City

8. Trip Report

9. Trip Report

10. Trip Report

11. Trip Report

12. O0lin Patent

13. Trip Report

14. Trip Report

15.

16.

17,

18. OSHA Standards

19,

Trip Report - H. Wanger - Western Electric, MRC.

Baltimore, Md.
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APPENDIX 1

Excerpts From

Description of Overall Systems Concepts
Appendix B
Project No. 5724000
Picatinny Arsenal
MTD

[Figures 2, 3 and 4 only]
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APPENDIY. B
Project No. 5724000

A. Automateld Line:

The automated line will be & continuous operation monitored and con-
trolled by computer. The operator will observe a display panel vhich will
inforn him of the status of the operation at any time. The line will
include the follouwing features:

1. All stations will be plug-in modules.
2. All stations will be linked to the computer and display panel.
3. Capability for varying the number, weight and density of increments.

h, No operation will be recuired cutside the system except for feed of
rav waterials and removal of packed product.

5. Automatic feed back.
6. Autcratic stutdown of a modwle in case of malfunction or initiation.

T. In case of shutdown of a module, the vork flow will be dsrceted
touari tle operating rmodules by rassing the nalfnetioning units., xtra
nod.les vill be includcd which can be automatically inserted into the
systcm 1o replace the ralfunctioning unit. Yo setup tine necescury.

8. Systenm will identify eource of malfunction on panel,

9. The couputer will include a memory bianx conteining neccssery
information for munufnsture of several Initintcrs (eventually «ll indtietors).
Selecticn of the item to be produced and the mumber will require no rfurthur
action on part of the operator.. The computer will antoznticaldy switch
the proper moinles into the line, select thie sppropricte inspretion plan,
dvell times, Increments, ete.

J0. Fuouctioning tests will be performed on the line as well ac the
ucual insypoction tesis.

11. 7 ddspluy pancl will al oll times inforn Ll operiutor o to
vhich nmodules are in vae, the nosber of itcons cospleled, the status of
insvacticn ieosts, and an elarm systen will deecdiately alert bt i€
n2lfuncetions, stoppries, indvistlons, ete., should ocenv.
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APPENDIX B
Project No. 572L000

The automated line will integrate all manufacturing operations
(vork handling, loading, crimping, scaling, in-process inspection, assembly
and test) into a single continucus system. Figure 3 illusirutes scme of
the possible modes of operation for an interlocking, computerized systen.

Operations: )
*

1. Inspection of Metal Perts:

Dimensions, integrity, compressive end tensile strengths will be »
inspected for ndherence to specifications. Megraflux, raijation and elec-
tronic techniques will be utilized where appliceble. Mechunical probes,
pneunatic measuring cystems, ete., will also be enployed.

2. Fecd:

A1l feed nystems will be completely autanated and will be continuous.
Yecdback from the varicus stetions will halt the flow of parts and explosive
(if necessary) shiould a steppage or izlfunction cccur. The quantity of
explosive zintuined in the primary fecd hovpars will dezzud on {ype of
explosive and safety limitutions. Povder vwill be dispensed in weasured
amounts corresponding to veight or volune recuired fer the indivicdual
increments at the consoliditien points. Vibratory type feed rechunisns,
forced feed types, moving bell, gravity end vrewntic fezds will all bie
considered.

3. Inspection of Louded Parts:

Hedight of char e will Le determined by autczatlic protes, weight
by eutonatic veirning devices. Rejected parts will be cycled out of ihe
cystem Lfor reeyeling or discerd as required.

., Scaling und Crimping:

hutorcetic senling anl erinmping vill be utilized, Availadble
sending eottiprent does not appecar sulinble Jor high voluie mutomated
production. 1t will prob:bly be neecscaxy to decipn and build entirely
new cquipnent for this opeoration.

n
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 APPENDIX B

Project No. 5274000

5. Testing:

The sampling procedure to be followed will be set up by the computer.
Ranctioning tests will be performed nutomatically with the results dis-
pluyed on the control panel. Failure beyond specficiution limits willd
close down oprrations if this should be desired. The system will provide
an override so that operation cun continue despite failure to meet
spceifications.

6. Packing:

Autcratie packing ecuipaent will be developcd. The high rate
equipment in industrial use will be studied for adeptability to explosive
operationc. Vacuum, air pressurc, magnetic, and mechanical pickups will
all be considered.

The vee of a carrier ns the vehicle for transferring the detonntors
through the system vhich will £lso0 be the inner packing contuiner my
solve the problen of orlentation of the itens since rany detonators have
L/D raticn of unity or close to it. Desicu of the overall systenm with
the Intent of viiliring the bacic packing contalner as the carrier Is
a desirable approach since the ultimate destination of the packed detonators
will be dovling end ascendly plants vhere complete munitions will be
produced. Keturn of e paeking containers Lo the point of origin
should precsent no problen.
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APPENDIX 2

Gulf + Western Cartridge Module "A"



The Cartridge Module (A) is a manufacturing system for pro-
ducing a complete cartridge. It is composed of sub-modules for
manufacturing and assembling the cartridge's major components
vhich are inter-connected by the Component Transfer System.

A sub-module is a group of equipment required for the manu-
facture or assembly functions necessary for the production
of a complete cartridge. Associated sub-modules which make
up the Module (A) are; Case Sub-Module, Bullet Sub-Module,
Primer Insert Sub-Module, Load and Assemble Sub-Module, and
Packaging Sub-Module.

The Case Sub-Module (B) is tooled for the 5.506mm cartridge
case, and with minimum alteration, is readily adaptable to
the manufacture of 7.62mm, caliber .30, and caliber .30
carbine cartridge cases.

The sub-module is an in-line machine system of interconnected
rotary presses and associated machinery. Continuous and posi-
tive movement is provided by the rotary forming equipment and
workpiece transfer system. Twenty-four tooling stations are
used on thc presses throughout the Bullet Sub-Module. Two tool
modules are installed on cach of twelve slide and roller
assemblies, except for the Trim Press and the First Boattail
Press which have two tools on ecach module. The presses operate
at a maximum of 50 rpm to producc up to 1200 narts per minute.
The linear velocity of the workpicce is 6.67 feet per second
during press rotation of 50 rpm.

Workpiece identity is constantly maintained on a 24-station
basis. The physical arrangement of the forming and transfer
turrets ensures that a workpicce once entering the sub-module
at a designated tooling station will be subsequently operated
on by a corresponding numbered station through the entire
process cycle.

The Bullet Sub-Module is toolced for the 5.56mm bullet, and with
minimum altceration, is readily adaptable to the manufacturc of
7.62mm, caliber .30, and calibcer .30 carbine bullets,

The "Casc Line" and '"Bullet Line" arc shown in the accompanying
photographs in thcir current stage of development (carly 1973).

» -
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APPENDIX 3

Trip Report Extracts
Hal Wanger
to

Perry Industries
Hicksville, N.Y.

