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ABSTRACT : In this paper, friction welding optimization for 1G0.5Mo-STS304( #14mm), AE applications for the
weld quality evaluation and the applications of various life prediction methods such as LMP (Larson-Miller
Parameter) and ISM{(initial strain method) were investigated : The creep behaviors of those steels and the
friction welded joints under static load were examined by ISM combined with LMP at 400, 500, 550 and
600 C, and the relationship between these two kinds of phenomena was studied.

The real-time predicting equations o elevated-temperature creep life(fracture time) under any creep stress at
any elevated- temperature could be developed by LMP and LMP-ISM. It was confirmed that the life
prediction equations by LMP and LMP-ISM are effective only up to 10°hrs and can not be used for long
times of 10 —106hrs, but by ISM it can be used for long times creep prediction of more than 10°hrs with

most reliability.
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Table 1 Chemical composition of materials (wt. %)
Mtls. C Si Mn P S Ni Cr Mo

1Cr05Mo 020 1.00 080 0.018 0012 - 150 065
STS304 008 035 160 0.017 0.028 878 1854 028




Table 2 Mechanical properties of materials

Tensile Yield Elong Hardness

Mtls. strength  strength ation tPrIeatt
o(MPa) oy(MPa) &(%) (Ha) cat:
1Cr0.5Mo 745 637 11.7 185 :
STS304 750 560 26.1 235
*N, T : 920C Normalizing — 620C Tempering
Fig. 1€ ©#&HA(1C05Mo-STS304) 2 =A|
(1Cr05Mo)e] m&e4x aYX APHY Fd H A

& Yz ok ANEE shEe HHzANA v
44 F AstE 2 Atz ez vhee stk

A

weibo
&
75

Z 96 240
a\

R
|
|
1
]
l
M12xP1

‘ 25!(105
2748 113
67

gyt

DETAIL OF A

Fig. 1 Shape and dimension of creep specimen
(ASTM E139-83) (unit : mm)
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Fig. 2 Relationship of tensile strength vs. temperature
for 1Cr0.5Mo, STS304 and welded
joints(1Cr0.5Mo~-STS304) at 20, 300, 400, 500 and 600C
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Fig. 3(a) Typical creep curves for frictional welded
joint(1Cr0.5Mo-STS304) at 500C
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Fig. 3(b) Typical creep curves for base metal
1Cr0.5Mo steel at 500TC

Table 3 Data by creep test of friction welded
joints(1Cr0.5Mo-STS304) and base metals

Temp. Stress Imtl'al Steady state Rupture

strain creep rate time

T o(MPa) &4(%) £(%/h) t.(h)
510 4.10 1.651 34

400 500 2.950 0535 78
480 1.550 0.331 40

460 0.420 0.135 222

490 3.195 2.452 6.1

480 2.150 1.852 10

500 470 1273 0.980 234
440 0.450 0.635 100.5

370 3.010 1.075 22

600 340 1.285 0.681 6.1
320 0.821 0.471 17

310 0.420 0.305 31

Table 32 Fig. 3(a), ()& T3d L2 AFYE A
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1Cr0.5Mo-STS304 weld
400°C ; log 0 =0.045 log £9+2.678 (R*=0.99) (1)
500C ; log o =0.055log €0+2.664 (R*=0.99) (2)

600C ; log o =0.093log e9+2521 (R?=0.97)  (3)
1Cr0.5Mo steel :
400°C ; log 0 =0.062 log £0+2.547 (R*<0.99)  (4)
550C ; log o =0.208log £9+2.458 (R?=0.99)  (5)
600C ; log o =0.352log £0+2.478 (R?=0.99)  (6)

714 R’ dolEe AB I E(curve fitting)ol A
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Fig. 4 Relationship of creep stress versus initial
strain of friction welded joint 1Cr0.5Mo-STS304 and
base metal 1Cr0.5Mo steel at various elevated
temperatures
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1Cr0.5Mo-STS304 weld
400°7C;logt=1.964 —2.179log ¢9—0.371(log 50)2 (R?=0.98)
(8)
500°C ;logt=1.464—1.092log & ¢—0.094(log €0)° (R%=0.99)
9)
600°C ;logt=1.043—1.2491og € o—0.145(log £ 0)*(R%=0.98)
10
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1Cr0.5Mo steel :
400°C ;logt,=1.402—1.396log € 0—0.118(log €0)® (R*=0.99)

1)

550 C ;logt,=0.640—2.649log € o—0.391(log €0)* (R®*<0.99)
(12)

600 C;logt,= —0.455—3.158log & o—0.440(log & 0)*(R?*=0.99)
(13)
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Fig. 5 Relationship of rupture time versus initial
strain of 1Cr0.5Mo-STS304 weld and 1Cr0.5Mo steel
at various elevated temperatures
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1Cr0.5Mo-STS304 weld
4007C;log 0 =2.721 -2.475 % 10 2logty (R®=0.99)  (16)
500°C;log 0 =2.720—3.777 X 10 logt, (R*=0.99) Qa7
600°C;log ¢ =2.588—6.652 % 10 %logt, (R*=0.99)  (18)

