- AD-E400 355K
Qo
N CONTRACT REPORT ARSCD-CR-79008
A
(A
-
-7
[ CONFIRMATION TESTS OF HOT AND COLI
< ARTILLERY SHELL DRAWING OPERATIONS {
{
F C. D. LAHOTI
) P. S. RAGHUPATHI
O T. L. SUBRAMANIAN
T. ALTAN
=
=
S MAY 1979
=

US ARMY ARMAMENT RESEARCH AND DEVELOPMENT COMMAND

FIRE CONTROL AND SMALL CALIBER
WEAPON SYSTEMS LABORATORY

DOVER, NEW JERSEY

APPROCVED FOR PUBLIC RELEASE; DISTRIZUTION UNLIMITED.




The views, opinions, and/or findings cuntained in this
report are those of the author(s) and should not be

} construed as an official Department of the Army position,
> ' policy or decision, uiiless so designated by other

E. . documentation.

. ' Destroy this report when no lorger needed. Do not
" return to the originator.

E(
r ©
k - " - B e R Y S R TS S Y-S s




ah-;t‘:‘;, P.W /Raghupath:., T. L./Subramania
% '1‘ ltan —

UNCLASSIFIED
SECURLITY CLASSIFICATION OF THIS PAGFE (When Data Entared)

REPORT DOCUMENTATION PAGE BT DRl CONDERTTG RN

Wt lisico s |93 AR SLD, SETRY
5TV P - SR REACRT- S PERIUT COvERED— e

. YITLE (and 5 P —— ﬁ_.-'-?—‘ e e

Confirmation Tests of Hot and Cold Artz.llery_ghell,’ Final Technical Report
fr'awmg Operaf'fons' = = = ~ =;.~—/ May 17, 1978 - May 15, 1979
Z = T e ---~~—----*-~..M.__,,,<:'“ 6. PERFURMING ORG. REPORT NUMBER

2. AUTNOR(I) 8. CONTRACT OR GRAKT NUMBGHR(s)

A/Daak -77-c—z/6;zf7 s/

AP E o et ¢ s -~ EERR Y

rs-n.:u&oammuumumou NAME AND ADDRESS ] I FROGRAM EL EMEIT PROJECT, TASK
Battelle, Columbus Laboratories RN ) AREA & WORK UNIT NUMBERS

505 King' Avenue L}Q } o Progect #5776716

Columbus, Ohio 43201 = :

11, CONTROLLING OFFICE NAME AND ADDRESS

ARRADCOM, TSD ) i (p ?} May @79 ;f::_ -~

STINFO (DRDAR-TSS) 154

Doge] NJ 07801
MONITORING AGENCY NAME & ADDRESS(U dilferent lrom Controlling Otlice) 15, SECURITY CL ASS, (of thls report)
ARRADCOM SC & SCWL

MSMT DIV (DRDAR-SCM-P) ' Unclassified
Dover, NJ (07801 15, DCCL ASSIFICATION/ DOVWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public distribution; distribution unlimited.

17. DIST RlBUTlON STI\TEMENT (of ths abatracit cuuud in Black 20, 1 dlllonnt from Report)

9 thm/lg'et.\mmt.m\ heP‘h L1 /nmg 19-15

1a. SUPPLEMENTARY NOTES™ | .. K //’:‘/ . _+ : i :3 .

19. KEY WORDS (Continue on reverso gide if necessary and identily by block numbar)
Hot & cold drawing, Artillery shell, Streamlined dies, Conical dies, Load-
displacement curve, Dies in tandem, tapered punch

-~

d

. AUBSYRACT (Centinue on reverae aide Il necesaary and idontily by block number)
4;;thematical models for optimization of hot and cold artillery shell drawing
operations, developed under an earlier project, were expanded to simulate the
state~of-the-art technology drawing process that uses multiple dies in tandem
with a tapered punch. The computer program DRAWNG was developed based on this
analysis,

near-production conditions. Convesptional conical as well zs computer-designed —

DD i, ]_473)\ EDITION OF 1 NOV 65 15 OBSOLETE UNCLASSIFIED 4,0 }1 0 ?ﬁ

SECURITY CLASLITICATION OF THIS,PAGE (When Data Entered)

