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I INTRODUCTIOH
The evaluation of the hot workability of. metals and alloys by means
of a simple test has been a serious problem for some time It 1s,

of caurse, undesirable to be forced actually to forge a sizable

piece of metal in order to datermine whethor or not the conditions o

applied in terms of temperature and the “a*~ of deformation are the
mosﬁ'advantageous. -It goes without saying that considerable expense ,
can be avoided by replacing the hot working operation itself by sim- :"
ple tests wni.h discIOse the necessary information.v Ve, therefore,.
are looking for a type of test which gives a maximum of concluzive '

- -'info:matiin and .at the same time ia fast, nimpbe,~and low io cost..

Mocst forgeability tests. commonly used in industry have their draw-
backs? compressive and bend tests are limited in the extent of

' deformation which can be obtained. Also-quantitative ductflity.
measurements are difficult to make. In addition, compressive tests
‘suffer from complexities resulting fromvfrictional forces and from
ingensitivity. Torsion Ceets, which are easj to perform._soffer
from stress and strain gradients in the cross section and are dif-
ficult to interpiet 1if cracking is not initiated at the surface. |

On the other hnnd, tensile tests offer a rather simple stress system



and high sensitivity with respect to ductility. Unfortumately, with
regular tensile tests, only a rather restricted range of strain rates

is available, o ’ L . N

.-

In previous investigations of the creep behavior cf é;umiqum and some
high temperature_alloys, it had been shown that -the deformation and - . - i
fracture characteristics followmed rather well-defined pattexns which® :

- are closely related to temperature, strain rate, and composition. 4

-~

It is the purpose of the present investigation to -evaluate the high R

temperature defermation and fracture behavicr -of the following ma~

et

tarials under high -strain rat
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LT . With laboratory tests from‘the'data obtained, effdrts will be made

N ' - to determine the most pertinent paramesters for hot working cperations. o
o : 4
During the course of the study, varicus changes in the testing tech- .

¥ . nigues will be incorporated and their effect on the results will be j

"%’ - - ‘avaluated.

IX EXPERIMENTAL TECHNIQUES , ' - - "
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constant load creep machine 1s used. In ordar to avoid undesirable

side effects, loaus are applied by means of a double-ended pneumatic
cylinder, By the present method, the full load can be applied with-
in 0.02 seconds with no appreciable impact effect. Yo overload cc-
curs which could, of course, falsify the results. Using specimens
of cunventional sizes, tests caa b2 conducted at rates up to 20
in/in/sec. A pull rod gystem is connected to an electro-mechanical
device for the purpose of prelosding the specimens slightly prior to
application of the full load., Time end strain valu.. are recorded

automatically with a motion picture camera during tha tosta.

III RESULTS AND DISCUSSICH

Tensile specimens were machinsd from & cast Udimet 700 ingot (dia.

5 1/2", length 12"). The direction of the specimen axis is {danticel
with the ingot axis. The results of the first get of tests are rep-
regentesd in Table I end Figurves 1 through 4. Tests were Tun at 1900°,
2000°, and 2100° F over a vange of strain rvates of 0,01 in/in/ecc to

5 {n/in/sec. All tests were conducted after a minimin soaking time of
10 minutes. The wmost {cportant sot of date is shown in Figure 4, vhero
the reduction in area valuass are plotted as 2 funetiem af the wate of
deformation. It is avident that the ductility docreases with increasing

strain rate.
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With strain rates higher than 1 in/in/sec, the ductility is very

poor at all tempexatures whereas a marked increase can he noted

with decreasing strain rate, This increase is most significant A

_ with the-highest test temperatuie. ~ :‘ A :‘ o ) L 4
The strain rate depeﬁdance of the ductility as demenstrated with: L

. Udinet 700 bas been found with several ﬁulti-phase materials. On

"the other hand, homogeneous single phase metals showed rather a’ -

continuons increase of the ductility with increasing strain rate. -
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‘IV FUTGRE WORK - -~ C

- The tests on the first set of Udimst specimens‘ﬁiil-ha exggnﬂed._;3 T

.
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over a wide temperature and strain rate range. The influence of

a-longer soaking time ;wlll be studied. -

Whereas the first gvoup of spécimens were taken from the outside

- . . .
K i R et

of the ingot with thelr axes parallel to the ingot axis, two ad-,

-ditional sets will be chosen with the axis perpendicular to the

ingot axls (one set from the-éutside, one set from the center of .

e e

the ingot). . - _ - . 3

A metallographic study of the broken speéimens has been started

and an attempt will be made to correlate microstructural variables %
wlth the deformationbehavior of the material. é
3
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. i In addition, specimens are being mechined from a beryllium hot press- . .
[l 7, . { . .. . ) - ) ‘. b
; . .ing S~200-C. The direction of the various specimen axes are the same -
& - . « " ’ : :
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?} f A4 35,0600 2000 . 1.620 1 0.084

j§, - o _A-S © 30,000, 2000 . 4.105 14, . . . 0,034

SO : : - : A L _ -

Sl ) A-8 - 40,000 2100 * - 6.6 1. -

Ly - A~6 30,000 21.00 0.049 13.0 g, 2.633

i - A~7 - 22,500 2100 0.235 28.3 31. 1.204 .

§ ! A-9 15,000 2100_ 1.638 37.5 64, '0.229
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" Table I: High Strain Rate Tests on Udimet 700

Stress

p.S.i. -

Temp
°F

.';.6..-

- 1life

Seconds

El. %

—-—

A&erage
Deformation
Rate in/in/sec

T A-11
: A-10
A-12

RPN

A-1
A-2
A-3 .

- 80,0800

60,000
45,000

75,000
50,000
45,000

1900

1900- =

1900

2000
2000
29000

0.020
0.492
20.895

. * -
0.014
0.179
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Dr. Eric Thomsen, Professor of Mstal Processing, University of
California, Institute of Enginsering Research, Berimley, California

M . J. E. Eckext, Vice Prosident, Waterbury-Farrell Foundry &
Machlie Company, Divisicn of Textrom, Inc., Cheshire, Comnzcticu:

Dr. Eric B. Kule, Wateriown Arsengl Laboratorics, Watextown 72,
Massachuzatts

br. F. L. Orell, Mgz., Devolopment Contracts, Matevials Manufgcturing
Divisiop, Westinghouse Electric Corporation, Materia.s Mgnufacturing
Division, Blairsville, Pennaylvaaia

Mr. H, G. Sell, Mangger, Metale Besearch Section, Lemp Division,
Hestinghouse Electric Corporation, Bloomfield, New Javseey

Thexpson~-Remo-Wooldridge, Inc., TAFCO Group, Materials Developeent
Laboratory, 23555 Buclid Avemss, Cleveland 17, Ohfo

Msterials Advisory Eocard, Hatfonsl Acedemy of Sclemcos, (Mr. L. L.
Gould - Dr. J. R. Lare), 2101 Coastitution Aversse, KW, Waghington,
D. C.
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