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ABSTRACT SUMMARY ASD Interim Report 7-882(X)
Interim Technical May, 1963
Progress Report No. 10

HIGH ENERGY RATE EXTRUSION
by
J. M. Rippel

Westinghouse Metals Plant
Blairsville, Pa.

A series of high-velocity extrusions were made vhich demonstrated the
reproducibility of this process for making Tee shapes 2 inches by

1 inch by .050 inches from Ti-BAl-4v, AISI 4340 and 304 stainless steel.
Nominal surface finish of eleven extrusions was 80 RMS. Thickness
variation on the stem and flanges was normally .002 inches to .003
inches. Radii at the intersection of the stem and flange were under
.03 inches.

The extrusions were macde on a Dynapak high-velocity extrusion press
manufactured by General Dynamics. All the materials were extruded
through ceramic coated dies at a reduction ratio of 17:1. The dies
were lubricated with graphite and no billet lubrication was used.
Lengths obtained varied from 8 feet to 11 feet depending on the power
used. The Dynapak machine is capable of producing energies of approx-
imately 300,000 foot pounds.



TABIE OF CONTENTS

I. TINTRODUCTION

II. SUMMARY OF WORK IN PAST QUARTER

III. CONCLUSIONS

IV. DISCUSSION

A. Extrusion Equipment and Procedure

1.
2.
3.
k.
5.

General

Beating Procedure
Lubrication
Tooling

Machine Sei-up

B. Extrusion Trials

1.

2.

V. RESULTS

First Trial

Second Trial

IV. WORK FOR NEXT QUARTER

Page No.
1
5
6
6
6
7
(f
8
8
8
9
22

w
0



n

Vi W

10

13

14

No.

LIST OF FIGURES

Basic Design of Extruded Shape

General View of Model 1810 Dynapak Machine
Drawing of Die

Drawing of Preform Die

Photograph of Ceramic Coated Die and Preform

Die

Schematic Diagram of Dynapek Tooling

Photograph of Extrusions Made in First Trials
Photograph Showing Surface of Nose and Tail of
Extrusion No. 516

Photograph of Ceramic Coating on Die Inserts
Photograph of Ti-6A1-4V Extrusions Made on
Second ¥rials

Photograph of Steel Extrusions Made on Second
Trials

Photograph of Nose and Teil of Extrusion Nos. 518
and 519 Showing Surface Detail

Photograph of Nose and Tail of Extrusion Nos. 525
and 528 Showing Surface Detail

Photograph of Extrusion Stubs of Billets Extruded

on Second Trials

13
14
15

16

17
18

19



Table No.

LIST OF TABLES

List of High Velocity Extrusions
Tabulation of Surface Measurements
Comparison of Die Dimensions and Dimensions
of Extrusions

Dimensiors of Extrusion Nos. 519 to 528

27



I.

INTRODUCTION

The purpose of this contract is to adverce the state-of -the-art of
high-velocity extrusion and to determine the capabilities of the
Dynapak machine when applied to the extrusion of various metals

into structural shapes of the quality required for aircraft, missile

and spacecraft construction.

Investigation of the process parameters will comprise the bulk of
e’fort in determining precisely the caepabilities and limitations of
the machine relative to extruding the desired lengths and cross-
sections. A process will be established for the extrusion of the
selected materials and an analysis made of the variables of the

process.

Phase I will be the evaluation of the current state-of-the-art of

high-velocity extrusion.

Phase IT will be the establishment of a process for extruding titanium
and steel alloys, Ti-6A1-4V, AISI 4340 and 30k stainless steel, into
a Tee configuration 2 inches by 1 inch by .050 inches thick and 10
feet in length. See Figure 1. 1In addition, these extrusions are to

have a surface finish of 100 RMS and to be of aircraft quality.

Phase III will be similar to Phase II in respect to the type of work
to be done but will deal with refractory metal alloys of molybdenum

and columbium.

Phase IV will be the pilot production of five extrusions of each
material investigated to demonstrate the reliability of the developed
process and to insure consistency in the extrusions produced.

1



The literature survey of Phase I has been completed. Although a
comprebensive survey was made, the state-of -the-art of high-velocity
extrusion is new and undeveloped and few references are avallable.
The state-of-the-art of high-velocity structural extrusion was

practically non-existant.

