
UNCLASSIFIED

AD NUMBER

AD889846

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies only; Test and Evaluation; APR
1971. Other requests shall be referred to
Frankford Arsenal, Philadelphia, PA.

AUTHORITY

FA D/A ltr, 14 Aug 1973

THIS PAGE IS UNCLASSIFIED



~R ~EPORt#6014

DZVEWPMNT OF A 7. 02J13

COLD-WORKED~ STEEL CARTRIDGE CABE

BY

PHl=P B. TAYLOR

LE-. April 1971_

Evaluat~on, ApiC91 te eu~afrti ouetms
be~ ~ ~ ~ ~~~t rrerdt h omnigOfcr rikodAsnl

19137,~~ ICFAJ9O

~ mi~ ~rr
A~?N'ILAIi

I~iiriui n li ite t .S GvrI mn cesol;Teta
Evlato, li 1971 ~thrrq~uessfr doument mus

bereere o-h -aiadn Officer.-,- F~flbd red

Philaelpha, P. 1937, tta-SMUF - v-s



DISPOSITION IWSTRUCTIONS

Destroy this report when it is no longer nceded. Do not return
it to the origintor.

MIT SE110a

Ifo

The findings in this report are not to be construed as an official De-
partment of the Army position ,unless so designated by other author-
ized documents.



I

RE ToR1 w 6014

EVAkEINNI-:NT ''F A 7.2M.621
COLD-W lItKED .IEEi. CARITRIDGE CASE

.BY

I,11IllP B. TAYLOR

AMCMS Code 4810. 16.9987. 7. 06. 01

Distribution limited 1o U.S. Government ageneieE only; Test and
Evaluation. April 1971. Other requests for this document must
be referred to the Commanding Officer, Frankford Arsenal.
Philadelphia. Pa. 19137. Attn: SMUFA-J9700.

Ammunition Development and Engineering Laboratories

YRANKFORD ARSENAL
.Philadelphia, Pa. 19137

April 1971

s-



7-.= I3 cQ2WV-OrI&Id Sf Case

TABLE OF CTT---.s

-~~~~ ~~ -

-.-.-.-.-.-.--.-.-.-.-.-.. . . . . . . . . . . . -. . . . . ..- I-

-rs -~Ir- -- -- -- --- ----- ------ ------ --- a25
co4ccf---------------------- ------------------------- -- -- ------ 4- R

C-O,=O= Dmig - - - - - B

LIST OF 1LLWM&TION

'Fit-

1. 3J - Qx asi. cold Ivockcd Prts (E~------) - -- -- -- -- 1
2 . G?J?~ 11$Sv. Cg Ca--c CoMd WVorU Pr s (FMir24.......

-- - -- - - - - - - - - - - 13

. UAEe *29

- -- -- -- it- -- -- - - -30

...... .. ..3

S. i V -B-2 Case Cll iw .47 .......... 3
9. n~c orr-W -z case .avltc . .M -1 . . 4S ........ 3

I Co Thrd Dx-v. .. . . . . .. .. 3



SUM.MARIY

This. report-covers the-development of a 7. G2MM cold-worked cartridge case by
Lhe blank-cup-and-draw process at Frankford Arsenal. Processing of pilot lots of
cases was performed in-house, and the cartridges thus produced were proof-tested.
Various grades of low-carbon steel strip suppliedby different manufacturers were
evaluated for formability -and ballistic performance. Cases produced of C1025 steel,0.24 carbon, from two different manufacturers, were found to,be most satisfactory,

both in pr6cessing and in proof testing.

While firing test tesults indicate that a cold-worked steel case can be manufac-
tured to acceptablq quality levels, much additional development and product im-
provemcr.t must be performed before the case will perform at a level comparable to
the performance level of the present 7. 62MM brass case. The areas requiring
improvement are inspection, surface finish, processing equipment, and cost reduc-
tion. Recent advances insteel making and coating technology should aid in the
development of an entirely satisfactory cold-worked steel case.

Ti report is rgani7ed in sections covering the major aspects of the cold-
worked steel case effort at.Frankford Arsenal. The Process section relates in
detail each operation in the manufacturing process. Additional details of tools and
equipmenit may be found in the appendices. The Process Metallurgy section-de-
scribes the metallurgical changes which takeplace during processing of a lot of
cases. The Proof Testing section gives results-of simulated acceptance tests per-
formed on each pilot lot of steel-casedcartridges. Conclusions and Recommenda-
tions resulting from the study may be found at the- end of the report.

~FOREWORD

under the Army-wide copper conservation program of 1966, Frankford Arsenal
was assigned the prob!em of developing and manufacturing a pilot quantity of 7.62MM
ball MSO-and tracer M62 NATO cartridges, assembled with steel cases. This task
was processed to completion, using a process calling for quenching and tempering
of the completed cartridge case before varnishing.

Due to the problems and cost associated with the quenching and tempering oper-
ations necessary to achieve desired hardness, studies were made to determine the
feasibility-of manufacture of a case wherein the hardness is derived through cold
working of the steel.

Successful cold worked 7.62MM cases have been developed and tested by other
countries, including several NATO nations. While the Frankford Arsenal cold

f worked case has not undergone a complete series of Engineering and Service Tests,
ballistic testing at Frankford Arsenal has indicated that this case can be manufac-
tured to tolerance levels-acceptable to both U.S. and NATO specifications.



Case Lot Identification

A total of ten lots of 7. 62MM steel cased cartridges were manufactured at
Frankfon-d Arsenal during the period from February 1967, to December 1966.

•l'hvse lots are stimmarized in Table 1, which shows the significant process

differences among the ten lots.

Not included in Table i are two lots of cases cupped from strip which were not

completed due to difficulties encountered during processing.

The first of these lots, identified as lot 310-A-1, using Allan Wood 1025 steel

(.23C.), was suspended at 4th draw due to a high percentage of split mouths at 2nd
and 3rd draws and mouth shears at 4th draw.

The second lot found unsatisfactory during processing was cupped from United
States Steel Corp. carbon boron steel (. 16C, hot rolled), and was likewise suspended
at 4th draw. Failures consisted mainly of partial circumferential ruptures in the
case body approximately 1/2 inch from the head. Metallurgical examination of the
components involved revealed inclusions present in the material in sufficient

quantity to justify suspension of any future production of cases from this material.

Figure 1 shows the process used for production of lots 11A1, 11A2, 11BI, and

11B2. The process finally developed as a result of the study is shown in Figure-2.

2
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PROCESS

This section covers the process developed for pilot manufacture of 7.62MI -cold-
worked steel cases. Initial lots of cases (11A1, 11A2, 11B1, and 11B2) were pro-
duced using slight process wariations until proof-test results indicated:that-a sat-
isfactory process had been established. These variations are:shown in Table 1.
Appendix A shows the manufacturing process used for !orts 310-B-I, 310-C-I,
310-D-1, 310-F-1, 310-C-2, and 310-0-.3. Appendix I shows the finatmanufac-
turing process developed and recommended for future production. Operations
described in this section-follow thcsequcnce given in Appendix B. Dimensions and
configurations ofoprocess pieces are shown in the sketches of Appendix C.

Blank and-Cup - Blanking and cupping from steel strip was performed at Frankford

Arsenal for the production of approximately 1,100, 000 7.62MM steel cases, the
great majority-of which were p rocesscd:into heat treated cases. However, the
methods used to fabricate the cups arc applicablcequally to the colt % work process,
since the cups used for both processes arc identical. (See drawing No. X10535793A.)

The press u-.ed for blanking and cupping was a Bliss 16 double acting press equipped
with twin flywheels, operaingat approximately 90 strokes pei minute. The die set
used with this press contained five stations, allowing up to five cups to be made with
each press stroke. A single die was-used at each station for completely forming
the cup. No sizing die was employed.

As stated in "Material Requirements", blanking-and cupping was accomplished
using oiled strip as received from the steel supplier, without the benefit of zinc
phosphate coating. Lubrication of the unphosphated strip- proved to bea continuing
problem to which a completely satisfaetory solution was never found. Lubro-4,
nanufactured:by G. Whitfield itichards, proved to be the most successful lubricant
tried, particularly when mixed-with Lubri-Cool, manufactured by Lord Laboratories,
Detroit, in the amount of one pound of Lubri-Cool to 55 gallons of Lubro-44 solution.
For production purposcs, -a lubricant concentration of 1 part Lubro-44 to 1 1/2 parts
water was found to e most satisfactory.,

Lubricant solution was applied to the tools through use of the circulating system
incorporated -in the press design. Streams of lubricant were directed onto-the top
of the stripper plate to achieve a puddling effect on top of the strip. In addition, -

streams were directed under the strip, between the strip and the die block. In both
of these approaches, flow of coolant into the die ceases as the blanking punch brings j
the underside of the strip into contact with the-top surface of the die.

Due to the lack of a sizing die, injection of lubricant through a lube ring located
below the blank and cup die was precluded. Con bt,'cration was given to the use of
jets to direct a high-pressure stream of coolant upward into the die, but this
method was never attempted.
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Washk and-RmsL Prcc= - Follawing the bbrnk and cup operzation, the caps were
washe-d to renwc alt traces of dirt and lubricant 2nd therebt. prevent-the formation
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* the barrel re Ites. -The tumbling action produced by an auger inside the barrel

remores any =rs preseit, resulting froce the bladc and cup operation.

Washing solution itas prepared Isy dissolving Mour cups of tni-sodium phosphate in
hot water. A washing time of 1/2 hour was found to be sufficient.

Afincalfr First Draw - In all lots of cold worked cases, the cups were annealed
prior to first draw to recrystallize the basic ferrite grains. The purpose of this
ainneal was t& reforn the spberoidized structiare present in-the steel strip as
received frmtemifcurradteey increase the dciity of the material,
making it suitable for ad;'itional fornting- Hardness of the annealed pieces was kept
at or below-RBG6 21 a Dosition on the sidewall 1/1611 from the base.



The furnace-used for annealing was-a Lindberg electric three-zone retort-type
furnace, with a controlled atmospbere or- carbon monoxide to prevent 0xisdtion and
scale formation on the pieces. A cooling chamber is incorporated to prevent con-
tact of-the heated pieces With the outside atmosphere.

Temperature within the retort is controlled by zones: entrance, center and dis-
charge. During the anealing cycle, all zones are-m aintined at 13209F (outside
retort). Due to heat loss in transfer through the wallt6f the retort, the temperature
of the pieces is inaintsiined at approximately 1290 0 F.

Heating and cooling:times (51 minutes each) uscd'were the maximum times available
with.the furnace used, which gives a minimuum speed of rotation of approximately
0.6 RPM.

Two lots of cases manufactured early in the program (see Table -) utilized a quench
and'temper operaion to condition the cups for first draW. For this operation, a
muffle furnace was employed to heat the pieces to a temperature of _16900F. The
pieces were then quenched upon removal from the -furnace, and tempered at 1290 0 F.