Confirmation tests validated these mathematical models under prnduction or 7{0 Ve

| e TR PECEWC, Jap e e ¥ s
"Vl ! -.E'\lnérmn'a v "’mh DI t . e




R et el e i

(‘J'O,){%‘

UNCLASSIFIED
SEEUNITY CLASSIFICATION OF THIS PAGE(Whan Date Rntercd)

2

£\

rstreamlined dies were also tested. A 4.2-inch M335 shell was used for the cold
drawing tests, and a 155 mm M107 shell was usad for the hot drawing tests.

The computer-designed streamlined dies produced good parts in all tests, and this
loperation appeared to be other than the conventional process. Although streamd

ined dies were 1 pereengg:ore efficient than conical dics during cold drawing,
this difference was not measurably significant during hot drawing tests. In all
cases, however, the computer program DRAWNG predicted the ram load versus ram
displacement curve with acceptable accuracy and reliability.

4

/

ACCESSION for ]
NTIS White Sectlon?
DDC Buff Section [
UNANNOUNCED O
JUSTIFICATION .

BY . . —_—
DISTRIBUTION/AVAHLABILITY CODES

Dist. AVAIL. and“or SPEGIAL

UNCLASSIFIED
SELURITY CLASSINICATION OF THIS PAGE(When Nate Entered)




g TP

SUMMARY

Mathematical models for optimization of hot and cold artillery shell
drawing operations, developed under an earlier project (ref. 1), were expanded
to simulate a process that uses multiple dies in tandem with punches having
tapered profiles. The computer program DRAWNG, based on this analysis is
designed for CDC computers in an interactive mode and uses a Tektronix Cathode
Ray Tube (CRT) graphic display terminal as the input/output device. DRAWNG
is capable cf:

e Simulsting the shell drawing process in discrete eteps

displayed on the CRT terminal

e Generating a ram load versus ram displacement diagram

during the simulatior, and

® Generating a product wall stress versus ram displacement

diagram during the simulation.

DRAWNG reads billet, punch and die (both conical and streamlined)
configurations, and then considers material flow stress as a function of
strain, strain rate, and temperature. Friction at the tool-material inter-
faces is defined as a constant fraction (f) of the material flow stress.

In addition, DRAWNG considers heat generation and heat transfer during the
drawing operation. Thus, this system can be applied to both cold and hot
drawing of artillery shells.

To validate these mathematical models, confirmation tests of the
cold and hot drawing operations were conducted under production or near-
production conditions. Conventional conical dies as well as computer-designed
streamlined dies were used.

The cold drawing tests with conical dies were conducted with 4.2-inch
M335 shells at Chamberlain Méﬁufacturing Corporation's Waterloo, Iowa division
under actual production conditions. The cold drawing tests with streamlined
dies were conducted with thé same shell in Chamberlain's R&D division under
near-production conditions, The hot drawing tests with both conical and
streamlired dies were conducted with 155-mm M107 shell at Chamberlain Manu-
facturing Corporation's Scranton, Pennsylvania division under actual production
conditions. During these tests, all the pertinent dimensions of the shell
before and afrer drawing were measured and the presses were instrumented to

record ram displacement and ram pressure with respect to time.
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In all the tests, the computer—designed streamlined dies produced
parts, and the operati&n appeared smoother than the conventional process.
In cold drawing, the streamlined dies were approximately 13 percent more ef-
ficient than the conical dies. This difference was not measurably significant
during the hot drawing tests. However, in all the cases, the computer programs
DRAWNG prédicted the ram load-ram displacement curve with acceptable accuracy
and religbility. All the important trends and features observed during the
tests were reproduced in the predicted curves accurately and consistantly.
Further, the computer programs DRAWNG were capable of predicting material
failure in all the cases successfully.
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FOREWORD

