
,~~ D—A O38 355 WHITTAKER CORP WEST CONCORD MASS NUCLEAR METALS DIV FIG 11/6
DEVELOPUENT OF A FABRICATION PROCESS FOR LARGE CYLINDERS PROM M——E Jt(U)
AUG 71 P LOEWENSTEIN DAAGM6—71—C—OO76

UNCLASSIFIED NM— 21400,3 AMMRC—CR— 71—19 NL

OF

END
DATE

FILMED

5—77



~
I
~~i

~~~

M-2400.3 V

AMMRC CR 71-19

j DEVELOPMENT OF A F A B R I C A T I O N  PROCESS FOR

LARGE CYL INDERS FROM MIXTURES OF

S P H E R I C A L  POWDERS OF HIGH STRENGTH

ALUMINUM AND MAGNESIUM ALLOYS

i I ~~/ ~i

August 1971 I. 

~ C

Nuclear M e t  N ~~
‘

WHITTAKER CORPORATION TT7 ~H L
West Concord, Massachusetts Li

FINAL REPORT FOR PROGRAM III Contr Number DAA G46 71 C 0076 ‘~

Approved for public release;
Distribution unlimited

~~ P repared for
ARMY MATERIALS AND MECHANICS RESEARCH CENTER

~~ 
Watertown, Massachusett s 02172

- — - ~
. . 

—

~~

— - 

~

. —

~~~~~
- 

~~~~

--—-



j  ‘~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1 .
AMMRC CR 71-19

DEVELOPMENT OF A FABRICATION PROCESS FOR LARGE CYLINDERS
FROM MIXTURES OF SPHERICAL POWDERS OF HIGH STRENGTH
ALUMINUM AND MAGNESIUM ALLOYS

Technical Report by
PAUL LOWENSTEIN

Nuc lear Metals Division
WH ITTAKER CORPORATION
West Concord, Massachusetts

August 1971

Final Report for Program III Contract Number DAAG46-71-C-0076

OfA Project I B564603038500
AMCMS Code 554C.12.62000
Projectile XM-517

Prepared for

ARMY MATERIALS AND MECHANICS RESEARCH CENTER
Watertown, Massachusetts 02172

~l. •~~~ ~ubli~ 
releQS’i

~~~~ —~ jn1irtht~~



..~~1 T TTL ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— -

fl._ _ . _________ . — -

ABSTRACT

Two fabrication processes for the production of cylindrical
shells approximately 6-inch O.D. x 1/2-inch wall made from
mixtures of high strength aluminum alloy and magnesium alloy
powders were investigated. The first method consisted of a
sequence of consol idation, upsetting and back extrusion .
This approach did not yield a sound product. The second
method consisted of the direct extrusion of a heavy wall tube.
This approach was shown to be feasible and to produce sound
high strength components. Reduced scale extrusions of rods
and tubes were carried out and led to the design of a full
scale fabrication process.
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I. INTRODUCTION 4
In work performed previously for the Army Materials & Mechanical

Research Center efs 1 — 4) it has been shown that shapes made of hi gh

strength alloys of magnesium and alumi num alloy powders and consolidated

by extrusion have properties exceeding those obtained in cast and wrought

alloys of the ~ame composition. It has also been shown that composites

consisting of two different powders combine some of the more desirabl e

properties of each.~~
ef 5)

A method of consolidation by extrusion of mixtures of the high

strength aluminum alloy 7075* and the high strength magnesium alloy ZK6OA**

was demonstrated in earlier workcR~ ~ It was the objective of the work j
reported here to adapt this technique to the production of large

(approximately 6-inch 0.0.) cylinders for use in ordnance applications .

II. OBJECTIVE

The objective of this work was to develop a fabrication process for

cylindrical bodIes, 6-inch O.D. x 1/2-inch wall x 6 inches long, from two

mixtures of aluminum and magnesium alloys, one consisting of 7O~”/o 7075-

30v,?0 ZK6OA and one consisting of 7O~’/o ZK6OA and 30
V10 7075 alloy powders. 

I

* 7075 = l.6%Cu, 5.6%Zn, 2.5~lg, 0.7% max. Fe.