Quenchingand tempering eliminated spheroids, resulting in a tempered, possibly
iaminar, structure having very fine carbides. This structure is harder to form than
the spheroidized structure, but possesses superior properties. However, a complete
quench coild not be obtained due to the thickness of the material, and the 1320°F
anneal was adopted for future production.

Phosphate Coat and-Lubricate - Following annealing, the cups were cleaned, pickled,
zinc phospated, and lubricated prior to first draw. The procedure, consisting of
seven sections, is as follows:

Section Treatment Agent Temp Minutes To remove

First Clean Alkaline Solution 190-200OF 10 Foreign matter
Drain- 2

Second Rinse Water 150-1709F 4 Solution
Drain 2

Third Pickle Sulfuric Acid Sol'n 145-1550F 8 Oxidation-
Drain 2

Fourth Rinse Water Cold 2 Acid Sol'n
Drain 2

Fifth Coat Zinc Phosphate 170-180°F 10 - - -

St Drain 3
Sixth Rinse Water Cold 2 Excess Coating

Drain 2.5
Seventh Lubricate * 8

• Supplied by phosphate manufacturer

?.f
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In the first section bperation, the pieces are cleaned to remove all traces of dirt,
grease, and otherforeign matter present from annealing and handling. The solution
used is a-mixture of Cleaning Compound FX-2, manufactured.by-Amalgamated
Chemical Corporation; caustic soda flakes; and hot water. Details on solution
mixing maybe found in Universal Solution Mixing Section, Operation No. U-66.

The third section operation is a, sulfuric acid pickle, the purposes of which.are
to reiove oxidation from annealing, and toetch the surface of the pieces prior to

zinc phosphating, providing a surface to which the-coating will adhere. Pickling
solution is prepared inaccordance with Universal Solution Mixing Section, Operation
No. U-165.

The-zinc phosphate-coating, applied in-the fifth section operation, is an adherent
film used to retain the lubricant film. The compound used is Bonderite 160X, pur-
chased from the Parker Rustproof Company. The solution is prepared according
toUniversal Solution Mixing-Section, Operation No. U-166.

In the seventh.,"stion operation, the lubricant coating is applied to the zinc
phosphated pieces.. The compound used was Bonderlube 235;,however, the lubricating
compound must be purchasedfrom -the same manufacturer as is the zinc phosphate
compound to assure compatibility of the two coatings. The lubricating solution is
prepared by mixing with hot water and sulfuric acid, in accordance with Universal
Solution Mixing Section, Operation No. U-167.

The machine used to perform the Phosphate Coat and Lubricate operation was, a
-two-section, rotary-cylinder type machine manufactured by N. Ransohoff, Inc.
The solutions:are -maintained-at-the proper temperatures in separate tanks, until
ready for use, when they are pumped into the rotary cylinder containing-the work.

First Draw - The first draw operation was performed on the:annealed cups using
a, Bliss #62 duplex press, with 5-inch stroke-producing four pieces per stroke
(two pieces each side). As with all. drawing operations, two dies, top and bottom,
were used to form the metal. These were used in conjunction with a guide ring and
a stripper, but without a lube ring.

Lubrication and tool cooling were accomplished using a stream of lubricant solution
supplied by a circulating system and directed onto the punch and downward into the
dies. No problems were encountered relative to lubrication and cooling, as long as
the zinc phosphate and lubricant coatings applied during the previous operation were
satisfactory.

The compound used for tool cooling was G. Whitfield Richards SB :300 drawing com-
pound, mixed in the ratio of one part SB 300 to six parts hot water.

19
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Wash, Rust Preventive Rinse and Dry - The purpose of this operation is identicaVto
thatLof Wash andRust Preyent: removal of-foreignmatter and drawing solution
from: the pieces. However; the tumbling action , pr6ducedin the Baird washer is no
longer-needed nor desired. For thistreason,, a Niagara Washer, manufactured by
G. S. Blakeslee Company was employed. "Ihe Washer uses-a rotating barrel with
an~auger to transfer the pieces through the solutions. The-work is carried in the
barrelabove the solution surface. ,The solutions are introduced by means of scoops
which raise-the solutions-into-the barrel', immersing the-pieces.

The cleaning agent employed wits a solution of Pennsalt 30 dissolved in water. The
solution is mixed accordiiigto Universal Solution Mixing Section, Operation No.
U-32. with'the exception that 7 1/2 pounds of alkaline cleaner is used in' place of
the two pounds specified.

For prevention of rust formation on the, cleaned pieces, a water solution of potassium
dichromate was used. The solution is prepared by the addition of.three ounces of
potassium dichromate to the rinse tank of the washer.

Following rinsing, the pieces arc dried using hot.air circulated over the work in therotary barrel by means of a blower.

A-,summary of'the operations performed in the Niagara washer follows:

Section Operation Agent Temp OF Minutes To remove

First Wash Alkaline Solution 180-200 1 1/2 Foreign matter'
Second, Rinse- & Potassium 180-200 1 1/2 Alkaline

Rust Dichromate solution
Preventive Solution

Third Dry Ilot air 220-240 2 Moisture

Anneal for Second Draw -' This operation was added.to the process commencing with
the manufacture of lot 310-1)--1 (See Table I), due to the high incidence of mouth
splitting encountered during subsequent drawing operations. With-the addition of
this anneal, the- loss of ductility of the materialproduced by cold .working through
first and second draws was minimized. In the processing of subsequent lots of
cases, mouth splitting during drawing was greatly reduced.

The procedure and equipment used to accomplish this operation was identical to
that employed for the Anneal for First l)raw.

Hardness on the sidewall of the piece at a location 1/16" from the base was
maintained at RB66 maximum.

Phosphate Coat and Lubricate - This operation is identical, to-the Phosphate Coat and

Lubricate operation following Anneal for First Draw.

1 o
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SecondDraw - The second draw- operatioa-was performed on a Bliss No. 304 press,
with an .-inch 4.stroke utilizing a, iaximum of- four 's~atlons to produce up to four
pieces pe6r stroke. In pilot production, however, only a single pupch was used.
Thei design of the die set incorporated a: guyide.-ring, top die, lube ring, bottomn die,
and stripper.

Coolant solution wvas. introduced at two locations: frdim a stream. directed onto the
punch and downward into the dies, and from the lube -ring located between the dies.
Pressure for~both was -supplied-hy a circilaiing systemn. Solution employed was
identical to that~used for the first draw operation, mixed in the same ratio of one
iiart SD 300 to si~x parts water.

the pieces are fed to the press by means of a. rotary pirm hopper, folowed by an
air-operated turnover, feeding -into feed tracks located on the press, through
flexible tubes. The pieces are pushedalong the feed tracks by means of mecharically-
operated fingers, which cause each piece to drop into the guidle ring prior to the
downward-stroke-of the draw punch.

W~ash, Rust- Preventive Rinse and Dry - This, operation is identical to the Wash, Rs
PreventiVe Rinse 'and Dry, operation following First Draw.

Anneal for Third Draw - rhis operat 'ion -is identical to the-Anneal for First Draw.
Maximum allowable hirdnes§son the sidewall at a position 1/1611 from the juriction.
of base and sidewall was i

Phosphate Coat and Lubricate - Thiis, operation is identical to the Phosphiate-CoaiL and
lubricate -operation following Anneal for First-Draw.

Third Draw - The third draw operation uti -lized the same Bliss No. 304,prepss Vich
was eniployed~at Second D~raw. Changes inade~ta modify this press were confined
to the feed track, which was made narrower and higher to accommodate the deeper-
drawn second draw piece., Again, a sigle punch was used for pilot pioduction.

Wash, Rust Preventive Rinse and-Dry - This operation. is iden-d-cal to the %Wash, Rust
Preventive Rinse and Dry operation following First Draw.

Phosphate Coat and Lubricate - This operation is identiczl to the Phosphate Cow-
and Lubricate operation -precedi ng First D~raw. z

Fourth Draw - The equipment used for the F'ourth Draw operation was essentialy
similtar to that used ror the second and th ird dIraw operations. The press employed
was again a Bliss H30(4, hut having an increased stroke of 9 -inches. The longer
stroke was required in order that the draw punch would clear the third draw com-
ponent upon feedintr, and so that the drawv component would bepushed comipletely
through the stri, completion of the downward stroke. The press used could~
accommodate a maximum of three piinches, although only a single pune"Iwas useda
for pilot production.
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Wash, Rust Preventive Rinse and Dry - This operation is identical to the Wash, Rust
Preventive Rinse and, Dry operatibnnfollowing First Draw.

Trim- - The machine used to perform this operation-was a single-spindle horizontal
trim machite, manufactured by Peters Engineering Company, employing a rotary
cutter andoburring cutter. Spindle speed used was 1, 740 RPM; cutter speed was
400 RPM. No lubricant was used for the trin operation, but tool life is extended by
the wash operation preceding.

Sort - The purpose of the sort operation *s-to segregate scrap by means of a visual
inspection performed on the pieces as-they pass the inspector on a moving-belt

conveyor.

Pocket - The pocket operation was used throughout cold worked case processing to
introduce-a greater amount of cold working into the head of the case than would be
possible using a single heading-operation. The pocket operation forms a dimple at
the ultimate location of the finished primer pocket, part of which remains after
heading.

Through cold forming of the metal around -the pocket punch and around the tip of

the pocketing eject stem, a relatively uniform hardness and grain configuration is
attainable in the entire head area following heading.

The machine used for pocketing was a 63-ton hoiizontal crank and toggle press

manufactured'by Jarecki Machine Company, having a crank stroke of 8 1/2 inches
(pocket punch) and a toggle stroke of 7 7/8 inches (eject stem)

Lubrication was accomplished by means of an oil cup dispensing lard oil to a

wiping cloth which contacts the -work.

An automatic knockoff device, actuated by a limit switch, stopped the press in the
event of a feed stoppage. This was necessary to prevent the pocket punch contacting
the eject stem when no work was present in the die.

Her d - At the heading operation, the primer pocket was formed from the indent pro-
duced at the pocket operation, the base surface of the head was formed and head-
stamped, and the final inside base configuration of the-case was formed. In forming
the head about the heading punch and eject stem, additional cold working was per-
formed In the head area- to achieve finished-case hardness.

Equipme kt and lubrication used at the heading operation were identical to those
used at pocketing, with the exception of tooling.

A two-piece heading-punch was used throughout the program, due to difficulties
encountered in obtaining one-piece punches. This method was found satisfactory,
although it produced a burr at the junction of the -primer pocket and head surface.
This burr was removed by the introduction of a deburring station at the venting
operation.

14



.k Rust Preventive Rinse and I ,- This oeration is ideetial to the Wash. Rust
Preventive Rinse and Iky operation following First Draw.

Stress Relief - The stress relief operation was introduced to relieve "-lernal. sresses
in the pieces following ibe major cold form ing operations, wiicat z&terirg the
p.hysical propertes of the soeel. The-operazien was perfcrmed by eatng tbe piecis
to a temperature of 840-t 0F for 40 minutes alt heat In to clectre, recirculatirg
air furnace manufactured by Lindberg Fngineering Cdmpan'.