9-19-72

Wm., Kalmar
Dave Wilson
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Mr. Kalmar discussed various jobs Perry had done, among
them the following:

(1) The automatic microgravel machine delivercd to Picatinny
which had tested out at 20 units/min. ®ut which has never been
run at Picatinny due to cancellation or the program.

(2) The 40mm grenade assembly machines (M406) which ran
at 45 units/min., Three lines each were set up at Ravenna,
Joliet and Milan.

(3) An assortment of filling station machines for Atlas
Chemical (now ICI) to fill micro detonators, 15 mg of L.A. and
12 mg of HMX, built to operate at 30-40/minute.

(4) An assortment of inert filler machines to operatc up
to 1300 units/ min. for the food, drug and chemical industry.

(5) A linc to operate at 20 units/min. to manufactur~ a
rubber cartridge filled with CS for Edgewood Arsenal.

(6) A cigarette filter machine to insert filters into
cigarcttes and cut them at 2400 units/min. for a major ciga: ctte
manufacturer,

All of the above equipment had been delivered and were scen
only on photos they happened to have., Mr. Kalmer demonstrated
the Accufill system of alternate vacvum pickup and pressure
delivery by mecans of lab equipment and then showed me some equip-
ment (not actually run) which is shown in the Perry literature.

Perry is supplying a sub mnodule to loid propellant and
assenmblc bullets into cartridge casecs for the Gulf + Western
Cartridge Module "A"., It is designed to operate at 1200 ppm
but is still in the building stage. The propellant loading
modulc (NC844 and TiR282M) and some of the gaging was demonstrated
with the computer (withcut cartridge cases). The serics type
dispenscr might possibly be used for lead azide, but there arc
pinch points. A "nuclear counter" is used to measure charge
height.

A number of machines in the 250-300/min. range incltdes a

sterile liquid filler, a sealed capsule assembler and a stopper
machine.

I



APPENDIX 4

Trip Report Extracts
Hal Wanger
to

Olin-Winchester
New Haven, Conn,

9-28/29-72

Dave Findlay
Edward Staba

Frankford Arsenal

Geo. Miller
Ed Rempfer
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Olin is under contract to Frankford Arscnal to build a
demonstration model of an automatic primer loading machine
which uses an extrudable mix, They have a patented process
which uses about 2% Karaya Gum in a water-wet primer mix.
Karaya Gum is a natural gum, but is modified by deacetylation
(partial removal of vapor constituents by heat). See U.S.
Patent No. 3,423,259, Jan. 21, 1969, Edw. A. Staba for details.

The mix is extruded into metering cavities, doctored off
by teflon blades, then punched into primer cups underpaper discs
which are punched out in the same operation. (They serve to
keep the punches clean and prevent dusting when the primer mix
is dry.) The loaded cups then receive anvils and are dried.
When dry, a drop of shellac is added to assist in prcvention of
dusting and contamination.*

Observations:

1., Test results to date tend to indicate a slight increase
in functioning time of primers made with Karaya Gum.
(Most of the gum remains cven after the moisture has
been driven off.)

2. The thin film of mix left on parts can dry rapidly and
be hazaruous,

3., There is a question as to whether such mixes can be
consolidated at high pressurc as required in detonators.

4, Dctonators must be sealed, so complcte drying would
ve required prior to sealing.

* Currcnt production practice is to apply the shellac or lacquer
before drying the primers.

s 13-



APPENDIX 5

Trip Report
Martin Friedland
to

International Machine Tool Show
Chicago, I11.

9-12/13-72
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Trip Report = The Interrational Machine Tool Show

Purpose of

Chicago, Illinois
Sept. 12&13, 1972

the trip was to investigate machines and processes which

may be applicable to the high-volume, high-rate production of

detonators.

The following companics were visited at the booth in

the Chicago Show:

Dake Cornoration, Grand Haven, Michigan

Sacma

This company builds high speed hydraulic presses for
blanking and assembly operations. The hydraulic press
is capable of operating at 900 strokes a minute, with
a sctroke of 1/4" to 1/2". The presses arc used pre-
dominantly in the manufacture of small metal parts.

Comnanyv, Italy

This company makes thread rolling equipment which
utilizes a pair of flat dies. The dies reciprocate

in opposite cirections with the part trapped between
the dies. In this manner, the threads are formed

on the part. They are capable of feeding and handling
up to 450 parts per minute. F[eeding is accomplished
by vibratory bowl and feed chute arrangecment.

Bruderxcer of Germany

Vibram

This company makes a short stroke, high-speed blanking
press. The rress on eoxhibit was being utilized to
blank small clectric ;totor laminations at a rate of

550 parts per minucte. The material was fed in in the
form nf pre-coated stcel ctock. The parts were blanked
out, two paris being planked at one time, one inside
the other. The parts viere separated and discharged
into a stacking device.

atic Co., Irc.,, "oblesville, Indiana

David Nelson, Picsident of the company.

s vibratory hoppers and feeders. They
have made fcelers for Cetonatos cups which operate
satisfactorily up to 1800 per minrute. They have sup-
plied thece ~uv fecders to such companies as U.S. Royal,
Gilman Ingruy. Co., Swansen Erie, and the Clyde Corp.
They have also nade feoeding equipment which is capable
oi feeding brass cartridye cups and orienting them at
high speeds. The egquipnment on exhibit scemed to operate
guite satisfactorily.

I spoke to iir.
The company makes

-
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Prutton Corp.

This company is a manufacturcr of thread rolling machines.
The thread rolling is done with a cylindrical roll and
convex segments, which bear against the outside of the
cylindrical roll. The screw blank is fec¢ in between '

the rotating circular roll and the stationary segment

is rolled in that manner. The machine on exhibit was
rolling a 10-32 thread machine screws about 1-1/2" long
at the rate of 640 picces a minute. Feeding of the

screw blanks was accomplished by means of a vibratory
bowl and fecd track system.

U.S. Baird, Stratford, Conn.

I spoke tc Mr. Charlces N. Warner, Sales Promotion Manager.
They had a number of pieces of cquipment on demonstration
at the booth. One was a 28-station horizcntal press
utilizing strip stecck which was Leing uveed to form and
assemble 100 hosge c¢lamps per minute. 2Also on exhibit
was a tranuicr su4.$8 operating at 300 strokes a minute
making hot! herical balls for the jewelry i.dustry.
This p¥o! 1s Oapable of making 600 parits per minute by
utiliziug a deuble-erced feed system. The company makes
cam-operatced rachines which are capable ¢of exerting as
high as 150 tons per staiicn by use cfZ 5C-ton cams and

a 3:1 toggle linkage wystem, At one time, this company
made special eccuipment which was utilized in the ordnance
field., However, at this time, they do ncct manufacture
any highly sreciallized cquipnment, but rather stick to a
standardized line of machines.