** ZK6OA * 4.5%Zn, O.45%Zr.

_ _  
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The objective of the Initial small scale work was to demonstrate a

process combining upset forging and back extrusion. If this process had

been successfull , the ful l size cylinders could have been produced on

relatively small equipment. When it became clear that this process could

not yield sound cylinders, the objectives were modified and the work was

aimed at demonstrating, on a reduced scale , the feas ibility of producing

• cylinders by direct extrusion.

III. TECHNICAL APPROACH

In work carried out previously~ it has been shown that the Al -Mg

alloy powder mixtures could be extruded successful ly at temperatures of

250°F and above. Material extruded at these temperatures lacked response

to heat treatment. Attempts to extrude the material at room temperature,

145°F ar.d 190°F, did not yield sound shapes. A temperature of 212°F

(boil ing water) appeared to permit the production of sound shapes without

extensive loss of aging response in the magnesium alloy. Therefore, an

extrusion temperature of 212°F was used in the present work. At this

temperature the powder mixtures are still very stiff and the reduction in

area which can be obtained in one step is limi ted by the permissible tool

stresses as wel l as by the available capacity of the extrusion and forging

equipment. In previous work, it had been shown that a reduction in area

• in extrusion of 10 times would yield sound rods. A 10 times reduction in

area could not be obtained in the proposed compacting-upsetting-cupping

sequence. It was also not known If the powders would respond to several

successive working steps In the same manner In which they would respond to

a single operation having an equivalent amount of total deformation .

2
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The proposed working sequence is shown schematically In Figure 1. It —

consisted of three separate steps: (1) Compacting of powders within an

aluminum container between hardened steel penetrators at room temperature,

— (2) Hot Upsetting the compact to a larger diameter “pancake ” and (3) Cupping

or back extrusion of the pancake to form a closed cylinder.

When the above approach did not yield Sound usable cylinders, the

technical approach was changed toward direct extrusion of the cylinders

illustrated in Figure 2. It was felt that the al uminum canning technique,

- 
- 

used in earlier extrusion work as wel l as in the cupping technique used in

this program, would not be suitable for large scale direct extrusion.

Therefore, a copper canning technique was developed first through extrusion

of solid copper canned rods and then through the reduced scale extrusion of

a heavy wall tube. The data obtained permitted the design of the large

billets to be used in the production of the full scale cyl inders.

IV. WORK DESCRIPTION

A. Production of Alloy Powders

The powders used in this program were produced by the REPTM

method at the Nuclear Metals Division of Whittaker Corporation. In this

process, Figure 3, electrodes of the alloy 2-1/2 inches in diameter are

rotated at high speed around their longitudinal axis within a chamber

containing a helium atmosphere. The end of the rotating electrode Is

melted by an electric arc. The liquid metal flying off the rotating

electrode forms a fine spherical powder which sol idifies before contacting

the walls of the chamber.



-

Approximately 60 pounds of -35 mesh 7075 alloy powder and 21 pounds of

-35 mesh ZK6OA alloy powder was produced for this program. (Powder

characterization and chemical certificates are shown in appendices A & B.) The

ZK6OPr powder was stored in a refrigerator at a temperature of 45°F when not

in use.

B. Mixing of Powders

The specific compositions which were to be produced through the

cupping process were 7&’/oAl~3O”/oMg and 30v,OAl .70v,OMY. This corresponds

to 7&”/oAl , 22w,0M9 and to 4&”/oAl - 60w/oMg. Through an error in

computat ion, the mixtures used In the cupping work were actually 6O.4”/OAl~
39.6”/OMg and 2l.9V/oAl_78.l~/oMg (7OVh/OA 1 , 30”/oMg and 30”/OAl , 70W/oMg).

The AMMRC Technical Project Manager was advised of the error and stated that

these compositions would be satisfactory for the experimental phases of this
study.

This error was corrected after the first 10 billets for compacting

had been prepared.

All powders were mixed for 3-5 mInutes in a V-cone blender wi th

intensifier. Enough powder for each billet was blended separately. The

mixed powders were carefully spooned into the billet in order to avoid

segregation.

S 
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I
C. Fabri cation of Ten Cups and Pancakes

In order to facilitate an understanding of the fabri cati on

history of each of the cups and pancakes , the fabri cation steps are

indicated schemati cally in Figure 4.