As show -I n Tabte I. two lots of cold worked cases were stress reliewed following
the vent operation. No significat adaatages or disadvamages of this prcedare
were discoered in the two lots involved. 2

Head Turn - The machine used to perform this operation was a single spinxde horim-
zontal bead turn machine nawuactured by SuL-ard Knap. . te meaple tiowao
proctioa, sWndie speed'was 2.-70 RPM and machine speedwas 40 RpM (40 pieces

per-miimte. Machine-speed was redLced to appromdately on-half that used for
the 7. 62,I brass case, in an effort to ihmprovi tool life.

T ool life was improved through a change to cabide toolin& altihoug tool li-e a d

breakgecoiued to e problems. Tool cooling and luu-ica ion were accomplisbed
by means of an atomizer dispensing a mist directly onto the form tooL .be. mist,
was prepared by mixing one:pert of .S-O0 soluble ofl, manufactured by Hanaerfrer
Libe. In.. 3a1nitu, N.J.. with30parts of water. 'The mixture was then poured
into the atomizer, which was adjusted to provide a fine mist.

Due to the difficultiesecowntered it-the head turn operatiov, it is su-ested that
ain, fucure der.elopmental work On head turring oE steel cases be set up on a Bla-k
Rock Universal head turn machine. This machine, babjng varable sped motors
and ac.justable feed, is more -ersatile where developmental work is required to
determine optimum feeds and speeds.

Vent and Debr= - The vent:and deburr operation for the steel case was separated

from the-primer insert operation in order-that the varnish applied to the finished

case would completely cover tbe case, including the vent hole.

The machine used to vent and deburr was a crank and-rocker, vertical, straight
line, underdrive primer insert machine manufzctured by Iafterbzy Farrel Foundry
and Miachine uCompany. The machine was altered, by remova of stations, in order
that only the burr, vent, and no vent detect functions would be performed.

Various automatic knockoff devices were incorporated into the machine setup. These
were as follows:

a. At the.Burr station a. knockoff device was actuated in the event that a case
failed to feed icto the machine.
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I
b. At- bot the First and Second No Vent Detect stations, a knockoff device

was aiftuted in the event that a case was produced with no vent hole, an eccentric
vent hole. or foreign matter in ihe pocket.

As was stated imthe description of the Ilead operation, the Burr station incorpor-
ted in'lbe Vent and Deburr operation nmaybe eliminated when a one-piece heading
punch is used. In the cvent that-a one-piece heading punch is used in future produc -
tion, it is recommended that a horizontal crank, single punch press, manufactured

-b Derbyshire-Machine Company. be utilized to perform the vent operation.

Partial Body Anneal - A partial body anal us performed on the vented case in
order that the neck and shoulder of the completed case could be formed without the
oc -irreace of slits and folds at tle Taper and Plug operation. The hardness pattern
produced at -the bod. anneal wAs found to be particularly critical, both in the Taper
and Plug operation and in function and casualty testing of the finished cartridges.

Two nzthods were utilized for annealing the cases. The method first-used in the
program made use of a twin-serew, horizontal gas flame annealer, manufactured by
Modern Bond, and operating at a speed of 120 RPM.

Tbe-second method used for annealing utilized an induction annealer manufactured
by the Ohio Crankshaft Company. The cases were con-veyed through an induction coil-
oqeratediby a 10kHz alternating current- generator by means of a chain having rollers
to rotate !be cases. The Tocco annealer vas originally purchased for a boc, anneal-
ing operation which was attempted on the heat treated steel case; At the time this
operation was eliminated from the process, the machine was altered for use in
partial body annealing of the cold worked case during processing of lot 310-D-I.
See Table I).

Se-erat casualties were encountered during function and casualty testing of this lot.
In an effort to determine the cause of the-,casualties, another lot, 310-C-2, was-pro-
cessed using the induction anneal. From the satisfactory results obtained from this
lot, it was subsequently d-termined that induction annealing was feasible in the pilot
production of the cold worked case.

Four paddle-type hoppers were used to feed cases to the annealing fixture through a
turno-er. Continuing difficulties were encountered in the feeding of the cases to the
conveyor. Failure of a: single hopper to feed produced gaps in the work on the con-
veyor, resulting in distortion of the alternating field within the Induction coil. This
distorion-produced inconsistent hardness patterns in the workproduced.

Another problem area resulted from failure of the cases to rotate within the induction

coil. The cases were caused to rotate by friction between a guide rail and fiber
rollers attached to the conveyor chain. The-guide rail required precise adjustment,
which could not always be maintained during operation. Failute of a case to rotate
produced drastic differeres in the hardness pattern around the circumference of
*the case.
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The hardness pattern specified for the -final case lots after body anneal was a result
of comparison of function and casualty- test results with hardness patterns present
in previous lots. It was found that previous lots differed greatly in hardness before
tapering at-a point on the sidewall 1-11/16"' -from the outside base. (See Table If).

Thus, the final two lots were precessed using a hardness pattern before tapering
similar.to that.used in- he rnore-successful prior lots. This pattern was produced

in lot 310-C-2, which was gas annealed, and then reproduced in lot 310-C-3 by
induction anneal.

TA BLE. II

HARDNESS AFTER BODY ANNEAL (VICKERS 2-1/2 kg)

Distahce from Outside Base (in)

Lot 1-13/32 :1-1/2 1-37/64 1-11/16 1-3/4 i-7/8

11A1 264
11A2 270 160 152
1iB1 259 151 147'
11B2 270 175 155
310-B-1 265 273 220 167
310-C-i 279 267 165 161
310,-D-1 284 253 206 205
310-F-1 .254 251 158 148
310-;C;Z' 269 245 176- 162 162
310C-3 256 240 150 150

Using both gas and.induction annealing equipment, as soon as it could be tentatively
determined by hardness checks that the machine had been properly adjusted, approx-
imately five pieces were tapered, using appropriate tooling, and inspected with-a
magnifying glass for visual evidence of taper folds in the neck, shoulder, and upper
body. In selecting samples of annealed pieces for hardness determination and taper-
ing visual inspection, it is important that the sample from the induction annealer be
selected from the approximate center of a quantity of pieces sufficient to completely
fill the coil, in order that the field distortion explained previously may be avoided.

Phosphate Coat - The body annealed pieces were phosphated prior to the Taper and
Plug operation in order that-the oil used as a lubricant would be retained by the
pieces during tapering. The Phosphate Coat operation is identical to the Phosphate
Coat and Lubricate-operation following anneal for First Draw, with the exception of
the seventh section operation (lubricate), which is omitted.

17
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Taper and Plug - The Taper and Plug 6peration wasperformed.on a vertical double
action crank press manufacured -by E, W. ,Bliss Company. The press utilizes a
rotary indexing table to -feed the pieces to each successive station in the operation. ]
As performed on the majority of the cold worked-case lots, the taper and plug
operation consisted of four separate forming-operations, ill performed on thie same
press. These were mouth ironing, first taper. secofid-taper, and plug.

The mouth ironing operation was not used for a portion of-the production, particularly
when it was determined that the work coming to the Taper and -Plug operation %-as in
satisfactory physical condition and free-of dents. It was found that dents present in

V the body-annealed work caused folds in the shoulder and neck area upon tapering.
Therefore, it is recommended that-the mouth ironing station be utilized, particularly
if dents-are-found to be present in the untapered cases at the mouth and upper.body.

The body taper, shoulder, and neck of the-case-are formed at-the two.tapering
stations. At the second taper station, adjustment is made in the press to determine
the head-to-shoulder length of the completed case. Finished case dimensions call
for a head-to-shoulder length of 1.632 -. 006". Attempts were made t keep as
close to the mean of this tolerance as possible. However, a statistical sampling of
cases manufactured concurrently from-two different- steels indicated that the mean
head-to-ahoulder- dimensiondiffered by-approximately 0. 002" between the-two case

-- lots.

The purpose of the plugging station is final sizing of the msuth inside diameter. This
station utilizes only a punch, which is inserted into the case mouth and withdrawn.

Lubricationof the components:is-accomplished using mineral cutting oil purchased
in accordance with specification VV-0-251A, which is.applied to the outside surface
of the case by felt pads and to the inside surface of the neck by a leather washer.
The pads, mounted in holders, are mechanically activated to lubricate the-outside
surface of the cases on the upstroke of the press. The washer enters the mouth of
the case at the end of the downstroke and deposits oil on the inside-of the case neck.
The lubricant flows- to the felt pads and washer from three oil ieservoirs-which are
regulated to maintain the pads and washer in a moistened condition.

The amount of lubricant applied at the lubrication station must be carefully regulated
to prevent the over-application of oil to the outside surface of the case. Excessive
application of lubricant was found to result in entrapment of lubricant between the
case and the tapering dies, causing dents and wrinkles in the tapered-case body.

At the plugging station, lubricant was applied to the punch to reduce friction. The
oil was supplied from a reservoir which was adjusted to maintain a thin film of oil
on the punch.
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f. F!M'ing-mater rinse - same as step (b).

g. Conditioning rinse - the work is immersed in chromic-phosphoric acid,

PH2-4, at 165-175°F -for one minute.

Drying is~acconplished immediately following removal of work from the conditioning
rinsewhile-the pieces are still-hot by blasting with compressed air while the-basket
is rotating.

This process utilizing Pennsilt PM-90 was adopted afterprocessing of lots 310-C-2
and 310-C-3. The PM-90 smge replaces-an electrolytic cleaning operation formerly
used to remove scale. In each of.thd above two lots a high percentage of defective
cases were produced at the electrolytic cleaning operation due to arcing between
components.

VIarnish- Varnishing of finished cases was performed using a centrifuge-type
varnishing machine Inanufactured by Ronci. In operation, the iron phosphated cases
am placed in varnishing-rackswhich are inserted one at a time into the varnish'
machine. The casesare first immersed-in varnish for approximately one minute.
They are then centrifuged for -one minute to remove excess varnish. The varnish
removed is returned to the varnish container in the machine.

The phenolic varnish used is purchased in accordance with IIL-V-i2276C, Type I,
Class IL Varnish.viscosity at-room temperature must be 26 to 30 seconds Zahn #2
cup, for proper application.

Due to the amount of labor- and handling involved in applying varnish using the method
described abave, amachine was designed and procured to varnish and cure cases
in production quantities. The machine utilized a series of pins which were loaded
manially and which conveyed'the cases through varnish, drain, cure and eject
sations. Provisions were also made for stripping of varnish from the conveyor pins
prior to reloading.

This machine was tested using samples of cases, and it was discovered that satisfac-
tory stripping of varnish from the conveyor could not be accomplished. Efforts made
to rectily the situation were not successful, and use of the machine was discontinued.

Varnish Cure - Upon removal of the cases from the Ronci varnish machine, the
rzcked cases are cured irn an oven at 375 to 400 degrees F metal- temperature for
30 to 45 minutes.

