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Introduction

This project was concerned with the room temperature hydrostatic

extrusion of lnconel 718 alloy 60nm XM225E2 mortar tubes, under Contract

#DAAFO7-72-C-0360 with Battelle, Columbus, Ohio Laboratories and the

evaluation o' the tubes produced. The evaluation was made to determine

the feasibility of the process, mechanical properties imparted to the

tubes by the process and any cost savings the process may incur when

compared to the conventional method of manafacturing by machining 60mm

tubes from forged or conventionally extruded bar stock.

Evaluation Method

The hydrostatic extrusion process was evaluated in the following

manner:

a. Processing parameters:

An in depth study of the processing parameters is presented

1
in the final report submitted to this Arsenal. The optimum extrusion

ria.ters and the costs to hydrostatically extrude 718 alloy 60mm mort.tc

tubes :re shohl.

b. Visual and Dimens~i•al Check of Tubes:

Dimensioral checks were made on the four extruded anJ aged

t• -hich were hydrostatically extruded, A metallurgical ndor mic.ro-

*c.,pic in veostig•a~ion of the extruded 71S structure and any'surface defecýt.

ruote lot or ill the tubes was 4iso conJueted.

St b y• 0 f I aCC• e ts ImbC . ib | Aprii jExtrusi
Fi,•.•!Sa lat-" }"g•telle, Uljlurtruv Labovta.orles, April 1973.

L lie • • • •a • • a • • " • m•• • 1 • a



c. Mechanical Proe:rty Tests:

One tube was sectioned for longitudinal and transverse

tensile and Charpy inmpact properties. A ten inch long section was cut

froin the tube for pressure testing.

d. Machining and Cost Analyses:

One tube was -finish machined to the 60mam XM225E'

(intensions listed in the prototype, Drawing #hTV-F23990. Cost analyses

were obtained for finish machining, in lots of 500 and 1000, Inconel

718 as-extruded and aged tubes (per Drawing #WFV-C22870) and also

tlte cost to finish machine 60tm ttubes made by the regular manu-

tacturirag methods using forged or conventionally extruded bar stock.

e. (Ln Steel l-xtrusion:

Since,, for the immediate future, 60am mortar tubes will

t)% produced from standard low alloy gun steel, a comparison was made

of the cost to produce a hydrostatically extruded tube and a forged

t t:,e, •;i derig the' subse-quett machining costs.

11,v otly.tma extrusion paramaters were deolotw-d using sub-

t-vt,ý ~ ~ ao rkOo.ýit thýT n were reduced daring e trisitn .



shows a Cu plated 1018 partially extruded tube which illustrates the original

blank size (left side of picture). Using thie parameters and tooling below,

Battelle successfully extruded four Inconel 718 alloy 6fw tubes. The

varameters used to extrude these tubes were:

Fluid - Castor oil

Lubricaiix - Cu plate and resin-bonded graphite HoS2 coating

Extrusion Ratio:

inconel 718 - 2.2:1

Steel 1018 - 2.4:1

Extrusion Pressures:

Inconol 718 Breakthirough 180 - 195 ksi
Run Out - 150 - 155 ksi

Steel 1018 Breakthrough - 82 - 90 ksi

Run Out - 76 - 82 ksi

Press Ram Speed - Approximately S inches/min.

Billet Dimensions - 3.450 in. 0U x 2.6S0 in. ID x 20.0 ia long

Tube Dimensions (Novinal; 2.787 in. 01) x 2.365 in. ID x
Approxi•ately 40 in. lone

Die Coatiguration:

Oiazeter - 2.7656 Wro-strsed diaetcr)
Approach An~gle - 22-11Z* (hali angle}

Land Leogth - 0..2 in.

-an4,ml Cunfiguration; .. t- in. tapering to 4.356 ioi. over 2: in.
¢•"leuth(0.0015 S in

The four Inconel 716 tubes are t•hn s a,,ghtened, h1et trcatcd t ,Od

at IISO0F for 8 hrs.) and sse~uently I0 Zte ftelle to costetc

their preesing.