1. Billet Preparation

A total of 10 cans of 6061 aluminum alloy tubing 3-1/2

inch 0.0., 3-inch 0.0., 6-3/4 inches long were prepared. The 6061

— 
aluminum tubing was heat treated for maximum strength by heat ing for 15

minutes to 900°F and wate r quenching. An 1100 aluminum end plug 1/4-inch

thick was pressed into one end of the can . The powder mixtures were then

- 
- 

~
- placed into the can . The pour density of spherical powder is approximately

62%. A second 1100 al uminum end plug was then pressed into the end of the

can on top of the powders .

2. Compacting

All billets (#1 through #10) were compacted ~‘t room

temperature , usin g double steel penetrators 3 inches diameter , in an

extrusion liner having a bore of 3.545 inches. The compacting force was

900 tons (92 tsi).

3. Upsetting

Billets 1, 2, 3, 4 and 6, 7, 8 and 9 were processed by

upsetting at elevated temperature .* The compacted cans we re trimmed of

excess canning material . Al uminum discs 4-1/2 inch 0.D. x 1/8—Inch thick ,

were tack welded to each end of the compacts in order to center the

compacts in the liner. All billets were heated for 5-10 minutes in boiling

water. Billets #1, 2, 6 and 7 were upset directly in an extrusion liner

preheated to 212°F. Billets #3, 4, 8 and 9 after heating In water were

*IJpsetting from 3—1/2 inch diameter to 4-1/2 Inch diameter results in an
Increase in area of 65.5%. 

-- - - -
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placed in the extrusion liner preheated to 250°F for 10 minutes. The

extrusion liner diameter was 4.555 inches and the upset force was

1000 tons (62 tsi). All billets were removed from the extrusion liner

as fast as possible and quenched in cold water.

4. Cupping

Billets #2, 3, 5, 7, 8 and 10 were back extruded into

cups. The billets which had been previously upset in the 4.545-inch

l iner were machined to 4.500 inches to fit again into this liner for

cupping . The punch used for the cupping had a diameter of 2.750 inches

and a length o~ 4-1/4 inches with 1/2 inch and was made from hardened

H2l tool steel . It was centered in the liner wi th carbon steel slip

rings 4.5-inch O.D. x 2.750-inch I.D. Billets #2 and 7 were cupped at

212°F (boiling water), billets #3, 5 and 8 were cupped at 250°F. The

method of heating was identical to that descr ibed for the upsetting above .

The cupping force was 1100°F (68 tsi).

5. Evaluation -

As part of the program, an extensive evaluation of the

cups had been planned . When the cups and the upset pancakes were

sectioned , it was evident that the quality of all the pieces was so poor

that this approach to producing sound cyl inders was unlikely to be

successful . Figures 5 through 8 show some of the cups and pancakes in
S

cross section. In most cases the powder particles were poorly bonded and
-
. the geometry of the cups was highly i rregular.

At a meeting with the AMMRC technical monitor, it was dec ided to stop

all further efforts aimed at cupping, includIng the planned evaluation and

to concentrate the remaining funds on the development of the direct

extrusion method.
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D. Direct Extrusion

In order to use the direct extrusion approach a l arge extrusion

or forging press and large extrusion tooling will be required. Such a

press and tooling is avai l able to APUIRC at the Wyman-Gordon plant ,

Milibury , Massachusetts. The tooling which had been used by AMMRC for

another project consists of a container with an I.D. of 12.88 inches , a

die having an aperture of 6.62 inches and a mandrel 4.5-inch 0.D. This

tooling wil l result In an extrusion reduction R of 6:1 (R = cross

sectional area of billet/cross sectional area of extruded pipe). The

experimental work carried out under the present program was aimed at

demonstrating that this tooling would produce a sound cylinder having

attractive physical properties. The work consisted of the extrusion of

a number of solid rods under various conditions , and the extrus ion of

reduced size cylinders under conditions which could be reproduced wi th

the large tooling.