The color of the cured cases ws used as a general check of the varnish curing
operation- Properly cured cases were uniformly dark green in appearance. A grey
appearance indicated incomplete cure; dark brown indicated high curing temperature.
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Acceptance of a group of cured Cases was determined by immersion of sample cases
in acetone, purchased in accordance with Federal Specification O4A-51, for a period
of five minutes. On removal from the acetone, the sample cases were rubbed vigor-

ously' with the thumb, hand, or suitable wiping. material and visually inspected for
evidence of lifting, blistering, or softening of the varnish. In, the event that the
varnish failed to pass the acetone immersion test, the group of cases was returned
to the oven for additional curing.

Visual Inspect - 100% - This inspection is simular to the 100% Visual Inspect oper-
atiori preceding iron phosphating. At this inspection, however, special attention is
paid to defects which might occur during iron phosphating, varnishing or varnish
curing. Inaddition, certain types of defects, smch as draw scratches and shoulder
folds, become more apparent with the reflective varnish coating.

Plroblems were encountered at this operation, which were caused by dirty paddle
hoppers on the inspection- machine. The hoppers had accumulated a film of dust and
non-adherent zinc phosphate from prior inspection operations, which if not carefully
washed from the hopper and paddle wheel, severely scratched the varnish coating on
the cases. The scratching was noted to be particularly severe in the areas of the rim,
junction-of body and shoulder, and mouth of the case.

Prime - Primer insertion was accomplished using a Waterbury Farrel primer insert
machine identical to that used for the. Vent and Deburr operation, with the Vent and
Deburr stations removed. The two No Vent Detect stations were included in both
the Vent and'Deburr and Prime operations. While these stations were not entirely
necessary at this stage of processing, they were included to eliminate the occurence
of this serious defect. In the event that the Derbyshire venting machine is used, the
two No Vent Detect stations should-be utilized at the Prime -operation, as the Derby-
shire machine does not perform this function.

At the Prime operation, the following functions are performed.

a. No case detect - an automatic knock-off device is actuated when a case is
omitted, stopping the machine.

b. Spread mouth - the mouth and neck of the case are straightened to
facilitate bullet insertion.

c. No vent detect Il & 2 - an automatic knock-off device is actuated when a
missing ve't hole or foreign matter in the pocket is detected at either of these two
stations.

d. Insert and seat primer - the primer, fed by a conveyor, is inserted into
the case to the proper depth.
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e. Inverted-and no primer detect -in case of an inverted or missing primer,
an escapement is automatically opened to allow the case -to drop into a container.

f. Crimp -. the metal immediately surrounding the primer is-circular crimped
- to retain the primer in-the pocket.

g. Waterproof mouth and primer - wdterproofing compound is applied to the
case mouth by-means of a plunger and to the space between primer and pocket side-
wall.

P rimer waterproofing solution is. mixed in accordance with Universal Solution
Mixing Section, Operation No. U-110. Viscosity at room temperature was main-
tained'at 15'seconds, Zaihn-#2 cup.

Mouth waterproofing compound is mixed in accordance with Universal Solution
Mixing Section, OperationNo. U-111; Viscosity at room temperature was main-
tained at 17. to 33 seconds, Zahn #2 cup. The band of waterproofing applied to the
case-mouth was maintained at approximately 0. 28 inch wide.

Mouth waterproofing should be allowed to dry for a period of not less than two hours
and not greater than three days before bullet insertion.

All operations included in the processing of cold worked cases have been included
in'this section. Procedures, and equipment are current as of this writing and
cessation of production of pilot lots. However, equipment improvement studies,
particularly in the areas of-blanking and cupping, induction body annealing and iron
phosphating, are continuing at Frankfo-dArsenal. Efforts are-being made to improve
both-thequality and efficiency of these operations, which at present have not been

developed to the state-necessary for continuous high-volume production.
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PROCESS METALLURGY

This section describes the material requirements of the strip used in processing the
7.62mm steel case and the metallurgical changes which take place at various steps
of processing. Figures 4 to 14 show representative hardnesses and microstructures

'. ofrespecti~e process pieces.

Material Requirements

The.greatest portion of the work done at Frankford Arsenal in cold worked case
development utilized cold rolled'steel strip, varying'in carbon content from .22%C
to . 31%C. A total of ten lots of cartridges were manufactured, using four different
steels for case fabrication. These four steels are shown in Tables IV and V.

It was found, as a result of success in processing and in ballistic testing, that two
of the steels, both AMS1 grade 1025, performed significantly more satisfactorily in
nearly all respects than did the other two steels, of AISI grades 1026 and 1030. The
determining factor being considered in both of these areas is incidence of splitting,
both during processing and during function-and casualty testing. In all instances,
when a givenlot of cases contained many rejects due to splitting in process, the same
condition was encountered during proof testing of the cases remaining in the lot. All
steels were aluminum killed, of fine grain and drawing quality, and were supplied in
the spheroidized annealed condition.

It has beens fruad particularly important in the manufacture of steel cases to limit
the defects :the strip toan absolute minimum. Defects which have been found to
be particularly detrimental are roll marks, seams, scratches, scale pits, and rolled-
in scale.

Due to lack of adequate facilities, phosphate coating of the strip before blanking was
never attempted by the steel suppliers or by Frankford Arsenal on a production
basis. Hovever, if coated strip is utilized, rigid inspection of the strip before
coating is required in order that the defects noted above may be detected.

Table IV
Chemistry of Steel Strip

Manufacturer's Ladle Analysis

Mfr Grade C Mn P S Si Al

Republic 1026 .22 .82 .010 .009 .02 .040
Sharon 1025 .24 .34 .010 .016 .04 -
Republic 1030 .31 .75 .013 .021 - -

Republic 1025 .24 .43 .010 ,022 -
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Table V
Chemistry of Steel strip

Manufacturer's Ladl.e Analysis

Mfr Grade C MNn P S Si Al

Republic 1026 .22 .69,.70 .002 .023 <.1 .04
Sharon 1025 .25 .35 .006 .018 <.1 .05-.1
Republic 1030 .34 .80,.79 .002 .632 (.1 .02
Republic 1025 .22 .44 .003 .021 <.I .03

Process Evaluation

Processing of all lots of cold worked cases was monitored by examination of hard-
nesses and microstructures at each stage of processing where a metallurgical change
occurred. Figures 4 to 14 show the results of these examinations for lot 310-C-1.
This lot was manufactured from Sharon C1025 steel, which proved to be one of the
most satisfactory steels evaluated.

Figure 4 shows the ni icrostructure and hardness of the coil of Sharon steel used for
cupping of the lot. The steel is purchased according to specification ITL-S-645A(MU).
The chemical composition of the steel, given in Tables I and II, differs from that
specified by MIL-S-645A(MIJ), since one objective of the study was to determine the
suitability of various steels for case manufacture. The as-received strip is relatively
fine-grained, with most of the carbides in the spheroidal form with relatively uniform
distribution.

The unannealed cup is shown in Figure V. The sidewall and base both retain the
spheroidized annealed structure of the strip. The cold worked sidewall shows
directionality, whereas the base is equiaxed. Unrestricted grain flow was evide&
in all areas. The annealed cup, Figure 6, shows a relatively equiaxed ferrite
matrix in both the sidewall and base.

The first draw operation, shown in Figure 7, shows relatively severe grain elongation
in the sidewall. Minor strain occurs in the curvature region between sidewall and
base; little change occurs in the microstructure of the base. All lots of cases pro-
cessed prior to TM 1P-310- )-I were processed through the first and second draws
with no interdraw anneal. Lots processed after that time were annealed prior to
second draw to lessen drawing force and minimize mouth splitting.

Figure 8 shows the as-drawn second-draw component. Severe grain elongation is
evident in the sidewall due to the lack of zn annealing operation between the first and

second draws. Subsequent addition of the interdraw anneal eliminated this condition.
Again, there is little change in the base area.
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V.o anneal alter stcond draw. sbomii in figrure 9. pro&:ce-- recrystalliz2ation in :he
side-wall follawimg the severe woeriv: =t secoad draw. w!icor grain growdi, whieb
co~uld hecoe critical if allowed to persi s er!6eu-, in the base area.

F.-gure 10 shows the third draw operwton. The sidew-al stricture is severely cold
warked. Wi ca tc;iricg of grain bo=oIrics is evi&-:1. The base strzocture remaics

The fourth-drarx comnponent Eg shown in figure 11- Severe eloqnzoa may be seen in
!be sidewl... The cold-worked hardness of the case sidewall is prod-aced principelUy
at the third and foar'th draws. which are performed with no irurdraw 2anre2l. Agan

* Etfle chan~ge Is seen in the inicrosruvcture of the base area~

Figure 12 shows the beade cooent- Prior to heading, m pocketing operatiom dis-
triftzes the metal in tdo bead of the c2s to id in centerirg the primer pocket --.- to
provide addiional cold working. At the beadin operation, the ixztside head surface4
is Ilatteied and the prim'er pocket is formed- Excess =eWa frocn the die cavity is
forced oc:wzrd into Lbe "earsr sbown at the lower. cormers of the diagram of figre
1M Thbe reverse flow of metal frevn the die cavity and compressive forces at the
cturavre ccanbime to create the minor cold sbits shown in the pbotornicrograpIL

Following ffhe above foaring opierations, a stress relief is performed to relieve
i.aier-nal forming stresses and incease overall herdness. Sidewail bardness increases
of awproximately 20to6O polits Vickere a2re evidev-in figure 13. The figure also
sbms the bardmess; panern meassred on the exterior surfacie, in the upper sidewall
'whch is prodoced by the partial body anneal preceding tapering. The anneal softens
the reck and shoulder areas sufficienfly for tapering. The c2s sidewall below theZ

* shoulder mut~ remain in the cold-worked condition to withstand the canpressive
stresses which are induced at dae tapering operatioa. An equiaxed grain st racture
is produced in the upper si~emll with co cbange toa !be lower sidewall and bme areas.

Tbe finished case, sbown as figure 15. shows the hardnesses measured at the standard
positions sbawn on Drawing FD24412. Sidew2El bardness is measured on the exterior
sidewall; bead hardness is measured on a. longitudinally-sectioned case.

Table VI shows the finisbed case hardsess of the various lots. Hardness show-n is
the average off 10 pieces.
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PROOF TESTING

Simulated acceptance testing was performed on all lots of cold worked cartridges.
Quantities were reduced during tests of some lots due to the small quantities of
cases in these lots. Testing was performed accordirg to AMCR 715-505 "Ammunition
Ballistic Acceptance Test Methods, Vol 3: Test Procedures for 7.62mm Cartridges"
dated F-ebrtary 1964. Specification MIlo-C-,6281C(MJU), dated I IMay 1965. was used
for evaluation of the ammunition, which was loaded with tracer bullets.

Briefly, the acceptance tests fired and the requirements of the tests are as follows:

Accuracy - mean radii of 90 cartridges fired at ambient temperature and at 600-
yard range shall not exceed 5. 0 inches for ball ammunition packed in cartons or clips,
7.5 inches for ball ammunition packed in links, or 15. 0 inches for tracer ammunition.