The work required in Phase II has also been completed. Ten foot

Tee extrusions of Ti-6Al-4V alloy which meet all the requirements

of surface finish, tolerance and dimensions have been made. Stain-
less steel and AISI 4340 extrusions have also been made in lengths
of 10 feet which meet all the requirements except the dimensional
tolerances. The cross section is slightly reduced in a local region
of the ten foot lengths. Eight foot lengths of steel can be produced
meeting all the dimensional requirements and having only a .002 inch
variation in thickness along the length. For existing high-velocity
extrusion machines and this cross sectional area, €ight feet should
be considered the maximum capability for materials with the density

of steel (.3 1b/in3).

Phase III and IV have not yet been started.
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II1.

SUMMARY OF WORK IN THE PAST QUARTER

Work in the past report period demcr:-trated the repeatability of

the high-velocity extrusion process. Long lengths and good surface
wvere obtained previously, but not consistently one extrusion after
another. 1In the last extrusion trials, eleven extrusions were made
from the three materials, Ti-6A1-4vV =lloy, AISI 4340 and 304 stain-
less steel. All the extrusions had satisfactory surfaces and dimen-

sional tolerances.



III.

CONCLUSIONS

A.

The feasibility of consistently producing thin structural shapes
by the high-velocity extrusion process has been demonstrated on

Ti-6A1-UV alloy, AISI 4340 and 304 stainless steel.

With properly coated and sized dies, extrusions with surface
finishes of better than 100 RMS and with the required dimensions

can be produced.



Iv.

DISCUSSION

A.

Extrusion Equipment and Procedurs

1.

General Description

Two extrusion trials were made in the last quarter. 1In

the first trial only four extrusions were made because the
dies proved to be defective. Eleven extrusions were made
in the second trial. Ti-6A1-4V, AISI 4340 and 304 stainless
steel were the materials extruded and all extrusions were

of the Tee configuration which has nominal dimensions of

2 inches by 1 inch by .050 inches.

An 1810 model Dynapak machine, manufactured by General
Dynamics, see figure 2, was used on all extrusions. A
smaller model, 1210 Dynapak, is also available and has

been used in some of the previous trials. The 1810 Dynapak
machine is capable of producing energies of approximately
300,000 foot pounds. Or ooth of the last trials, energies
of 200,000 foot pounds to 300,000 foot pounds were used

producing extrusions from 8 feet to 11 feet long.

Heating Procedure

All billet heating was done in a BaCl, salt bath. The
T1-6A1-4V billets were heated to 1825 F and both of the
steel alloys vere heated to 2150°F. Soaking time was nom-
inally 10 minutes for all materials and, after heating,
billets were removed from the salt bath, inserted in the

billet container and extruded in a period of 5 to T seconds.



3.

Lubrication

All billets were heated in the BaCl, salt bath and were
not further lubricated. The salt does provide a certain
amount of lubrication. The die and contsiner were lubri-
cated with graphite. The graphite is mixed with alcohol
and applied by spraying. The graphite appears to be very
important and must be applied liberally to the die. Omn
the ceramic-coated die, the graphite prevents metal pickup
in the die land and essentially acts as an anti-seizing
compound. Without the graphite, short extrusions can be
made with good surfaces, but on the longer extrusions,
the extruded material builds up in the die land causing

deep scratches in the extrusion.

Tooling

The tooling for all extrusions and materials was the

same. A split, three-piece, ceramic-coated die was used.
In addition, a split, two-piece, preform die was placed
on top of the die. This shapes the billet to a Tee con-
figuration 2-1/2 inches by 1-1/4 inches by 1/2 inch prior
to the billet's entering the ceramic-coated die. The die
and preform are shown in Figures 3, 4 and 5. The preform
was not ceramic-coated but did not wear excessively and
could be used on a large number of extrusions. The ceramic
die was coated with .005 inches to .010 inches of Zro2
applied with a plasmas arc gun. Initially, the ceramic
coating was approximstely .015 inches thick but was ground

to obtain the proper thickness and smoothness.



Se

The billet container, die aolder, and back-up tooling was
made from H-13 type tool steel hardened to 47 - 50 Re.
Punches have been made from several types of tool steels,
H-13, 8-5, Hi-Shock 60, and M-2, with a hardness range of
53 Rc to 58 Rc. The higher hardness range is preferred
because of the high stress encountered at impact, generally

200,000 psi to 250,000 psi.

Machine Set-Up

A schematic diagram of the tooling is shown in Figure 6.