1. Rod Extrusions

a) Billet Design

In the work aimed at pro iucing cups ~s well as In

previous rod extrusions it was shown that alui: ~wm cans will lead to

irregular metal flow of the high strength metal ,~.- -~c~ers . In the

present work the aluminum can was repl aced by a copper can . Copper has

two advantages , it Is considerably sti ffer than aluminum at the proposed

extrusion temperature , and it can be removed chemically from the

composites . (The magnesium rich composite may be attacked by nitri c

acid which is used to remove the copper.)

j  -— - -—~~~~~~~~~~~~~-~~~~~~~~~~~~~~~~~-
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The cans for the rod extrusions consisted of copper tubing , 3-inch

0.0. x 0.109-inch wall x 6-1/2 inch long . The tube was closed at both

ends by a copper end plate welded to the can. One of the end plates was

provided with an evacuation tube. The thickness of the end plate was

órigina lly 1/4 inch.

b) Extrusion

All billets were filled with 70V/oAl_3&h/oMg alloy powders .

Table I gives details of the extrusions carried out. A total of six

extrus ions were attempted . Of these , two billets stalled due to excessive

pressure. All billets were extruded into a water filled quench tube

attached to the press.

Extrusion #5099-1 , heated for 10 mi nutes in boiling water , was

extruded successful ly at a reduction ratio of 6:1. It appeared that the

extrusion force was excessively high and in particular , the breakthrough

pressure, probably produced by the copper end plate was close to stalling .

An attempt to extrude a second billet with a reduction ratio of 10:1

resulted in a stall. An attempt was then made to thin out the front

copper plate to 1/16 inch (Billet #5099-3). This also resulted in a

stalled extrusion. It was obvious that an extrusion at a reduction ratio

of 16:1 was not feasibl e at an extrusion temperature of 212°F.
4-

In order to lower the breakthrough and running pressure, it was

felt that the copper In the can and end plug should be annealed . (The

copper used in the first three billets was cold worked and would not

anneal at the extrusion temperature.) This idea was tested by extruding

a solid copper 3-inch diameter billet , whi ch had been annealed at 1250°F
for 2 hours at a reduction in area of lOX . This extrusion (Billet #5104-1

was heated in boiling water and extruded successfully with a peak force

of 675 tons and a running force of 600 tons.

I -~~~ -- --~~~~~~~~~ ~~-----—-~~~-- - -—. _._,~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Another copper can was prepared and annealed at 1200°F for 2 hours.

This can was filled with 7&h/OA1_3OV/OMg powder and was successfully

extruded from boiling water at a reduction in area of 10:1. Peak

extrusion force was 675 tons, running force 480 tons ( Billet #5109-1).

At the request of the technical program manager, the two formerly

stalled billets were extruded at a temperature of 425°F (heated in an

electric furnace for 1 hour) at reductions of 6:1 and 10:1. At this

temperature extrusion forces were low (Billets #5126-1 and 5126-2).

c) Evalua tion
2 A ll co pper canned ex truded rods appeared to be generall y

sound and un iform in cross section. The copper canning was continuous

and un i form w ith onl y minor breaks in the low tem perature extrus ions.

Some co pper brea kage occurred in the 450°F ex trus ions , p ro bably due to the

relati ve stiffness of the copper compared to the Al/Mg mixtures at these

tempera tures . The ro ds were transferred to AMMRC after s pec imen for

metallogra phy and compress ive tes ts had been taken from the cen ter of the

ro ds.

Fi gures 9 through 12 show longitudinal cross sections at 25X of the

four successfully extruded rods. Figures 9 and 10 show the rods extruded at

212°F. The magnesium fibers are considerably more elongated in the 10:1

extrusion (Figure 10) than in the 6:1 extrusion (Figure 9). The uniformi ty

of particle dispersion is good and relatively few particles of magnesium

cluster together. Figure 11 and 12 show the rods extruded at 450°F. At

a magnification of 25X the fibering at 425°F appears to be essentially

similar to that observed at 212°F.

9 
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Two compressio~ test specimens , 1/2-inch 0.D., 1-1 /2 inches l ong

were machined from each of four extruded rods. One specimen from each

rod was aged at 250°F for 24 hours . The specimens were tested in a

6G,000-pound Tinius Olsen testing machine at a head travel speed of 0.02

inch/minu te.

In all cases the tes t resulted in a smoo th curve w ith no rea l yiel d

point and a steadily increasing load to the point of failure . The data

reported in Table II represents the ultimate stress reached just before

failure . Failure was a typical 45° shear break l eaving a smooth uniform

shea r surface across the s pec imen .