3



B3. Visual and Dimensional Check of Tubes

The Inconel 718 alloy as-extruded and aged 60m tubes (Figure 3)

w'ere checked fzor 1i, OD and wall thickness dimensions, and for concen-

tricity and straightness. The results are sý..wn in Table I. The dimensions

of the as-ext-,tded tubes (Figure 4) do not conform to the drawing dimensions

shown, b'it do -onfurnl to the contract dimensional range aim shown below.

i.e;vgh - as specified on the drawing

0. - 2.764" dia. L+ .030 - .1105) and 12S RUS finish

1.). - 2.390" dia. (. .025 - .010) and 64-125 RNS finish

.n• .02u'" di-f±crmce in the 00 of rube 4o. 1, as compared to the

cth,, three tubes, is due to the fact that the 00 of this tube was center-

10• •,round after extr'usion for cost analy!,is. The difference in the breech

to va•:ze WL diarete'r is due to the 0.0-01 in/in taper on the maxndrel,

rn;J woul.d have becLn 2arger if the tubes had not been ID honed. The

~r.s•,tness of about .1O0 inches was obtained after a straightening and

;-J"C. cyceiv the a"s-extruded tubes had a st r hes•,based on dimensionai

•-.-dt, of the eeater liue fro-m r t--uy • traight It-no. of about .h

ti-4tý AI. I~ thc Ov ve res ere io c twse a~roftcat uith Othso

-~ '~ev~ ~asredby S-tt#,,' 1,~ P Iferern~t~

Wtvv vtswal vxaitla~fv of the- tutbes, nu~arvu,_

h~irhv t.r~ck! ý-J4tt AXIS~" deq), thought to bc tetusikt ýtuxs'. %;'Oec t

(-It -4 to 01pc ~~rv S), A otr~~~f -- crs son.LoO

V."' rft I~r tg-4 .t* A tws ý tructutv of t dod And Avd M

A 't %t t~ Qas tt .11 v sh ou. rth e A. e a t~% ar k~io aJ ft t. ,he 0 - 'JC



tears. The 45' angle tathe shear bands form with the surface'of

the tubing has been seen in flerout0 other cold and hot tearing investi-

gations. On the OP, similar but smaller cracks (about .002"' deep)

were found (Figure 7).

C. Mechanical Property Tests

One tube was sectioned, as indicated in Figure 8A, for longi- .

tudinal and transverse tensile and Charpy-impact properties. SW.-

size flat tensile and Charpy bars, Figure 9, wore machined from theo

sc teions. The results are shown in Tables II - IV.

The 0.1% yield strength of the as-extruded and aged 718 material

was about 238 ksi, which is about 80 ksi higher than the standard heat-

treated and aged alloy. The transverse 0.1% yield strength was recorded

as 40 ksi lower than the longitudiral yield because the bars failed pre-

mature)y in the electron beam weld used to fabricate the speci•mns

(Figukre 86). The welded tensile specimen is required to obtain the trans-

verse tensile properties in a thin walled tube- The welded specime was

aged after welding aud the are-a ia the ctfer of the one inch long ttst

section was reduced by, vi aaomt that shoiod have caused the spy'e--c to

fail in theo "ntew o the transane rest secrie... Evidenrly, t"A rea

was tot rCdatd cC- o jh to 'preve~nt 4 falUro in the Welds. Ratho? tha

fabicae4d. n& sp-4wts. 4" section oDe tubing& was hydrostatically

-to do .

2, •te. 4.., -. , 'Sh.eax B Tearin'Lg Wring Uydhso. 'tic Esrusaon"
rsapvbiisheJ rtpart.

Sd 0 ~kzits. N.S.. 11ti Tearitlg charac ta-istir- s of Q4ast lr~ots"*
wqx~lisie~.Allghen tsJlu Steuel Co. keoport.

'I S



The Charpy impact strengths in Table IV, are shown in actual.

sub-size values and the calculated standard size value using a correlation

relation of 4.5 times the sub-size value, determined from previous testing

of 81mm mortar tubes. 4 This transverse value of 13.5 rt-lbs at -40OF

is very nigh for the yield strength experienced.

A 10 inch section was cut from the extruded tube, Figure 8, and

presure tested (Figure 10). The results (Table III) showed that the 0.1%

yield strength was about 225 ksi prior to yielding when the seals gave

out. Therefore, all types of testing indicate that the extruded and aged

7S8 material nas a C.1% yield strength in both the longitudinal and trans-

verse directions of about 225 to 242 ksi.

