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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

19

ol e B W cael L e ' A Ll




- Stell — , Punch
‘s .

Top die

5 ST R
: "‘/ Bottom die

«————— Die block
|

S

9%

T TN M e R TR U AR TN S A 3w g T e
N

e hbhbndeti o

e A

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,)

 /
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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 of drawn
shells. Note that the eccentricity of the drawn shell was almost always better
than that of the preform. Table 2 shows the recorded displacement and the
peak ram load for the selected cases during these tesfs. The maximum and
minimum recorded peak ram loads were 0.804 MN (90.41 tons) and 0.738 MN
(82.98 tons), respectively. Average peak ram load was 0.771 MN (86.69 toms).

Thus, the maximum variation in the measured peak load was within % 4.3 percent.

Tests with Streamlined Dies

The tests with streamlined dies of double-curvature profile were con-
ducted under near-production conditions at the Chamberlain's Research and De-
velopment division on February 15, 1979. The 5.34-MN (600-ton) Verson hydraulic
press was instrumented to record ram pressure and ram displacement on a two-
channel brush recorder., Sixty lubricated preforms were removed from the pro-
duction line at the adjacent Waterloo division of Chamberlain Corporation. All
important dimensions and the eccentricity of these selected preforms were

measured, as given in table 3,

22
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Table 2. Recorded ram displacement and peak ram load
for cold drawing of M335 shell through ,
conventional conical dies. '

—

Ram Displacement, " Peak Ram Load,
Specimen No. mm (inch) © MK (tens)

———

-1 447 (17.6) 0.771 (86.69)
=2 447 (17.6) 0.77L (86.69)
-3 447 (17.6) 0.804 (90.41)
C4 447 (17.6) 0.793 (89.17)
C-5 : 447 (17.6) 0.782 (87.93)
-6 447 (17.6) 0.760 (85.45)
=7 447 (17.6) 0,732 (87.93)
c~8 | 447 (17.6) 0.782 (87.93)
-9 447 (L7.6) 0.771 (86.69)
c-10 447 (17.6) .760 (B5.45)
11 447 (17.6) 0.760 (H3.45)
c-12 447 (17.6) 0,749 (84.22)
c-13 447 (17.6) 0.771 (86.69)
c-14 447 (17.6) 0.771 (86.69)
c-15 447 (17.6) 0.771 (86.69)
¢-16 447 (17.6) 0.793 (89.17)
17 4471 (17.6) 0.782 (87.93)
¢-18 447 (17.6) 0.738 (82.98)
¢-19 447 (17.6) 0.738 (82.98)
-20 e 4ET (17.6) 0.771 (£6.69)
c-21 447 (17.6) 0.751 (84.45)
-2 447 (17.8) 0.782 (87.93)
¢-23 447 (17.6) 0.771 (86.69)
G2 447 (17.6) 0.771 (86.69)
C-25 447 (17.6) 0.771 (86.69)
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The tests were conducted using a single streamlined die (CDS23) pro-

ducing the total required deformation and with two streamlined dies in tandem

(CDS2 & CDS23) separated by a 64.8-mm (2.55-inch) spacer, as in the case of

tests with conventional conical dies. The first twenty preforms were drawn

through the single die, CDS 23; the next forty preforms were drawn through

é  ' two dies (CDS2 and CDS23) in tandem. All measurements were made on the first
twenty pieces, and then measurements were taken on eieven of the next forty
pieces. Load and displacements were recorded for all the sixty pieces.

' Figure 15 shows typical ram pressure and ram displacement recordings for

| drawing through a single streamlined die (CDS23) and for drawing through two

streamlined dies (CDS2 and CDS23). The measured peak load for the selected

3 : cases are given in table 4., Note that deformation through these dies required

lower forces compared to those required by the conical dies. Further, the

breakthrough peak was typically absent here due to more uniform deformation.

Billet temperature after deformation was approximately 93.3°C (200°F) as com-

/ E pared to 104.4°C (220°F) in conventional drawing, also indicating a less severe

deformation through screamlined dies.

=

Important dimensions and eccentricity of drawn shells were measured

-» -

for the selected shells and are included in table 3. Dimensional accuracy

through these dies is as good as through the conventional cc :ical dies. Several

L

, drawn shells were set aside for further measurements and determination of their
3

L properties. Two shells, one each drawn through the conical and the streamlined i
. .

dies, were sectioned to measure their hardness distribution, Shell drawn

T,

through streamlined dies warped less than those drawn through conical dies,

indicating the presence of lower residual stresses in the former case,

Hot Drawing

(IS S

Selected Shell and Process

Ciae RO R EETE

{
s The 155 mm M107, high explosive standard army shell was selected
k

e FATmei. e

for these tests. Currently, this shell is in production at Chamberlain's

Scranton division., The M107 is fired from all 155 mm howitzers except from

the XM198 at high propelling charge zone.
The body of this shell is manufactured from AISI 1046 steel per

Mil-P-14824 A (Amendment 1). The MLO7 is hot forged at approximately

hs o i y
3
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L Ram Displocement \
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(b) Double streamlined dies (CDS2 + CDS23)
Figure 15. Typical ram pressure and ram displacement recordings
during cold drawing of M335 shell using streamlined dies.
(1 inch = 25.4 mm; 1 psi = 6.895 kN/m2.)
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ﬁ ‘ Téble 4. Recorded ram displacement and peak ram load for cold
o drawing of M335 shell through streamlined dies.
-épecimen Ram Displacement, Peak Ram Load,
;"',‘ No. Die No. . mm {(inch) MN (ton)
S-2 cDs 23 381 (15.0) 0.702 (78.90)
S-4 Ditto 381 (15.0) 0.717 (80.55)
. 5-6 " 381 (15.0) 0.658 (73.97)
- 5-8 " 381 (15.0) 0.731 (82.19)
i §-10 " 381 (15.0) " 0.702 (78.90)
| §-12 " 381 (15.0) 0.717 (80.55)
S-14 " 381 (15.0) 0.702 (78.90)
S-16 " 381 (15.0) 0.667 (74.96)
N 5-18 " 381 (15.0) 0.687 (77.26)
o 5-20 " 381 (15.0) 0.673 (75.61)
- s-21 CDS2 + CDS 23 546 (21.5) 0.731 (82.19)
§-22 Ditto 546 (21.5) 0.702 (78.90)
$-23 " 546 (21.5) 0.687 (77.26)
j S-24 " 546 (21.5) 0.702 (78.90)
3 §-25 " 546 (21.5) 0.702 (78.90)
E 'F 5-26 " 546 (21.5) .702 (78.90) | ]
§-27 " 546 (21.5) 0.687 (77.26) 3
E 5-28 "o 546 (21.5) 0.687 (77.26) ‘3
i 5-29 " 546 (21.5) 0.687 (77.26)
0 $-30 " 546 (21.5) 0.702 (78.90) g
s-31 " 546 (21.5) 0.673 (75.61) i
\
-
|
|

[
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1093° (2000°F), well over the critical transformation temperature of the
material. Complete forging is accomplished in three steps, namely, cabbaging,
piercing and drawing. Cabbaging and piercing operations can be accomplished
in two separate presses or in a single press, depending on the equipment. The
drawing operation is usually conducted in a long stroke high-speed hydraulic
press with two or three rings. The projectile shapes before and after hot

drawing are shown in figures 16(a) and (b), and in figure 17,

Equipment and Instrumentation

Confirmation tests of hot drawing operations with both conventional
conical and streamlined dies were conducted under actual production conditions
at Chamberlain Corporation's Scranton, Pennsylvania division. These tests were
conducted on the No. 1 Bliss press line which consists of a vertical hydraulic
press. It has a load capacity of 3.56 MN (400 tons), a stroke of 3,05 m
(120 inch), a nominal press speed of 0.466 m/s (1100 inch/minute), and a ram
diameter of 0.511 m (20.125 inch).

To measure ram load during the drawing operation, the hydraulic
line of the press was tapped with a pressure transducer, and its conditioned
output (5 V for 34.48 MN/mZ(SOOO‘psi)) was connected to one of the two channels
of a strip recorder (Honeywell). The second channel of the recorder was con-
nected to the output from a displacement transducer to measure the ram dis-
placement, The housing of the displacement transducer was bolted to a plate
on the shop floor, and its cable was hooked to the press ram slider. The full
width of chart was calibrated to record the last 2.54 m (100 inch) of the
press stroke and 17.24 MN/m? (2500 psi) pressure. During the tests, the chart
speed was kept at 25.4 mm/s (1 inch/sec).

In addition to the above, the temperatures of the incoming billet
(after cabbaging and piercing) and of the product were measured with an infra-
red digital pyrometer. The temperatures of the dies were measured periodically

with a contact pyrometer.

Dies and Punch

A schematic representation of the hot drawing operation is shown in
figure 18. As in the case of cold drawing of shells, the general practice in
industry for hot drawing of shells is to use dies with a conical entrance. The

general configuration of the three dies used for hot drawing of 155 mm M107 shell

33
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Figure 16(a). Body of 155 mm M107 shell prior

to het drawing.
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Figure 16(b). Body of 155 mm M107 shell after
the hot drawing.
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Figure 17. 155 mm M107 projectile bodies before and after hot drawing.
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131.32mm

(5,1 7) =

NN N ]

ﬁ
d
63.5mm
; (2.5)
| W —F
/1 4\ First Die
]
% 4 ]
L 7-)
4826 mm
(19.0)
170,18 mm:
— (6|.7)
l 63.5mm
(2.5)
\!
\\\\ \\ Y Second Die
: 165. mm i
(6.5) =
533.4mm
(21.0)
63.5mm
(2,5)
A\ J | \\\ Thi )
ird Die

162,56 mm
(6.4)
355.6mm (14.0)——

Figure 18. Schematic representation of hot drawing of
155 mm M107 shell under actual producti m.
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under actual production is shown in figure 19. Incoming material first touches
the dies on a 10-degree segment at the die entrance., The l12-degree segment

on the die entrance is primarily for easy centering of the workpiece in the

top die, These die blocks are machined from shell die steel (H-~11) hardened

to R, 40-44, and bore diameter of the dies is machined 6.35 mm (0.25 inch) over-
size to allow for hard facing by overlay welding. The die bore is first soft-
welded with 6,35-mm (0.25-inch) electrodes of Lincoln LH-70 (mild steel), and then
finish-welded using the electrodes from the hardfacing alloy. After the dies

are cooled, the bore is finish-machined on a copier lathe using appropriate
templates.

All the dies for hot drawing tests were fabricated and machined by
Chamberlain Corporation's Scranton division. One set of conventional conical
dies, identical to those used currently in production, and another set of stream-
lined dies, as shown in figure 20, were designed using the computer program
CDVEL (ref. 1). Templates required for copy-turning of the die bore were nu-
merically control (NC) machined at Battelle and supplied to Chamberlain. The
details of design and machining of templates for streamlined dies used in this
program are included in appendix C.

The punch configuration is somewhat complex and proprietary data of
Chamberlain. However, the punch profile is similar to the inner configuration
of the product, shown in figure 16(b). The punch is machined from hot-worked
tool steel. It has an internal bore of approximately 63.5-mm (2,5-inch)
diameter for continuous internal .cooling by water. At the end of each stroke,
the punch surface becomes quite hot and shows some red cclor; however, the color
disappears rapidly as the punch cools. In addition, the punch is dipped in a
thick oil prior to the next stroke (the press is equipped with two shuttle
punches), which helps to cool the external surface, and the burnt residue
acts as a parting agent between the punch and the billet material during
stripviag.

Drawing dies have considerable life (approximately 25,000 to 50,000
pieces). However, the punch must be replaced after approximately 1000 to

2000 shells are drawn.
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Tests with Conventional Conical Dies

The hot drawing tests with the conventional conical dies were per-
formed during a production run on April 10, 1979 at Chamberlain's Scranton,
Pennsylvania plant. Dies were replaced with a new set of conical dies during
the night shift of April 9, 1979, But the drawing punch was not.changed and
no record of its change was kept, Prior to the beginning of the first shift
on the duy ¢f the testing, the dies were flame heated as usual and the press
wao instrumented to record ram pressure and ram displacement on a two~channel
strip recorder.

Drawing of shells was monitored from the beginning of the first

shift at 7:00 a.m. Tempevature of the incoming preform was measured with an

- ‘-w“w—w"{ ot S "?-‘7"'1'""5’ r_——

optical pyrometer and the ram pressure and ram displacement was recorded on

the strip chart. The first few shells were drawn with manual operation of the
press and required higher load, Afterwards, the press was set on automatic mode
to produce 180 shells per hour., After n few minutes, the process stabilized

and the recorded loads were somewhat more consistent., Beginning at 7:45 a.m.,

the temperature of the incoming preform, the ram pressure and ram displacement

were rocorded at an interval of 15 minutes until lunch break at 11:15 a.m.
During this production, two preforms were taken out of the production line to

! measure pertinent dimensions, as shown in figure 21. 1In addition, the first
eleven shells were marked as they came out of the drawing press. After cooling,
when these shells reached the inspection table, they were ¢t sside and all
important dimensions were measured, as showr in taole 5. One preform and one
shell were saved for preparing specimens for measuring mechanical properties.