The results indicate that all the extruded rods have considerable

strength and that there was no aging response. In all cases the aged

specimens are sli ghtly weaker than the as-extruded and quenched specimen .

Density measurements were taken on two specimens from each extruded bar.

The results are shown in Table III. The theoretical density of a

70v,0 7075, 3O”/o ZK6OA mixture is 2.509 g/cm3. Metallographica lly,

all extruded rods showed no voids and 100% density. Therefore, one may

concl ude that the d i fferences i n dens i ty shown in Table III mus t be due

to differences in distribution of the magnesium within the aluminum
-. - matrix. (The density of the 7075 alloy is 2.80 g/cm3 and that of the

ZK6OA alloy is 1.83 g/cm3.)

A more extensive evaluation of physical properties is expected to

be carried out by AMMRC on material transferred to AMMRC .

10
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2. Tube Extrus ions

a) Billet Preparation
Three copper extrusion billets were prepared. The

billets had an outer can 4-1/2 inch O.D. x 0.134-inch wall , an inner can

1—3/8 inch O.D. x 0.065-inch wall. The cans were 6-inches l ong . End

plates were 1/8-inch thick . The cans were annealed at 1200°F for two

hours. One end plate was welded into the can, the powder mix tures

(70V/0 7075 — 30v,0 ZK6OA) were poured into the can and the outer end was

welded . The can was then evacuated and sealed .

b ) Ex trus ion
The extrusion data is given in Table IV . All billets

were heated in boiling water (212°F) for 15 minutes. The extrusions were

carried out in a 4.555—inch liner , wi th a 1.750-inch die and a 1-inch

mandrel resulting in a reduction ratio of 9.5:1. The first tube was

ex trude d successfull y at a ram s peed of 18 inches /minute. A small amoun t

of surface tear ing occurred . In the second ex trus ion , the speed was

l owere d to 15 i nches /minute. The amoun t of surfa ce tear ing was no t reduced

appreci ably. A third billet was extruded at 60 inches/minute . This high

speed resulted in overheating of the alloy and the extrusion was expel led

- 
- 

from the press wi th considerabl e violence and was broken in many fragments.

The two first extrusions were water quenched immediately after extrusion .

c) Eval uation
A sample for metallography was taken from the center of

extrusion #5124-1 . Normal fibering simi lar to that found in corresponding

rod extrusions can be seen in Figure 13.

4

~
. 

‘ Density, compression strength, tensile strength and elongation of

tubular extrusion #5124-1 in the as-extruded condition is shown in

Table V. The properties of the tubes appear to be similar to those of

solid rod extrusions.

Li -— ~~~~~~~~ S ---.- - .- — -~~ 



V. CONCLUSIONS AND RECOMMENDATIONS

Two different processes for the production of large pipes from

mixtures of microquenched spherical 7075 aluminum and ZK6OA magnesi um

alloys have been explored. The first process consists of a consol idation ,

C upset forging and back extrusion (cupping) sequence. The second process

consists of a direct extrusion of the loose powders to the final shape.

As a result of the work reported here, it appears that only the

direct extrusion approach is feasible.

The direct extrusion produced sound rods at a reduction in area of

6:1 and 10:1. In both cases, extrusion pressures were extremely high.

Therefore , large scale work should be limi ted to the lower reduction

ratio. As part of this work, co pper cann ing was used ins tead of the

aluminum cans used in p—evious programs. It was found that this yields

sound rods with uniform cross sections. The copper should be annealed in

order to lower extrusion pressures. An extrusion temperature of 212°F

(boiling water) appears to represent a practical compromise between the

requirement for lower temperatues for enhanced physical properties and

higher temperatures which would facilitate the extrusion process.

Small scale tubular extrusion were produced successfully, using

annealed copper cans, a temperature of 212°F and a reduction ratio of

9.5:1. The data obtained in these extrusions have permitted the design of

an extrusion process capable of yielding 6-inch 0.D. x 1/2-inch wall

cylinders which will be required In the eventual application for AMMRC.