The punch 1s movable and is electrically operated. It is
moved to the left (Figure 6) to allow the billet to be
inserted and is then moved back to the center for extruding.
This movement is very rarid and does not cause greater than
a one-second delay in the extrusion procedure. The advan-
tages of and the contribution of the "sliding punch" tooling,
vhich was designed to lower extrusion velocities and make
longer extrusions, have been described in the previous
Technical Progress Report under this contract.

B. Extrusion Trials

1.

First Trial

Four extrusions were made on the first trials. Originally,
nine extrusions had been planned, but the dies were not pro-
perly coated and the extrusions were coming out with deep
scratches.



2.

Tbe dies were made with a .4{C-.nch slot to allow for a
.002 inch molybdenum undercoat and an .008 inch ceramic
coating on each side, resulting in a .050 inch final
dimension. The undercoating on this set of dies varied
from .002 inches to .010 inches. This did not allow a
sufficient ceramic coating after sizing (none in some
cases) In the bare and thin spots galling took place.
In Figure 8, Ti-6A1-4V extrusion No. 516, is an example
of an extrusion made with this set of dies. The nose of
the extrusion has a good surface (60-70 RMS), but it
gradually worsens and the d=ep scratches at the tail end
yield a surface finish of 200 RMS. The steel extrusion
had a similar surface from nose to tail. The extrusions

made on the first trial are shown in Figure 7 and the die

in Figure 9.

Second Trial

Eleven extrusions were made in the second trials, five
T1i-6A1-4V, three ATSI 4340, and three 304 stainless steel.
The dies used for the first trials were sand blasted and
recoated and used for these trials.

The extrusions made in these trials are shown in Figures
10 and 11 and a close-up of the surface finish of several

of the extrusions is shown in Figures 12 and 13.

These trials went very well. The extrusions, with one

exception, had good surfaces and very little dimensional

variation along the length. The one extrusion that was
9



not good was a case of die failure. The ceramic coating
broke off the die on one ~id: of the stem and this surface
was bad. On this extrusion the rest of the surfaces were
good. This type of die failure is rare and is the first

experienced in the last 9 months.

No braking device of any type was used. The extrusions are
incomplete, that is, a small butt is left in the die which
holds the extrusion in place. This butt is very small,
usually a cubic inch or less and would not substantially
add to the length of the extrusion if it were extruded.
Part of it would form the tail which is usually hollow and
would have to be cropped anyway. Pictures of the butts of
the extrusions made in the secord trial are shown in Figure

1k,

10
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FIGURE 4 - Drawing of preform inserts. The billet shape is changed from a 1-3/4-
inch diameter round to a 2-1/2 inch by 1-1,4 inch by 1/2 inch Tee con-
figuration as it goes through the preform. Photograph of preform in-
serts and container are shown in Figure 5.



FIGURE 5 - Left - Three piece die and holder. Ceramic coated entry angle extends down to radius at 45° angle.
The land is also ceramic coated and is 1/4 inch long. Right - Preform die is shown from bottom side.
A round billet, 1-3/4" diameter, enters top of preform and is shaped and expanded to a 2 inch by 1
inch by 1/2 inch Tee. The Tee is then extruded as it goes through ceramic coated die.
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Schematic diagram of 1-3/4 inch diameter tooling as seen from the
side. Punch moves out of position to the left to permit insertion of

billet into the container. The air cylinder at top left is electrically
operated,
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V.

RESULTS

The general appearance of the extrusions after sand blasting was
good. Although they had not been straightened, they were rela-
tively straight with little bow and camber, on the order of 1/2"-
1" in 10 feet. The twist varied from several degrees up to 90

degrees.

Surface finish was very good on all the Ti-6A1-4V alloy extrusions.
All the extrusions measured 60 RMS - 85 RMS, see Table 2, with an
average of 70 RM3. The surface finish of the tall section was
genexally only 5 RMS to 10 RMS rougher than the nose indicating
that there is no appreciable pickup on the die and very little
die wear. The steel extrusions vere not generally as good
although two of these averaged 7O RMS and the other two, 100 RMS
and 120 RM3. The extrusion, No. 527, which had the 120 RMS, had
visual acratches from nose to tail which indicated that the die
coating chipped or was scratched when the extrusion broke through
the opening. 1In the past (and as reported in Interim Technical
Progress Report No. 9) the surfaces of all three materials have

been similar in smoothness.

