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Friction Welding of Dissimilar Hot Die Punch Materials and Its Creep
Life Prediction( Il )-Creep Life Prediction by ISM
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ABSTRACT: It was confirmed that the life predictive equation by LMP and LMP-ISM are effective only up to 10° hours and can not
be used for long times of 10 ~10° hours, but that by ISM can be used for long times creep life prediction with more reliability. The
predictive creep life equation of ISM has better reliability than those by LMP and LMP-ISM, and its realizably is getting better for

long time creep prediction(](f ~10° h).
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Table 1 Chemical composition (wt. %)

Materials C Si Ni GMn P S Mo W V
STD61 037 1.00 - 500050002 002 1.25 - 100
SCM440 0.38 0.210.151.130.620.0170.0221.85 - -

Table 2 Mechanical properties of base materials for dissimilar
friction welding

Tensile Yield .
Materials strength strength El(;n%;} ;on HarI(_IIn eSS
6 (MPa) g, (MPa) 0 8
STD61 715 459 20.3 -
SCM440 1054 926 12.2 315
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Fig. 1 Shape and dimension of creep test specimen (ASTM E139-83)
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Fig. 2(a) Creep curves for friction welded joint (STD61-SCM440)
at 400°C
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Fig. 2(b) Creep curves for friction welded joint (STD61-SCM440)
at 500°C
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Fig. 2(c) Creep curves for friction welded joint (STD61-SCM440)
at 600°C
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Fig. 2(d) Creep curves for friction welded joint (STD61-SCM440)
at 700C
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Table 3 Data of creep test of friction welded joint STDG61-
SCM440 under uni-axial tension

Stead
Temp.  Stress IIIiﬁfﬂ statey R:_[:— Tou:il ’Crrj;l) o/ o
strain creep strain X100
rate time rate
T oMPa) ed%) ECh) tl) ed%) AR (B
550 4971 1433 38 14254 3751 710
540 4301 0179 180 11365 0579 69.7
40 530 3631 0038 700 8522 0.122 684
500 3211 0009 1400 5321 0038 645
350 1946 1321 50 11884 2377 565
320 1753 0305 131 6974 0532 517
>0 300 1560 0109 346 6398 0.185 485
280 1397 0036 1040 4.137 0057 452
220 0691 9.602 13 22042 16955 56.6
160 0530 0756 120 12899 1075 411
600 130 0465 0366 270 14592 0540 334
100 0395 0109 1200 10279 0O.161 257
50 0369 6433 27 27121 10045 265
40 0316 1190 105 20349 1938 212
700 30 0272 0350 337 22042 0654 159
25 0248 0156 850 19706 0289 132
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600C;log 0 =2.188+0.173 logé (R*=0.98) ?3)

700C;log 0=1.562+0.188 log ¢ (R*=0.99) @
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400C;log 0=2.734+0019 log 7 (R*=0.92) 5)

500C;log 0=2.521+0.060 logér (R’=0.99) 0]

600C;log 6=2.157+0.165 logér (R’=0.98) Q)

700C;log 0=1.516+0.197 logér (R*=0.99) 8)
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Fig. 3 Relationship between creep stress and steady state creep
rate of STD61 to SCM440 at 400, 500, 600 and 700°C
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Fig. 4 Relationship between creep stress and total creep rate of
STD61 to SCM440 at 400, 500, 600 and 7007
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Fig. 5 Relationship between steady state creep rate and initial
strain of STD61 to SCM440 at 400, 500, 600 and 700C .
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Fig. 6 Relationship between total creep rate and initial strain of
STD61 to SCM440 at 400, 500, 600 and 700°C
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Welded joint (STD61-SCM440) :
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Fig. 7 Relationship between creep stress and creep life for friction
welded joints and SCM440 base metals at 400, 500, 600 and 700°C
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Welded joint (STD61-SCM440) :
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Fig. 8 Relationship between creep stress and initial strain for
friction weldeds joints and SCM440 base metals at 400, 500, 600
and 700°C
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Welded joint (STD61-SCM440) :

400°C; log tr="5.800—6. 002 log £,—2.041( log &,)°
(R*=0.99) (33)

500°C; log tr=23.012—6. 629 log €,—4.503( log €,)*
(R’=0.99) (34)

600C; logtr=—1.188—8.954 log e,—2.995( log €4)°
R*=0.99) (35)

700°C; log tr=—3.681 —11.639 log €,—4.417( log &) ?
(R*=0.99) (36)
SCM440

S00°C; log tr = 0.646 — 1.965 log & ,(R*=0.99) 37

600°C; log tr=0.191 — 2.028 log & ,(R*=0.99) (38)

700°C; log tr= —0.513 — 2.068 log &, (R’=0.99) (39)
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st ekl Aol EAEE & 4 i 2 gukye
2](40), @b o] T3t Al 4 Uthe 5, 199 3 %,
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Fig. 9 Relationship between rupture time and initial strain for
friction welded joints and SCM440 base metals at 400, 500, 600
and 700°C
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Fig. 10 Master creep curve of friction welded joints STD61 to
SCM440 at 400. 500. 600 and 7007
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Fig. 11 Comparison of creep design curves for friction welded
joints (STD61-SCM440) by ISM with those by LMP-ISM, LMP
methods and the empirical data at 400, 500, 600 and 700°C
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