: llot drawing testf were continued in the afternoon of April 10, 1979

e - Bt ounca’ i =
T W . -

} and the preform temperature, ram pressure aid ran: displacement were recorded

) every 15 minutes, as during the morning sussion, until a total of twenty read-
ings were taken. A typical ram pressure and rsw displaceament recording is
shown in figure 22. Prior to beginning of the drawing operation, the press
builds up pressure behind the tam as it moves downward (Zome 1, figure 22).
Then the preform goes through the first die. As it totally emerges from the
firot die, it enters the second die whezre the peak leoad is typically developed.
Similarly, when the procuct emerges from the sécond die, it is picked up by
the third die. As the produst exits from the third die, ram pressure Arops.
But the ram still moves dowr ~rd under nearly constant pressure (Zone II in

figure 22) until the bottom . :aa center is reached, and when the pressure
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drops to nearly zero and the ram slows down. Table 6 shows preform tempera-
tures and the peak ram loads through the first, second, and the third die for
the twenty shells monifored during these trials, Preform temperature varied
between 1027°C (1880°F) and 1068°C (1955°F). Peak ram load varied between
1.11 MN (125 tons) to 1.24 MN (139 tons),

Tests with Streamlined Dies

Following the tests with conventional conical dies, hot drawing

tests with streamlined dies were conducted during a production rum on April 11,

1979 at Chamberlain's Scranton, Pennsylvania plant, Again, the dies were changed

during the night shift of April 10, 1979 and streamlined dies, designed by the
couputer program CDVEL, were installed. The punch, however, was not changed.
On April 11, 1979, prior to the beginning of the morning shift, the press was
instrumented to record ram pressure and ram displacement, and the dies were
flame heated as usual,

Drawing of shell was monitored from the beginning of the first shift
at 7:00 a.m. Again, the first few shells were drawn by operating the press
manually, and when everything seemed normal, the press was set on automatic
mode. Right from the beginning, the streamlined dies produced good parts,
meeting all hot inspection requirements. As in the case of conventional coni-
cal dies, the temperature, ram pressure, and ram displacement were recorded
every 15 minutes during the morning; and two preforms were taken out for
measuring pertinent dimensions, as shown in figure 21. Also the first ten
shells were marked after they were drawn, and gll important measurements were
nade after they cooled, as shown in table 7. One preform and one drawn shell
were retained for mechanical testing.

Production through the streamlined dies was monitored for about 6
hours, and a total of nineteen recordings were made. These dies consistently
produced good products throughout this period. Typical ram pressure and ram
displacement recordings for drawing through these dies, shown in figure 23,
are very similar to those through the conical dies. Required peak loads for
these dies, given in table 8, were slightly lower than those for conventional
conical dies, given in table 6. However, the measured loads were more con-

sistent with these dies compared to the conical dies, and the peak load typi-
cally varied within *35,6 kN ( £4 toa). 1In addition, the whole operation
appeared somewhat smoother than drawing through conical dies. This observa-

tion was verified by plant personnel at Chamberlain.
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Since the computer-designed streamlined dies produced consistently
good parts, the plant personnel at Chamberlain's Scranton plant agreed to keep
the dies in production until a replacement was needed. A total of 15,836
shells were drawn before removal of the dies. Engineers at Scranton state that
the number is half of the normal production run on a set of dies. These dies
were removed because of excessively deep draw marks, which is the normal cri-
terion for die removal. Engineers at Scranton state that this short life may
not be attributable to the streamlined dies alone, as it has happened before

occasionally.,
EVALUATION OF MATHEMATICAL MODELS

Under this section, the predictions from the computer program DRAWNG,
described earlier, are evaluated with respect to both cold and hot confirmation
testings of drawing operations conducted under production or near-production
conditions. Evaluations of the mathematical models were conducted for drawing
of artillery shells using conventional conical dies and computer-designed stream-
lined dies. Therefore, it became necessary to characterize the interface friction
condition during drawing, and the flow stress of the deforming material. In
addition, mechanical properties of the preform and the drawn shell materials

were determined for evaluating the streamlined dies versus the conical dies.
Cold Drawing Operations

Flow Stress and Interface Friction

Incerface friction and flow stress are two basic inputs required in
the program DRAWNG. Since deformation in shell drawing occurs primarily due to
tensile stresses, the material flow stress should be determined under tensile
loading. Therefore, a randomly-selected preform was cut and tension specimens
of 6,35-mm (0.25-inch) gage diameter were machined. These specimens were tested
in an Instron testing machine at a crosshead speed of 0.04 mm/s (0.100 inch/min.).
Load versus displacement was recorded at a constant chart speed, and later it
was reduced into true stress (G) versus true strain (§) curve, as shown in
figure 24, 1In order to use this information in the computer program DRAWNG,

a least square mean fit to the experimental points was developed as given below:
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G = 772 (£)0:1822 (3y/m2), (1)

This equation seems to' fit the experimental data well, as shown

in figure 24. Therefore, it was also used for determining 0 beyond £ = 0.15

by extrapolation,

l In the present mathematical modeling studies, the interface friction

:

shear stress is defined by

Bt St -2

- R N
2 T /3-0 fo (2)

where £ = V3 m is the friction factor and its value could be between 0 and 0.577.
L ; The interface friction shear factor ir cold drawing was characterized

| using the well known ving test (ref. 3). Four rings of 38.1 mm (1.5 in.) OD x

s 19.05 mm €0.75 in.) ID x 12.7 mm (0.50 in.) height were machined from the preform
:é material. These rings were cleaned, phosphated and lubricated with soap in ex-

3 % ; actly the same procedure as used for lubrication of preforms prior to cold draw-

. ; ing. The rings were then forged under flat parallel dies in a hydraulic press

to 20 and 40 percent reduction in height. Change in bore diameter was plotted

on theoretical calibration curves, as shown in figure 25. It is seen that

friction shear factor m = 0.06 (f = 0.035) characterize the interface friction
/ between the dies and the workpiece. This value of interface friction factor

éy; was used for predicting the load-stroke curve using the computer program DRAWNG.

1 Load-Displacement Curves

t? b As described earlier, cold drawing tests were conducted for the final
i 5 double draw operation of M335 shell using the following arrangements of drawing

dies:

(a) Two conventional conical dies in tandem
(b) Two double-curvature streamlined dies in tandem

(c) One double-curvature streamlined die.
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All pertinent dimensions before and after the drawing operations were
measured and the ram pressure and ram displacement were recorded individually

! with respect to time, as shown in figures 13 and 15, Using a digitizer at-

tached to a PDP-11/40 computer, these curves were digitized and the data were

processed on the same computer to generate the experimental load versus dis-—

placement curves.

These load-displacement curves, predicted by the computer program

R T O R T e i ey e e

DRAWNG for each of the above three die arrangements, were then evaluated, For
this purpose three cases were selected corresponding to the maximum, the minimum,

and the average peak ram load recorded during each of the tests. For each of

W Ie—————

these selected cases, the theoretical load-displacement curve was generated using

actual dimensions of the preform and the product. Theoretically predicted

and experimentally measured load-displacement curves (corresponding to maximum

recorded peak load), for drawing through two conical dies in tandem, are ccin-

f‘} pared in figure 26, Overall agreement between predicted and measured curves

is very good. Predicted peak loads are somewhat higher, however, the accuracy

- of prediction is well within the range of acceptable engineering accuracy. The
slight mismatch on the displacement axis is primarily due to initial positioning
of the preform in the second die, since its forward end is contoured (see

figure 8) and does nol match the die contour. Similarly, as shown in figures

i 27 and 28, the experimental load-displacements corresponding to the minimum
and the average peak loads are in very good overall agreement with the theoreti-

‘ cally predicted curves, Thus, the mathemutical models and associated computer

programs are capable of reliably simulating cold drawing of shells through

conical dies in tandem,

N T

Experimental load-displacement curves, corresponding to the maximum,

the minimum and the average peak loads for cold drawing of M335 shell through

two streamlined dies (designed by the computer program CDVEL (ref. 1)), are

compared with the theoretically predicted load-displacement curves in figures

29 through 31, The mathematical model in these cases predicts higher peak

"
WP . g

loads compared to measured peak loads. However, overall agreement between !
predictions and measurements is good for all engineering purposes. In addition,
these dies proved to produce good parts, required approximately 13 percent less

force and energy, and the breakthrough peak was typically absent compared to the .

conical dies in a similar tooling arrangement. The fact that streamlined dies

are more efficient was further confirmed by measuring the temperature of the
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product after drawing through conical and streamlined dies. Under steady
conditions of the operations, the product temperature was found to be 11° to
14°¢c (20° to 25°F) lower when drawn through streamlined dies. Thus, the metal
flow through streamlined dies seems to be smoother and requires less redundant
work compared to conical dies. These observations were in accordance with
theoretical predictions regarding the efficiency of streamlined dies.

Since streamlined dies could produce the part with lower forces, it
was felt that the deformation in the present double drawing operation could be
accomplished with single streamlined die without causing punch through. There-
fore, as described earlier, tests ﬁere run to produce the required reduction
with a single streamlined die. A single streamlined die produced good parts
and required less force and energy even compared with two streamlined dies in
tandem, Figures 32 through 34 show the comparison between theoretically pre-
dicted and experimentslly measured (corresponding to the maximum, the minimum
and the average peak loads, respectively) load-displacement curves through these
dies. Again, the agreement is very good in ali three cases.

Thus, computer programs DRAWNG are capable of predicting load-
displacement curves for drawing through a single die or through multiple dies
in tandem. The accuracy of predictions is very good for practical applications

and reliagbility appears to be excellent.

Prediction of Punch Through

The computer program DRAWNG is capable of predicting the tensile
stress in the drawn shell wall with respect to punch displacement. Punch
through or wall tear occurs when this stress is larger than the flow stress of
the product material. Figures 35 through 37 show wall stress versus displace-
ment, corresponding to maximum ram loads, for two conical dies in tandem, two
streamlined dies in tandem, and a single streamlined die, respectively. In all
three cases, punch through or wall tear was not predicted since the wall stress
was well below the yield strength of the product material (approximately
689.5 MPa (100 ksi)). During the confirmation testings, no punch through or
wall tear was observed. Thus, the predictions from the computer program DRAWNG

are in accordance with the experimental observations.
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Properties

In order to evaluate the cold drawing operations, tensile properties
of the incomiug material and various products were determined by conducting
tension tescs on an Instron machine. Table 9 shows typical tensile data for
incoming material and for the product drawn through two conical dies in tandem,
two streamlined dies in tandem, and a single streamlined die. It is worth noting
that considerable work hardening takes place due to cold drawing. However,
tensile properties of the product are not affected significantly by type of dies
used and can be predicted using Equation (1). Thus, streamlined dies can be
used to produce shells by cold drawing without affecting the tensile properties.

In addition to the tensile properties, Vickers hardness readings were
taken across the wall of shells drawn through two conical dies in tandem and
two streamlined dies in tandem. These readings, along with their location, are
given in table 10, The average hardness of the product drawn through conical
dies was higher than that for shell drawn through streamlined dies. Distri-
bution across the thickness of the shell wall was not significant in either
case and did not follow any specific pattern. One interesting phenomenon, how-
ever, occurred while the drawn shells were being sectioned for hardness measurc-
ment. As seen in figure 38, the section of the shell drawn through conical dies
bowed twice as much as the section of the shell from streamlined dies, indicating
that residual stresscs in the latter case were lower than those in the former
case. Although this does not mean that stress relieving is not necessary for
shells drawn through streamlined dies, it does indicate that streamlined dies
work tho shell material somewhat more uniformly compared to the conical dies

and thus produce less residual stresses in the product.