1Cr0.5Mo steel :

400C;log o =2.607—1.464 X 10 2logt, (R®=0.99)  (19)
550°C;log ¢ =2.515—8.290 X 10 2logt, (R*=0.99)  (20)
600C;log o =2.420—-1.190 X 10 logt, (R?=0.99)  (21)
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Fig. 6(a) Creep stress vs. creep life(rupture time) for
1Cr0.5Mo-STS304 weld and 1Cr0.5Mo base metal at
400, 500, 550 and 600C
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of gs) FA FHdFo] 753 =S Larson-Miller
Parameter(LMP)7} ©+-23 ol A9 Ho Qi (Larson
and Miller, 1952).

LMP = T(logt-+C) (22)
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1Cr0.5Mo-STS304 weld
K =—55056.7, K2 = 181150.2
LMP = T(logt,+20) = K1 logo + K2
=—55056.7 log ¢ +181150.2 (R*=0.80) (24)

1Cr0.5Mo steel :
K =—164219, K2 = 785768
LMP = T(logt,+20) = K1 logo + K2
=—16421.9 log ¢ +78576.8 (R?=0.92) (25)
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Fig. 7 Master creep curve of 1Cr0.5Mo-STS304 weld
and 1Cr0.5Mo base metal at 400, 500, 550 and 600°C
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1Cr05Mo-STS304 weld
K1 =—55086.7, K» = 181150.2
logA’ = 7.384—0.011T+3.95x10°7°  (R*=0.99)
B’ =—41.853+0.101T-6.22x10°T° (R*=0.99)
C’ =—10.767+0.026T—1.64x 10°7% (R%*<0.99)

1Cr0.5Mo steel :
Ki =—164219, K, = 78576.8
logA’ =—8979+0.054T—6.554 X 10°7° (R%=0.99)
B’ = 51.774-0.180T+1.479 X 107*T% (R*=0.99)
C’ = 14.845-0.052T+4.452 X 10°T° (R?*=0.99)

ols} Zo| logA”, B R C 9 g2 Fig. 594 =2 ¢
AukA (28)l A F& Aol
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t = /LA/ £0 B+B“Fc'mg€gd -1 (30)

“t=aeo o (31)

A71M e, B9 gL IS 2ok

1Cr0.5Mo-STS304 weld

a = Iog(AA’ ) = 10 6.801—0.0027—2.5%10757°
B =B +C logeo
B8’ = B+B

=—41.146+0.0997—6.08 X 10°T*
C’ =—10767+0.026T—164%x10°T2

1Cr0.5Mo steel :
log(AA” ) = 10 0.00213+0.0305T—4.178x10 3 7°

B =B +C logeo
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Fig. 8 Comparison of creep design curves for
1Cr0.5Mo-STS304 weld and 1Cr0.5Mo base metal by
ISM with those by LMP & LMP-ISM methods and
the empirical data at 400, 500, 550 and 600TC
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Fig. 9 Comparison of actual rupture time and
calculated rupture time for 1Cr0.5Mo-STS304 weld
and 1Cr05Mo base metal by ISM at 400, 500, 550

and 600TC
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7o A7E It
(1) LMPol 9% Zex FHd3L o33 2o,
10PN A & s FESAY, F70 (10°~10°h) e &
dE= Ax SgAERT 6L dA d53H22 499
< ¢ F UK
1Cr0.5Mo-STS304 weld

C =46, K1 =—55056.7, K; = 181150.2

LMP = T(logt-+20) = Ki logo + Kz

=—55056.7 log ¢ +181150.2

1Cr0.5Mo steel :

Ci =46, K1 =—164219, K; = 78576.8

LMP = T(logt,+20) = Ki logo + Kz

=--164219 log ¢ +78576.8

(2) LMP$} ISM& o] &8t} 271aA8-2=-889 ¥
22 FHE FAN ZAZ FBAFEFFAE =&
. 28 LMP-ISM2 LMPRY tha AFH A2,
AA FoAz ISMe] ARt ¢ 70 g A LE oY
stoz AAZEY A S0l HfskA ot
(3) 271QASHASM)Y 2§ ZZ FH oS0 b
o3} o] £&HQ o LMPg LMP-ISM9] 4]

_gpp AAZH10°~10°h) ZHZ FBASAM 1 VA



ol A vebdo] &A=

tr = a &9 s o -
A7A e, B9 g BT ok
1Cr0.5Mo-STS304 weld

o =log(AA” ) = 10 6.801 ~0.0027—2.5%10 7%
B =8 +C logey
B = B+B'

=—41.146+0.0997—6.08 X 107°7°
C’ =—10.767+0.026T—1.64x10°T°

1Cr0.5Mo steel :

, - ~5
@ = log(AA’ ) = 10 O-00213+0.08057-4.178x1077°

B =B +C logeg

B’ = B+B
=~5.944+0.1707+1.365 X 10 °7°
C’ = 14.845—0.0522T+4.452  10°T*
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