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ABSTRACT Since the coefficient of thermal expansion (CTE) of matrix phase is larger about
4 times than that of W particle in tungsten heavy alloy, the thermal stresses due to the CTE
difference between the two phases are induced in the alloy during heating and cooling processes.
In the present study, a series of W heavy alloy containing various W particle volumes of 0 to
90% is made to investigate the residual stress taking place during cooling process. The CTE and
residual stress of the series of alloy are measured by dilatometer and X-ray diffractometer. The
residual stress of W particle is in compressive stress irrespective of W particle vol% and tends
to increase with decreasing W particle vol%, while that of the matrix phase is in tensile stress.
The measured residual stress of W particle is about a third of calculated thermal stress. The influe-
nce of W particle vol% on the residual stress of W heavy alloy is discussed in terms of the deforma-
tion behaviors of W particle and matrix phase.
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Table 1. Chemical composition of the alloys uvsed in
this experiment with different W particle volume per-
cent

Chemical composition (wt%)

Specimens
(W particle vol%) W Ni Fe
0 (Matrix) 22.7 55.3 22.0
40 66.67 23.33 10.0
50 74.03 13.18 7.79
60 80.50 13.65 5.85
70 86.21 9.65 4.14
80 91.31 5.08 261
90 95.88 2.88 1.24
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Fig. 1. Angular relations for determination of the resi-
dual stress components in the angles and .
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Fig. 2. The variations of theoretical density with W
particle volume percent in W heavy alloy.
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Table 2. Physical properties of alloys with different W particles volume percent.

Density (g/cm?)

Specimens Young’s modulus Contigui CTE Poisson’s

. ontiguity o .
(W particle vol%) (GPa) (X10 Y/T) ratio Theroretical Measured
0

(Matrix) 219 0 20 0.3% 9.82 9.80
40 269 0.113 - ~ 13.61 13.58
50 286 - - — 14.56 14.55
60 339 0.144 12.14 - 15.51 15.48
70 — 0.172 10.00 - 16.46 16.41
80 380 0.312 9.35 -~ 17.40 17.36
90 396 0.667 749 - 18.35 18.37
100 411¢ - 4.5 0.28¢ 19.30 -

“Data from the Smithells Metals HDBK, ’Result from the ultra sonic test in this experiment.
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Fig. 3. Representative microstructures of W heavy alloy with various W particle volume percents: (a) 40, (b)
50, (c) 60, (d) 70, (e) 80, and (f) 90.
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Fig. 4. The variation of coefficient of thermal expan-
sion of W heavy alloys with W particle volume percent.
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Fig. 5. The variation of Young’s modulus of W heavy
alloys with W particle volume percent.
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Fig. 6. The variation of residual stress of W particle
with W particle volume percent, measured by X-ray
diffractometer.
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Fig. 7. The variation of thermal stress of W particle
and matrix phase with W particle volume percent, cal-
culated using a Taya’s model, during cooling in W
heavy alloy.
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Table 3. Mechanical properties of matrix phase al-

loy
Yield stress T s ElL
(MPa) (MPa) (%)
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Fig. 8. Transmission electron micrographs
in the heat-treated 93W 4.9Ni-2.1Fe W
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of W particle (a) and matrix phase (b) showing the dislocation density
heavy alloy.

A R e i
B3 Avkz ) AR e AT Asbel A

olAbel Ad Axjel W EAS ¥dbe] ohFH A2
Aed e 7 ‘110 th BaelA FEFAsEe] 7
7] Ake] ol ) A4t 20X 10 b/C oo B aE gl
2po) Huju]zl FobaebrE da A e A A
o %Lf odc}, gl A 5.9 Young's modulust=
7] 4ke) 79 219 GPaolglon] H Rl gzhe] &

R F‘n of wep Frhe it

EEEC IR e B B S I e e
af| *HMH *Hro go] s et 5
9.2 Alefgl o E] A€l glx}o] ¥
7} kA4 "}—oﬂ wpe} 1 27)v Z7)sleiont, ElAE
+A 7rel 500 MPael| {+%3}o] X3}
Halvh Lefut 74 *J'BI At e it
b

apolel 2]
Z g 7ha] g Al

i) u)

qhal Folal ol ofxpe] Fajulof Ao} BFE
© AN Al of 13 Eeldeh

g B A FaF A s A Y] sy

Bl ~dl ozl WEA] 7] 7o W

O -~

& grelg ot 744 MH A7)l S 3
o)l
g a2 ¥

1. J. W. Noh, E. P. Kim, H. S. Song, W. H. Baek,



- OO M

Bl el wawl izte

K. S. Churn and S.-]. .. Kang: Metall. Trans. A,

24A (1993) 2411

. J. W. Noh, M. H. Hong, S.-]. L. Kang and D. Y.

Yoon: Submitted to Metall Trans. A (1993)

FEAL AR o] A WBE W3-8 A 33 B
oyt AR - (1991) 148

. M. Taya, S. Hayashi, S. Albert, Kobayashi and H.
S. Yoon: J. Am. Ceram. Soc., 73 (1990) 1382

. D. V. Edmonds and P. N. Jones: Metall. Trans.
A, 10A (1979) 289

. C. Lea, B. C. Muddle and D. V. Edmonds: Metall.

Trans. A, 14A (1983) 667

. 1. C. Noyan and J. B. Cohen: Residual Stress, Spri-

nger-Verlag, New York (1987) 117

. T. K. Kang and D. N. Yoon: Metall. Trans. A, 9A

(1978) 433

. S. S. Kang and D. N. Yoon: Metall. Trans. A, 13A

(1982) 1405

Rslul7h ghgedel wlis ole 59

10.

11

12.

13.

14.

15.

16.
17.

18

Smithells Metuls Reference Book, 6th Ed., Eric A
Brandes (Ed.), Butterworth and Co., Ltd. (1983)
14-2

R. L. McCullough: Micromechanical Materials Mo-
delling, Vol. 2, J. M. Whitney ¢t «l. (Ed.), Techno-
mic Publishing Co. Inc. (1990) 49

R. M. Fulrath: ]J. Am. Ceram. Soc., 42(9) (1959)
423

J. P. Nielsen and W. R. Hibbard, Jr.: J. Appl. Phys.,
21 (1950) 853

A. A Fahmy and A. N. Ragai: J. Appl. Phys., 99
(11) (1964) 127

C. T. Liu and J. Gurland: Trans. ASM, 58 (1965)
67

E. U. Lee: Metall. Trans. A, 23A (1992) 2205
Eshelby: Proc. R. Soc., London, 241 (1957) 376
R. C. Coo: Acta Metall, 11 (1963) 1083

Vol. 1, No. 1, 1994