Minster lachine Co., Minstecr, Ohio

They had on exhibit 2 motor lamination irzachine which con-
sisted of two high cpeed mechanical presses and a large
dial tablc. The dial takle was used to index the motor
landnation blanks to cach of the presces. The high speed
presses would then blank out the motor laminaticn notches,
onc at a tire, while the blank was rotated undernceath

the punch. Tle presses operate at a rate of 1700 to 2000
strokes per minute.

National Acme Co., Clevelard, Ohio

Manufacturcers of Acme-Gridley screw rachines. They haa

a nunber of various sites and meodel screw machines on
demonstration at the kooth. The highest production rate
screw machine requires atout 0.7 secona per cycle which
will produce aporoximately 100 finished parts per minute,
The:o machines are capable of rerfornminag eight (£) opera-
tions on cach part at this bhigh speed. ~he machines
utilize a wive fecd systom or are capabile of handling

buar stock.,

-
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V&O Press Co., Hudson, New York

The company had on exhibit a high speced transfer press
dcing a blanking operation at the rate of 200 parts per
minute. This company had provided ecquipment for muni-
tions industry, but refuses to discuss it, since we are
competitors.,

Schuler Company, Germany

The company had an electric motor lamination line in
operation. The line consisted of three presses and a
large dial index machine. Strip stock was fed into
the first press, which blanked out the rotor and stator
blanks., The blanks were then separated and fed into
the lamination notching machines. There the blank was
rotated under the punch which was operating at 1300
strokes per minute. The equipment is of first class
quality and is well engineered.

Townstead Rivet Co., Div. of Texton

The company makes rivetina nachines as well as rivet .
making machines., The maximun speed of riveting is only
80 to 90 puarts ver minute. The linitation of high speed
riveting is hardling of the parts. They fecl that
riveting machines will operate as high as 600 parts per
minute if the colution of feeding of the parts can be
accomnliched,

Bihler Comeanv, Geripanry
o 7

This comnany had on exhibit two (2) very fine operating
rotary forming rachines. The machine consists of a coil
stock feed, fecding into a 3-station blanking die. Here
the parts are blanked and sevarated. They are then fed
into &« G-station rotary caw operated machine whicl. forms
the part into the finished shape. One machine was
operating at 600 parts per minute nbilizing steel strip
stock. A second enmaller nmachine doing a similar opera-
tion on brass stock was operating at 1,000 rarts per
minutce.  Eoth of these mhchines operated versy nicely.
However, the noise level of the larger machine started

to incrcacse at o very sgignificant rate at aboul 400 pourts
per minute. At 600 parts per minute, the noise level of
the cquipment won quite scvere. It sheould be noted, how-
ever, that the rnachine covers had Leen removed to allow
viewing into the orerating mecharicm of the nachine.
Undoubtedly, with covers in place, the noise level would
be considerubly reduced.
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Pastener Engineers, Inc., Rockford, Ill.

This company makes machines for heading and slotting of
fasteners such as screws. They had two fastener slotting
machines operating. The machines are quite small in

size and use the vibrating bowl and fced track system to
feed the parts. The machines have a rotary turret with
v-notches cut at the edge of the turret. A pusher device
pushes the blank into tihe v-notch. Since the turret
rotates, the blank is carried around with it trapped
against a stationary plate. The turret then rotates the
head of the screw under a pair of slitting saws which are
used to cut the slots in the screw heads. The two machines
operated at 600 and 1200 parts per minute. The feeding
of the parts into the machine appcared to be no problem.

Esab Companv, Swecden

This company had a wire draw and cut-off machine. This
is used to draw wire to final diameter and then cut the
wire off into pre-determined lengths. The machine was
capable of operating at 1050 parts per minute.

Clearing Div. of U.S. Industries, Chicago

Clearing had on exhibit a machine which is designed and
nmanufacturced in England for which they have the American
Rights. The machine is e high speed transicer press,
vhich was tooled uvp for blanking out small parts. The
transfer press is available frcm 4 to 8 stations. The
transfer mcochanisms were all cam actuated. The machine
operated very snecothly and made parts at the rate of
appro:imztely 360 per minute. I discussed with two
membeis of the English Company which built the machine,
the use of this type of equipment for the manufacture of
ordnance corponents, They are suppliers to the govern-
ment arsenal in England. However, due to low production
reguircenent s, thev are able to satisfy the government
reguirenconts by the use of this type of transfer pvess.,
They have tooled these machines for making parts for
5.56mm and 7.62imm cartridge cases and bullets. The
machine vos very well-built and cperatad with practically
no vibration.

M. P'riedland

e
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Trip Report
H. VWanger
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to
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TRIP REPORT

LACE: LONE STAR ARMY AMMUNITION PLANT PROJECT: 05308

TEXARKANA, TEXAS
DATE: 10-3/5-72

VISITORS: HAL WANGER, PICATINNY ARSENAL, MTD

E.E. HANNUM, G+W R&D CENTER

PURPQOSE;: TO STUDY TECHNIQUES AND EQUIPMENT CURRENTLY USED AT

LONE STAR TO MANUFACTURE NON-ELECTRIC DETONATORS

DISCUSSION

Our guide was Ken Elliott of Day & Zimmerman, operators of the

GO-CO Plant for the past 20 years. The production line is in twc
sections; the "back line" where the explosiv2 materials are received
and conditioned, and the "front line" where the dry explosives are
loaded inéo detonator cups..

The "Back Line"

The back line consists of a number of thick-walled, reinforced
concrete and masonary buildings dispersed in a large field and
connected by covered concrete sidewalks. The distance between

the ‘buildings coniorms to the Quantity-Distance Tables in the

AMCP. 385-100 Safety Manual. Each type of explosive is received and
conditioned separately. Lead Azide, for instance, is received in
55~gallon drums that weigh about 600 pounds when loaded and contain
10 conductive-xubtber-lined cloth bags each cuntaining 15 pounds of
wet lead azide. 1t is drowned in a water-alcohol soluticn and the
individual bags are scparated by quantities of wet sawdust.

The bags are removed from the drum, washed and placed in stainless
steel buckets and covered with alcohol. Each building has an open
drain through to a basin or ditch outside, where waste materials

are flushed into o "kill" solution which consicts of Witcic Acid

SO



and Sodium Nitrite in water. At the end of each shift, the pool is
boiled with steam then the residue is tested. If "killed", it is
then drained off to a disposal area and allowed to 'leach out"

into the ground.

The concret.e floors (conductive, some are covered with lead) are

kept water-wet and all personnel must wear conductive shoes and
anti-static clothing (cotton). Shoes must be cleaned on a wet

rubber mat before¢ entering buildings. Personnel are not permitted

to step off of the concrete walks.