12
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- - The apparent lack of response to heat treatment of the 7075 alloy
- still presents a problem. This may be caused by conditions inherent in -

the production of 7075 mi croquenched powder or by the fabrication steps . 
-

A more basic investigation of this problem is recommended .
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Figure 4. Flow Chart for Pancakes and Cups .
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Figure 5. Billet #4; 6O~’/oAl - 3OV /OMg — Cold Compacted at
Room Temperature and Warm Upset at 250°F. 
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FIgure 6. BIllet #9; 22v/oAl - 78V /OMg — Cold Compacted at
Room Temperature and Warm Upset at 250°F.
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Plate #169
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- FIgure 7. Bille t #3; 6O”/oAl - 40v,oMg — Cold Compacted at
- Room Temperature, Warm Upset at 250°F, and

Back-Extruded at 250°F.

4

r 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Plate #169C

- 
Figure 8. Billet #10; 22~’/oAl - 78v/oMg — Cold Compacted at

- 
Room Temperature and Back-Extruded at 250°F.
Bil let was not upset forged . 
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Plate #400C 25X

Figure 9. 7O~’/o 7075 - 30v,0 ZK6OA Extruded at 212°F.
R = 6:1 Longitudinal
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Plate #400B 25X

FIgure 10. 70v /0 7075 - 3O~’/o ZK6OA Extruded at 212°F.
R ~ 10:1 LongItudinal
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Plate #400 25X
- 

. Figure 11. 70V/0 7075 - 30v,0 ZK6OA Extruded at 425°F.
- 

R ~ 6:1 LongitudIna l
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Plate #400A 25X

Figure 12. 70V/0 7075 - 30v /0 ZK6OA Extruded at 425°F.
C 

R • 10:1 Longitudinal
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Plate #402 7X
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Plate #402A JOOX

Figure 13. 70V10 7075 — 3O~’/o ZK6OA Tubular Extrusion at 212°F , 9.5X .
Longitudinal

Li 22 



5’

I 
j

~~~ I 
t Hu

_ _  

~

~~~~~ _ _

~~~~~~~~~~~~~~~~

h .2 4-b

0 0 (!~ 
‘ 0 

_ 
0

— .. A
— 0 0  _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

$ 
u_) ~~~ - - -

~~~~~~ ~~~~~~~~~~~~~

-

~~~~~~

‘I);
5 

4 .J
•
IS

4~~~ I~•I 0 0 0 ~~ 0 0

_ _ _ _ _ _  
-

l
~~ a. is

I— P4

4.) * 0 .- — .- 

~~~~~~~~~ s S - _ - - S - 5.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ - 5~~~~~~~~~~~~~~~ - - -~~~~~



55 _ _ _ _ _ _ _ _

*

I ~ TABLE II
- 

COMPRESSIVE STRENGTH OF “AS-EXTRUDED’ AND AGED

70V,0 7075 - 3O” /o ZK6OA POWDER MIXTURES

Extrusion Extrusion Reduction 
- 

Compressive Strength 
-

- 

No1 Tempera ture Ra t io 
— 

At-Extruded Aged*

5099-1 212°F 6:1 85,200 psI 81,900 psI

6109—1 212°F 9:1 85,700 psi 79,600 psi

• 5126—1 425°F 6:1 71,700 psi 70,900 psi

5126-2 425°F 9:1 81,400 psi 80,600 psI

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _  - - 
~1

-
~

;

5 

* Aged for 24 hours at 250°F .

1

24 
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tABLE III

DENSITY OF EXTRUDED ?O~/o 7075 ~ 3O~/b ZK6OA MIXTURES

Extrusion £xtruslon Reduction Density

No. Temperature Ratio 
~/cm

3 Theoretfcal*

2~643 105.3%5099 i L12 r 6 1  2.589 103.4%

a 5109-1 212°F 9t1

5126-1 425°F 6:1 1
~~:~~

5126-2 425°F 9t1 
-

*Th~~ret ica l Dens ity l 2.509
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TABLE V
I-

- PHYSICAL PROPERTIES OF TUBULAR
-~ 

- EXTRUSION # 5124-1 (As-Extruded)

SAMPLE A SAMPLE B

~~nsi t 2.536 g/& 2.543 9/cm3
101 .25% of theoretical 101.51% of theoretical

Compressive Strength 81,997 psi 81 ,895 psi

- 

Tensile Strength 53,297 psi 55,256 psi

Tensile Elongation in
1/2 inch Gage Length 5.6% 6.7%

- 1 -

H P ;

fr • -

- 

- 
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