Hot Drawing Operations

As described earlier, hot drawing tests were conducted with 155 mm
M107 shell using both conventional conical and double-curvature streamlined
dies, These shells are manufactured from AISI 1046 steel between 1038°¢
(1900°F) to 1093°C (2000°F). However, in the following evaluation, the flow
stress data for AISI 1045 steel from reference 4 are used. It is believed
that this approximation in material flow stress will not introduce errors of
any significance. Further, in a separate study using the hot ring compression

test, the friction factor, f, for hot forging of steels was found to vary
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. Tabla 9. Tensile test data for M335 shell

n

LTypical Data Prior to Drawing

£x

‘g { gpeclueg No, ' 1 - 2 g
¥ :unmuturé fiun Hn. 6.2230 (.2450; 6.3500 (.2500; 6,3627 é.zsosg
E 7 Avoa, wmd (in,2) 30,4151 (. 0471 31,6692 (.0491 31,7960 (-0493
: f YL (0.2%), MN (1b> 0.0129 (2890) 0.0115  (3040) 0.0132 (2960)
N . UL, MN (1b) 0.0144 (3230) 0.0183  (3430) 0.0153  (3440)
z | b, Ml (ki) 422,63 (61,3) 426.79 (61.9) 414,37 (60.1)
. 1 Us, MPa (ki) 412,29 (68.5) 481.94  (69.9) 481.25 (69.8)
T | i Liongation, (%) (/0.0) (40.0) (40.0)
N . Ruduced Disseter, w (1n. 3.0404 .1197; 3.2766 2.1290g 2.9845 5.1175;
% Raduved #.ou, wad (dné) 7.2602 (.0113 8.4321 (.0131 (,9957 (.0108
f? , g Rodustion of Atrea, (%) 76.1) (73.4) (78.0)
F| ! ' 4 After Yroduetion Double Draw (Couical Dies)
;‘ e Yl dmein No . 1 2 3
[
u Diamatar, wa (in.) 4.0259 2.1585; 4.0386 §.1590; 394697 5.1555;
\ ) Avaa, wnd (in.4) 1" 7296 (.0L197 12,8101 (.0199 12,2523 (.0190
3 : Yo (V.2%) . MN (1b) 0.00863 (1940) 0.00859 (1930) 0.00850 (1910)
F i Uiy MN (lb) 0,008Y9 (2020) 0.00903 (2030) 0,00859 (193n)
i i Y, Mla (ksi) 677,78 (98.3) 670,17 (97.2) 693.61 (100, 6)
b } U8, M'a (ksl) 706,02 (107.4) 704,64 (102.2) 700,51 (101,6) I §
i “l‘n\““tiun. (x) (16!5) (1709) (15:0) B
‘," ' Rudurnied Diduetur, wm (n.)  2.730% (.1075; 2,5908 2.1020; 246314 (.1036) ;
v & , Ruducud Avea, wud ({u,4)  5.8556  (.0091 5.47'8  (.0082 5.438  (.0084) ]
W Keduutdou ol Avea, (%) (54.0) (58.8) (55.6) 1
. 8 ]
i' ! Typdead Data Attor Uxporimentel Deaw (Slieaclined Dies) i
i Voublu Draw _ ingle Lraw . i
k S . Hpectmen No. 1 2 - - 2 ;
\ ‘ \ p
§, f Diameter, va (h\ ) 4.07%9 (L15HY) 03,9497 (L1580 4,0032  (L1580)  4,0640 (.1600)
i Aea, wod (ln,?) 12,7296, 0147) 12.25232.01893 12,6494 5.0195) 12,9717 (.0201) ]
' YL {0.2%), MN (lb)  ,00827 (FBEO) 00825 (1855)  .00HA3 (1895) 00852 (1915)
UL, MN (lb) J0H65 (1943) 00843 (1895) .008§1 (193?) VLT (1?85)
Y8, MPu (kei) 650.1b (94.13) 677,45 (98.3) 666,72 (96.7) 656,38 (93.2)
ub, Mra (kei) 679.82 (Y8.6) 692,23 (100.4) 680.851 (98.7)  680.51 (9&.{)
Blo gatdon, (%) (16.1) (14.6) (14,8) (14.5)
Yaduced Diswntar, ’ o
wa (Lny) " 2.1178 (L1070)  2.6543 (,1045)  2,7661  (.108Y) 2.717d (.1070)
Reduved A (T} . : . :
g(‘:x? %) Hols 45,8013 %.0090) 5.5333 (.0086)  6,0092 (.0086) 5.8013 (;0090) ,‘!
heduction of Ares, (X) 34.4) (34.3) o (32.9) ) ‘(Jﬁ'a)

L . - L o chibicionuiain

6y

R O P .ﬂmﬂhnﬁ-s‘\ Q‘m’//_ﬂ; i i




TR T e T T r——— ey,

L b b

o ‘
w. © 4
o 3
| -goejans punoid 1ely 7 Sem 3T -s8urpeal ssaupiPy =S9Y3 103 pausTod 10U SBA IIBIIGS IUL 330X ;
”, L2 1% 2821247 6€Z €z a3zI0aY xq
- 11°us 30 @0 > §TT e 1194 30 @0 > 9ET <z ]
61T 0€T €€z cez
57T 872 9€T [AX4 ¥
172 8€2 Iz £z ;
€€z . £€T T4 872 A,
T12us 30 a1 > €% rAX4 11°Gs 30 QI ~ 6% zeT

7 UOI3Eo0] - [ UoT3IRd0] Z ©or3edo] 1 oora=za0o]

So1g Teoruo) §Inoluy ua2iq TI3TS -

:

So1Q peurweailg ya3noigy umeiq TI3US

™

70

Hays ;0 dOPNS QO

€n
&

i {5z ¥ \=.
ww G Cal

-
r B T W.“_L“
u’ <
@U/ sucCissaCwn SSIUPIIY SIIAIA \& (w
A
ki
T754S CCER TARIP JO T[eA SSOIOE SSIUPIEY SISPTY 0T 3Td=L 3

54

Wt N,




Tl A L e TSR ST AR S T T IRt e e —

"soTpoq TTaUS

CEECH UMBIP-PTOD UL SI9SSBI1S TENPIS3aI 03 INP TOFIIITIAA

*SST( PRUITEEII1S§ :mo3log
¢S9T@ TBoTUO) [FUOTIUlATO) :doJ

i = - 7 i o e it e et e S e R e e A S RO T T el T PRI

*Q¢ 2an3T3

I’l

il A i

srng Yiaa it

J,




¥ 5d x TR YT T TR Y, T B T TR SRR T e B
T T O T TS IR .y e i T . T i ¥ it A T

between 0.3 to 0.4, depending upon the amount of scale on the specimen. There-

fore, in the present evaluation of the computer program DRAWNG, an average value

of the friction factor f = 0.35 was selected.

To evaluate the load-displacement curves predicted by the computer
i program DRAWNG for hot drawing of M107 shell through conical and streamlined
dies, three different cases for each type of dies were selected. Hot dimension
of the preform was calculated from cold dimensions of the preform measured during
b i trials, However, the effective length of the preform varied considerably,

from 342.9 mm (13,5 inch) to 368.3 mm (14,5 inch), Punch dimensions were taken

from the shape of the base of the finished product, as shown in figure 16(b).
Tool assembly, as shown in figure 18, was also considered.

Length of the preform has considerable effect on overall shape of the
;,. ; load-displacement diagram. If the preform length is on the shorter side, the
é : load drops nearly to zero as the product exits the first die and the peak near
the exit from the second die is small, This behavior is shown in the theoreti~

cal curve in figure 39, where the preform length was taken as 342,9 nm

.3

: 5 . s o hk
- e TP, kAl e s o i S, S - Sentln 11 s SNt et il A

(13.5 inch), On the other hand, if the length of the preform is on the higher

R

side, the product is picked up by the second die as soon as it exits from the

; first die, and the peak near the exit from the second die is relatively high,
since the sheil is in the second and the third die at the same time., This
behavior is shown in the theoretical curve in figure 40, where the effective
preform length is taken as 368.3 mm (14.5 inch). Therefore, for evaluation
purposes, an average preform length (effective) of 355.6 mm (14,00 inch) was

tuken, With this length of the preform, the trend obscrved in experiments

were also reproduced by computer predictions, as shown in figure 41, Similar
evaluations of the load-djsplacement curves for hot drawing through conical

dics are included in figures 42 and 43 for Specimen No, N-10 and N-20, re-

PR 23" I

spectively, Overall agreement is good; penks and valleys in the theoretical

e ian it i v e A Ml = N B s .

curves arce somewhat sharper than measured, This is busically duc to the

simplifiod heat generation and heat vransfer analysis used in the present model,
However, the poak loads correlate well with the experimental measuremenis, ox-
copt under the third die. This is, again, believed to be due to simple heat
transfer analysis to a certain extent and duc to the cowplex preform shape

used in production comparved to one assumed in the present analysis, (The ac.sal
preform shape 18 a proprictary information of Chamberlaln,) In general, agroe-

ment between the theory and experiment appears good,
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8 . Similar comparisons of load displacement curves for hot drawing
iy through streamlined dies are made in figures 44 to 46, Considering the fact .
E

that preform dimensions and friction at the interfaces (due to different amount

£

of scale) in hot drawing vary from piece to piece, correlation between the
theoretically predicted and experimentally measured load disnlacement curves

is very good. Again, predicted loads through the third die are lower than

S AT R A e

measured values., This discrepancy is partially due to the difference between

o

53

Tl

= [T

theoretical and actual preform shape, as discussed earlier. However, this

error is not considered of any significance since process design and equipment

selection in reality is primarily based on the peak loads in the process.
Further, the computer program DRAWN predicted product wall stresses

below the yield strength of the product, and thus no warning of punch through

"‘v;

F‘% or wall tear were printed. This is in accordance with the observations where

Z"( not a single shell during the day of the trial showed any signs of material
failure,

Properties i
In order to evaluate the hot drawing operations, tensile properties

|
1
|
|

of the incoming material and various products were determined by conducting '
tengion tests at room temperature, Table 11 shows typical tensile data for

incoming material and for the product drawn through three conventional conical

dies and streamlined dies in tandem, Tensile properties of the material aro

not changed significantly due to hot drawing, Further, these properties are

also not affected gignificantly by type of dies used. Thus, streamlined dies

can be used to produce shells by hot drawing without affecting the tensile

- A

e (el ot

properties of the drewn shell,

CONCLUSTONS AND RECOMMENDATIONS

o o

Mathematical models for optimization of the shell drawing process
wore expandad to consider drawing through multiple dies in tandem and tapered
punch and coded in computer program DRAWNG., DRAWNG is capable of simulating
the shell drawing process, both hot and cold, and generate the ram load and .

the product wall stress versus ram displapement diagrams during simulation on
a Cathode Ray tube (CRT), Predictions from these modele were evaluated with

cospoct to hot and cold drawing confirmation testings conducted under sctual
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Table 11.

Tensile test data for M107 shell.

Typical Data Before Draw

D:mee.t;er:2 mm {in.)

Area, mm4 (in.2)

YL (0.2%), MN (1b)

UL, MN (1b)

YS, MPa (ksi)

US, MPa (ksi)

Elongation, (%)

Reduced Diameter, mm (in.)
Reduced Area, mm2 (in.2)
Reduction of Area, (%)

6.3373
31.5427
.0133
.0232
420.60
735.01

4.6609
17.0620

(.2495)
(.0489)
(2,980)
(5,210)
(61.0)

(106.6)
(22.1)

(.1835)
(.0264)
(45.9)

6.2992
31.1645
0131
0229
419.91
733.63

4.6101
16.6921

(.2480)
(,0483)
(2,940)
(8,140)
(60.9)

(106.4)
(23.1)

(,1815)
(.0259)
(46.4)

Typical Data After Drawing Through Production Dies (Conical Dies)

Diameter, mm (in.)

Area, mm2 (in.2)

YL (0.2%), MN (1b)

UL, MN (1b)

Y3, MPa (ksl)

U8, MPa (ksi)
Elongation (%)

Reduced Diameter, mm (in.)
Reduced Arca, mm2 (in.2)
Reduction of Area, (%)

Typleal Data Aftor Drawing Through

6.2992
31.1645
0138
0218
440.59
697.77

4.3688
14,9904

(.2485)
(.0485)
(3,100)
(4,910)
(63.9)

(101.2)
(24.0)

(.1720)
(,0232)
(52.1)

6.2357
30.5394
0134
0218
439.90
713.63

4.3561
14,9034

(. 2455)
(.0473)
(3,020)
(4,900)
(63.8)

(103.5)
(21.1)

(:+1715)
(.0231)
(51.2)

Experimental Diesg (Strcamlined Diea)

Dlumeter, mn (in.)

Area, mm? (in.2)

YL (0,2%), MN (1b)

UL, MN (1b)

YS, MPa (ksi

UsS, MPa (ksi)

Elongation, (%)

Roduced Diameter, mm (in,)
Reduced Arca, nmé (in,2)
Reduction of Area, (%)

82

1 2

6.2611  (.2465) 6.2992  (.2485)
30.7887 (.0477) 31,1645 (.0485)
0126 (2,840) 0134 (3,010)
0230 (5,180) 0233 (5,240)
410.25  (59.5) 428.18  (62.1)
748,11  (108.5) 744,66  (108.0)

(19.2) (23.2)
4.5593  (,1795) 4.5720  (.1800)
16.3259  (.02513) 16,4173 (.,0254)

(47.0) (47.5)
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or near production conditions. In addition, thee: tests included an evaluation

of the streamlined dies, designed by the computer program CDVEL developed earlier
(ref, 1).

Conclusions of the present study are:
(1) The system of computer programs DRAWNG is capable of simu-
lating both the cold and hot shell drawing process using

single or multiple dies (both conical and streamlined) in

tandem with a tapered punch,
(2) Comparisons between theoretically predicted and experimentally
measured ram load versus raw displacement curves indicate that

computer programs DRAYVNG are capable of prediztiug load-

e W e ot s & e bl i Tt T

displacement curvees, both under hot aund cold drawing conditicus,
with acceptable engineering accuracy. All important trends

and salient points in the zxperimental curves are reprnduced
accurately by the wathematical model, and the peak load values

were within 5 to 10 percent of measured values.

S Dl ol e s

(3) Material failure due to punch through or wall vear during
the drawing operation were predicted accurately in all cases.
(4) Streamlined dies designed by using the computer program
CDVEL produced good parts, both dimensionally and property-
wise, under sctual production environment. As predicted
by mathematical models, in cold drawing of M335 shell, double
curvature streamlined dies were found to be approximately 13
percent more efficient thau conical dies, and they produced
parts with lesser degree of residual gtresses, Streamlined
dies used in hot drawing of M107 shell were slightly more

efficient compared to conical dies. However, drawing operation

with streamlined dies appeared smoother compared to conical diee,
(5) Computer program CDVEL (ref. 1) can be used for designing the
dies and DRAWNG can be used for simulating the shell drawing

_STEY S S

operations under both cold and hot working conditions.

Based on results of this study, recommendations are:

(1) Computer program DRAWNG should be stored in a central location
from which it can be accessed through interactive terminals by

various shell manufacturers., Since this program can simulate

83




cold and hot drawing operations accurately, it is recommended
it be used for designing in future applications.