The extrusions made on these trials were 8 - 11 feet long. The
T1-6A1-4V alloy extrusions averaged 10 feet and the steel extru-
sions 9 feet. Two of the stainless steel extrusions, 323 and
324, were severly distorted wvhen they were sandblasted and will
have to be straightened before measurements can be taken. The
other stainless steel received a lighter sandblast and did not

distort.



Dimensions of the die takeu prior to extruding and the dimensions

of the nose section of the extrusion are compared in Table 3. The
general trend was for the extrusion to be approximtely .03 to .O4
inches smaller than the die in the 2-inch flange dimension and .0

%o .02 inches smaller in the l-inch stemdimension. Approximately
one-half of this size change can be attributed to thermal contraction.
The balance of the size change was probably due to elastic springback.
During the extrusion period, the material is forced out to the die
extremities under a severe compressive stress. However, once the
material is through the die, this stress is relieved and the extrusion
is free to elastically contract. Once made, the extrusion undergoes
relatively high tensile forces due to the inertial forces in the
extrusion. The tensile force would not affect these dimensions,
however, unless they are sufficiently high to plastically deform

the extrusion.

The thickness dimension of the stem and the flanges were usually
larger thar the die measurements. On two of the five Ti-6A1-4V
extrusions the dimensions of the extrusions were several mills
smaller than the die dimension. On the balance of the extrusions,
including the AISI 4340 and 304 stainless steel, the extrusion
dimensions were larger than the die dimensicn. This is in contrast
to the length dimensions of the stem and flange which were generally
smaller. Most of this increase can be attributed to die movement,
that is movement of the inserts within their container. The insert
and container were made in pairs with a "no-clearance” fit but after
a number of hits this appeared to loosen allowing the dies to spread
during the extrusion. With a shrink fit between inserts and container,
23



it i1s felt that the extrusion would nominally be .00l to .002 inches

smaller than the die measurement.

It is recommended that the dimensions of futurc Jlies be made 2% larger
than the desired extrusion dimensions to allow for contraction and
that the inserts and container have an interference fit in order to

hold the inserts firmly in place.

In a typical extrusion, dimensions of the flange and stem thickness
varied only .002 -.003 inches over the length of the extrusion, the
thinnest sections being near the tail. The height of the stem(which
is nominally 1 inch) varied a maximum of .02 inches except in the 11-
foot AISI 4340 extrusion, No. 525, which shows definite signs of necking.
On this extrusion, the stem varied from .99 inches at the nose to .92
inches near the tail. The dimension of the width of the 2-inch flnage
had proportionally larger variation from nose to tail than any of the
other dimensions. This dimension varied from .01 inches to .12 inches,
vith the smaller dimensions near the tail end. This reduction in size
is probably due to necking but the other dimensions did not indicate a
proportionate amount of necking. The dimensions of the as-extruded

and sandblasted extrusions are listed in Tables L4-13.

A measurement of the radius at the intersection of the stem and flange
was made on eight angles with an cptical comparator. They were, .015,
.015, .020, .025, .010, .010 and .010. These measurements are a good
indication of the radii that can be obtained with this process. In
the normal extrusion practice, radil of corners are coaventionally
.125 inches.

a
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DIMERSIONS OF TEE SECTION

Die Extrusion No.
Ident. A B ¢ D E and Material
1 2.00 1.03 0.050 0.050 0.050 518-T1-6A1-ky
1A 1.96 099 <07 -Ou7 -0b5
2 2.01 1.02 0.050 0.050 0.050 521 ~141-6A1 -4V
2A 1.97 0.99 04T .050 U7
3 1.99 1.03 0.050 0.049 0.0k9 523-304 8.s.
3A 1.96 1.02 +050 .052 .052
" 2.01 1.03 0.050 0.054 0.052 5261340
LYY 1.99 1.01 .052 055 053
5 2.05 - 1,03 0.049 0.050 0.052 524-30l 5.8,
5A 2.02 1.00 .052 .060 06k
6 1.99 1.01 0.0L49 0.049 0.050 525-4340
6A 1.96 <99 +0h9 «050 050
7 1.99 1.00 0.050 0.050 0.050 519-T1-6A1-kV
TA 1.98 1.02 .053 .050 .053
8 2.0k 1.05 0.050 0.049 0.050 520-T4-6A1 ~kv
8 2.01 1.0l .o .050 .052
9 2.00 1.00 0.050 0.049 0.049 522-T1-6A1 -4V
9A Not measured
10 2.00 1.00 0.053 0.053 .053 527-k340
10A 1.99 1.00 <057 061 061
n 2.00 0.98 0.053 0.053 0.053 528-304 5.8.
la 2.00 .98 <05k .057 +060