Velocity - average velocity of 20 cartridges conditioned at 680 - 72 0 F, shall be
2750 -: 30 fps. Average velocity of 20 cartridges subjected to high or low temper-
atures shall not vary from the average velocity of the same lot conditioned at 6Bo -
72°F, by more than +250 fps, nor more than -150 fps. Where sample size is other
than 20. quantity is given in table of proof test results.

Chamber Pressure - average chamber pressure of 20 cartridges conditioned at
680 - 720F, shall not exceed 50, 000 psi. Average chamber pressure of 20 cartridges
subjected to high or low temperatures shall not exceed 55,000 psi, nor exceed the
average chamber pr.;ssure of the same lot conditioned at 680 - 72 0 F, by more than
+7,500 psi, nor more than -15, 000 psi.

Port Pressure - average port pressure uf 20 cartridges conditioned at GS ° - 72 0 F,
shall be 12,500 ± 2.000 psi.

Action Time - average action time of 50 cartridges fired at 700 + 2°F, shall not
exceed 4 milliseconds.

Trace - 851. of a sample of 206 tracer cartridges fired at ambient temperature
must function according to specification.

Vacuum - 50 cartridges are immersed in water in a container which is evacuated
to 7 1/2 psi below atmospheric pressure. Data given in the table of proof test results
lists the number of leaking cartridges of a sample of 50.

Bullet Pull - the force required to extract the bullet from the case shall not be
less than 60 pounds.
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Function and Casualty - quaities of cartriftes of each lot fired in - ..ch weapon
at each temperature are listed in the table of proof test results in parentheses Iol-
lowing casualty listibgs. Fir ng in the M72 machinegun is not required and was per-
formed for information only. Permissible quantities of the defec:s and abbreviations
shown in Table VII are as follows:

Ruptures. Body

Complete. J-Area{lJ) - 0)

Partial. L-Area(RL) - 0

Misfire (MF) - 1

Large Primer leak (LL) -2-2

Small Primer leak (SL) - 49

Splits

Neck and shoulder (I and S) - 49
Body (J) 4
Body (K) 1

Primer setback - no defect if not loose.

Failure to extract (FX) - 0

The above summary should be used only for interpretation of t:e proof test results
presented in this section. Full details are available in the referenced specifications
and regulations.
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SAMPLES OF CASE CASUALTIES - TMP 310
(See Fig. 20)

SEPTEMBER. 196S

SMPLE TEMP OF LOT WE.APON TYPE OF SPLIT

A 70 310-D-I M52 I
B +125 310-F-i J73 I
C + 70 310-B-1 A173 SJ
D +70 310"-1-1 LAR SJ
E +IG0 310-B-I 3114 SJ
F +125 310-13-1 LAR SJ
G 1 70 310-D-1 LAR w
ii +125 310-C-I LAR SJ
1 70 310-D-I il73 IS
J +M5 310-C-i M-73 Is
K 160 310-B-1 LAR S
L +25 310-D-1 1753 S
3 - 65 310-B-i LIA! S
N - 65 310-D-I 314 S
0 +25 31C-k-! 173 is
P - 65 310-I)-! L1I1 iS
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CONCLUSIXMS

As a result of the study covered by this report, a process -s developed for pro-
ductioa of a 7.62ram cold worked steel case. Los 310-C-I, 310-C-2, 310-C-3 and
310-F-I. all produced from C!025 steel. gave the mos! satisfactory res-uts in
shnulzed accetance testing.

To verify the producihility of the cold worked case by the process thus developed, the
!ndusrizl Services Directorate at Frarkford Arsenal was insu Mte to process a
quanity of Sharon C1025 steel steip according to a specified process (shown as
Appendix B) without assistance frown the project engineer. Approkiaely 70. 000
Ill MSC and 30. 000 tracer M62 cartridges were prodfued uccording to a nmanufc-

tuing process whivc was slghdy modeiled from that specified. Rasults of simulated
lot acceptance testing were dlisappointing. The lot of bell cartridges was rejected
due to a large =mber of case body splits. Processing 2nd testing of these lots wil
be covered by a separate report

Adeq-tae n -spectio and qualfty coagrol are mandazary in steel case prodmboa. Much

e" the in-process ispection during p-lot production was performed by persoas famiar
0=7~ with brass-case production. Due to the notch sensiiity of stewl, it is partic-
ul.rly importait- hat &r" scratches, wriales, taper folds, and other surface im-
perfections be eimiua d prior to packaging.

Surface ficish is particularly critical dze to the poor corrosion resistance of the
steel case. Tests sh.ld be performted diligently and freqzen ly during processing
to mure that Iro pbosphae and var-oh are applied properly.

Xmachu-e adjusamec and tool &frer~sions must be checkced frequ-e=*ly particularly
with cold worked cases, since overall case hardness is determined by the amount of
reduction and cold working performed at the arious forming operatims.

RECOM ME .ENDA TiOZS

Since tze start of cold-worked steel case processing in 1957, supplies of copper on
the free world maret haie become more stable and less costly. The Copper
IdrTade Institute has predicted a surplus of copper over the next fcw years,
tbereby temporarily eliminating the need for a 7. 62mm steel case for economic
reasoa3. At the present time, the cost of converting ammunitioa plants to steel case
prodaction appears to ontweigh amy price advantage of steel over brass as a raw
material.

As a result of the apparently improing condition of copper supplies, it is recom-
mended that the process documented by this report be shelved but kepi in readiness
in the event that copper becomes scarce.
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The goal of the present steel case program was to provide, in a minimum amount of
tUie, a steel case process which could be implemented in an emergency using as
many pieces of easly-ae-ailable equipment as possible. However, with recent ad-
vances in steilmaaking tehnology, the feasibility of a greatly-mproved steel case

should be investigated in a long range study aimed at reducing the cost and im-
proving the performance of the small-caliber cartridge case.
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FRAWKF*S ARSRNAL
AMJNITION DEVELOPMENT & ENGINEERING IADBORORIES

ENGINEERING DIVISION THP-310-7.62mM SMEL

Project Engineer ..................... Walter Weis J7200 Ext.4233
Tool & Component Design Engineer ------ R. Grosskurtb J7200 Ext. 4194

IED Technical Administrator ----- Joseph Charno J9100 Ext.3241

Process Engineers- .... -........... Peter Bertino J9100 Ext. 4 194
Sidney White J9100 Ext.6272

Support EngineeringMetallurgy- --. . ... R. Coyle J4500 Ext. 73_111

X. Dougherty J4500 Ext. 24195

Chemistry--- .E. Kelley J1o0 Ext. 5123
W. Svekla J44O0 Ext. 21235

Subject-------...... Case, Cartridge, 7.62w9 Steel, Cold
Worked,, Manufactured from different
types of steel.

Instructions and Requirements:

1. The following types and quantities of steel strip and cups will
be processed and tested under this program. Each type of steel vill be
identified with a different letter which must be maintained throw r
the life of the program.

a. TMF-310-A - 6000lbs. of 1023 carbon steel purchased from
Allen Wood Co. One half of cups produced
under TMP-309-A

b. TMrP-310-B - 6000 lbs. of 1025 carbon steel, vacuun degased
purchased from Republic Steel Co. One half of
cups produced under "DP-309-B

c. TMP-310-C - One coil 1025 carbon steel,purchased from Sharon
Steel Co. for TXP-305.

d. "P-310-D - 1A,520 lbs. of 1031 carbon steel purchased from
Republic Steel Co. One half of cups produced under
TMP-309-D

e. TWP- 2 z - 75,000 cups (swaged) 1025 carbon to be Purchased
from Bethlehem Stee Co.

f. TMP-310-F - One coil of 1025 carbon steel purchased from
Republic Steel for TMP 301.
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Mr 'Z: It Is Lmpemttivc tbat the ino-OutIOD rcquested throtahout this '402W
be gstbered~ as required. -his 1nrbo-.too Is required to prepare
soec!.ftations, Technical Data Puckages, c rigpoeL.s
ark a fina! report at the eal of the grogrs. 1berefore, each areu
resp-sible for the partions of this M& sali cknovl-dge by sub-
sitting the infarstion, vithin the secoad seven caleader days of
each month, to the Project Engineer , i". altr Weis, Bldg. 219-2.

The quantities of cups to be processed into cartrIdge cases, Dwg.
FD 2442 rrcm the above listed materials sbhll be specif-led by the
Project Engineer.

2. ls -triaJ Services DLree-torate shall process the strip or cups
In the following maner using the sequence of opeations, tooIs, inspection.
limits, ardness controls an1 solutions listed below. W.ntain the identity
or each type of steel vith CV (cold vork) an wel as desigr-ted letters.

2.1 Blank & Cup

Press: crank vertical, double action - Bliss No. 6
Tools: Barking Rh.mc, MOM& 11205, Rev C

Cupping ?W-ch, SI!M& 11206 Rev C
Blank & Cup Die, SXFSM 11207, Rev E
Stripper, S?& 11208
Stripper Spring, PT-1006
stripper Solder, sKiS& 3683

Gaze Livits- s~xFs& 9863 - 0.D. n.69-O.700
sKFSL 986 - Base I= . 015 - O.156-
sKFSA 9665 - hali thick. 0.18 inside

Bse - O.lOq - 0.117
all thick.var.0.180 from inside

Base - 0.00 max.
Wall height var.0.035 x.
Weight - 194 grs (approx)

Solution: 1-1/2 parts water to I part lubro No.44

2.2 Wash, Rust Prevent

Barrel: zeta!, rotary, inclinable, Baird
Solution: Hot wvter, 4 cups tri-sodiua phosphate; vash for 1/2 hour;

Rust Preventive: potassiuz dicbromte added so final rinse.

2.3 Anneal

Furnace: Lindberg, atmosphere controlled

Te=perature: 13M00
TL in furrace: 51 ninutes atleat (51 minutes cooling)
Hardness: 1/16" frmc Junction of base an. s idvall on O.D. RB 65 max.
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2. Phospbate Coat & Lubricate

iftchine: Ransoaatic unit or other appropriate equipment

2.5 Firzt Draw

Press: crank vertical duplex Bliss No. 62
Tools: Punch FB5669

Guide Ring PT-1i966A
Top Die PIC-1982
Bottom Die PIC -1983
Stripper PT-129hA
Stripper Holder PT-1005
Stripper Spring PT-i006

Ga -Liatts: susa 9666 - o.D. 0.595-0.600
FB 36251 - base thick. 0.150-0.158
SKFSA 9867- wan thick. 0.437 frcu inside

Bse 0.058 -0.062
wall thick, var. 0.437 rrom inside base-

0.001 max.

Dwing Solution: Ooe (1) part Lubeell S53300 aixed with 6 parts wter.