(2) Streamlined dies have produced good parts., Thus, computer
program CDVEL can be used for designing streamlined dies
for actual production applicationms.

(3) since streamlined dies are proven to be more efficient
compared to conicel Jies, these dies can possibly be used to
(a) reduce the tumber of draws to make a part, (b) handle
larger jobs which could not be handled before, due to marginal
press tonnage, and (c) allocate smaller presses for existing
jobs which are currently using larger presses,

(4) Finally, these computer proyrams should be integrated into a
single comprehensive system for designing and optimizing the
entire shell manufacturing activity. Such a system will be
very useful in reducing the lead time during the period of
emergency and will lessan the need for highly experienced
people for designing shell manufacturing processes, tooling,

and the production line.
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é APPENDIX A.

ANALYSIS OF STRESSES, STRAINS,
; STRAIN RATES, AND TEMPERATURES
f ' DURING TANDEl{ DRAWING OF SHELLS
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The mathematical model developed earlier at Battelle (ref. 1) is valid
for drawing through a single die with a straight punch. Very often during hot
drawing more than one drawing dies are used in tandem, as shown in figure A-1,
Further, in actual shell drawing operations, the front portion of the punch is
invariably tapered, as shown in figure A-l. Therefore, the existing math model
was modified to include dies in tandem and a tapered punch in drawing. The
present model simulates the actual drawing process by dividing the punch move-
ment in a finite number of discrete steps. The slab method of analysis (ref. 2)
was used to calculate stresses and the drawing loads at =ach step.

This analysis is also valid for streamlined dies, since the die profile

can be approximated with a series of straight lines.

Analysis of Stresses

Figure A-2 shows a segment of a drawing die and the punch, where the
dies are stationary and the punch is moving to the right. This operation con-
sists of drawing a tube of outside radius R,, inside radius Rj through a die to
an outside radius r,, iuside ‘radius r;. Referring tc page 439 of reference 2,

neglecting friction, drawing stress can be expressed as:

2 - 2
0, =T % in (35 (a-1)
z "3 ro - ri

where o, aud U are axial stress and flow stress of the deforming material,

respectively.
Equation (A-1) is valid for plane strain conditions encountered

in thin wall tubing. For thick walled tubing, this can be modified to:
2
i

——3") (A-2)
i

The estimate can be improved when friction at the die-material
and mandrel-material interfaces are considered. Referring to figure A-2,

the friction force at the die-material interface can be expressed as: y
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Figure A-l. Shell drawing with dies in tandem and with a conical punch.




T

S e

Pl il gt 0 S L s
ARG S e i

\

' .
|
|
|

Figure A-2, Drawing with a conical moving mandrel.
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«m O 2 _ 2
F mljf + cos a (R, - r ) n/sin a (A-3)

where m, is the friction shear factor at die-workpiece interface. Simileily,

the friction force at the punch-material interface can be expresseqd as:

4 2
F, = m2/§ + co8 B (Ri - ri) n/sin 8 (A-4)

where , 1s the friction shear factor at the punich-workpiece Interface.

By dividing Fo and Fi
of Equation (A-2), an overall expression for stress 1s obtained. Due to

with the cross sectional area and adding them to 9,

the motion of the mandrel, F1 and Fo act in oppoeite directions. Thus,

2 2
¢ =7 1ln -R—o—-.—lii. + (_Fo.:i'l. (A"S)
o i o i

The manner in which Equations (A-3) and (A-4) are expressed above
is not suitable for computer programming. They coiutain a pseudo-singularity;
that is, whenever omne of the angles a or 8 is zero, a division by zero re-
sults. This can be alleviated by considering anotber expression for the
arez of a frustrum of a cone:

A=1n (R+r1x) JQzl - 22)2 + (R - r)2 (A-6)

and Fi = mZJ% . cos B . Ai (A-7)
]

Fo - ml'/.§ . CO8 a . Ab (A-8)
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cos B end cos a can also be replaced us:

(2, = 2,) ‘
cos & = 2" % (4-9)
/sz - z1)2 + (Ri - ri)2
cos a = _ (22 B zl> (A-10)

EY) . )2
./(z2 202 + (R -1 )

Substitutions of Equations (A-6) through (A-10) into Equation (A-5)
yields the final expression without pseudo-singularities,
2

(Ro - Ri) 'c'f(z2 zl) [ml ( ) m, ( ) (
c =71 + r +R) - — + R A-11)
z : ri - ri (rg - ri) i ° ° /3 1 1’]

When the shell is drawn through more than one die, friction force
acts between the portions of the punch in between the dies and the material.
However, the magnitude of this friction force is significantly less than F
the friction force at the punch-material Interface under the dies. There-

i’

fore, another friction factor, mg, is used to describe this force.

Analysis of Strains

Under axial symmetry conditions, it can be shown that the radial
strain(er)andcircumferential strain (ee) are equal, Thus,

€. = € (a-12)

From the incompressibility condition, axial strain (e,) can be derived
to be

e, = -Zer = ~2¢ (A-13)
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The effective ctrain € is then given by

(X ]

T - %{%[(ez - *:e)2 * (g - sr)z * (e - 82)2]}

z
2 2
: - 1n {u } (A-14)
% - r? :
o i

oo s - EE TR e 2T et

Analysis of Strain Rates

Let us consider metal flowing through an arbitrarily shaped die,
L as shown in figure A-3. For the purpose of calculating strain rates omnly,
51] it is assumed that, for a small axial segment of width Az, the die profile
can be approximated with a conical surface of angle a, and that the punch is

straight with a cunstant radius L Then, referring to appendix B of ref-
erence 1, 3 kinematically admissible velccity field can be derived as given
below:

i 2
( 9
; (R,

<

- roz)(r2 - roz) R{z) R“(z)

e
‘i U | e——
§ r or ( R%(2) - r02> 2
[y U =0 (A-15)
b 2 2

;’ U - v . ——e——.o_. ’
‘ Rz(z) - ro2

! é where Ur’ Ue and Uz are the velocity components in the radial (r-), circum-
{ ; ferential (0-),and axial (2-) directions, respectively, and where R(z) des~-

1
|

| cribes the die profile. The prime denotes derivative with respect to z.

Components of the strain-rate tensor éij can be obtained from
Equation (A-15) as follo,ws:

i b

(R2

2o h e D R r@

r2( Rz(z) -r 2) 2 :
0
(A-16)

(Re2 - roz) (r2 - roz) R(z) R*(z)
2 .2
o )

4.‘,._,
S o i

™
1
<

r2 (Rz(z) - T
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: v Z(Bez - roz) R(z) R"(2)
2 € (Rz(z) - roz) 2
2 2 2 2
. R (°- G (A-16)
Yeg = Ve P 2 To ) 6(=) (continued)

r( Rz(z) - roz) 3

where

G(z) = R(z) R"(z) ( B%(2) - r°2> - R“2(z) (3R%(2) + r°2> .

In axisymmetric case, effective strain rate is then obtained by the relation:

2
~. 2 /1. . 2 (. L2, .2,1, 2
“/'—i/ieij eij'»/'§(€r+°e+ez+2er) ' a-17)
Analysis of Temperatures

During shell drawing, heat is generated in the billet material under
the dies due to plastic deformation and friction at the die workpiece and

punch-workpilece interfaces. Simultaneously, heat is transported with the mov-

ing material, and heat transfer takes place. Some of the generated heat re-

mains in the product, some is conducted to the tooling, and some may even in-
crease the temperature of the material coming into the deformation zone. Thus,
the general problem to be examined is that of time-dependent heat flow in an
incompressible moving medium with heat generation in the medium,

In the present approximate analysis, it is assumed that heat is gen-
erated uniformly in the workpiece material in the deformation zone, and a steady
state of temperatures is reached after an initial period of transients. Since
the temperature gradients in the axial direction are not large, heat transfer
in the radial direction alone is considered.

drawing dies is considered.

Furthermore, the heat loss to

Figure A-4 shows a simplified model for calculating
temperatures in drawing of shells. 3Since the outside radius of the tube de-

pends upon the axial location of the cross section shown in figure A-4, radius
ry 1s a function of axial location under the dies.
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Nomenclature

= Specific heat of billet material, BTU/1b F (J/kg ¢)

= Coefficient of heat transfer for air, BTU/in.2 sec F (W/m? C)

= Coefficient of heat transfer for water, BTU/in.2 sec F (W/m? c)
= Factor for work to heat ratio, 1b in./ BTU (1)

= Thermal conductivity of die material, BTU/in. sec F (W/m C)

= Thermal conductivity of punch material, BTU/in. sec F (W/m C)
Length of the defcrmation zome, inch (m)

e i 2 Ol 70
g & “d&

YN

Punch travel, inch (m)

PN

P(z) = Ram load as = function of punch position, 1b (Kg)

Punch inside radius, inch (m)

L]
—
]

r2 = Punch outside radius, inch (m)

r3 = Product outside radius, inch (m)

r, = Die outside radius, inch (m)

t] = Punch coolant temperature, F (C)

t3 = Billet initial temperature, F (C) i
tg = Billet final temperature, F (C)

to = Ambient temperature, F (C)

<
[ |

Volume of the deforming material, in.3 (m3)

<3
(]
]

Punch velocity, in./sec (m/s)
At = Time interval, sec

Density of billet material, 1b/in.3 (Kg/m3)

©
"

Heat Generation:

Heat is generated in the deformation zone due to dissipation of
plastic energy and friction energy. Total energy supplied to the deforming
material can be calculated from knowledge of load-displacement curve for the
forging tools. Thus, if P(z) is the average ram load at s displacement z, the

energy spent in deforming the material from zj to z7 is given by

2y

AQ8 = le P(z) dz (A-18) :
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That is, energy spent is the area under the load-displacement curve. Billet

temperature before heat loss is then:

t' - t + ﬁgﬂ ) (A-lg)

Heat Loss tou Punch:

Heat is lost to water-cooled punch continuously. Part of the
billet heat is conducted through the punch to water film at t¢he inside dia-
meter of the punch, where it is carried away by water via forced convection.

Combined heat loss, Qy, is given by:

2ng - (té'— t;)
AQm - % + At 4 (A-20)
In (;I) /km + llhwrl

where At = A%/V, the time increment due to a discrete movement A% of the
punch. In case of a solid punch, above analysis is not wvalid. Approximate
results can be cbtained by seiecting a small hole of radius ¥y with air in
it.

Heat Loss to the Die

Heat is lost to the die whenever billet is in contact with the

die, Heat loss to die during a small movement of the punch is given by

27k (cg - to)
AQ, = . At (A-21)
ln(r4/r3)/kd‘+ llhar4

Steady—-State Temperature

The net heat, AQn, retained by the deforming material is then:
LQn = AQg - AQm - AQd . (A-22)

Resultant increase in temperature of the deforming material, when added

to initial billet temperature, gives the final billet temperature. Thus,

AQp
tf t3 + 5CV .

(A-23)
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Model for approrimate heat transfer analysis in drawing of shells.

Figure A-4.
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APPENDIX B.

DESCRIPTION OF THE SYSTEM OF COMPUTER PROGRAMS ""DRAWNG"
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A system of computer programs named DRAWNG, was developed at

Battelle Columbus Laboratories to simulate the cold and hot tandem drawing
process for producing artillery shells, Using the slab method of analysis,
DRAWNG estimates the total ram load and the stress in the wall of the drawn
shell at various stages of the process. To simulate the process on a real
time basis, step-by-step results are displayed on computer's graphic display
terminal as shown in figure B-1. Die configurations, punch position and
billet geometry at various stages of the process are shown in the upper one

third of the screen, Ram load versus ram displacement and stress in the

.shell wall versus punch displacement graphs are shown below the die and billet

geometries, (Knowledge of the stress in the shell wall is important because
the shell wall would fail if wall stress is larger than tensile strength of
the shell wall during drawing). The lower portion of the screen is allocated
for messages. In the present form, the computer program DRAWNG can be used

on a CDC system in the interactive mode only.

Starting Procedure

To run the computer program DRAWNG, its load module file must be
prestored in the computer as a cataloged file, After the local log~in
procedure, the load module file is attached and executed. Since simulation
requires a certain amount of computer time, it is necessary to increase the
execution time limit, if the installation default time limit is less than 30
seconds. Al+  when using the Tektronix 4014 terminal, a '"SCREEN, 140" com~
mand will he .pful to avoid overwriting. Thus, in a CDC system, the total
starting procedure should involve inputting the following commands:

PLEASE LOGIN login

ENTER USER'S NAME user

ENTER PASSWORD password

COMMAND -~ et1,30

COMMAND - screen. 'y

COMMAND - attach,d,file name, ID=file id
COMMAND - d

In the above example, all computer commands are shown in upper
case letters while the user's responses are underlined. If the starting
procedure has been correctly followed, the computer will, after erasing
the screen, respond with the message:
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WELCOME TO —~DRAWNG- A SYSTEM OF PROGRAMS TO SIMULATE
TANDEM DRAWING OF SHELLS,

Inputting Die and Punch Geometries

Die and punch geometries for the tandem drawing simulation can
either be read from a prestored data file or entered through the keyboard
of the interactive terminal, Hence, after the welcome message, the com-
puter displays the question

WANT TO READ THE DIE AND PUNCH GEOMETRIES THROUGH THE KEYBOARD?

ENTER YES OR NO.