1l =~ Dimensioms of die prior to extrusion
1A - Dimensions of nose section of extruded sectiom

hble3-00mrhonotdhdimmionsunddi~nsiomotmm
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EXTRUSION DIMENSIONS

Material: Ti-6Al-4V No.: 519 Iength: 124"

loc. of Right Left

Measurements Width Height Stem Flange Flange
Nose 1.98 1.02 .050 .051 .053
2" 1.98 1.02 .051 .050 .053
2y 1.97 1.02 -0l9 .051 053
36" 1.9% 1.02 .050 .050 .05k
L8» 1.92 1.01 .050 049 .053
60" 1.90 1.02 .050 .048 053
T2 1.90 1.02 .0k9 049 .053
8y 1.90 1.02 .0l9 .0lU8 .053
96" 1.90 1.01 .051 .048 .053
108" 1.90 1.01 .051 .04g .053
120" 1.90 1.02 .052 .050 054
13"

Die dimensions 1.99 1.00 .050 .050 .050

Table 4A - Dimensioms of extrusion No. 519
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EXTRUSION DIMENSIONS

Material: Ti-6al-hv No.: 520 Length: 113"

Loc. of Right Left
Measurements ~ Width Height Stem Flange Flange
Nose 2.02 1.01 .052 051
12" 2.01 1.01 .053 051
2" 2.01 1.01 2 .053 .052
36" 2.00 1.01 -3 .053 .052
Lgn 2.00 1.01 E .053 053
60" 1.98 1.01 054 .053
72" 1.97 1.01 054 .053
8h 1.96 1.01 .053 .052
96" 1.9 1.01 .055 052
108" 1.90 1.01 .05k .052
120"
13"
Die dimensions 2.04 1.05 .050 .0k9 .050

Table 4B - Dimensions of extrusion No. 520
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Material:
loc. of
Measurements width
Noce 1.98
12" 1.97
24 1.97
36" 1.96
Lg" 1.94
60" 1.93
2" 1.92
8un 1.93
96" 1.95
108" 1.95
120" 1.95
132" 1.96

Die dimensions 2.01

Table 4C - Dimensions of extrusion No. 521

T4-6A1-by No.:

Beight
99
99
«99
«99
99
«99
«99
99
99
98

-98

99

1.02

29

521

.050
.050
.051
.051
.051
.0k9
.051

050

ILength: 132"

Right
Flange

.050
«050
.0“9

o
3

Priereeed

g %



EXTRUSION DIMENSIONS

Material: 30U s.s. No.: 523 Length: 96"

“loc. of Right Left
Measurements Width Height Stem Flange _Flange
Nose 1.9 1.03 .051 .053 .052
12" 1.96 1.02 .050 .052 .052
2L 1.96 1.02 .050 .052 .052
36" 1.96 1.02 .050 052 052
Lgn 1.95 1.02 050 052 053
60" 1.95 1.02 .0k9 .051 .052
72" 1.95 1.01 .050 .051 .052
84" 1.95 1.01 .050 .051 052
%" 1.95 1.01 .050 .051 .051

108"
120"
132"
Die dimensions 1.99 1.03 .050 «0lu9 049

Table 4D - Dimensions of extrusion No. 523



Material: 304 s.s. No.:

loc. of
Measurements Width
Nose 2.01
12" 2.02
24" 2.02
30" 2.02
Lg» 2.01
60" 2.01
12" 2.00
8l 1.99
96" 1.96
108" 1.99
120"
13"

Die dimensions 2.04

EXTRUSION DIMENSIONS

Helght
1.00
1.00
1.00
1.00
1.00

-99
99

<99

1.02

524

Stem
053
.052
.052
.052
.052
.051
.051
.051
.051

<051

. 0‘&9

Length: 105"

1

2 BR&883388%%

Table 4 - Dimensions of extrusion No. 524

Left

.050



Material: AISI 43%0

EXTRUSION DIMENSIONS

Loc. of
Measurerments Width
Nose 1.95
2" 1.96
2" 1.96
36" 1.95
48" 1.95
60" 1.93
T2" 1.91
8l 1.87
96" 1.84
108" 1.8
120" 1.a
132" 1.86