This contract, with Battelle's Columbus Laboratories, Columbus,
Ohio, was on.the "Confirmation Testings of the Drawing Operations." Tech-
nical supervision of this contract was provided by Mr. Fee M. Lee of
the Materials Technology Branch, Materials & Manufacturing Technology
Division, U.S. Army Armament Research and Development Command, Dover, New
Jersey, 07801,

Battelle's Columbus Laboratories conducted this study in its
Metalworking Section, under the direction of Mr. T. G. Byrer, Section
Manager. . Dr. E_;EL_LAhOtI was the pr1n01pa1,1nvestlggtor of the program

and the technical work was dlrected‘by Dr. T. Altan, Senior Research

Leader. Other members of the Battelle staff were: Drs. P. B, ,Baghggathx,

s e 14

:E,;EL’§ubramanian, and N, Akgerman; and Messrs. Willis Sunderland and

S

Frank Syler who participated in the confirmation tests.

Confirmation tests were performed at Chamberlain Manufacturing
Corporation's Waterloo, Iowa, and Scranton, Pennsylvania Divisions, under
the supervision of Mr. Leverne Sidler, Engineering Manager. Mr. Charles
Nielsen, Senior Process Engineer at Chamberlain's R & D Division, and Mr.
Jim Kane, Senior Process Engineer at the Scranton Pivision, were the prin-
cipal investigators. Conclusions and recommendations from Chamberlain's

report on the confirmation tests are contained in Appendix D.

1ii and iv
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INTRODUCTION

The mathematical models and the computer programs capable of opti-~
mizing the shell drawing proncess for actual artillery shells and cartridge

cases were developed under an earlier project (ref. 1). These mathematical

models were based on the analysis of plastic deformations and included the
effects of the various process variables (such as punch speed, billet tempera-
ture, and lubrication), the properties of shell, die, and punch materials, and
the die configuration (both conical and streamlined). These models were com—

puterized so that they can be used to analyze the mechanics of the process and

predict potential material failure (such as punch-through), and optimize the

die configuration and process varialles,

The scope of work under the present contract, which was originally
[ on the billet separation technology, was redirected in May, 1978 to conduct
confirmation testing of the drawing operations in order to verify these com-
puterized mathematical models developed ezrlier. The purpose of this redirec-
i tion was to enhance the value of the mathematical models by substantiating
}. % them with confirmation tests conducted under production or near-production
conditions. In addition, the redirected scope of wovrk included expansion of
the drewing model to simulate the tandem drawing operation with a tapered punch.
Under the redirected scope of work, the mathematical model of the
shell drawing operation was expanded to : {mulate shell drawing through multiple
dies in tandem, with a tapered punch. Graphical display capabilities were also

included during computerization of these math models. The confirmation tests

‘g ; of the chell drewing operation at room temperature were conducted with 106.68mm

| i ‘ (4.2-inch) M335 shell at Chamberlain Manufacturing Corporation's Waterloo, Iowa {!

i division under production and near-production conditions. The confirmation ?
tests at hot forging temperatures were conducted with 155 mm M107 shell at
Chamberlein Manufucturing Corporation‘'s Scranton, Pennsylvania division under
production conditions. In both cases, tests were conducted using conventional
conical and computer~designed streamlined dies. Finally, the evaluation of
the mathematical mocels with the test results was conducted at Battelle.

| Although tested for drawing of large caliber shells, these programs ﬂ

can be also applied to the drawing of small caliber shells from either steel

. W a -
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or aluminum. These programs are expected to:
. ‘oo,
a. reduce the empirical knowledge and long years of experience

required in setting up drawing operations, and
b. predict more accurately process conditions and die design

for optimum operations,

‘PURPOSE AND OBJECTIVES

The purpose of this work was to verify the computerized mathematical
models of the drawing operations by conducting confirmation testu. Specific
objectives were:

a. to expand existing wathematical models of the drawing operation
to include tandem drawing with tapered punch in order to determine the optimum
combination of process variables, and

b. to substantiate all mathematical modeling work on shell-drawing

processes by confirmation tests conducted under production or near-production

conditions.