2.6 Wash, Rust Preventive Rinse & Dry

Washer: Niagara
Solution: 7-5 lbs of Pensalt to 200 gals of wter
Rust Preventive: 3 oz of potassium dichrcate added to rinse water

2.7 Pitosphate Coat & Lubricate

2.8 Second Draw

Press: erank, vertical, single action, Bliss No. 30
Tools: Punch FB 56667

Guide Ring FB 52211
Top Die PDT-UI or SKFSA 6803 or FB 18618A
Lube Ring SKFSA 10768
Bottom Die P L-115 or SKFSA 6803 or FB 18618B
Stripper PT-1002
Stripper Holder PT-1005
Stripper Spring PT-1O06

Gage & Limits: FB 22309 - 0.D..5695-.572
FB 22305 - base thick. 0.152-0.160
wall thick. and var. at 1/4" and 3/4" to be established.

Drawing Solution: One (i) part Lubeell SB300 mixe. with 6 parts water.

2.9 Wash, Rust Preventive Rinse & Dry

Washer: Niagara - (see 2.6)

4X
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1~ ~&~51XsZ~ftdz at ktt (L% Z~mtes coollaJ
2~~f~I ~ meu= Or bmw ~am sikifl q=

L 66 iz.

su* Rue 13 566p
To 0DAt rik Pr=-3 or S 1360

Loe imer Sa zT~ol

14& auti:- I -13(05- O.D. 0-5"6.519
~ ~73 - ~tbick. 0.5-0.265

!ba AbtIck. 21V ftlus SIa& Uwe
0-035 - OA"i

ma ti thzc. IA rm 3. k o 000; m

-mail thick. wr - i-2/fd ftm lasSi boe OAjwzx.

~)~vlg ~uli oe (1), pzt lmbew. v it 6p t er.

2.13 Was&,, Bt Mzrw Ic Mimse &,W7

ltwsu-r 1lapi -,(sm. 2.6)

2.14I'llhm#Wte cast & 1iab~te (Ii -zecemy.)

chte: tiermg asorhra~oiraeep~n



TIN ~ ~ ~ -l- 5675

6xir Ec Ir -r4

FB 2np.3 ba tm& o-1n3 - a

F3 2a3l).W(11 wilc ljOr f== L=Lle~ ~1-O

%allt tbc. va) l=Lt !b-~ef a.9AO = vxb

ML~~r=s-& - (= -6

lat ?i 3X55
Bo-- 1= Catter sn& 611

Guas & L*mit zA gSL 9p7 - =site ie:C i.84;o a.6

2-23 Sart

21k3. -Posbso- Ccat ialrrimcte (~z SSOper&.tiCM rISU- ea Cry f pet~

2.19 ilbcket -

?ress: horizlatkI teggle as4 era"±
Scois : Die S-vS-& U1572-2

Eject Sten 123 5.2
Am - ?3 250:11U

Gage &Limits: FB 4126D - oatside dia. 0.4684-o.V692
?-;Q2303- web thick. 0.023 u- 0.032
FB 22320 pockell concentxicity 0.003 max.



FA 333;j3

F 3;8 - cclet, cC emrI=5.Y 0.003 mr,.

Pmsem V%-_ ?M~s IL av

ImMIK m - (sle 2-6)

m! etxe: 5~~-d fr40 ML-=es at tanp

For=F Tbo2i3 (Cmabvse 4-7m C6)
Go & 4=1t= m~sz;- beddift .keffi6- o~kr

FC 92 - head thik. O.M~ - 0.03
YC 26 - MxL gmcoov- dis. O0iiO3 - O.Aq

2.24 Vez.t B eur

MR-hine: %W Primer ln=er
Tools: Bur

E,64nchPT-1025
stemF3 1863

Vent

xtachFB 36472,
Die FB 36475
Stem FB 36476

1S t NO Vent Detec t
H~older
Clup J-7

Detect Pi I~-i
20d No Vent Detect - Same~ as 1st No Venit Deteczt

Gags & Lits: SKFSK 9t68 - dia of vent. hole 0.078- 0.O52
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0=emtI= zzdools ire= Icoe above are tob- ~edwz le
~his t~e em~ Wta-'E" Go*crttto-

?~:VertIcSIl, z c.tfca, cr-= - Eliss No. If2

W'6t& !xcIrrai die 2P7-i~o

I~t Tt.~ S iesmsk-6139
Er-y D ie

22 nmper- Sbmmiiic Die Ms~&-6m3 C= Em la-11
Bay Die P1969~
Elect Ste Pr 1.928 om ~AP-~i
Die ff-vfl SKM5L-14

Gsje & L!IUS FB 23455 Ccccetieitay of rneck-O.Wi z
F3 2354 DCbx Prof Ile
F3 23520 P-rolie of bo~dy

PB-23522 !e=,&hy bed t&o sbou 1.E-2-6 63
Nec * O.3A;3 -034.)

i~=I~aI' Ninei oi Spec. 17-G-251

2.23 ?,---t amerwenie Wssh & Dry
~ - (see 2.6)

2.29 iT' h~i

Tools: Ca-I.er m. -mm10 or smm~ 6143
Cutte.-ler P-7 ?-l0113 or STFSM 6147
Support Cover -T-1014 or SK-S 6149
IRetminer Scat fiL-1923 or ws1.FS 615o
Case Support =-3-3876 or sKvsA 1&9
Cutter Cleap P£T-.1O15k or SuFSA &4k9

Gajees & Limit--= FB 23526 - total length 2.0093- 2.093
Lubrica.nt: Lubricate cases by wiping with a cloth impregniated with oil.

a Oil sPec. Iv-0-251

5-8
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2.3a Ua h 74st ?re%-eariv Rirmse Dr

Uz! r Xingra - See 2.6~

2-31 Tiss-al Inspect -1091.
~ Forizontal. Itmin scrzw, comteyor

2.3P2 Ira-s- at (.=Lt E= ira phosp-La~in eipant aad prortess i= ~d 217 ca= Ie
remt.Ia p~osp?_ati= of the cases wi cm~soue to bae performed im =ad by the

b.. Elecrrolytic cleae
c-. AlrKalime clean
d-. Water rinse
e-. A-c Z p ic k"e Asi described in FA chemrical. Process
f. Mazer ricse control raneoo. Proceas #2
r,. -r I-c p~zosphaate
Bi- Water rinse

i.Conditio~ien_ -Use

2-33 Dryv To be deetermi OLd by platimg SLO M324

2_.34 varrnsb - ,rcntjl the varnish unit anxd p~rOceSs iz pl4!&_ 21? can he praw-m
the case varnish oPeration will corati~e to be perfowed in adby the
Pticting S~op, 33M2

Machine:
a. Naterial: varnislu, Phenclic- Spec MIL-17-2276

Type III, Class a
B-. 16sos, Varnh -Wcoit =05 C-t~eat

26 to 31i) seconds, zabra #, cup
c. Tmersion: Time- I nirnte a-pprox.
d- Centrifuge: Time - I umirute ap prax.

2-.35 Tarnish Cure
Equipaent :Oven

a- Curing cime- 3750 to 40OFE metal te=Pe-rature for 30) to 45 rIrn.

Uric: Varnish shall have a dark greenish appearance udnea it is preperly cured..

2.36 Visual Inspect - 1001
X,2chiae: Horizontal, twit- Screwi, conveyor.

2-31 Case Gage - iOO%
- ~ Machinie: Conventional cartridge gage and weigh machine set-up to gage

the profile of the case.
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2.3$ Lcal, -gv~ & We~gh & Vsaq' Inszpect

S3e =Izules as sbovi In tbe Opemattons cnrlSection --- Un
to ':rtd~e, BaII & Tracer, ISM 7.6=, )GO & W32 except ~r

Libe vL-o=1y 1n-spected as IL is being diselmged frV-CM eaeb
Individ-2.l ochim~--

Ai. -Fccord IUze foLUmoiPn~

4-L Xz.ber of piece:; processed ?.hroag each opention

Aw..2 ;Mzot or scrup obt*±lre4 at each opteratica

A-3 iIua3t olrt pieces processed by emch tool

i4- Beason each toal Is discarded

%-5. A~aat =nd ma of downtime

Ai-6 Y-chine speeds..

5. ?crfor-= irdness test cm five pieces, taena boarly fr et eac of the
Interdrawv anneals.

6. Vkas~re f ie pieces frm each cup a-ni dr~a 7mxrh every Tmour. R-cord
aml s-atmit to 21roject. Zagineer- (TIO 320--V)

7- Neeasare five pieces every 30)orwie from the trim operatAi hroug~at
a3.1 subzecjwant operations with the except~ion of taper and plug, w'ic
-I" I1 be wasured ever-y 15 3Ilates- Record and submit ~~e~
to -Project nier

&Suhndt a copy of tbhe cartridge case 100% visunl inspections end.
the Sae and weIg Inspeaction to the Pzoject Ecgbzeer-.

9. Record and sumit a record of the DEPC ballet pull, velocfty, pressure
and vaterproof tests t-ken at the losadlng operation, to the Project
Engineer.

.10.Pron a raeasurce~nt survey(periodic cbeck)anzi a weightI check on
sar-Ples of five varnished cae*f-s ta~xn fronlie v-anished case vis-ual.
inspection operation for aU dinens ions shown on draving 7-D24-422.
Itecord results, and forw~ard to Project Engineer. The sa-nle)]s shall
be taken at the beginning and end of each lot.



-L. ikro a tr.Le'-s P'beck en z-- - 41c W ofive (5j crridge cazses
-z='h, ttlen frm tbe wrnLshed caice inspect ion o~veratlon. The
s--2,ezsh 11 be takea at the begnanrg and en!' or each lot. Take

.Ca~a at PoxSIt~oc (hemd & body) sho.m n c ving FD) 24412, u~sing
re~n.&'~hardness api Icad.

A~ rfor-- a hadestest on the strip at the einn inZ z- ei4A of ea~b
__l-I Use PRoc3i.'eU' scale. (T~r-31o-.)

113 Sap - su C'ieen qMaattM of W~este=n il- propelIlant to ac~ma.lish

this prob-e-a.

IC4 . S4uPPIY sufk lenlt quintltics of 'j.62:=Bi * 0 ard Tracer D~e, .a.13ms
for iceding and azsembling Into atridges. Froj~ect Ecginter will
specify am~t or ea-cb.

1.Suiply a sufflcie.nt trtantity of No. 34 prlers fror thsprora.

16. 3fintain Ideatity or vork throu&~ all oeatSft

17. . Furish a conlete cost bwrkdovn of expenitarev 'to Pr Tect Engise
&r. W. Weis, JT200.

I a. For-ard cuaintities. of cmritridges as qx-cJ't'ie4! by Project. Englneer to
Enginering Broo f e!tln& !Pabortories J9O0

1.9. Ehck cartridges wvL-a requested

20-. eR--ce tools; f %n -,-hle as eac:N operation Is conpieted exd store
properly Identified., unless othlise specified.

21. %b=%Xactu--e zzeditiostLI tools If required.

?IVYAN, O3tJ1 T-SM;IH IAB - i.L000
MMEWMEJ 37-TfLUi.G RA1M - Li72DO

22. Famnish jpiottomicrograpbs of sacples of three cccponents each, taken
.L--= the Interdraw anneals, second, third and fourth draws. Ph~oto-
ratrograpbs shalvl be taken on the =Iddle val are& using 750 =agni-
fication.