The reason for this is that they have had several injuries caused by
the ground exploding under peoples' feet. They don't seem to know
why this happens. However, the explanation scems obvious. In each
building, filtered air is forced in, but allowed to leak out through
whatever openings exist. The air lcaking out carries explosive cdust
and evidently deposits a lot of it on the ground nearby. The grinding -
action of pcoples' feet on the explosive dust and gritty earth

cause explosions.

This line of reasoning is supported by similar phenrnomena in the

front line. Even though every effort is made to clean away dust from
the machines (using vacuum pick ups after each step in the process)
dust evidently still accunnlates on the cquipsient, though hardly
visible. Sometiwncs, vhen a "blow" occurs in a consolidation opera-
tion, it will propogate around the entire machine via the accumulated
dust.

This scrves to illustrate the hazard involved in loading dry, scnsitive
primary cxplosives and "initiating" explosives such as lead azide,

lead styphnate and priming . xes. AP Lone Star only one ounce at a

A -8/~
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time of these materials is placed in the barricaded, metering-
consolidation stations. When a blow occurs, the metering device

is destroyed and the punch and die usually damaged (but readily
replaced). Many spare metering devices are kept on hand.

Single 15-pound bags of wet lead azide are transferred via a "baby
carriage" pushed by an opcrator to another building where it is
kneaded and mixed by rubbher-gloved human hands. Concductive rubber
cylinders lined with a cloth strainer are filled with ebout 2 pounds
of wet lead azide and then placed over an aspirator flask and most
of the liquid is drawn off.

Six of these (approx.) 2-poun? containers are placed in a conductive
rubber box and wheeled in the baby buggy to the dry house. Here
they arc placed in a rack and warm air forced thru until the material
is thoroughly dry. Therc may be as much as 600 pournds in the dry
house at one time!

Two-pound batches of dry azide arce sieved in a "jelly bag" strainer,
in & heavily bhorricaded rocm, by remote control. At this point,
samples are taken to determine acceptability of the katch. Moisture
content, purity, and grain size arc among the tests perxformed. 1If
acceptable, thce Z-pound bhatch is placed in a karricacde which contains
a scale halance and remotoely-operated manipulating devices, By

this -iecans, onc-ounce quaentities arc placed into steel cups in
separate, conductive-rubber~-containcrs. fThese are tien moved into
the front line, one at a time as nceded.

Other primary cxplosivas <uch a lead styphnate are handled in

similav Zashion, b»! in a separatc line.
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The priming mix materials are received separately and blended in a
barricaded, remotely-controlled opecration.

Output charge explosives such as RDX are reccived in moist condition
in 50 # containers. In some operations, the output charges are
loaded in pellet form then reconsolidated when loaded into detonator
cups.

The buildings and covered walkways are fitted withlightning rods and
hecavy ground conductor cables and, of course, all precautions are

taken to avoid static electricity and other sources of stray energy.

The "Front Line"

From the 6utside, the front line looks like two rows of horse stables
you might see at any race track. At Lone Star, two rows of about 18.
"stalls" each facc each other acreoss a "no-man's land" of about

30 yards. Each stall has three thick reinforced concrete walls

with steel doors forming the fourth wall (front), and houses a
complete assembly "front line" for a particular type of detonator,
lead or delay. |

Outside of the stalls,used for making detonaters and leads,are heavy
stee) harricaded "rcady Lox" storace chambers for the priming, inter-
mediate and output charge rnaterials waiting to go into the line

(in one-ounce increments).

Barricades are of welded cteel construction, usu~lly rectangular in
cross—-section and ex’ nd from the concrete floor up through the roof
in order to vent the explosive end-preducts in case of a "blow".
Access doors are also heavy steel plate, arce larger than the opening

and open inward so that internal pressure cannot blow thom off
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their hinges. Although of mostly welded construction, where bolts
are necessary, the heads are inside the barricade. If studs and
nuts are used, the threaded holes do not penetrate through the
steel wall., This is to avoid making projectiles of nuts and bolts
in casc of an explosion within the barricade.

View ports are small and fitted with about 4 thicknesses of 1/8"
thick LEXAN (G.E. Co. polycarbonate), the number depending upon the
results of safety tesis.

The production lines differ depending upon the item being manufactured
and the quantities required. Some are almost completely manual and
others are almost completely automatic. The highest degree of
automation is probably accomplished with the Lone Star modified,
Ferguson "Trans-o-mater". It is capable of producing from about

30 to 60 finished items per minute (depending upon the complexity
of the item) with very little assistance from the human operators.
The operators must manually supply raw, bulk (one-ounce quantities)
of explosives to the metering stations, detonator cups to the cup
feeder-orienter and reels of metal to the closure disc blank ahd
insert stations.

The Trans-o-mater is an indexing, in-line cystem on a continuous
conveyor featuring a transter belt with flexible steel segments.
Each segment mounts alignment fixtures for centering dies under

the metering devices and consolidation ramz. The dies receive
cups, open end up, then are moved into barricades where an explosive

charge is metercd in.
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Consolidation pressure is regulated by calibrated, spring-loaded
rams (there is no dwell time) and charge height is monitored by
detectors on the rams. One highly regarded dcvice is the "Electricator"
an electric dial indicator made by Federal Products Corp.

In some cases output charges such as RDX are loaded in pellet form
then reconsolidated. Closure discs are blanked from strip stock
and punched right into the detonator cup. Crimping is done in

two steps, 45° and 90°. The 90° crimp is used as a sizing
operation to bring the detonator into the length tolerance.
Inspection is 100% and is completely manual and visual. Rejection
rate is reported as high as 30%.

Miscellancous Notes

4.1 Pressure dwell during consolidation is not conéidered
necessary. Vhen called for in the specifications, Lone Star
usually demonstrates that it is not nceded.

4,2 It was reported that the system used at Lake City AAP, which
features a 1l0-cavity mectering platen system, suffered such a
sexious explosion that they were out of production for about 2 ycars.
Lone Star loads only one cup at a time.

4.3 No one seccmed to know how fast the consolidation rams move
during consolidaticn. However, we can calculate an approximate
speed. At 30 ppm (one every 2 scconds) if we assume 1/2 second to
move the workpiece into the consolidation station and 1/2 second to
move it out, there is one sccond for consolicdation. If we assume the
ram contacts the loose explosive 1/2 way down its stroke and consolidates
from a height of .250 inch to .050 inch, the consolidation stroke is
.200 inch and pexformed in 1/4 second (see sketch). Thus, the con-
solidation rate is .200 inch per 1/4 second cr .8 in./sec. or 48 in./min.

or .067 ft../sec.
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Thexe are two metering devices currently in use. One is the Cargil
Scooper which is simply a small shallow spoon that dips into the
mix (used mostly for priming and delay mixec) and is leveled off
by a "doétor” blade. This is also used manually.