BACKGROUND

Cold Drawing
Smaller caliba. .11s (up to 105 mm) can be cold drawn while larger

shells (155 mm and up) must be hot drawn. Initially the shell is at constant
temperature and has uniform flow stress. However, plastic deformation hardens
the shell material; therefore, intermediate annealing is often necessary be-
tween the initial and the final draw. Prior to cold drawing, the shell body is
pickle-cleaned, phosphated and lubricated with soap. Normally, the billet is
pushed through either a single conical or through two conical dies in tandem.
When there are two dies, the second one 1s often used to keep the punch
straight; therefore, reduction thiough it is very small. Although reductions
in area per draw depend upon shell material and available equipment capacity,
reductions of up to 40 percent are fairly common in a single cold drawing
operation. Cold drawing produces shells with good surface finish and dimen-
sional acc ‘'racy, and product eccentricity is generally better than that of the

incoming cup. Since material yleld strength increases considerably due to
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cold drawing, low-to-medium carbon steels can often meet the strength re- .
quiremente. But cold drawing produces undesirable residual stresses, in which
srress relleving is almost essential.

Cold drawing dies are made from hardened tool steel (R, 60-62), or
other nard-tool materials, such as titanium carbide. Although die wear normally
is not a serious problem, punch breakage commonly occurs due to poor lubrica-
tion, misalignment and otber factors. Cold drawing equipment is typically
less massive due to the small workpiece size. A typical cold drawing press

for a 105 mm shell is rated at 1.,8 MN (200 tons) and has a stroke of 1.02 m
(40 1inches).

Hot Drawing

In hot drawing, the billecr is normally heated in a furnace to tem-
peratures between 1093°¢ (2000°F) and 1149° (2100°F) and then cabbaged and
pierced. The workpiece temperature is usually between 1038°¢ (1900°F) and
1093°¢c (2000°F) prior to actual drawing. Hot drawing is done at ove station
by two or three dies in tandem. These dies, however, are spaced far enough
apart sc that the shell is ouly drawn through cne die at a time. This is
necessary to avold punch through, since hot drawn shells usually have a taper
on the inside wall and the reduction in arcva increases with increasing punch
movement, Normally, no lubrication is used during hot drawing since scale
caused by heating provides adequate separation to avold metal-to-metal contact.,
The hot drawing punch 1s externally cooled by dipping it into a coolant after
the operation. Therefofe, modern hot drawing presses are often equipped with
two shuttle punches, water-cooled internally, to increase the production rate.

The flow stress of the defurming materials under hot drawing con-
ditions is a function of strain rate and temperature. The strain rate is
directly proportional to the.-drawing speed (one modern press is rated at
0.466 m/s (1100 inch/min)). The temperature in the shell wall is influenced
by the preheating conditions, heat generation due to plactic deformation, and
heat transfer to colder tooling.

Hot drawing dies are usually fabricated from hot-work tool steels,
with the contact surface being overlay-welded with super alloys to increase
die 1ife., These dies are held in steel die holders., Normally, when working

with carbon steels, the die wear is not a serious concern, and die lives of
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up to 50,000 shells have been reported. Although tonnage is not necessarily
large, the press frame must be big enough to accommodate a large stroke.
Therefore, hot drawing equipment is typically massive. For example, a hot
drawing press'uaes hydraulic drive and is rated at 3.65 MN (400 toms) with
a stroke length of 3.05 m (120 inches).