Input From the Data File

To read data from the data file, the data file should be prepared
in a special format as described below and prestored in the computer as a
cataloged file. Prior to execution of the load module of DRAWNG, the data
file should be attached under a local file name TAPE4,

Format of the data file is in 80 column card images or records.
The first record is the title for the plnts, and may contain any alpha
numeric or special characters up to a maximum of 80 characters. ‘The second
record contains the number of dies and the number of points in each die in
an I10 format. That is, the number of dies is entered in column 10. There
can be & maximum of five dies. 1In columns 20, 30, ..., the number of points
in the first, second, ... dies are entered, Each die can have a maximum
number of ten points. In defining the die, only points on surfaces which
will be in direct contact with the shell are specified. The remaining por-
tion of the die is automatically appended by DRAWNG. For example, the die
shown in figure B-2, is defined by points 3, 4 and 5 only. Points 1, 2, 6,
and 7 are added by DRAWNG.

The third record contains the X and Y coordinates of points, de-
scribing the die surface, in an 8F10.4 format. That is, the X coordinate of
the first point is entered between columns 1 and 10 and the Y coordinate
between columns 11 and 20, If a decimal point is not present in any one of
the first ten columns, the digits appearing in columns 7 to 10 will be con-
sidered as being to the right of the decimal point. For example, a 51321
in columns 6 to 10 will be read as 5.1321, whereas the same 51321 in columns

1 to 5 will be read as 51321.,0., On the other hand, a 51.321 anywhere 1in
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the first ten columns will be read as 51.321., The X and Y coordinates of

the secoud point are entered between columns 21 and 30, and 31 and 40 respec-
tively; and so on. If the first die has more than 4 points, the X and Y
coordinates of the fifth point are entered between columns 1 and 10 and coluans
11 and 20 of the next card, i.e. the next record. All points should be se-
quenced from left to right.,

Similarly, the coordinates of the other dies are recorded with the
same 8F10.4 format in subsequent records. In order to be specific about the
relative positions of the dies, it is imperative that the same coordinate
system be used to define points on all dies.

The next and fourth record in the data file contains the number of
points on the punch in an 110 format. Due to symmetry about the axis, only
points above the axis are supplied, DRAWNG adds additional points to define
the lower half of the punch, Thus, to define the punch shown in figure B-2,
it is sufficient to specify the points A, B, and C. Hence a 3 should be
entered in column 10 of the next record. Total number of points to define
the punch should not exceed 10, The next record contains the X and Y coor-
dinates of points A, B, C ..., in an 8F10.4 format. And, the last record con~
tains the punch tip radius, figure B-2, and punch inner diameter in 2F10.4
format. ‘e coordinate system used to define the points on the punch need not
be the san¢ aw that used to define the dies, However, the units used should
be the same ia both cases,

At the beginning of the simulation, DRAWNG positions the front end
of the punch to be in flush with the first effective point on the first die
as shown in figure B-2, The billet configuration is defined only by its
length, L, shown in figure B-2, The front end of the billet is assumed to
have a boat tail which conforms the geometry of the first die as seen in

figure B-2.

Input Through the Keyboard

The same data sct on die and punch geometries can be read in through
the key board also. If the answer to the question '"WANT TO READ THE DIE AND
PUNCH GEOMETRIES?" is yes, DRAWNG displays a number of appropriate messages to
direct the user for proper input and reads the data. If the data set is

small, it will be advantageous to read it through the keyboard,

e
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Process Variables

After reading-die and punch geometries, DRAWNG reads process
variables via the namelist PRODAT. Supplying data by namelist has one
major advantage. In namelist inputs, only those variables that need changing
are assigned new values. For this reason, almost all variables included in a
namelist are assigned default values by the system. Hence, even though a
namelist may contain several variables, new values would have to be assigned
to only a few of these,

When entering data by namelists, the first column is always left
blank. Following a $ sign in the second column, the namelist name PRODAT,
is entered without any embedded blanks, Following at least one blank space
after the name PRODAT, various parameters are entered and are equated to
their values with commas between each parameter., The order in which para-
meters appear within a namelist input is immaterial. Namelist data listing
is terminated by another § sign.

To help the user to type the name of the namelist correctly, a
message containing the name of the namelist, such as "ENTER PRODAT VARIABLE
LIST" is displayed prior to the namelist input. If a wrong name is entered,
or the name is misspelled, there will be no response from the computer,

To inform the user as to the names of all varlables included in
the namelist, a list of names, as shown below is also displayed:
$PRODAT MATERL, NSMSTP, DELTAZ, RAMSPD, DRWTMP, COOLNT, AMBTMP, FSTRES, FFID,
FFOD, FFBTWN, BILLET, INPKNT, .ISTATS.$
In the above list, ISTATS is a logical variable and is identified by period
marks (.) before and after the variable name.

The following is the list of descriptions of the variables in
alphabetical order. Following each description, units, wherever applicable,
are given in brackets, Default values, if any, are given in parentheses.
AMBTMP Ambient temperature [F] (70.0)

BILLET Billet length, L, as shown in figure B-2 [inch]

COOLNT Coolant temperatuze [F] (70.0)

DELTAZ Incremental step for simulation [inch] (0.100)

DRWTMP  Drawing temperature [F] (70)

FFBTWN Friction factor between the billet and the punch outside of the

deformation zone under the die (0.01)

FFID Friction factor between the billet and the punch inside the
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FFOD
FSTRES

IPRNT

ISTATS

MATERL .

NSMSTP

RAMSPD

deformation zone, under the die (C.40)
Friction factor between the billet and the die (0.20)
Flow stress in the deforming material. Used only when flow stress
characteristics of the billet material are not known., Then, an
approximate average value is assigned to FSTRES. FSTRES is valid
only when MATERL = 0, Refer to the description of MATERL below.
[psi] (1000)
If the final results are not as expected, intermediate results
may be obtained by setting values greater than zero to the variable
IPRNT, When IPRNT is set to 1, the following results are written
on a separate file, named TAPE3, which may be disposed to a line
printer at the end of program execution. Results written on
TAPE3 are:
1. Punch and die geometries as read in
2, Process variables as read in
3. At each step of simulation,

(a) simulation step number

(b) pointers identifying the deformation elemcnts

(c) coordinates of the corners of the deformation elements

and the stress in each element, and

(d) total ram load.
A logical variable, When set to true, current values of tlie va.i-
ables in the namelist PRODAT will be listed. Also, the user will
be given a chance to modify any of these values as necessary.
Material code. Flow stress as a function of strain, strain
rate and temperature for different materials can be stored in
DRAWNG. By assigning a suitable number to the material code, MATERL,
appropriate flow stress in the material under study can be obtained.
Currently DRAWNG has flow stress data for steel AISI 1045, for
which the material code is 1. Flow stress data for steels AISI
9260, 52100 or any other material can be stored without any change
in the program structure.
Number of simulation steps. Number of simulation steps preformed
in one operation may be limited by assigning a value to NSMSTP.
If NSMSTP is not assigned a value, DRAWNG automatically assigns a
value to NSMSTP, equal to the number of steps required to draw
the entire billet through all dies.
Ram speed. [inch/min] (100.).
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DRAWING SIMULATION

After the namelist PRODAT is read, simulation of the drawing oper-
ation begins, As the process continues, the die geometry, instantaneous
punch position, the deforming billet geometry, ram load versus ram displace-
ment and wall stress versus ram displacement plots are all displayed as
shown in figure B-1.

At the end of the simulation, the following message is displayed
at the hottom of the screen:

ENTER 1 TC DISPLAY DIE-PUNCH GEOMETRIES ON FuLL SCREEN
RAM LOAD-DISPLACEMENT GRAPH
3 WALL STRESS~DISPLACEMENT
0 NOT TO DISPLAY ANY PLOT ON FULL SCREEN
To REVIEW MORE THAN ONE PLOT ON FULL SCREEN, ENTER ANY COMBINATION OF 1,
2 AND 3,

[ I

When 1 is selected, the followlng message also appears at the
bottom of the screen:
THE PRESENT SIMULATION HAS XXX STEPS. ENTER THE SIMULATION STEP NUMBER, TO
DISPLAY THE PUNCH AND THE BILLET AT THE END OF THAT STEP.
ENTER 999, TO DISPLAY ALL STEPS, OR ENTER O, NOT TO DISPLAY ANY STEP.
Upon entering a number greater than zerv and less than XXX, the actual num-
ber of simulation step, die, punch and billet geometries at the beginning
and at the end of the specified simulation step will be displayed as seen in
figure B-3. If 2 and 3 were also selected, the load-displacement and stress-
displacement plots will be displayed on the full screen as seen in figures
B-4 and B-5 respectively.

Although the computer program DRAWNG 1s developed for the simula-
tion of tandem drawing, the same program can also be used to simulate the

single die drawing operation as seen in figure B-6.
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APPENDIX C.

! DESIGN OF STREAMLINED DIES FOR

v - COLD AND HOT DRAWING
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The general practice in industry is to use dies of conical shape for
. drawing of shells. Conical die shape has the advantage of being easy to
manufacture. The bore of the conical shaped die can be machined without,
ordinarily, any copyinz attachments c¢n the boring machine by setting the
4 f required angle. However, an analysis of stresses acting along the drawn
’ {ironed) wall shows that the chances of punch through are higher in the case
of shells drawn through conical shaped dies than the shells drawn through
streamlined dies. The object of this task was, therefore, to design dies with
double curvature and dies whose inner contour is described by a higher degree

polynomial-referred henceforth as double curvature dies and polynomial dies.

The set task was carried out by optimizing the force requirements using the

computer program CDVEL developed earlier (ref. 1). The processes considered
for optimization were cold drawing of 4.2-in. M335 shell and hot drawing of

155 mm M107 shell.

Dies for Cold Drawing of M335 Shell

Figure C~1 shows the die configuration for the first drawing die
used in the final double draw. The die entry angle has been chosen as 5
degrees to accommodate for the double curvature. It is, however, to be noted
that this angle could be increased without affecting the performance of the

die. The die has been designed in such a way tc ensure proper blending of the

top curvature, namely the curvature with 40 mm radius, with the straight conical

portion of the entry angle of 5 degrees. This condition has been emsured for .
all the die designs described in this appendix. If it is desired that the die

entry angle be changed, sufficient care has to be taken to blend the increased

(or decreased) taper with the top curvature.

SRS AR

Figures C-2 and C-3 show the die configuration for (i) a double

curvature profile and (ii) a polynomial profile curvature. The.. two dies were

designed for combined reduction of the first and the second draws of the final

S -k

double draw. Since the ratio of the wall stress to the flow stress in the
product was between 0.9 and 0.94, it was felt that the two stages of the final
double draw can be combined in a single pass.

The curvature for the polynomial profile between the linear distances

of 20 mm and 36 mm along the thickness of the die, with the 20 mm point as the
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datum and the value of 'Z' measured positive from this point in the vertical
direction, 1s described by:

r = 56,64 - 0.1226.107% (21.2 - 2)° + 0.437.10"% (21.2 - 2)* (mum) (c-1)

Dies for Hot Drawing of M107 Shell

Billet temperature for hot drawing was assumed to be 1100° C for
the optimization process. The die designs with the double curvature profile
for the three stages of hot drawing are shown in figures C-4 to C-6. For all
these cases, the height of the die was maintained at 62.5 mm (2.5 in.). A
compound entry angle (10 degrees and 5 degrees) has been used in this design.
Die design also ensures proper blending of all transition points. Height of
the die can be reduced in the top portion, if neceésary, without affecting the
performance of the dies, The outer diameter of the dies was maintained at
186.6 mm for all the three stages and this dimension also corresponds to the
die outer diameter used currently for the hot drawing operation.

Dies with polynomial profile were also designed for the first and the
second draw operations. As the reduction for the third stage is small, the
design for this stage with the polynomial curve was not carried out. Figures
C-7 and C-8 show the die configurations with polynomial profile for the first
and the second draw respectively,

The polynomial profile for the first hot drawing operation shown in
figure C-7 is described by the following equation between the linear d.stances
17 mm and 41.5 mm, with the Z direction being positive in the vertical direction
with the reference point (Z=0) at 17 mm;

r = 90.17 - 1.382.1073 (24.5 - 2)° + 4.23.107° (24.5 - 2)* (mum) (c-2)

Similarly, for the polynomial die profile of the second hot draw operation shown
in figure C-8, the die profile between the linear distances of 17 mm and 36.1 mm,
with the Z direction being positive in the vertical direction and the point

corresponding to 17 mm as the reference (2=0), is described by:
r = 85.09 - 1.458.1073 (19.1 - 2)3 + 5.726.107° (19.1 - 2)* (om) (c-3)

The possibility of combining one or more of stages of hot drawing was

also tried out by using the computer program CDVEL. Results revealed changes
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of punch through are enhanced when the stages 1 and 2 or 2 and 3 are combined
to be done in one pass., 6 Hence, further optimization work was not carried out.

The input data used for the design of dies for both cold and hot
drawing and the force requirements for the dies designed (shown in figures C-1
to C~8) are tabulated in Tables U~1 and C-2.

Manufacture of Templates

Drawings of templates of all the dies shown in figures C-1 to C-8
are shown in figures C-9 to C-16. It was decided to use only the double curva-
ture profile dies on the production run initially. Hence, five templates
(figures C-9, C-10, C-12, C-13, and C-14) - two for cold drawing and three for
hot drawing - were manufactured using a CNC Milling machine at Battelle's
Columbus Laboratories.