The second metering device is a little more complex. It is the
Chamlee Loader. It consists of a lucite or plexiglas block about
3.5 inches long and 3/4" square into which are drilled two inter-
secting cylindrical passages, each about the same diameter ac a
detonator cup. The intersection angle is acute about 30° or less.
Lead azide feeds down a flexible tube, from the one~ounce capacity
funnel-hopper located just above, into the cavity formed in the
lucite block just beyond the intersection of the two intercecting
passages. [Plexible, vacuum-air hoses supply tiny air cylinders
which adjust the cavity if it meters too much or too little. This
adjustable volume cavity is the metering cavity. When a detonator
cup in a funnel-die is positioned bencath the metering device, the
device is inverted and the metercd charge drops into the detonator
cup. The "doctoring" occurs at the sharp shouldered intersecction
of the two cylindrical passages.

This device secms to ¢give accurate and consistent results, but the
quantity of lead azide frequently exceeds one ounce becausc the
funnel must be filled before it is gquite empty and the tubing holds
almost one ounce. If a blow occure, the entire device is destroyed.
For this recason, about 20 spares are always maintoinced in ready

condition.
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4.4 Detonators are too small to have any identification marking
other than the colored lacquer used to sezl and identify the output
end. Their identification is on the packoges into which they are
placed after acceptance inspection.

4.5 lone Star makes all kinds of non-electric detonators, leads

and delays. Among those in current or recent production are the

followving:
M55 M80
M42 MK9S5
M76 M59
M35 M58
M24 M87
M63

4.6 It was generally agreed that one of the most difficult
problems to be solved in high-volume, high-rate detonator produc-
tion is.that of bringing sufficient quantities of censitive

explosive to and through the linec safely.

4.7 Lone Star hasu been working on an automated cenditioning system,

funded by Picatinny Arsenal. Xen Elliott has a prototype system
in opcration with which he plans to demoncstrate feasibility of the
approach. [I'rom this, he hopes to be able to design a functional
system., His prototype is essentially autcmation of the current
"back line" processes all concolidated behind one hecavy barricade.
It processes tvwo pounds at a time and has the obvicus disadvantage
that a blow will wreck the entirc system.

4.8 It.appecars that new approaches are needed. Current safety
regulations almest dictate a batch process. However, if a simpler
more effective means of desensiticing the bulk explcsives so they
could be handled and loaded safely in larger guantitics woere
possible, this would not be such a limiting restraint.

- 88 -
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Another concept is to simply automate the present back line and
feed the one-ounce or less quantities steadily into the line in
isolated, barricaded containers.

4.9 One great stumbling block was reported. Apparently, the
U.S. Government has stock piled enough lead azide (stored in the
customary water-alcohol wet 15-pound bags)to meet all requirements
for the next 40 years! So whatever scheme is used, it will have

to start from these.

Dust Control

It is interesting to note that the nechanisms used in the front
line are rot covered. The Lone Star philosophy is that covers
tend to hide accumulations of explosive dust, thus creating

"big bombs". Thorough clezning at periodic intervals is sﬁandard
procedure. All surfaces must be easily accessible or they might
be neglected. Vacuum cleaner lines with water traps are plentiful

at Lone Star. Much use is made of air jet (venturi effect) pumps.
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APPENDIX 7

Trip Report
H. Wanger
M. Friedland

to

Lake City AAP
Independence, Mo,

10-10/12-72
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Project 05308
TRIP REPORT

Date: 10-12 October 1972
Location: LCAAP, Independence, Mo.

Purpose: To study techniques and equipment
. currently used at LCAAP to manufacture
non-electric detonratz:is.

Contacts: Mr, Frank Green, Chicf of Operations Review
Mr. Ed Thornton, Industrial specialist
Mr. Frank Lowrey, Supt. of Loading Bldg. - Remington
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Hal Wanger, Picatinny Arscnal MID
M. Friedland, G+W R&D Center

1. DETONA'TOR LINE

We were given a brief visit of the back line which consists
of a number of thicik-walled, reinforced concrete and masonry
buildings dug into large mounds of earth. These buildings are
used to store anéd sceparate the varicus explogsives from large
quantities to smallor guantities. Aftcr the explosives have been
reduced to smaller size packaqes, they are taken into to drying
rooms for drying and subsequent trancsfer to the loading areas.
The back line at Lake City is guite similar to that at Lone Star.
Most of the procecurcc used arc quite similar to that at Lone Star
for handling and weighing the cxplogives. Ted Hannum's trip report
(Lone Star) contains an extensive exrlanation of the handling system
for handling explosives in the back line eorea and since Lake City's
procedures are almost identical, details of thece operations are
not included.

2. DETORATOR FRONT LINE

Lake City currently produces ornly the M57ELl detonator which
is used in the 20mm cartridge. They are producing these detonators
at between 200 and 200 per minute on once line. ILake City uses the
110-hole loading plate system. The detenator cups, which are made
in a separate building are shaken in a bag to lubricate them with
graphite. The goaphited cups are loaded into a bin. Several female
operators take the 110-hole loading plates, lay them into the bin
full of cups, pour cups over the top of the loading plate and very
slowly move the loadinrg platc back and forth. After some 10 or 15
scconds, rost of the holes in the loading vlates have been filled
with detonator cups which fall into the holes with closed end down.
Any cups that are inverted arce removed and any holes that are not
£filled with cups are filled indivicually. A solid plate underneath
the loading plate prevents the cups <“rom falling through., The
loading plates now are assembled with a £illing nlate which con-
taing 1190 small funnel-shaped openings. The thrce plates are then
clipped togather by weans of spring clips which hold them together
in proper alignment,
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At this time, the plates are taken into the loading area. The
povwder loading avea consists of a series of 8 or 10 cubicles arranged
in pairs. The left hand cubicle of cach pair contains a filling
machinc, while the right hand cubicle contaings a 100-ton, Oilgear,
*C% frame hydraulic press. The first cubicle is therefore used to
load the £11UL rcwder which is the prlmer mix. The operator withe-
draws approx xmatcly 1l ourice of the prlmcr mix frem a closed box
in the back of the cubicle, puts the mix into a rubber boat rmounted
just ebove the machine hopper. The operator then goes outsice and
locks the door. The priner mix in the rubber boat is then tilted
by the operator so that the mix falls into a squarc shaped hooper
in the machine. The hopper plate has a recess akbout 2 inches ceep,
and the bottom of the plate has 110 holes on the sane centers as
the loading plate. Each of the holes has a funnel shape. Directly
underneath the funnel shaved plate is the metering plate. This
metering plate has 110 Loles of the correct diameter and by adjust-
ing the thickness of the metering plate is able to meter the
corrcct volure of powder into each hole. The operator loads the
loading plate £illed with cups onto a chain conveyor outside of
the cubicle. 4i.e door in the cubicle is openeé and the loading
plate is pushed inside by the chain conveycr, and the cdoor is then
closcd. The londing plate and hopper plates are off-set slichtly
in one directicn so that the vowder does not. fall through. The
operator, using mznual contrels from the outsidc, then agitates the
powder very gonily bv "cans of a rubber paddle, anc the pc“éer flows
into the metering p The metering nlabn lg then moved about
1/4" by means o a remote control g that the holes in the netering
plate and the holes in the loading plate are directly in line with
each other, ”’u powder in the metering plate then falls through
the loading plate and into the detorator cupr. At the same tire,
since the holes in the melering plate are now offset from the holes
in the hopper, the hoprer is cffectively clesed off from any flow
of the powder. The plate with the detonators loaded with the primer
mix ig then rermoved by the operstor in the same manncr as it was
loaded. The plate with the powder is now handed over to the opcrator
in the next cubicle.