MATHEMATICAL MODELING OF TANDEM
DRAWING WITH A TAPERED PUNCH

The mathematical models developed earlier at Battelle (ref. 1) were

valid only for drawing through a single conical or streamlined die with a

straight punch. Actual shell drawing operations, however, very often use more

R than one drawirg die in tandem. Further, in these operations, the front portion

i " of the punch igs invariably tapered, as shown in figure 1. Therefore, these
' existing mathematical mode“s were modified to include drawing through tandem
dies with a tapered punch.

Stress Analysis

The present model simulates the actual drawing process by dividing
the punch movement into a finite number of discrete steps. The slab method
(ref. 2) of analysis was used to calcuw ate stresses and drawing loads at each

step. This analysis is valid for both conical and streamlined dies, since

a complex die profile can be approximated by a series of straight lines.

Flgure 2 shows a segment of the shell between rhe die and the punch,
where the die is stationary and the punch is moving to the right. The operation [}
consists of drawing a tube of outside radius Ry and inside radius Ry by a §
punch through a die to a tube of outside radius rgy and inside radius rj. The
details of the analysis of thé¢ stresses and the loads in this operation are 1
given 1iu appendix A. ' ¥

In calculating the stresses, the flow stress cf each element is

considered as a function of strain, strain rate, and temperature. The strain

in an element is the cumulative strain, and strain rate is calculated from a

velocity field developed during earlier studies (ref. 1). The temperature of
an element will depend upon the heat generated from plastic deformation, and

!
1
friction at the tool-material interfaces, and the heat conduction to the colder j
Y
1
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dies and punch. Expressions for strain, strain rate and temperature of an

element inside a die are also given in appendix A.

Computer Model

Based on this stress analysis, a system of computer programs, named
DRAWNG, was developed to simulate the drawing operation for artillery shells
through multiple dies in tandem that employs a tapered punch. These com-
puter programs are coded in Fortran IV and are applicable to both the cold and
hot drawing of shells. A functional flow chart of DRAWNG is given in figure 3.
In its present form, DRAWNG is operational on a CDC system in interactive mode
using a Tektronix graphics terminal., The die, billet and punch geometry are
inputed to the program. This input can be read either through a data file
prestored in the computer as a cataloged file or through the keyboard. A de-
talled description of the computer programs DRAWNG and instructions for its
use, preparation of input, and an example output are included in appendix B.

DRAWNG simulates the tandem drawing operation on a real~time basis,
and the step-by-step results ave displayed on the computer's graphic display
terminal, as shown in figure 4. On the top one-third of the screen, filrst
the title is printed, and then the dies are drawn showing specified spacings
between them, and the billet and punch are positioned for beginning of the
simulation, Once the simulation begins, the step-by-step movement of the
punch and the tillet is shown on the top one-third of the screen. At the same
time, the total ram load versus punch displacement and wall stress versus
punch displacement are shown on the left half and right half of the lower two-
thirds of the screen, respectively. During the simulation, the computer
programs calculate the correci flow stress in the deformation zone corre-
sponding to local strain, strain rate, and temperature, and utilize appropriate
equations for stresses, depending upon whether the element is free, or
within a die, or in between two dies, In addition, the tensile strength of
the product is plotted on the wall stress-versus—displacement diagram to
show whether punch-through is predicted at any stage of the drawing operation.
At the end of simulation, the computer program provides messages which enable
the user to enlarge any of the three diagrams on the screen, as shown in
figures 5 through 7. If further detalls are needed, the user can transfer

various outpuis stored on tapes to a line printer or to a similar output device.
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Figure 3. Functional flow chart of the computer program DRAWNG.
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Thus the computer program DRAWNG is capable of predicting:

(a) The load-stroke curves
(b) The failure due to punch-through, and
) (c)l The effect of process variables on the total ram load
and punch-~head load.
DRAUWNG is entirely user-oriented and can therefore be used readily
by engineers and technicilans who have little, if any, computer programming back-
ground and training.