Plates of 114.3 mm (4.5 in.) x 114.,3 mm (4.5 in.) x 3,18 mm (0.25 in.)
were used for cold drawing process, and plates of 114.3 mm (4.5 in.) x 114.3 mm
(4.5 in.) x 6.35 mm (0.25 in.) were used for the hot drawing process. Schematic
representation of the machining process can be seen in figure C-17. The origin
of reference (0,0,0) was taken at a point where the die land ends and at a dis-

tance away from this point equal to the final radius of the part to be drawn

depending on the drawing stage under consideration. It was also ensured before

the start of the machining operation that the two edges, namely the reference
edge and the edge to be machined, are parallel. 1he template was clamped on
the bed of the machine and a 6.35 mm (0.25 in.) cutter was used to machine the

template contour. Initial cuts were rough und a finishing cut was done on all

templates to obtain a smooth surface. The computer program was, however, written

for the final dimensions of the template only, and the intermediate machining

cuts were obtained by a manual setting on the machine using some known offsets
and by using the same program. The NC-programs used for the five templates are
given in figures C-18 to C-22. These programs are also available on tapes and

hence templates to this shape can be manufactured at any time.
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All dimensions in mm, (Dimensions in brackets are in inches.)
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Figure C-9. Sketch of template for cold drawing with double curvature die
(firet stage, finsgl double draw).
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All dimensions are in mm., (Dimensions in brackets are in inches.,)
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Figure C-10. Sketch of template for cold drawing with double curvature die
' (combined final double draw).
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All dimensions are in mm,

S53.97
(2.12)

143
(4.5) 1

(Dimensions in brackets are in inches.)

4.3

$

(43)

, C
132
(1/8)
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Losranlos

53.72
(2.15)

Figure C-11. Sketch of template for cold drawing with polynomial profile curve
die (combined final draw) - r = f(Z) described in equation (1).
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All dimensions are in mm, (Dimensions in brackets are in inches,)
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Figure C-12, Sketch of template for hot drawing with double curvature die
(first stage).
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All dimensions are in mm, (Dimensions in brackets are in inches.)
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Figure C-13. Sketch of template for hot dr-wing with double curvature die
(second stage).
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All dimensions are in mm, (Dimensions in brackets are in inches.)
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Figure C-14.
(final draw).
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Sketch of template for hot drawing with double curvature die




All dimensions in mm. (Dimensions in brackets are in inches.)
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Figure C-15. Sketch of template for hot drawing with polynomial profile die
(first stage) - r = £(Z) described in equation C-2.
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All dimensions are in mm, (Dimensions in brackets are in inches,)
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Figure C-16. Sketch of template for hot drawing with polynomial profile die
(second stage) - r = f(Z) described in equation C-3.
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Figure C-17. Schematic sketch for computerized numerical control (CNC) machining i
of templates for cold and hot drawing operationms. .
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C~12K RCLENC ‘76

03.10 8 NC=(TE-TE)%*RC/RS

03.11 S NC=FARS(NC)

03+12 8 NC=FITR(NC)+1

03:.20 S TH=TB § S DT=(TE~TB)/(NC-1)
03,30 FOR IC=1yNC 7 DO 4

03+40 RETURN

IR T eme veenowwrmeec. Swc - iwm iy
L i e e s e o . o

04,10 8§ XX=XC+RCXFCOS(TH)
o B 04,20 6 YY=YCH+RUXFSINC(TH)
D E 04,30 F CUT(XXyYYZZ)
; 5
E
]
;

YT Piaat-de o biing

(=}

04,40 § TH=TH4DT
,,,,,,, 04,50 RETURN
05,01 CUT TEMFLATE FOR RAGHU
o} 05,05 F 1AS(01010)
Lk 05,06 F SFR(30)
b 05,07 F FSW()
s} 05,10 & X1=-7125 § § Y1=2825 ; S CR=129
| 05,15 8 Z1=700 5 § TF=3,14159/180
b 05,16 F CUT(0y0yZ1)
oL 05,17 F CUT(X1rY1sZ1)
1 05,18 F P8l
05,20 F IRS(X1sY1sZ1)
f 05,21 P SFR(S)
) 05,24 ' CUT(=7125,2850,21)
s 05,25 F CUT(~7125,2250,50)

]

05,30 F CUT(~2386y2250,0)
| 0%.35 8 RC=1184CR 3 & TE=90XTF 3 & TE=SXTF
1 05,40 & RS=2% 3 & XC=-2386 $ & YC=2007
r 05,45 I 3
b
1

. aa L A

o

05,50 I CUT(-2103+145050)
0%,5% § RC=1575-CR 3 S TE=18SKTF § S TE=194,49XTF
05,60 8 RS=25 § § XC=-658 3 S YC=1575
05,65 I 3
u 0%,70 & RC=13784CR 5 S TE=16.61%TF 3 S TE=OXTF
; 05,73 & RS8=25 5 § XC=-3503 5 § YC=787
1 . 05,75 I 3
05,80 F CUT(-20015394,0)
05,85 F CUT(~2070,0+0)
05,90 F CUT(~2070y-2375,0)
g 05,92 P CUT(=2070y~2375,21)
05,95 F SFR(30)
05,96 F CUT(X1»Y1,Z1)

o

. 05.99 Q
3 %
i«
Figure C-18. NC-Program for machining the template for cold drawing die with
double curvature profile (first stap: - final double craw).
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-12K RCLONC ‘76

03,10 § NC=(TE-TE)XRC/RS

0%.11 8 NC=FARS(NC)

03412 8 NC=FITR(NC)+1

03,20 8 TH=TR § 8 DT=(TE-TE)/(NC-1)
03.30 FOR IC=1sNC §# DO 4

03.40 RETURN

04,10 8 XX=XC+RCKFCOS(TH)
04,20 8 YY=YCH+RCRFSIN(TH)
04430 P CUT(XX»YYyZZ)
04,40 8§ TH=TH+ILT

04,50 RETURN

085,01 CUT TEMFLATC FOR RAGHU
0%5.00 F IAS(0»0r0)
05.06 F SFR(30)
05,07 F FSWO)
05410 8 X1=-7128 § 8 Y1=2825 § S CR=129
OUH+18 8 Z1=700 % 8 TF=3,14159/180
05416 P CUTCOs0Z1) .
08417 P CUT(X1yY1y2Z1)
084,18 P FEWO)
0% 20 P IRS(X1y Y1y 21
0¥ 21 B 3FRS)
0624 P CUT (7125, 2280,721)
QU285 P CUT(=72125,225040)
05430 F CUT(~23%1,228050)
00435 8§ RC=118+CR § & TR=90XTF § § TE=UXTF
ied40 8 RE=2T 5 8 XC=-2391 3 6§ YC=2007
05,45 I 3
05450 F CUT(~209991470,0)
05,599 8§ RC=1512-CR § S TR=189XTF § S TE=195.42%TF

T T T~ Ty T ey

t C QW60 8§ RE=25 7 § XC=-717 & & YO=1891
r Q60 N 3
E 05.70 8 RC=1315+CR 3 8 TR=17.3XTF § 8 TE=0%TF

R 05,73 6 RS8=25 7 8§ XC=-3430 3 § YC=798
e 0575 D 3

05480 P CUT(-1990,374,0)

05,85 F CUT(~2060+0,0)

05,90 F CUT(-2060,-2370,0) 4
05.92 F CUT(-2060,~237%+21) 1

05,95 P SFR(30)

05.96 F CUT(X1yY1»Z1)
03.99 Q

X

Figure C-1Y. NC-Program for machining the template for cold drawing die with
double curvature profile (combined first and second stages -
final double draw).
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S T TR

C=12K BCLCNC ‘76

03410 8 NC=(TE~TE)XRC/RS
03.11 8 NC=FABS(NC)
¢ 03.12 8 NC=FITR(NC)+1
S 03.20 8 TH=TR # S LT=(TE-TR)/(NC-1)
! 03,30 FOR IC=1sNC § LO 4
03.40 RETURN

AR . i) - 2

¢ 04,10 8 XX=XC+RCXFCOS(TH)
1 04,20 8 YY=YC+RCXFSIN(TH)
i 04,30 F CUT(XXyYY»ZZ)
] 04,40 S TH=TH+DT

: 04,50 RETURN

D ke e
-

0%.01 CUT HOT IRONING TEMPLATE FOR RAGHU
Q.02 F IAS(0+0,0)
05,03 F 8SFR(30)
05,04 P FSW(O)
03,08 6§ X1=-8380 7 § Y1=3200 3 8§ CR=12%
0%U.06 6 Z1=700 § & TF=3,14159/180
05,08 F CUT(0»0»2Z1)
05,10 P CUT(X1sY1s21)
) OHv 1 P PEWCO)
. 05¢14 P IRE(X1yY1,21)
0%5+16 F CUT(X1,2625,21)
0%.18 P SFR(S)
OH.20 F CUT(X1y2625,0)
WG22 P CUT(-38R2y2625+0)
00,24 & RC=158+CR § S TE=90XTF § S TE=LOXTF
0F+26 8 RS=2Y § 8 XC=-3822 } 8 YC=2342
05.28 I 3
05.30 P CUT(~3451,1872+0) .
f . 05.32 8 RC=04CR # 8 TR=10X%TF # & TE=9%TF
T 05.34 8 RE8=8 3 & XC=-3574 ; § vYC=18%0

S . P = A T T

T A T T AR A B gL,
.

05,36 Il 3
T 05,38 F CUT(-3422,1558/0)

i 08.40 8 RC=1394~CR 7 8 TR=18Y%XTF i S TE=201.02%TF
| 05,42 &6 REB=20 3 & XC=-2188 § & YC=1669
? 05,44 I1 3
' O%i+46 8 RC=1197+CR 3 S TE=24.69%TF i 8 TE=0XTF
05.48 § RS8=28 § S XC=-4547 i S YC=649
: j 05.50 D 3
e 05,52 P CUT(-3225,134,0)
5 085.54 F CUT(~3247,0+0)
05.56 F CUT(-3249,~2050,0)
05.58 P CUT(~3249,~-2050+21)
05.60 F SFR(30)
05.62 P CUT(X1yY1,21)
05.64 Q
X
Figure C-20., NC-Program for machining the template for hot drawing die with
double curvature profile (first stage). E
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C-12K ECLCNC ‘76

03,10
03.11

“©

NC=(TE-TE)XRC/RS

NC=FARS (NC)

03,12 NC=FITR(NC)+1

03,20 8 TH=TER § 8 NOT=(TF~TR)/({NC~1)
03,30 FOR IC=1yNC 3 DO 4

03.40 RETURN

RGN

~

04,10 & XX=XCH+RCKFCOS(TH)
04,20 8§ YY=YCHRCAKFSINCTH)
04,30 P CUTIXXyYY»Z22Z)
04,40 8 TH=TH+DT

04,50 RETURN

05,01 CUT HOT IRONING TEMPLATE FOR RAGHU

05,02 F' TAS(010/0)

05,03 F SFR(30)

085,04 F FSWO)

05,08 § X1=-8250 5 § Y1=3200 § § CR=12%

05,06 & Z1=700 5 & TF=3,14159/180

05,08 F CUT(0r0rZ1)

0%410 F CUT(X1rY1rZ1)

0%, 18 F PSW()

0%,14 F IRS(X1yY1sZ1)

0%,16 F CUT(X1r2625521)

05,18 I SFRY)

05,20 F CUT(X1y2625,0)

05,22 F CUT(~3678+262510)

0%,24 § RC=1S8+CR § & TE=SOKTF § & TE=10XTF

05,26 § RS=25 5 § XC=-3678 § § YC=RU4Y

05,28 I 3

05,30 F CUT(~3252,1557,0)

05,32 6 RC=04CK 5 § TE=10XTF § § TE=HKTF

05,34 & RS=5 § & XC=-3375 § § YC=1535

0% 36 1 3

05,38 F CUT(-3223,1243,0)

05,40 6 RC=i228~CR 5 S TE=185KTF § & TE=19%,83KTF
05,42 § RS=25 § § XC=-212% 5 § YC=1339

05,44 I 3 |

05,46 § RC=10324CR § & TE=18,94XTF § & TE=OXTF
0%, 48 & RE=25 5 8 XC=-4282 5 § YC=669

05,50 I

05,852 F CUT(~3125919750)

05,54 I CUT(~31601050)

05,56 F CUT(~31607-2050,0)

0%,58 P CUT(~3160r-205021)

05,60 F GFR(30)
05,62 F CUT(X1,Y1221)
0%, 64 Q
K

|
i
|

Figure C-21. NC-Program for machining the template for hot drawing die with
double curvature profile (second stage).
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o PR TS TR 5 Y ERATI TS, S T O T . R ek L R

S G~12K BOLCNG ‘76
03,10 8 NC=(TE~TE)XRC/RS

U 03,11 § NC=FARS(NC)

P P 03,12 6 NC=FITR(NC)+1

I 03420 S TH=TE § 8 DOT=(TE-TR)/(NC-1)
F. 03.30 FOR IC=1yNC 5 DO 4

F 03.40 RETURN

04,10 8 XX=XC+RCXFCOS(TH?
} 04,20 8 YY=YCHRCKFSIN(TH)
04.30 P CUT(XX»YYr2Z2)
04.40 S TH=TH+DT

04,50 RETURN

0%.01 CUT HOT IRONING TEMFLATE FOR RAGHU
05402 F IAS(0,0v0)
05,03 F SFR(30)
05404 F PSBUC)
05.05 8 X1=-8200 5 & Y1=3200 5 S CR=12%
0%.06 § Z1=70C § 8 TF=3,141%9/180
05,08 F CUT(0»0s2Z1)
: 05,10 F CUT(X1»Y1y21)
o 05 L2FF FSW(Q)
o 05434 F IRS(X1rY1r21)
L 085416 F CUT(X1y2625921)
P 05418 F SFR(Y)