The next cubicle has the consolidation rress. The press has
a die set installed in it which in turn has a plate with 110 punches
attached¢ to it. Tha primer mix is consolidated at approximately
24,000 peil and dees not uiilize cny stops

ops ot the bottom of the
ation is determined by pressure ruildup rather
than by a fixed height. '“The cperaticn ol theo conmpact icn statien
is similar tc tie loadina station in that the opcrater loads it
outsidce, opens the door and the cenveyer talies it inside. After
closing the door, the precs goes through an autonatic cycle. The
cycle consists of acproximately 2 seconds cf travel in which the
punches travel approxiirately 1 inch. An G-seconé dwell at the
botton and then approxinmately 3 secends to return to the tep. This
means that the punches are compacting at a rate of apnroximately
20 inches par minuie. After finishing, the dcor is oHpened and the
¢ conveyor and is then traonsferxed to the next

stroke. Consclid

pleate is rerioved Ly G

moachine LTS d Tuy Y ong chitrge. Throe characs are being used
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In discussing the hazards of this operation, we found out that
the Lead Azide compaction was by far the most dangerous of all the
operations. Apparently, the Lead Azide is pinched, which causes it
to blow. While no exact figures could be given, they indicated
that they have 10 to 20 blows a year, primarily in the Lead Azide
compaction station. They have not had any fatalities in this area
for a‘long period of time. When the Lead Azide blows, it ruins the
entire tool set, but it does not damage the press. Most of the
time, in addition, it will blow out either the back wall of the
building or the roof.

After compacting the RDX, the loading plate then goes to an
inspecticn machine which was built by Shefficld and utilizes a
fluidic gaging process to check thc height of the compacted deton-
ator mix. Any detonators which are not within height tolerance
are recmnoved.,

The loading plate then goes to the next cubicle in which the
plate is inserted into the cubicle remotely, aluminum foil is fed
into the machine, and by means of suitable punches, a disc of the
foil is inserted on top of the detonator powder mix. This aluminum
foil scrves as the closure for the open end of the detonator.

After inspection to see that the aluminum disc is in place, the
loading plate is then transferred to a small air-operated press.
Here, the girl inserts a crimp plate over the top of the detonzator’
cups which are now sticking out of the loading plate; the funnel
plate having been previougly removed. The entire assembly is in-
serted under the air-operated press, resulting in a 45° crimp.

The loading plate is then removed irom the press and put into
another cubicle to perform the 90° crimp. The 90° crimping is done
by covering the loading plate with a second crimp plate and a 50-ten
hydraulic press. In addition, the detonator height is determined
by this operation. The detonators are inspected and then the crimped
end is coated with a green lacouer vwhich acts as a sealant as well
as an identification for the deteonators. At the final operation;

the dctonators are assenbled into Lhe balls which are to be ultimately

used in the 20mm fuze. After this operation, the detonator aund
ball assenbly iz removed from this building and sent to the fuze
assembly area.

Standard Process Records were not available at Lake City.
Prawings of the lecading plates and 21l of the rest o: the tooliny
are available, Lut they will bave to be obtained throughL Picatinny
Arsenal.

3. MANUFACTURE O PELLETS FOR 'TiE 204M BOOSTER

The 20mm booster uses two compacted pell-ots of RDX. This job
is done in a renote building, automatically. They are using a 27-
station rotary Stokes machine. 1t is arranged so that two pelloets
are compacted at a time. Sin=ze the machine operates at 50 rpm,
100 pellets per minute are procuccd. The machine uses a cam track
to raise Lnd lower the punches; both the botton and the top pwiches.

-9 -
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For compacting, the punch head goes underncath a round wheel (both
top and bottom punches). These wheels are adjusted to deliver the
proper compacting prescure. There are two wheels; at 180° from
each other which perrits the two pellets to be compacted at the
game time. Powder fc2d system is conventional for a compacting
machine,

4. 5.56MM PRIMER LOADING

This loading system utilizes a loading plate with 1416 holes.
The cups are vibrated into the loadlng plate, base decwn in the
first operation. The primor mix is pressed into a 1416-hole meter-
ing plate by hand, utilizing a rubber tool. The operator presses
this rutber tool againet the plate to fcrce the wet primer mix into
the plate. Filling is done £frcm both 51acn, and excess material
is doctored off. The plate with the mix 21.d the piate with the
primer cups are put together under a pneumatic press fitted with
1416 pins, which pushes the mix out of the metering plate and into
the cup, and, in aédition, compacts the mix. A paper closure is
then incerted into ecach primer cup one row at a time. The primer
anvils are lcaded into another loading plate alszo by means ol vibra-
tion. The plate with the anvils and the plate with the loaded cups
arc put toccther and indexed under a press one row at a time, which
then pushes the anvils from the plate into the primer cups. Lacguer
sealant ic then put on the primer by means of a pin fixture, by
dipping the vin into the lacquer and then transferring the drop of
lacyguer on the end of cach pin to the primer in the loading plate.

5. THE BEWDIX PRIMER CUP LOADING MACHIMNE

Bendix has a contract with Lake City to make a primer cup
loading machine. The machine has been built and ie now being de-
bugged at Lake City. The machine has successiully loaded inert
material, but p*oblen: have ariser when the machine was utilized
to make dCLUdl primers. The machine utilizes the 1416-hole loading
plate concept. Ja prcéuction, theyfeel that up to four plates per
minute coulc be processed. A schematic is enclosed which shows
the basic cperation of this machine.

6. 2011 BOOSTFR LOADING MACHI

{5

This was a Stokes in-lipe press which cperates at 50 strokes
a minute and is double tOOlpu and therefore makes 100 parts per
minute. Present prcouction is aperoximately 26,000 perts per
8-hour shift. This press loads the 20mm bocster with two (2)
pellets and ceongelidates the 1cl’c%s Tho operation is as followe:
Feed the netal booster port in the fi station. The second
station feads two pellets at & tn,ﬂ lnio the booster. The third

gtation conzelicdates it. The fourth stnticon punches ont an aluminum
clogure ¢ige and inscrte the disc onh top &f the powder. The next
staticn is a 457 crimp, and the last opevaetion is a 90° crimp,
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The machine operates live a transfer press, cxcept that the booster
parts are carried in meval cuarriers and attached to cndless chains.