ST T e

CONFIRMATION TESTINGS OF THE SHELL DRAWING OPERATIONS

Confirmation tests of the shell drawing operation were conducted
under production or near-production conditions to evaluate the accuracy of

the predictions. These tests were conducted at two different shell manufac-

; turing plants. The cold drawing tests (at room temperature) were performed

b
N
b

at Caamherlain Manufacturing Corporation's Waterloo, Iowa division under
either production or near-production conditions. Hot-drawing tests (at hot-
working temperatures) were conducted at Chamberlain Manufacturing Corporation's
Scranton, Pennsylvania division under actual production conditions. In both
cases, the tests were conducted with standard army shells which are under cur-
rent production, and except fcr the drawing dies, the existing tooling (punch,

die holder, etc.) were used. The tests were first conducted using conventional

conlcal dies, and later they were repeated using the optimally designed stream-

TR N A O

lined dies with double~curvature profiles (designed based on prior mathematical
modeling work on drawing of shells (ref. 1)). All the tests were designed by

R

Battelle and were planned jointly by Battelle and the Chamberlain Corporation
at each of the two locations.

., STt

Cold Drawing

& Selected Shell and Process

, The 4.2-inch M335 standard army shell was selected for these tests.

% Currently, this shell is in prodoction in Chamberlain's Waterloo division. The
; material used was AISI 1030 as per specification ASTM 273. This shell is accom-
A plished in two cold double draws, with intermediate arnealing and rough machining.

% Prior to each cold drawing operation, both inside and outside of the preform

’ 13




is pickle-cleaied, phosphated aud lubricated with a commercial soap. 1In the

present investigation, the fina. double draw operation was selected. Drawing

No. 7000-90, Sheets 5 and 6 given in figuves 8 and figure 9 show the shell be-

fore and after the final double draw.

Equipment and Instrumentation

Confirmation tests of the cold drawing operation with conventional
dies were conducted under an actual production environment at Chamberlain
Corporation's Waterloo, Iowa division. For this purpose, the final double
draw operation of 4.2-inch M335 shell on a Bliss production hydraulic press
was selected, figure 10. The press is rated at 1,78 MN (200 tons), and has a
1.02 m (40-inch) stroke. The nominal ram speed is 68 mm/s (160 inch/min), and
the ram diameter is 368.3 mm (14.5 inch). To me-sure ram load, the hydraulic
line was tapped with a pressure transducer (Gilmore 500 S). 1Its conditioned
output, amplified by a power supply, was then connected to the left-hand
channel of a two-channel brush recorder (Gould). Pressure calibration was
kept at 10.34 MN/m? (1500 psi) for the full width of the chart. Ram displace-
ment was measured simultaneously with the ram pressure, with a potentiometer-
type displacement transducer. The displacement transducer housing was bolted
to the lower frame of the press, and its cable was hooked to the slider of
the press ram. The amplified output of the displacement transducer was con-
cected to the right-hand channel of the brush recorder. This displacement
calibration was fixed at 1.27 m (50 inch) for the full width of the chart.
Chart speed during the tests was kept at 5 mm/s (11,8 In./min).

Confirmation cests of the cold drawing operation with streamlined
dies were conducted under near-production conditions in Chamberlain Corporation's
Research and Development diviszion at Waterloo, Iowa. These tests were per-—
formed on a Verson hydraulic press rated at 5.34 MN (600 tons) with a maximum
ram displacement of 1.676 m (66 inch). This press has a nominal ram speed

of 91.4 mm/s (216 inch/min) and ram diameter of 0.60 m (23-5/8 inch) (ram area =

0.283 sq m (438 sq in.)). The press was instrumented with a pressure transducer
and a displacement transducer, and the ram pressure and the ram displacements

were recorded simult. ~eously on two separate channels of the two-channel brush .
recorder. Chart calibrations for pressure and displacements were 5.17 MN/m?
(750 psi) and 1.27 m (50 inch) for the full width of the chart, respectively.

Again, chart speed during these tests was kept at 5 mm/s (11.8 in./min). k

14
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Figure 9.