‘ 05,20 F CUT(X1262%,0)
. 05422 F CUTC 36152625,0)
. 05,24 8 RC=1584CR 3 S TH=90KTF § & TE=10XTF
S 05426 8 RE=25 § 8 XC=-3615 § & YCwm2342
E 0%.28 0 3
05,30 P CUT(~3147y1321,0)
05,32 & RC=04CR § & TEB=10XTr" i & TE=5%TF
05.34 8 R3=5 § 5 XC=~3270 ; 8 YC=1299
0%.30 I 3
05,38 I CUT(~3122y1043:0)
05.40 8 RC=1165-CR § & TE=185KTF ; 8 TE=191.49%TF
042 6§ RE=25 § § XC=-2086 5 8 YC=1134
0%.44 I 3
05,46 8 RC=9494CR 5 & TB=13.91%TF § § TE=OXTF
05,48 6 RE=25 § 8 XC=-4167 3 § YL=669
g 05,50 I 3
S 0552 F CUT(-2075+197,0)
) 05,54 F CUT(~23110+y0,0)

i 0%, 56 F CUT(=31i0,»~2050,0)
S 0%,58 F CUT(-3110+-~2050,21)
L 05,6 F 8FR(30)

e s e g T

T ""’m‘:"w’ TR T T T R T

Feaaat— Loy Lol

oA Aol Lt AT s A 0k A S T e

|
A Q.62 F CUT(X1sY1921) o
B Q%.64 Q
S X._.
w } Figure C-22, No-?rogram for machinlng che template for hot drawing die with

double curvature profile (final stage).
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APPENDIX D.
CHAMBERLAIN'S CONCLUSIONS
AND RECOMMENDATIONS
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4.2-Inch M335 Shell

B ey

| Summary of Trials

Press data recorded for production and experimental dies are tabulated

in Table D-1. Note that production operation was monitored for 6 hours. Twenty-

T

five projectile bodies were chosen at random and were serialized for physical

and mechanical properties data recording. On the R&D press with the streamlined

dies, 60 projectiles were drawn, 20 through the top die only, and 40 through
both dies. Note that the same production lubricant coating was used for draws

with conical dies and the R&D press was used for draws with streamlined dies.

Ai Table D-1. Press data for 4.2~inch M335 shell.

Press Speed, Press Stroke, Draw Length, Ram
PRESS mn/s (in./min.) m(in.) m(in.) MPa (psi) MN (peak tons)
Productlon o, o (140 1.067 (42) 0.432 (17) 6.48 (940) 0.729 (82)
Bliss 200T * ' * * * '
R&D Version g 9 (210)  1.016 (40) 0.432 (17) 2.07 (300) 0.584 (65.7) %

T
600 (Single Die)

2.34 (340) 0.665 (74.7)
(Both Dies)

T

W™ i

Die wear normally is insignificant on cold drawing operatioms, and this proved E
to be the case in both runs conducted above. There was no measurable die wear.
Chart records from the Brush recorder were given to Battelle representatives

who witnessed operations. Chamberlain personnel were not involved with calcu-

lations associlated with these charts.

IR

Temperature Measurements 0

Temperature recordings on parts exiting from the dies showed a
measurable difference. At the start of the run through the streamlined dies
part temperature was 57° ¢ (1350 F) coming out of the single die, rising to
82° ¢ (180° F) by the 20th body. After 40 bodies had been drawn through the

experimental double draw setup, temperature had stabilized between 91° ¢

K
¢
|

(195° ¥) and 93° ¢ (200° ¥). By comparison, after a similar number of bodies
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were processed through production dies the part temperature stabilized at
104.4° ¢ (200o F). This, together with tonnages recorded above, indicates the .

o
!‘,’ .
v
B

metal is flowing easier with streamlined dies. o

Residual Stresses/Elastic Recovery

An interesting phenomenon occurred while bodies were being sectioned i

e i

for hardness samples. These longitudinal sections were taken from the midpoint
of each can. Since none of the bodies had undergome the production stress |
relief after the final draw, some stress bowing was expected when the drawn ’
cans were parted. However, we did not expect the variation in the amount. of

bowing which actually occurred. The section from the Chamberlain production

”

T T R T I T, T L RS

' dies bowed almost twice as much as did the section from the Battelle stream-

lined dies. This, together with temperature and other data discussed previously

o

is a definite indicator that the Battelle die configuration imparts less energy
: ‘ to the shell for a given reduction of area. Residual stress from the Battelle

% ‘ dies obviously is less, but this would not eliminate the requirement for stress
i ‘ § relief following the double draw operation, since there is no subsequent heat
- treatment before finish machining. In the case of parts requiring intermediate
'; ' machining operations between drawing and Leat treat, the decreased wall stresses

would be of great help in controlling the tolerancing of these machining operations.

oAy o s S

Streamlined Versus Conical Dies

E‘ Chamberlain's own general observations of the comparison between the

production conical dies and the Battelle streamlined dies favor the latter.

et i g,

There is one variable not assessed--the use of a 1.78 MN (200-ton) production !
press with the taper entry dies and a 5.34 MN (600-ton) press with the experi-
mental configuration dies. To be absolutely certain that the Battelle configura- !

tion can process parts at less tonnage, the 1.78 MN (200-ton) press should be

set up with experimental dies.
However, there are sufficient indicators available to make the assump- ‘
tion that the sitreamlined dies will allow parts to be generated with less
tonnage. If this holds true, munitions manufacturers have several attractive
options available such as: (1) accomplishing more severe reductions with

existing equipment, possibly reducing the number of cold draws to make a part,

(2) taking on bigger cold drawing jobs not handled before because of marginal '

o
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press tonnage, and (3) putting existing jobs into lighter presses which may be

avallable but were never used on the basis of tonnage available.

105 mm M107 Shell

Summary of Trials

The draw press was monitored for 4 hours while the production dies
were being used and another 4 hours while the streamlined dies were being
tested. New production dies were inserted at the beginning of the test to
allow direct comparison with new contoured dies. Drawn shell bodies were
chogen at random to have measurements taken and recorded. No process changes

were made other than to change dies.

Table D-2, Press data for 105 mm M107 shell.

Press Pressing Speed Draw Stroke
Bliss 400 T 0.406 m/s (960 in./min) 2.438 m (96 inch)
Hydraulic

Dies Ram Pressure, MPa (psi) Draw Force, MN (tons)
Conical Draw 5.65-5.93 (820-860) 1.17-1.22 (131-137)
Contoured 5.69-5.93 (825-860) 1.17-1,22 (131-137)

At the end of the 4-hour test period, no die wear was evident in the
streamlined dies. It was decided to let the dies remain in the press until
they were worn to the point that they no longer produced acceptable parts.
There was no discernible temperature difference in shells drawn through the

different types of dies.

Comparison of Computer-Predicted and Measured Loads

As was the case with the cold draw experiments, the computer model

predicted higher draw forces than were observed during actual draw tests.

These differences were attributed to slight differences in the shape and fit
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of tooling and forging. First runs of the model for cold draw did not accurately
represent punch-part ianterfacing. In the case of the hot draw computer rum, a
difference in the mandrel (punch) shape showed as extra draw force. A rerun
of the computer program using corrected values for punch and preform dimensions
showed much bétter agreement not only in the magnitude of the punch force, but
in the shape of the load-stroke curve. Chamberlain believes the computer model
to be extremely accurate based on this. If the predicted force is so dependent
on the part-tooling geometry and responds to corrections and changes as readily
as has been shown, it will be of great value in the design of dies and punches.
This would be a real start toward the development of computer-aided design of
projectile tooling.

The difference in the measured press load was not as great for the
hot draw as in the productiaon and experimental dies in the cold draw experiments.
This is due to the fact that the normal production dies used in hot drawing are
very similar to streamlined dies. Cold work dies are a more simple conical
shape while the hot work dies are a double conical shape, more nearly like the
streamlined dies and, in fact, are a very efficient design. This too, was
shown by the computer model in the ram force values for the production dies and
streamlined dies. Predicted ram forces for productions dies and streamlined

dies were very nearly equal.

Die Wear

Computer-developed dies produced acceptable parts during the monitor-
ing period. It was agreed to draw parts through the dies until they failed
and no longer produced acceptable parts. A total of 15,836 shells were drawn
before removal of the dies. Engineers at Scranton state that the number is
half the normal production run on a set of dies. Dies were removed because
excessively deep draw marks appeared on the outside of the shell. This is
the normal criterion for die removal. Short die life may not be directly
attributable to the streamlined design. While short life is not common, it
also is not unheard of. Scranton engineers pointed out the single run on the
dies should not be basis for branding the dies as a failure. Hot drawing
variables such as excessive heat, low heat, or excessive heavy scaling of parts
drawn beyond the direct monitoring period can be contributing factors in the

early failure. Another reason for not labeling the dies a total failure is
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that they did wear out in a normal manner. Deep draw marks caused by washing
of the die surfaces was the reason for removal, as stated above. Again, this
is normally the reason for removal. Also, the first and third rings were
most severely worn, also a normal occurrence.

A phenomenon termed "die slap", a readily detectable noise during
drawing of shells was an item of note during the monitoring period. The noise
is heard as shells exit a die and then enter the succeeding die. 'Slap" was
distinctive during the monitored period using standard dies, but was curiously
absent during monjtoring of the streamlined dies. The sound is commonplace in
normal production runs and can be either aggravated or lessened by the die
spacing as determined by shell length. If shells are longer, slap is reduced;
shorter shells make a more noticeable sound. Scranton personnel believe the
sound is a combination of forward extrusion off the punch and over running of
the press as drawing force is immediately decreased as the shell exits the
die. There was no decided effort to continue observation of the dies beyond
the monitoring period, so it is not known if the streamlined dies remained

"quiet". An increase in shell length may well have caused the lack of noise
at the beginning of the run.

Conclusions

Scranton engineers agree generally with the assessment that the
computer model does, indeed, represent the drawing process. The dramatic
differences in cold draw work were as predicted. The less dramatic differences
in hot draw experiments were also as predicted, however. As with other computer
programs, the drawing model appears to be sensitive to the validity of input
information. Perhaps this sensitivity would work to the advantage of model
users in optimizing drawing processes. Die/mandrel combinacions could be
compared to give the lowest energy draw conditions.

Greatest advantage would be gained by those who use the cold draw
process. There are fewer variables to contend with:

e Tool wear is not significant so predictions will remain

valid throughout the process.
e Lubricant is uniformly applied and because tool wear

is minimal, friction will not change the process.
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Heat differentials are not present since working starts
at room temperature.

e Parts are cleaner--no scale is present on the parts.
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For these reasons the model will yiel ! consistently more reliable

draw predictions.

£
}
3
'

S i candi e p——r

142




DISTRIBUTION

Copies
A. Department of Defense

Director of Defense Research and

Engineering Office
Attn: Mr. S. Persh 1
Washington, ©C 20301

]
!, ! Director
i i Defense Advanced Research Projects Agency
; Attn: Dr. E. C. Van Reuth
i l Dr. C. Lehner

; Dr. E. Blase
E o 1400 Wilson Boulevard

s

Arlington, VA 22209

1 | Defense Documentation Center
# Attn: TIPDR 12
i | Cameron Station

; Alexandria, VA 22314

B. Department of the Army

B Assistant Secretary of the Army (R&D) 1
b ‘ Attn: Deputy for Science and Technology
e Washington, DC 20310

[ : Deputy Chief of Staff for Research 1
‘ Development and Acquisition

Department of the Army

Attn: DAMA-ARZ-D

Washington, DC 20310

i
[ T S O IR

Commander
US Army Material Development Readiness Command
Attn: DRCDM-D
DRCDM-R
1 DRCDMD-T
i DRCD-L, Foreign Science & Tech Div
; DRCDE-E, Edson Gardner
DRCDE-I
DRCDE-W
DRCMT, L. Croan
‘ DRCMT, Col N. Vinson
. DRCDE-DE, E. Lippi
i 5001 Eisenhower Avenue
' Alexandria, VA 22333

e i i e s

S N = =W SRy o

T . ot MR S s, e Ml i

143




Commander

Aberdeen Proving Ground

[ ! Attn: STEAP-TL, Technical Library 1
4 DRXSY 1
- DRXSY-GA 1
= Aberdeen Proving Ground, MD 21010

. Director

Vo Ballistic Regearch Laboratory

? ; Attn: DRDAR-BLT 1
o Aberdeen Provirg Ground, MD 21010

: Weapons System Concept Team/CSL
’ Attn: DRDAR-ACW 1
L Aberdeen Proving Ground, MD 21010

o Technical Library 1
= Attn: DRDAR-CL3-L 1 i
: ‘ Aberdeen Proving Ground, MD 21010 i

Technical Library
Attn: DRDAR-TSB-§ 1
Aberdeen Proving Ground, MD 21005

US Army Materiel Systems Analysis Activity
Attn: DRXSY-MP
Aberdeen Proving Ground, MD 21005 -