At cach station the chain awells and the one operation is accomplished.
The entirc machine is enclosed in the blast-proof cubicle and is
operated automatically without attcndance. The press is a mechanical
press of fairly large bed size but rather light tonnage.

7. THE V&0 5.56¥M PRIMER INSLRT MACHIMN®

The prirer insert machine is a 300 stinke a minute mechanical
press together wich a rotary dial table of approximately 20 stations.
The cups are fed from a hopper into a set »f llollen's rolls by means
of a vibratory f{eceder. The Mollen's rolls orient the cartridges
in a point downward position, and they are then fed down a chute.

A pin attached to the slide pucho>s them from the chute onto a nan-
drel on the dial table. (The dial table indexes through a stanrt
and stop motion 300 times a minute.) The dial table then moves the
piece to the next station which checks for the presence of the
pocket in the end of the cartridge case.

The next operation pierces the vent hole. Next, a checking
operaticn checks for the presence of the vent hole. Then, upon
further indexing, the primer is fed and placed into the primer
pocket in the cartridge cazse. The primers are fed from a hopper
dovwn a chute and transferred by means of a starvheel device.

The next incdex inserts the primer by means of a punch to the
proper depth. Presence of the primer is then checked in the next
station. The chacking onarctions do not remove the defective part,
but stop the machine ané a fault light com2s on and the operator
renoves the bad part.

The last station inserts the cartridge into a hollow tube at
the hottcm. 7The tube which travels in & vertical direction is
attached to the press slide. The hotten end of the tube moves
dowvn over the case and holds the case b spring fingers. In each
successive operation, another cartridge gees in the bettom and
another case thaen comes out the top of the tube, where a set of
fingers grab the case. The case is moved into a device which
applies the sealant, The cartridges are then removed on a track
device. The presses utilize Honeywell pneuinatic controls.
Apparently, these are fluicdic controls and they have not found
them to be entirely relieble. They indicated that the press
otherwise orerates satisfactorily.

8. 5.56MM CLIPPING AND DPACEAGING T.INE

The 5.56mm clipping line utilizes the o0ld type rotary clipping
machines which fced § cartridges at a time into a slot in a rotary
wheel by feouling at two vocitions: ten cartridaoes are loaded into

each slc The clips were oricnted into o belt containing slots

by means ovr a vibrating teceder. any of the clips which are inverted
are b n o by an air jet. 7% cglips are then pucshed Onto the
load of ten carvtridges. By this means, approximately 140 cartridges
a minute a3 ‘ d. The loeded clips are delivered from the
clippi machin y means ol a conveyor to girls who put the point
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protectors on the clips ancd put the two clips into the cardboard
carton. They are then conveyed to machines which are used to load
the cartons iato the bandolecr. This is a "shoe-horn" type loader
in which the girl fits the bandoleer over stainless steel horns and
upon activ~cing the switch, seven cartons fall down the chute into
the bandoleer. ifbout 50% of the time, cone or two of Lhe cartons
would not entexr the bandoleer opening properly and the girl had to
giggle the bandoleers to make the cartons fall in properly. The
loaded bandoleers are then put on a conveyor belt where several
girls fold the bancdoleecrs and load them into the ammunition cans

by hand. The loaded ammunition cans are then delivered to the
crating area where the crate is formed around the cans by hand.

The cratcs are sialed manuvally and sent to a "Gottscho" crate mark=-
ing mackinc which markes three sides of the crate. The crates

are then conveyed to the palletizing area and palletized and banded
manually.

9. 7.62MM LINKING AND PACKING LINE

Lake City has lines for linking both 7.62mm and .30 caliber
cartridges. The linking machines run at 550 to 600 cartridges per
minute. The 7.62nm linking machine utilizes threce feeding hoppers.
At the time I was there, they were linking one tracer and four ball
bullet-ratio belts, of 100 round length. The machine utilizes three
sets of Mollen's rolls. One set of MNollen's rolls feeds the tracer
cartridges, while two sets feed the ball bullete. The tracer cor-
tridges come off the HMollen's rolls into a banana tuke and are fed
into a roller with a slot in it for one cartridce. Aadjacent are
two sets of reollers with slotzs for two cartridges in each roller.
These are fed by the Mcllen's rollers for the ball bullets and
appropriate banana tubes. By this means, one tracer ig placed
into every fifth slot in the grooved belt, and the other four slots
filled by two ball cartricdges from cach of the two rollers, thereby
obtaining the one tracer and four ball bullet configuration.

The belt goes up an incline where the cartridges fall into a
short magazine tube. The magaczine tube then feeds the grcoved
asseribly whcel. The assenbly wheel picks off one cartridge in each
groove at 600 per minute. A girl feede the links out of the lox of
20 into a chute which in turn feeds the links into the assembly
wheel in the same grocove, hut at the opposite end of the cartridge.
As the asscmbly wheel turns, a cam pushes the cartridge axially
into the links and thereby accomplished the linking. An arm with
a finger on it dircctly vndexr the magazine which feedgs the ascembly
wheel is used to cectermine the lencth of each belt of ammunition by
stopping the feed at every 100th .ound. Thi. nissing cartridge
prevents linking and the belts are then made into proper length.

The belts were then conveyed to a table where three girls were
inspecting them. ‘he girls checked the belt against an aluminum
fixture with holes matching the centers of the cartridges. She

then put the belt on a tching cevice which checked for broken

or weak links. She next turned "he halt and inserted the points

0f the cartridge nto th checiking fixtore and seatad them.
-77-
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The checking fixture which is made up of foldable bars is then
accordian folded with the belt in place into the configuration
required for packing. She then turns the entire assembly over

80 that the cartridges are sitting on the ends. The assembly
device is removed and the folded belt is pushed into the card-
board carton. The cartons are then put on a conveyor belt and
delivéred to the next operation whereby girls insert the cartons
into the bandolecers by hand. The girls then take the filled
bandoleer and insert two bandoleers into an ammunition box.

The bandoleer strap presents a problem and requires that the girl
use a blade to push the loose end of the strap into the ammunition
box. The girls then close the boxes and put them on a conveyor
belt where they are delivered to the crating operation. The
crating operation is done by hand, and the crate is folded around
the ammunition boxes. The ammunition boxes are closed and scaled
by hand and declivered on a conveyor to a "Gottscho" crate printer.
The cartons are printcd on three sides and then delivered to the
palletizing and banding area. They are loaded and banded manually,
and are ultimately removed by fork lift truck.

COMMENT: The visit to lLzke City was very interesting and inform-
ative. In general, the plant seems to he very wvell
operated, quite clean and the personnel appear to be
very knowlcdgeable. They are cxtremely safety conscious
at this plant. while most of the equipment is cuite old,
it appears to be in good repair and fairly well maintained.
We were very well received at this installaticn and fcund
the personnel to be extremely cooperative, and were per-
mitted to observe and question any of the operations.