M335 Projectile bodies before and after final double cold drawing operation.
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Figure 10, Schematic representation of final double draw of
M335 shell under current production conditions.
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operation, developed earlier (ref. 1), indicate that the dies with streamlined
profiles are more efficient and help to reduce the probability of punch-thiough,

Therefore, in the present investigation, tests were conducted with both con-

r——— i e = TR TR AT A e - =
Dies and Punch N
L o The general practice in the industry is to use a conical shape at *k
) g the entrance of the drawing dies. These dies are easy to machine and there- 15
N fore when worn can be remachined to replace dies with the larger openings f |
.k in a tandem arrangement, However, the mathematical models of the drawing ff

ventional conical and streamlined die designs to evaluate the mathematical
models of the shell drawing operation.

Conical dies, used under actual conditions, have an entrance angle
of 15 degrees, as shown in figure 10. These dies were press fitted in a die
block, which was assembled in the tool assembly, as shown in figure ll. 'Ihe
cold drawing punch, which fits into the interior of the preform shape, is also
shown in figure 10, All these dies and toolings are used currently at Chamber-
o lain's Waterloo division in production of M335 shell.

%; . Two sets of streamlined dies were also designed using the computer
' program CDVEL, developed earlier at Battelle (ref. 1). One set of dies was
designed with ‘a double~curvature profile and the other set was designed with
A a polynomial profile. For the reasons of simplicity, the double-curvature

ST | dies were selected for confirmation testing.

co : As shown in figure 12, two double-curvature dies were designed, one

for the first draw of the final double draw and the other for the combined

{fi reduction of the final double draw, Based on the die design, a simple computer

b program was developed for NC machining of the templates at Battelle. The actual

dies were machined by Chamberlain Corporation using these templates. The details

[ENREJOUE Y

of the streamlined die design and machining of the templates are included in

appendix C., The important portions of the outputs from the computer program

ST e A AR ARl e § rla a § o Sa s e

CDVEL for these dies and the computer program for NC machining of templates

\
F
!
% are also included in appendix C.

Tests with Conventional Conical Dies

The tests with conventional conical dies were conducted during a
production run at the Chamberlain's Waterloo plant on November 30, 1978. The

1.78-MN (200-ton) Bliss production hydraulic press was instrumented to record

PSP
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Figure 11. Tool assembly for cold drawing (final double draw)
of M335 shell under production conditions.
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(A1l dimensions are in mm; dimensions in parentheses are in inches,)

 /
' '/ |
./ /A
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£
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(a) Die No, CDS2—For first die of final double draw
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(423)

15879
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(b) Die No, CDS23--For coirbined reduction of final double draw

Figure 12. Streamlined dies with double curvature profile for cold drawing
of M335 shell.




ram pressure and ram displacement on a two-channel brush recorder. Twenty-
five preforms were taken out randomly from the production line at various
intervals, and all the important preform dimensions and eccentricity were
measured. For the selected shells, the ram pressure and ram displacement were
recorded on the two-channel brush recorder. A typical recording is shown in
figure 13.

Typically, the shell is loaded and the punch is inserted. Once the
punch touches the bottom of the preform, the pressure starts to build up while
the press ram dwells. As soon as the break—through préssure for the first die
is developed, the shell begins to draw, and soon a steady state is reached until
the skhell bottom touches the second die. At this time, the pressure again be-
gins to build up but no noticeable dwelling of the press occurs. However, a
noticeable break-through peak is observed. As soon as the shell exits from
the first die, the pressure instantaneously drops considerably and the shell
is drawn through the second die only until the end of drawing, then is ejected
by the ejector. l

After drawing, all important dimensions and the eccentricity of the
selected shells were measured. These various preform and product dimensions
are given in table 1. The locatione of various measurements in table 1 are
shown in figure 14, A few preforms and six drawn shells were selected for
further detailed investigation and determination of the properties 