D. Machining and Cost Analysis:

1. Inconel 718

One as-extruded and aged tube was finish machined to the dimensions

stated on the current 60mm machined tube drawing (FTV-F23990), with the

exceptior, that the OD fin diameter was 2.760 instead of 3.350 inches. The

modified fin configuration can be seen on the right side of the tube shown

in Figure 11. The fin size was limited because of the size of the ex-

trusion. However, with the use of high temperature alloys, it is ex-

pected that the fin may not be required to cool the tube since the 718

alloy retains its high strength (120 ksi) at high (1000-1400 0 F) temp-

eratures. The modified fins were machined to reduce the weight of the

tube. The finish machined tube weighed nine pounds.

An estimated cost analysis on hydrostatically extruded and

machined Inconel 718 60mm XM225E2 mortar tubes was made with the

assistance of the Arsenal Operat.ions Directorate, and compared to

'4. ,DeFries, R.S., unpublished data.
6
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those tubes machined from forged blanks. This cost analysis was based

1on the production of 500 and 1000 uaitsp Battelle's extrusion costs

in-house current material costs and in-house machining costs were used

to determine the cost per 60mm tube for each alloy. The results of

this analysis were:

Inconel 718
Number Extruded Forging

500 units $ 1,783 $2,165

1000 units 1,720 2,110

2. Low alloy gun steel

For informational purposes, the costs to produce gun steel

tul::- f:.om extrusions and from forgings were also estimated. It was

assumed that the extrusion costs of the gun steel would be the same

as those for the Inconel 718 and that two tubes would be produced

from each extrusion. The costs are shown below:

Gun Steel
Number Extruded Forging

500 units $ 367 $ 385
1000 units 292 355

1. "Production of Inconel 718 Mortar Tubes by Hydrostatic Extrusion"
Final Report by Battelle, Columbus Laboratories, April 1973.
KIT 74027.

7
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CONCLUSIONS

Based on the results obtained, the following conclusions are

appropriate:

S1. Cold hydrostatic extrusion of Inco 718 alloy 60mm mortar tubes

is feasible.

2. The yield strength of the 718 can be increased from 160 ksi to

240 ksi by th• extrusion process over forged and heat treated components.

3. The toughness or impact strength of the extruded and aged. 718,

as estimate,! from sub-size specimens, is high for the yield strength

obtained and comparable with the standard treated material.

4. A cost savings of about $390 can be realized with hydrostatically

extruded 60nm 718 alloy mortar tubes. However, the costs are still higher

tvnan TuLcs produced from gun steel.

S. An estimated cost savings of $63 per mortar tube can be obtained

in gun steel.

8
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FIC-URE 1. SUBSCALE INCONEL ALLOY 718 TUBE EXTRUDED IN THIS PROGRAM SHOWING EXCELLENT

ID SURFACE FINISH DUE TO INCORPORATING AN ID REDUCTION DURING EXTRUSION
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TABLE II TENSILE PROPERTIES OF EXTRUDED AND AGED UBE (a)

D T

*UTS 0.1% YS 0.2% YS El RA

4(ksi) (ksi) (ksi) %%

LONGITUDINAL

243 231 240 4.8 18.8
250 242 247 3.0 15.0

TRANSVERSE

231 201 209 2.0 - (b)
232 .190 208 6.5 - (b)

TABLE III EXTRUDED 718 ALLOY PRESSURE TEST DATA

Initial Yielding- -- ---------------- -----------------------25.5 ksi

Packing Loss- -------------------- -------------------------33.8 ksi

Material 0.1% YS -------- ---------------------- ---------- 225.3 ksi

(Computed on the basis of 33..8 ksi internal pressure)

*Failed in the electron beam welded area

21
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TABLE IV V-NOTCH CHARPY IMPACT PROPERTIES(c) OF
EXTRUDED AND AGED TUBES

Room Temp - (ft-lbs) _40OF

Longitudinal 5.2 (23.3) (d) (d)Ss5.1 (26.0) )
4.8 (21.6) 5.0 (22.6)4.6 (20.4)- 4.8 (21.6)

Transverse 4.9 (22.0) (d)3.0 13. d)

(a) Flat tensile bars 0.100" thick.

(b) Tensile bars broke in electron beam weld.

(c) Impact Lb.rs were 0.100" thick subsize specimens.

(d) Previous studies have shown that the standard size Charpy

values are 4.5 times the subsize values.

22
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