Die dimensions 1.99

Helght

225

Stem
«050
049
.0l

22 e R

Length: 130"

Right

Table 4F - Dimensions of extrusion No. 525



Loc. of
Measurements Width
Nose 1.97
1= 1.99
24" 1.99
36" 1.99
4gn 1.99
60" 1.97
72" 1.96
8y 1.9%
96" 1.93
108" l.92
120"
132"

Die dimensions 2.01

Table 4G - Dimensions of extrusion No. 526

EXTRUSION DIMENSIONS

Material: AIST 4340

Height

1.01
1.01
1.01
1.01
1.01
1.01
1.00
1.00
1.00

1.00

1.03

No.:

33

526

Stem
053
«052
.052
052
052
«052
051
.051
«051

«050

.050

length:

106 ]

Right
Flange

053
053
.052
-053
-053
.052
.052
051
050
.050

«052

Left

Flange
0055

<055
-055
.05k
054
054
.05k
053
+053
.051

.054



EXTRUSION DIMENSIONS

Material: AISI 4340 No.: 527 Iength: 104"
Loc. of Right Left
Measurements ~ Width Height Stem Flange Flange
Nose 1.97 1.00 <057 .061 061
12" 1.99 1.00 .057 061 .061
2yn 1.99 1.00 057 061 061
36" 1.99 1.00 056 .061 .060
48" 1.99 1.00 056 .061 .060
60" 1.97 1.00 .055 .060 060
T2" 1.96 .99 056 .060 059
84" 1.95 .99 .056 .060 .059
%" 1.94 <99 .056 .059 .059
108" 1.95 1.00 056 .059 .058
120"
132"
Die dimensions 2.00 1.00 053 .053 .053

Table 4H - Dimensions of extrusion No. 527
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EXTRUSION DIMENSIONS

Material: 304 s.s. No.: 528 Length:
Loc. of
Measurements Width Height Stem
Nose 2.00 .98 .054
12" 2,00 .98 .054
2" 2.00 .98 .054
36" 2.00 .98 .054
48" 2.00 .98 054
60" 2.00 97 053
T2" 2.00 97 .053
8l 2.00 97 .053
96" 1.99 97 .053
108" 1.98 97 .053
120"
132"
Die dimensions 2.00 .98 .053

Table 4TI - Dimensions of extrusion No. 528
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Right
Flange

053

Left

057
<057
<057
<057
056
056
.056
.056
.056
055

053
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FIGURE 14a - Extrusion stubs from Ti-6A1-4V extrusions of second trials. Stubs
normally contain 1 cubic inch of material.

W

FIGURE 14b - Extrusion stubs from steel extrusions of second ttials. These stubs
average 2 cubic inches of material.




vI.

WORK FOR NEXT REPORTING PERIUD

The original intention to begin Phase III in the last reporting
period was postponed to permit demonstrating the repeatability
and consistency with which Ti-6A1-4v, AISI 4340 and 304 stainless
steel could be made to the requirements of the contract. This

having been done, Phase JII will begin in the next quarter.

The objective of Phase III will be the development of a process
for the extrusion of B-66 columbium alloy and TZM molybdenum-
base alloy into a 2 inch by 1 inch by .050 inch Tee configuration.
The problems associated with attaining these objectives will be
divided into several sepax.'ate but related working areas. First,
there will be defined the process parameters required to extrude
the volume of metal of each alloy, 18 cubic inches, equivalent

t0 10 feet of the reference section. These parameters will then
be modified as necessary to produce the maximum length of extrusion
having full aircraft quality and meeting all the dimensional and
surface requirements. Second, a straightening process will be
developed. This will include any necessary preheat treatment or
pos t heat treatment of the straightened material in addition to
the required warm or hot straightening procedure. Third, the
extrusions will be evaluated for microstructure and mechanical

properties.

Work in the next reporting period will be directed primarily at
the investigation of the extrusion process parameters. The heating
requirements, lubrication, reduction ratio and extrusion temperature

will be determined to extrude 18 cubic inches of each material. A
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correlation will be made between extrusion temperature and surface
finish, extrusion pressure and microstructure. Selected extrusions
will be heat treated and tested to obtain preliminary mechanical

properties. These :lnvestiga.tions' will be conducted on both the
1210 Dynapak and 1810 Dynapak machine.
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