23. Examaime a sample of five cartridge cases each froc each lot for
cold shut determtions. Take photo~acrographs (100 maniricatioi)

TET&EVWLANLON DIVISION - Q6000
BASIC 1'ATER-r(IS RVAUWWION M3AICH - Q6100

24. iv.rform hardness determinations as requested by ?rojecft-ngineers.

6 1



25. Perfor= salt spray test using 2OJ solution on a sample of five
m inh -r cartridge cases. HethrA of test shall be in conformance
-ith ?ederal Tesz Method Standard i. 2i, Methd 061

2-6 Perfo salt spry test utUlizing 20% solution on samples of five
cartrlges ass--bled vith vsrnshed cases. Iathod 3f rest shall
be in confoe-jnce with Federal Test Mktho Sta dard No. !1, Method
061.

A)XITIO DMIY.z.% TT & '1GLME G AB., JL0;3.
W-eumm~ICAL Greo. =--win, J400

V7. Forbard three cmpoments fro= each Inte-rirav anneals and each draw
to )chanlcal Ne.ellurgical Branch L1200 for photoicroraphs of
grain structure.

2"8. Forard frie headed ccmponents to ilechanical IL-taflurgical Branch,

L7200, for cold sheet deter-.=ntIons and photcelcrographs.

29. Pro wIde retalhurgical tecbhical eas~stance -there and Vhen required.

30. Forw-rd sanples of maished cartridge cases and cartridges assebled
with varnished ca~es to Enviromnrtal Branch, Q6200, for salt spray
testing.

31. Provide chmica technical armiste where and vbea required.

SiiALL CAL1--R AX U-B.~A, J9D00
AmffJIITIN fG2. RAMCH' ~

32. Forward, samples of finished cases to Basic Evterinas E'aluatio -nch,
Q6100, for hardness determinations.

33. irovide technical assistance relative to tooling an. process where
amd when required.

WAfi-IEiR ±9. WEIS
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" FRIMP~, ON D ARSENAL

M IXEE HIIG DIVISO:M TMP 310-7.' -A S. FF

Effecctfte: 16 Septe-rber i%8
SubjecL: Case, CartrLIJ4e, 7.62t, Cold Woe'ed, Fanufactured from diffcrent

types of *teel.

Background and Synopo1s of P-Psent Situatlcrs:

* Recent proaf test firing of four s=a3l lots of cartridges, assembled with
cold worked cases canufactum-d from four different 1ypes of steel, lots B,
C, D and F produced splits In 'the *S" and "SJ" positions.

Purpose:

To provide additional test lots manufactured from the PO" lot of steel,
using mdifled processes.

Instructions and Reculements:

1. Process approximately 10,000 (approximately 320 lbs.) cups from Lot
71P-3lO-C-1 in the following r anner:

a. Process as requested in IMP 310 up to and including par. 2.6

b. fnneal (new)
Furnace: Lindberg, atmosphere controlled
Temp: 1320OF
Time In furnace: 51 mirutes at heat (51 minutes cooing)
Hardness: 1/16 above junction of base and sidewall on O.D. RB

66 max.

c. Continue processing in accordance with paragraphs 2.( to 2.l14

d. Fourth Draw (par 2.15)
(1) all tooling as stated shall be utilized except for a new

pumch (Dwg FA 32832) which will be provided by project engineer.

e. Continue processing in accordance with paragraphs 2.16 to 2.18.

f. Pecket (par 2.19)
(1) all too]Ing as stated shall be utilized except the die which

shall be IT 2208 or PTC 2208.



g. Head (par 2.20ue
(1) all toollro a stated shall be utiized except the die Uh

shal1 be PT 2215 or ?TC 2215

h. Continue processing in accordance with paragraphs 2.21 to 2.24.

1. At this point the cozponents shall b,4 separated into two lots
of equal azounts. One lot shall be designated as -'.P 310-C-2 and the ot,-er

as v-P 310-C-3.

J. Body Anneal (par 2.25)
(1) lot, 'IP 310-C-2 shall be body annealed usin,, the Tocco

Induction annealer located In Bldg 215-]. The hardness of the components
after annealing shall be maintained at the following.hardness range for
the positions mentioned.

Location from Vickers hardness on
head unsectoned case (2 Ke load)

l-13/32-T!.4o6J 257 + 25 -

1-37/64a (1.578) 232 + 10
1-3/" (1.750) 183 7 1O
1-7/8n (1.875) 183 7 !0

(2) Lot V,;? 310-C-3 shall be body annealed using the brass case
mouth anneal machine. The hardness of the components after annealing shall
be the same as mentioned for the Induction anneal above.

k. Continue processing of both lots in accordance with paragraphs
2.26 to 2.38.

1. All gage limits and information requested in original P apply.

WALTER F. W.31S
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S~~cc:CASe,. CAri0ie. Cb!I' H61wkz ~~us~ process

SVP3,rt X3Gr,;T: W_ .WZZ - 34=,?~Z~

qappm isur y: C. MAU - 3763m, Z=- 24M&

IL KInomuy - jII3m, agKr. 24I23

3MB &mos of ?restat SIC]isa1im

UserT 310 - 7.630m Sitel am Z~wIwjm M. Cm CzU~ of W
7-.61m "~rtxri$ cases "Ule pVuolce J" aM9"&Id iat* MU =m=&- cur-
triiCS.. he Sacessfu fftbwIS of uzhese cacrilts was to be zhe
basi Eacr p**&bUa w~dcif of a lafg= 10~ C.. I~ uest Hr222 m"

ibili!y (for~ xocesstg. qaUty of vwck. cowl1m !a= exrzrIftes.
accepcmece scf pncksgtUS of apgimasueft 500W Manl f0a 2GAGO
Tracer M62 cartridges.

Iursocti*s am hq.Jmmm

rsin fb= COIS of 1025 caxbm steel lacated is wag.. 220-apuir-
chasz4 fZam Sharam S.-el Co. fa-- M-305, 150 shall, Wm rcajI &f dds
r.-et!=, pmome 50,0M ".6m 3M MW as' 20,000 7.6~2m
Itracer M62 carteldges sss0led vilb colw Worked seel cartridse Cases.
Tbese cartricV-s sball be cmlrd and packagud vIthim Cbree ==:ks
after- reepr of this process 12f~inCrion.

4we cartrifjtes shall be packed Im the follloig

a. 4COOD S212 M a~d 10,000 Tracer MS2 cartriftes. l1im.d
four Sall w on tracer.

b. 7,000 tall :M, 5 romnd clips

c. 3,000 3sfl I SO, Juaked, anl ben.

d. 5,000 7-ace: M62, 5 raozid clipsi

a. 5,000 Tracez 162, linked, all tracer.
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Lms af ri s cvc Ofbra~ S~ a z p srw= the sp i=Cefolw
E=_; -- asihiW --t Se.Jz: Q! toliseti=Ulf

16 Am= cjc--oj m

fterv: c~n v1&mrc&ca, dAwAU ;xctlom - hi!ss 2b. 6
Touls: 31jikt= Pwm, SnIII-AM. Awy C

C.gIWA P~. A SKG'S UNS m C

Stri~e, Iber, SDSA 3W
Cow mics: SS gm -O3 0.6%-0..701D

SFw-& 954. - Base 7bick. 0.1W - 0..1%
SIM1 9*5 - IUl Okick. 0.130 inside Base - 0.107 -117

Iftl, thirk. wat. 0. 180 f r F inside Base-0. 0)0mx
Wall heiak var. 0.035 mm.

Ve&r- 194 ats (apiprom)

Selaima: 2-112 parts 'mater cr I part Irov 1b. 44

hM : &A, srevent i'~~1, s.r

S~1uu~aNot. waCer. 4 cas vr1-solim pbomphace; wash for 1/2 ho.r;
lost P~reenrve: potass ium dichroae added to final rimse.

2.3 Aeal

1zroaca: Lindbe-S, aLwsphtere controlled
Temperature: 132OWF
Tim ini furace: 51 minuces at beat (51 mi~utes cooling)
Eardness: 1116" frm juncion of base and sidewall on 0.D. 66 mx

1.4 Pbosjmhate coat & Lubricate

machi~ie: Ransosatic wr-ic
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1..s F!'Tst Draw

Press: cran, vertical, duplex, Bliss No. 62
Tools: Punch FP56669 Rev A

.Ui !e Ring PT-1966A
Top Die PTC-I32
BottoC Die PTC.-1983
Stripper PT-1294A
Steipper Holder PT-1005
Stripper Spring PT-1006

cage Limits: SKFSA 9866 - O.D. 0.595-0.600
Fa 36251 - base thick. 0.150-0.158
SMSA 9867-wall thick. 0.437 from inside base 0.0-,3-0.064

vall thick, var. 0.437 from inside base-0.004 max.
Drawing Solution: Cue (1) part Lubewell SB300 mixed with 6 parts water.

1.6 I ash, Rust Preventive Rinse & Dry

washer: Niagara
Solutio: 7.5 lbs. of Pennsalt to 200 gals of water
Rust Preventive: 3 oz of potassiwa dichromate added to rinse water

1.7 Anneal

Furnace: Lindberg, atnowsphere controlled
Temperature: 1320°F
Time in Furnace: 51 minutes at heat (51 minutes cooling)
Hardne s: 1/16" above junction of base & -dewall on OD RB 65 max.

1.8 Phosphate Coat & Lubricate

Machine: Ransomatic unit.

1.9 Second Draw

Press: crank, vertical, single action, Bliss No. 304
Tools: Punch FB56667 Rev A

Guide Ring FB 52211
Top Die PTC- 114B or SKFSA 6803 or FB 18618A
Lube Ring SKFSA 10768
Bottom Die PTC-115A or SKFSA 6803 ar FB 18618B
Stripper PT-1002
Stripper Holder PT- 1005
Stripper Spring PT-]005

Gage & Limits: FB 22309 - 0.0. 5695-.572
FB 22305 - base Lhick. 0.152-0.160
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SKFSA 5935 - wall thick. " from inside base 0.049 to 0.055
Temp. Gage - wall thick. 5/8 from inside base-0.038-0.044

wall thickness var at k and 5/8 positions -

0.004max.
Drawing Solution: One (1) part Lubewell SB300 mixed with 6 parts water.

1.10 Wash, Pust Preventive Rinse & Dry

Washer: Niagara - (see 1.6)

1.11 Anneal

Furnace: Lindberg, atmosphere controlled
Temperature: 1320'F
Time in furnace: 51 minutes at heat (51 minutes cooling)
Hardness: 1/16" above Junction of base and sidewall on O.D. RB 66 wax.

1.12 Phosphate Coat & Lubricate

Machine: Ransomatic unit

1.13 Third Draw

Press: crank, vrtical, single action, Bliss No. 304
Tools: Punch FB 56668

Guide Ring FB 56670
Top Die PTC-2203
Lube Ring SKFSA 10768
Bottom Die PTC-121A
Stripper PT-1003D
Stripper Holder PT-1005B
Stripper Spring PT-1006

Gage & Limits: FB 36052 - O.D. 0.516-0.519
SKFSA 9873 - base thick. 0.155-0.165
SKFSA 9874 - wall thick. k" from inside base 0.035-0.041

wall thick. var - k" from inside base 0.004 max.