- ee e an'on co o et wr o a oo - -

{. Friedland

MF/sg

- 95-



st e e BN

pos— o]

ANBINR S ="

eumai

g ey = 0

APPENDIX 8

Trip Report
E.E. Hannum
to
Frankford Arsenal

10-13-72
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TRIP REPORT
PLACE: Frankford Arécnal DATLE: 10-13-72
Philao' pa. (N
Mr. Mcl Smith PROJECT NO.: 05308

Ammo Modernization Div.
VISITOR: E.E. Hannum, G+W R&D Center

PURPOSE: To investigate technigues and equipment that may be
applicable t«) high-volume, high-rate detonator procduction.

Frankford Arcscnal is developing automatic inspection equipment to be
used in small arms ammunition production. Production rates are in
the order of 1500 parts per minute. The objective is 100% inspection
of all necessary physical dimensions, weight, hardness and detection
of flaws.

Cup Inspection

Brass cups from which the cartridge cascs are made aré received in
bulk and loaded by conveyor into a hepper. From the hopper, ithey
are fcd into orienting devices, then into accelerating and spacing
screws. There are two parallel systems, each capable of processing
800 cups per minute. Various measuring devices are set-up at sta-
tions along the screws to make mcasurements on the cups as they

pass by.

Average hardness is measured by an eddy current device. Wall thick-
ness is measwed at c¢ix locations by ultrasonic echo ranging using
wiater jets as the transfer medium (also bottom thickness).

Diamecter is mcacured wilh an (optical) infrared dectector (echo
technique) with the scroew as a reference.

At one point in the screw there is no thread so when a cup arrives,
it stops and is supportcd only by the pan of a servo-motor balanced
scale which weighs it., When the next cup arrives, it pushes the cup
ahead of it off of the scaie and into the lead scfew again.

_/Do ‘e
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Cartridge Case Inspcection

Finished standard cases are gaged automatically using probes that

contact the case and drive linear transducers which feed signals

into a cormputer which prints out a profile of the case.

This profile

is used by the computer wi.th another system that features a masK and

bhcklighting to inspect the case profile with scanning photocells

(OPTRON) .

Primer pocket diamecter, depth, concentricity and vent

hole dimensions and location are measured with probe type sensors,

proximity detectors and fluidic devices.

Much of the case inspection

system is still under development with Battelle, Pacific Northwest;

one of Frankford Arsenal's main contractors in the effort.

Armong the developnents still in progres

for flaw detectior.

Thiz

ls

o

; are techniques and equipment

cssentially automation of inspection

that has always becn done visually by human operators.

An indexing nochine supplicd by the Commercial Cam & Machine Co. of

Chicago, Illinois is cap

1
ao

le of indexning at the rate of 1200 per

minute with 0.015 cecond stationary periods.

This may be used with optical systeme that detect the scattered

light that reflecis from a fluaw.

blanked out.

The

wain reflected beam is

Hardness profile and thichness measurements are nade on finished

cases at four locations using eddy currents.

hwong Frankfoxd's

suppliers

are the following:

Raman Corp. -
Commercial Cam
Autor ion

A } .1. hu‘»" Ihe n 8

Dist: 05208 rile
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and contractors for

Cptyon Corp.
y Cerw
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Itek Corp.

Fedacrnl

11

ingpection equipment

- Sonic Instruments Inc.
Products Corp.

fic torthwest - rde Corp.

AEDHL

Ted Hannum
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Trip Report: Frankford Arsenal 9/12/72
Purposc: Pamiliarization with tested gaging and

inspection systems for dimensional and
flaw mcasurements

Participants: Mr. Mel Smith, Frankford
Dave Vieigand, G+W
Jack Kelly, G+W

Discussed with Mr. Smith the general inspection requirements for
the BEI Program covering charge height, projectile 0.D., and flaw
puxaxot(:‘ Generally reviewed the techniques used or investi-
gated by Prankford and their potential application.

Dimensional svsiems discussed for which hardware existed and had
been tested are listed below with conments obtained. It should

be noted that all units were designed for 5.56 wm case inspection
and the paraweter characteristics inlierent with the case. In
addition, cach system had associated with its vse a single purpose
material handling axrangesent which in many ianstances was the
linmiting system paremctor,

L. Raman Bisploc oment Meoasuring System--eddy current device
with lirecer output signal; found to he «ccurate and repeat.--
able within .0002" in static test; require 20-20 nin,
wvaLnup prior to use; celectronics modificed by Frank{ord to
isprove relizhility and spooed.

2. Optron Measivving Systcu--light counter doviece using "Reticon®

chip with suilable ontics; applied in dcfining case profile
but unable to discorn arxca around extraclor groove; rela-
tively laxg: tranccucer pachkage requiring light source and
receiver; cuite satlslectory in profile outside of extracior
groove arca,

2, Physi tech & 1Pedera. Productes Measuring Units--supplied by
CHW and described in Report 1767 to I7.C.C.

Baltelle & 100 Viaw Detection Oyastons--denonstration havdware
ebilizing o0 opticd) wyrtom witl light sourcee and photo-
p fleelaon .'.i.h,h'l'. to

it L] ColheE; Botedds Systan blocis wedld
ho ol Eheeoby reading onldy the frinsen at hialr sensitiivity;

Ay T KA AL T flawe 3 good {(1olds, donln, digeglorution);
materic! handiifng gnilce poor and shiclding very cloborate.

o
.

PO Hyslom uses same hanic optical systod with fibro optics

Liyanidd gt on and photo-diode aapliflicalion; miain point of

A vaertus b Bl r&RddID of i gnfiradedl 1iaiih whath eloues
MOl LAY Ed e ol catar iyt on sl eodsnsa T iy, nliariaeld
) b : d an =y I TR A ) ) A . R ol
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FA 9/12/72 Trip Report--Continucd

5. Aerotech Inc. LVDT--right angle translation device obtaining a
differential measurcement on case diameter; found to be of
gufsicient response and accuracy; simple and reliable device.

6.- 1ltck-Kingsbury Ranging Optical Probe--part of a cup measure-
ment system giving

N e e e

(a) Cup weight--continuous weight tested to 800 ppm in
5-8 millisecond dwell on lcadscrcew fced; does not

'i contact lcadscrewv during measurcment,

. (b) Cup diameter by Optical Probe~-accuracy, spced, and rclia-
ni bility high; system simple and compact.

i

(¢) Cup thickness (wall & bottom)--ultrasonic thickness
measurenent via six. (6) transduccr immersion system;
nultitransducer gives average wall thickness, one trans-
ducexr gives point base thickness; operation very

[

satisfactory. .
1
L System employs optical encoder for part location identity
(primarily for ejection operation). :
3
} The question of what constitut<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>