=

i

Commander

US Army Flectronics Research and Development Command

Attn: DRSEL (Tech Lib) 1
Fort Monmouth, INJ 07703

o ienailine

Director

US Army Air Mobility Research & Development Lab

Ames Research Center 1
Attn: Mr, Paul Yaggy 1

Moffet Field, CA 94035

Commander

US Army Air Mobility R&D Labs

Attn: SAVDL-ST 1
Fort Eurstis, VA 23604

Commander

US Army Material Development & Readiness Command
Scientific and Technical Infor Team-Europe

Attn: DRXST-STL

APO, New York 09710

144

iy 2 .(;/KM.‘ LEL e




ETITIT Y eSS e e T R Twp——

L AT

T T

F
'r :

Commander '

US Army Research and Standardization Group (Europe)
Attn: DRXSN-E-RM

P,0. Box 65

FPO, New York 04510

Commander

Rock Island Arsenal

Attn: DRXIB-MT
Technical Information Div
SARRI-ER

Commander

US Army Harry Diamond Labs
Attn: DRXDO-TIA

2800 Powder Mill Road
Adelphi, MD 20783

Commander
US Army Materials & Mechanics Research Center
Attn: DRXMR-X, Dr., E. Wright
DRXMR-PT
Technical Information Div
Watertown, MA 02172

Director

US Army Maintenance Management Center
Attn: DRXMD-A

Lexington, KY 40507

Commander

US Army Research Office

P.0O. Box 1221

Attn: Dr. George Mayer, Director
Dr. E. Saibel

Research Triangle Park, NC 27709

Commander
US Army Natick Research & Development Command
Attn: DRXRE, Dr. E. Sieling
Technical Information Div
Kansas Street
Natick, MA 07160

e it i e A Lt

o — T A g MR T

Copies

=

il

Tl el it o S e

et el s - sl

[T S OL S



Coumander

US Army Foreign Science & T ~h Center
Attn: W. Marley
J. Bollendorf
220 7th Street, NE
Charlottesville, VA 22901

Commander
US Army Mobility Equipment Reseaxch & Development Command
Attn: STSFB-MMM, Mr, W. Baer
DRSME-RZT
DRDME-MMM
Ft. Belvoir, VA 22060

Commander
Ballistic Missile Defense Systems
Attn: BNDSC-TS
DRDMI-R
DRCPM-LCE, B. Crosswhite
Technical Library
P.0, Box 1500
Huntsville, AL 35809

Commander

Rocky Mountain Arscnal

Attn: Technical Information Div
Denver, CO 80240

Director

US Army Industrial Base Engineering Activity
Attn: DRXIB-MT

Rock Island, IL 61201

Commander

U.S. Army Armament Materiel Readiness Command
Attn: DRSAR-LEP-L

Rock Island, IL 61299

Director

US Army Advanced Materials Concept Agency
Attn: Technical Information Div

2461 Eisenhower Avenue

Alexandria, VA 22314

Commander
US Army Tank-Automotive R&D Command
Attn: DRDTA-RKA, V., Pagano
DRDTA-KP
DRDTA-RE, C. Bradley
DRDTA-Z, J. Panks
DRSTA-E
Warren, MI 48090

146

Copies

e =

e

I R o

o Sridar. o unle.

e e

e ol SO SR




: Copies

Commander
US Army Tank-Automotive Materiel Readiness Command
ST Attn: DRSTA-E 1
L Warren, MI 48090 '
; Commander
b US Army Aviation Research and Development Command
3 Attn: DRDAV-EXT (Tech Lib) 1
. P,0. Box 209
| St. Louis, MO 63166
f
Ff Commander
} US Army Troop Support and Aviation Material Rezdiiness Command
: Attn: DRSTS 1
. 4300 Goodfellow Blvd.
SO St. Louis, MO 63120
: Director
% USDARCOM Intern Training Center
o | Attn: DRXMC-ITC-PPE 1
- ; Red River Army Depot

o Texarkana, TX 75501

| ! Commander

3 US Army Armament R&D Command

Attn: DRDAR-CG, MG B, Lewis
DRDAR~TD, Dr. R. Weigle

; DRDAR-TDR, E. Eichelberger

| DRDAR-SC, Dr. D. Gyorog

DRDAR-LC, Dr. J. Frasier

? DRDAR-SCM, J. D. Corrie

f Dr. E. Bloore

! DRDAR-SCM-P, Mr. I. Betz

! DRDAR-SCM-P, Mr. F, Lee 1

DRDAR-~SCP

DRDAR-LCU-M

DRDAR~-LCU, Mr, Bushey

i DRDAR-LC

DRDAR-PMM

DRDAR-PBEM-GA, G. O'Brien

DRDAR-SCM-M

DRDAR-TSS

DRDAR-QA

DRCPM-CAWS

DRCPM-SA

DRCPM-ADG

DRCPM~NUC

DRCPM-AAH 30mm

[ CTIIN vl

HFERERERERERPRURHMBERRBERRREBRORRPRWRRERERME

DRCPM-TMA
. Dover, NJ, 07801

U.S. Army Armament R&D Command 3
Attn: DRDAR-LCB-TL

Watervliet, NY 12189
147

preirig



T T T e e e

al b anaebiditdie it sl . ol

i an i b

Commander
Rep, Alabama Army Ammunition Plant
Childersburg, AL 35044

Commander
Rep, Badger Army Ammunition Plant
Baraboo, WI 53919

Commander
Rep, Burlington Army Ammunition Plant
Burlington, NJ 08016

Coﬁmandcr
Rep, Cornhusker Army Ammunition Plant
Grand Island, NB 68801

Commander
Rep, Gateway Army Ammunition Plant
St. Louis, MO 63143

Commander
Rep, Hays Army Ammunition Plant
Pittsburgh, PA 15207

Commander
Holston Army Ammunition Plant
Kingsport, TN 37662

Comrander
Indiana Army Ammunition Plant
Charlestown, IN 47111

Commander
lowa Army Ammuunition Plant
Burlington, IA 52600

Commander
Rep, Joliet Army Ammunition Plant
Joliet, IL 60436

Commander
Kansas Army Ammunition Plant
Parsons, KS 67357

Commander
Lake City Army Ammunition Plant
Independence, MO 64050

Commander
Lone Star Army Ammunition Plant
Texarkana, TX 75501
148
33 O SO IS e B N SO SR T o

it e e e

Copies

!

POFSPVC VRS



i

e m e 4 —— o —

SN R Y e
X

B T L LTt O

Commander
Longhorn Army Ammunition Plant
Marshall, TX 75671

Commander
Louisiana Army Ammunition Plant
Shreveport, LA 71102

Commander
Milan Army Ammunition Plant
Milan, TN 38358

Commander
Newport Army Ammunition Plant
Newport, IN 479C6

Commander
Radford Army Ammunition Plant
Radford, VA 24141

Commander
Rap, Ravenna Army Ammunition Plant
Ravenua, OH 42266

Commander
Riverbank Army Ammunition Plant
Riverbank, CA 95367

Commandar
Scrauton Army Ammunition Plant
Sceranton, PA 18501

Commuander
Rep, St Louls Army Ammunition Plant
St. Louls, MO 63160

Commander
Rap, Sunflower Army Ammuniclion Plant
Lawrenca, K8 66044

Commandor
Twin Citdes Army Ammunition Plant
New Brighton, MN 55112

Commander

Voluntepr Army Ammunition Plant
Attn:  SARVO-T

Chattanooga, TN 37401

vommandet

Amniston Army Depot
Attnt  DRXAN-DM
Annlston, AL 36201

. W

s ....'l ..A.L.mu.‘.u.-_\l ORI P Wy

Copies

i s’ ! ik il

ARSI




i dobis g o o

LA I, e AT S

Commander

Corpus Christi Army Depot
Attn: DRXAD-EFT

Corpus Christi, TX 78419

Commander

Fort Wingate Depot Activity
Attn: DRXFW-M

Gallup, MM 87301

Commander

Tobyhanna Army Depot
Attn: DRXTO-ME-B
Tobyhanna, PA 18466

sommand ex

Tooele Army Depot

Attn: DRXTE-SEN
DRXTE-EMD

Tooele, UT B4074

Commander
Letterkenny Army Depot
Attn: DRXLE=M

DEXLE-MM
Chambersburg, PA 17201

Commander

Lexington~Blue Grass Army Depot

Attn: DRXLX~-SE-1
Lexington, KY 40507

Commander

New Cumberland Army Depot
Attn: DRXNC-SM

New Cumberland, PA 17070

Commander

Pueblo Army Depot

Attn: DRXPU-ME
DRXPU-SE

Pueblo, CO 81001

Commander

Red Rilver Army Depot
Attn: DRXRR-MM
Texarkana, TX 75501

Commandet

Sacramento Army Depot
Attn: DRXSA-MME-LB
Sacramento, CA 95813

T I

150

Copies

=

b

i Rel
il hucekimmrin

il e WA e, o Bl . 2l T el G ity Tl A R s w TR il

Y




T e AT S e bl

Copies
, Commander
[ Seneca Army Depot
4 Attn: DRXSE-SE 1
; » Romulus, NY 14541
] Commander
b Sharpe Army Depot
; Attn: DRXSH-SO 1l
DRXSH-M 1l
i Lathrop, CA 95330
: Commander
VI Sierra Army Depot
| Attn: DRXSI-DQ 1

Herlong, CA 96113

C. Department of the Navy

Chief

Bureau of Ships

Department of the Navy

Attn: Code 343 1
Washington, DC

Chief
Bureau of Aeronautics
# Department of the Navy
Attn: Technical Information Div 1
Washington, DC

ST T TR IR TR TR TR e

' Chief

: Bureau of Weapons

Department of the Navy

Attn: Technical Information Div 1
Washington, DC 20025

. Commander

Naval Air Development Center

Johnsville, Aervo Materials Dept

Attn: Mr. Forrest Williams 1
Warminister, PA 18974

[»3

s

Commander

Naval Air Systems Command

Department of the Navy

Attn: AIR 5203, Mr. R. Schmidt 1
¢ AIR 604

Washington, DC 20360

i
151 .i




T TR T . T R -
. e

R TR T Ty g e e e

| T p—

T T U e

Officer in Charge

US Navy Material Industrial Research Office
Attn: Code 227

Philadelphia, PA 19112

Commander

Naval Ships Systems Command
Department of the Navy
Attn: Code 03423
Washington, DC 20023

Commander

US Naval Weapons Laboratory
Attn: Technical Information Div
Dahlgren, VA 22448

Commander

US Naval Engineering Experimental Station
Attn: WCTRL-2, Materials Lab

Annapolis, MD 21402

Commander

US Naval Ordnance Laboratory
Attn: Code WM

Silver Spring, MD 20910

Department of the Air Force

Director
Air Force Materials Laboratory
Attn: AFML, Technical Library
L1E
LTM
LTN
Wright-Patterson AFB
Dayton, OH 45433

Director
US Naval Research Laboratory
Attn: Mr. W. S. Pellini, Code 6300,
Metallurgy Div
Mr. W. J., Ferguson
Mr. J. Baker
Dr. H. C. Posey
Dx. F. Rosenthall
Mr. C. Sanday
Washington, DC 20375

152

Copies

T

e




ADTC/DLJIW 1
Eglin AFB, FL 32542

S Copies

!, Director

5 Naval Ships Research & Development Center

15 . Attn: Mr. Abner R. Willmer,

o Chief of Metals Research 1

5 D. W. Taylor 1

P ! Code 042, Tech Lib 1

b & Bethesda, MD 20084

b v

5» E Director

B i Air Force Armament Laboratory

: Attn: AFATL/DLOSL 1
: !

} Director

Air Force Weapons Laboratory

Attn: Technical Information Div 1
Kirtland AFB, NM 87118

2
s

Director

Alr Force Materials Laboratory

Wright-Patterson AFB

Attn: AFML/LLD, Dr. T. M. F. Ronald
AFML, Tech Library

Dayton, OH 45433

T e T v -
| el oad

Commander

Aeronautical System Div

; Wright-Patterson Ailr Force Base

n i Attn: Technical Information Div 1
‘ k Dayton, OH 45433

* -

Commander

Air Research & Development Command

Andrews Air Force Base

Attn: RDRAA . 1
Washington, DC 20025

E. Other Federal Agencies

Director

National Academy of Science

Attn: Materials Advisory Board 1
2101 Constitution Avenue, N.W.

Washington, DC 20418

Director

National Aeronautics & Space Administration

Attn: Code RPM 1
Federal Building #10

Washington, DC 20546

153

. i it 55 A im B

ki s




O iearn e e e e R

Director :
P National Aeronautics & Space Administration
x Attn: Code RPM
g Federal Building #10
L Washington, DC 20546
g 5 F. Private Organizations
b ‘
; Battelle Memorial Institute
L Attn: Metals & Ceramic Information Center
S Dr. T. Leontis
;;f ; 505 King Avenue
Eb' % Columbus, OH 43201
E‘ Materials Research Laboratory, Inc,
b Attn: Dr. E. J. Ripling
f 1 Science Road

Glenwood, IL 60425

e -

B e o

T

TR T T T —

154

NI AUSINL MW, oo s o

. .t R AN s
K ¥y '-H, Ko ol S ¥
/ 4 \‘f;,‘ ¥ At

V2

T S IR AN L - g
fl*&'”ﬁt' .
e A