SKFSA 9875 - wall thick. 1-1/8" from iniside base 0.018-0.023
wall thick. var - 1-1/8" from inside base O.003max.

Drawing Solution: One (1) part Lubewell SB300 mixed with 6 parts water.

1.14 Wash, Rust Preventive Rinse & Dry

Washer: Niagara - (see 1.6)

1.15 Phosphate Coat & Lubricate

Machine: RansomatLc unit
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1..16 Fourth Draw

Press: crank, vertical, single action, Bliss No. 304
Tools: Punch FA 32832 Rev A

Guide Ring SKFSA 10770
Top Die FE 57128
Lube Ring SKFSA 10768
Bo:tom Die PTC-131C
Stripper PT-1004F
Stripper Holder PT-10OSB
Stripper Spring PT-1006

Gage & Limits: FB 41263 outside dia. 0.4670 - 0.4682
FB 22303 base thick. 0.156 - 0.158

FB 23471 wall thick. k" from inside base 0.031-0.036
wall thick, var. k" from inside base 0.004 max.

FB 23471 wall thick. 1.70 from inside base 0.010-0.0135
wall thick. var. 1.70 from inside base 0.002 max.

Drawing Solution: One (1) part Lubewell SB300 mixed with 6 parts water.

1.17 Wash, Rust Preventilve Rinse & Dry

Washer: Niagara - (see 1.6)

1.18 Trim

Machine: horizontal, single spindle
Tools: Cutter SKFSA 10268 or PT-126A

Spindle FA 30254 or PT-1904
Sleeve SKFSA 6118 or PT-1907
Strippe~r Ring SKFSA 6122 or PT-138

Nut FA 30255 or PT-1906
Burring CuLter SKFSA 6119 or PT-1905
Spring SKFSA 6123 or PT 1971

Gages & Limits: SKFSA 9871 - inside length 1.840 - 1.860

1.19 Sort

1.20 Pocket

Press: horizontal, toggle anti crank
Tools: Die SKFSA 11572-2

Eject Stem FB 57126
Punch PTP2207

Gage & Limits: FB 41260 - outside dia 0.4692 max.
FB 22303 - web thick. 0.028 - 0.032
FB 22320 pocket concentricity 0.003 max.
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1. 20 fHend

Press: htrizontal, toggle and crank
Tools: Di- SKFSA 11431-1

Eject Stem F- 57125
Punch (lpc)
Punch (2pc) FA -3393B or PT1039C
Punch Holder PT-DU1G

Gages & Liits: FB 41247 - outside dia. 0.4698 max.
FB 22341 - packet dia. 0.2093 - 0.2098
FB 22323 - pwcket depth 0.1255 - 0.1305
FB 22303 - web thick, 0.052 - 0.062
FB 23482 - pockn-t concentricity 0.005 sa'.
FB 23380 - head crookedness 0.004 aax.

1.22 Wash, Rust Preventive Rinse & Dry

Washer: Niagara - (see 1.6)

1.23 Stress Relief

Furnace: Lindberg, electric, recirculating air
Temperature: 840'F ± 10^'F for 40 minutes at temperature.

1.24 Read Turn

Machine: horizontal, single spindle
Tools: Collet PT-lOOSB

Spring PT-1009
For- Tool FB 52213 (carbide type C6)

Gages & Limits: FC2884 - head dia. G.467 - 0.471
FC 2927 - head thick. 0.048 - 0.053
FC 2884 - Ext groove dia. 0.403 - 0.407

1.25 Vent & Deburr

Machine: WFF Primer Insert
Tools: Burr

Punch PT-1025

Sterq FB 18636B

Vent
Punch Holder PT-170B
Punch FB 36474
Die FB 36475
Stem FB 36476

71)
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1st so Vent ]kt c. t
Holder P!-176A
€CL ' FT-179A
Stem PT-177B
Detect in PT-178

2d No cn: Detect - Sane as Ist No Vent Detect
Gages & Limits: SKFSA 9563 - dia. of vent hole 0.078-0.032

.DTE: Operation aA cools nentioned above are to be used when two piece
beadiLq pumch Is used at heading operation.

1.26 Partial Aonral (Bodiy)

Location from Vickers Hardness on Un-
Head sectioned Case (2 kg load)

1-13132 (1.406) 
250# R15,

1-37/61 (1.578) 260 + 10 87 to 89
1-11116 (1.607) 150 15 ---
1-3/4 (1.750) 150 13 79 to 81
1-7/8 (1.875) 150 + 10 79 to 81

Roc .well radings given for setup purposes only. Vickers
readings to be taken after setup hardness is obtained.

Machine: Gas (grass Case Mouth Anneal)

1.27 Phosphate Coat (Do wt lubricate)

Nachine: Rasomtic

1.28 Taper & Plurg

Press: Vertical, double action, crank - Bliss No. 162
Tools: Mouth ironing pach PT2210A (optional)

wouth ironing die PT2211A (optional)
No-'h iro-,ing spring PT-1012 (optional)

1st Taper: Shoulder Die SKFSA-6139 or PTC1916C
Body Die SIC-SA-6140 or PTC1915B
lEject Sten SKFSA-6142 or P"1918B
Die Anvil SKFSA-6141

2nd Taper: Shoulder Die SKFSA-6143 or PTC 1921C
Body Die PTC 1989
Eject Stem PT1922B
Die Anvil SKFSA-6141
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Plug: Punch PT-159A or S.!CSA-6146
Gage & Limits FB 23455 Concentricity of neck - 0.004 max.

FB 23524 Max Profile
FB 23520 Profile of body
SKFSA-9870 "outh dia. 0.3078 - 0.3085
FB-23522 Lagth, head to shoulder 1.627 - 1.631
FB-23460 Neck Dia. 0.3413 - 0.3433

Lubricant Machine oil Spec. VV-0-251
Lubricate cases by lihtly wiping with cloth impregnated

with oil.

1.29 Wash, Rust Preventive Rinse & Dry

Washer: Niagara - (see 1.6)

1.30 Finish Trim

Machine: Vertical, single spindle
Tools: Cutter PTC-lOlOB or SKFSA 6148

Cutter Holder PT-1Ol1B or SKFSA 6147
Support Cover PT-114 or SKFSA 6149
Retainer Seat PT-1923 or SKFSA 6150
Case Support FA-33876 or SKFSA 6149
Cutter Clamp PT-101A or SKFSA 6149

Gages & Limits: FB 23526 - total length 2.0003 - 2.0093

1.31 Wash, Rust Preventive Rinse & Dry

Washer: Niagara - (See 1.6)

1.32 Visual Inspect - 100%

Machine: Horizontal, twin screw, conveyor

1.33 Iron Phosphate - To be accomplished in Bllg. 217-2 according to process
to be supplied by ChemLcal Engineering Branch, J4300,
upon request. Ref. DF dated 30 Jan 69.

1.34 Dry - To be determined by Chem Engr Branch, J4300.

1.35 Varnish - To be performed in and by the Painting Shop, X3422.

Machine:
a. Material: Varnish, phenolic - Spec MIL-V-12276, Type III, Class B.
b. Viscosity: Varnish viscosity at room temp. 26 to 30 secs, Zahn #2cup.
c. Immersion: Time - 1 minute approx.
d. Centrifuge: Time - 1 minute approx.
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1.36 Varnish Cure

Equipment: Oven
Curing time - 375' c 400'F metal temperature for 30 to 45 min.

NOTE: Varnish shall have a dark greenish appearance when it is properly
cured.

1.37 Visual Inspect - 1007.

Machine: Horizontal, twin Screw, conveyor (Clean hoppers are mandatory).

1.38 Prime

Machine: Vertical, straight line, crank and rocker, WY'F & Mch. Co.

Statton Tool Drawing

No case detect Detector PT1134A
Foreign matter detect Detector PT1135A

Stem PT181A
Burr Burr Punch PT1025

Stem PT2327

No vent detect #1 Holder PT-176
Clamp PT179
Stem PT17?
Detector Pin PT173

No vent detect #2 Same as No vent dete't #i.
Insert & Seat Punch PT2145

Holder PT2146
Anvil PT2147

Inverted & No Primer Detect Detector PT182
Seat & Crimp Punch FB41932

Holder PT2149
Sleeve PT2150
Anvil PT187
Stem PT186

Defective Primer Detect Assembly PT2344
Detector PT2331
Nut PT2332
Stem PT2333

Mouth Waterproofing Assembly PT2342
Cup PT2334
Plunger PT2335

Body rT2336
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I
Station Tool Drawing

Cup Spring P1V339

Key PT2338
Plunger Spring PT155
Nut PT2337

Primer Waterproofing Assembly PT2343
Pin PT2340

!Holder PT2341

NOTE: Crimping punch shall protrude 0.018" from face of holder.

1.39 IV5$ Gage & Weigh & Visual Inspect

Same machines as shown in the operations control Section pertaining.
to Cartridge• Ball & Tracer, NATO, 7.62mm, M80 & M62 except work
shall be visually inspected as it is being discharged from each
individual machine.

NOTES:

1. Industrial Services Directorate is requested to process this lot of
ammunition by a continuous, uninterrupted production method.

2. Industrial Services Directorate will be responsible for all aspects of
this project which shall include processing in3pection, assembly, testing and
packaging. At the completion of the project aLl information relative to
process inspections, test firing, etc., shall be available upon request.

3. Mr. Walter Young, J4400, under the guidarce of Mi. Edward Dougherty,
J4400, will be responsible for metallurgical evaluations at each operation to
determine the metaliurgical adequacy for continued processing of the com-
ponents into completed cartridge cases.

4. Mr. Gregg Koltonuk, 34300, under the guidance of Mr. Robert Manley,

J43u0, will be responsible for chemical aspects of the project and will

offer assistance upon request.

5. Mr. Rudolph Grosskurth, J7200, will provide limited technical assistance,
if requested; should problem areas arise in processing.
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CONCENTRIC WITH O.O.
.3085 WITHIN .004 MAX
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762MM S7-EEL CASE
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762 M 4M STEEL CASE
COLD WORKED -FINISH -TRIM4
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inder the Army-wide copper conservation program of 1966, Frankford Arsenal initiated
a product-improvement program for the 7. 62mm steel cartridge case. Two processes,
heat treating and cold working, wore used to obtain finished-case hardness. This report
covers the latter.

T[he major reason for developing a cold worked case was to eliminate the purchase of
exp~ensive heat treating equipment, not presently in general use for cartridge case pro-
duction, thereby reducing the cost of plant, conversion.,'

While the Vra~nkfot-d Arsenal cold worked case has not bee submitted to ET/ST, indica-
Lions aire tI.t this case, can be manufactured to acceptable t6lcrance levels, providing
adlequate controls tire exercised~.
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