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ABSTRACT: In this paper, the real-time prediction of high temperature creep life was carried out for the Sriction welded joints of dissimilar
heat resisting steels (SUH3-SUH35). Various life prediction methods such as LMP (Larson-Miller Parameter) and ISM (initial strain method)
were applied. The creep behaviors of those steels and the welds under static load were examined by ISM combined with
LMP ar 500, 600 and 700 C; and the relationship between these two methods was investigated A real-time creep life (tr, hr) prediction
equation by initial strain (e,, %) under any creep swess (o, MPa) at any high temperature (T, K) was developed as follows :
t=a g,fo” where, F=16: g= 1052 0UTH5.375-10 “TZ, B=—83.989+0.1807—9.957x10 578 #=20: g= 10590~ 0.467+7.744-10 57“,
B=—51.442+0.106T—-5.595x10°T* for SUH3-SUH35 friction weld of ¢=16mm and #=20mm, respectively.
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strain method)ol] 2j&ff Z2|Z 27] AAZL €3l A5 = 9 A R Wivieo] S48 vl2dlAbe] E(marten- site)A| 2} WY
= ZleMge d+E 9% 2HE FES v Uk % SUH3 (Si-Cry7tolrc). nla43 Aldsel 43 X4} Fig
e, B AT Al AR ARE wrpEBn sz 1o, a8 T AR seky AR 71412 4Ee Table 1,
(head) & ZUIE7IH 1 Z(stem)& 4] - WD - 1904 o]  Table 29} et
o]z HA wFLAA W e Fx EM B 27Ad Fig. 1(b)y= 2A] SUH3Z w}28-4 7] SUH3- SUH35( 416, ¢
AERel g T Z hdFgd Iy =& 52 o9 Fed  20mm)e] (5007, 600T. 700T) AR FHI A} ZAEH

Aol FPHow ofy 1 A7 vinlg Agelcon, o ¥4 L A5E TAs

46



W7 vhgAe] ISMe)| 9§ Ze]E oS B A7 4

Table 1 Chemical composition of materials used(wt.%)

Comp.
"l c|si|M| P | S |c | N |[M
Mitls.
SUH3 042 |2.00|0.23|0.026|0.010 | 10.34 ; 0.25 | 0.75
SUH35 |0.570.13|9.26 | 0.036 | 0.007 | 40.34 | 3.38 | 0.15
Table 2 Mechanical properties of base materials
Tensile i .
Prop. Yield . | Reduction
strength Elongation Hardness
) strength %) of area HY)
(2 & ©
Mitls) MP (%
S (MP2) oy (MPa) (%)
SUH3 941 512 234 48.0 411
SUH35 1082 796 29.8 284 484
2 a7 5 op@AIRe AeE ehag4 717l TOHO

TH-25 A4t% Heflo] ¥ (continuous drive brake type)e]™, =
9% AEo) A 9 BH aFele] we 2e)x Age] by
@ 494, Anes 109300 ne 2L, 22 2 ¢
#}A] S (stress and relaxation test)#} <1 L QFEA|F o] 7bs3Et
w2 SATECALS] =] A3 7|(DLF-10, Ston)e]t}.

F 3o Ab-8-¥ SUH3T SUH35] ot HAnba8y =
S AR 93 Fg 1@ Zo] 7Had AEHE vy 73

85.0
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(b) High temperature tensile and creep test specimens

Fig. 1 Shape and dimension of test specimens

H A g zdsH3 A4 2,000 pm, w}EA7IEYE P=160MPa, ¢
Alerz71ebe P=320MPa, vFa7FEAIZE f=5sec( 4 16, 420),
AEZAIZE p=3secol| A wbd843 A& Fg 109} 2o] 715
sled 1291%, neATAPHe R ALSE T

Az AFe dAA&  AlAA (extensometer)?} LVDT(linear
variable displacement transformer) 4] &7 slo] A& 7] 2pAo &
Aaso] e 71EAE Bt AuZ 4L a3k AR
e FRPIEA A& =(500, 600, 700T)7HA] <F
9.6Cmine.g 7tdgler, Fat8 Zr] o AlE Z(fumace)o]
SEENE7L gdsH fRIHEES AP oM 08N 22
FAAZ B, g AEAIA AEE sk 23 A1
Folle Az +1TCHY oz fxshHA] d¥atgon,
27192 S(initial strain)& T (Oh, et al., 1996, 1997)9] <]st]
shgo] 71zl & 18 Bshe 7] d4l&s Agsiict

D AYZ B9 AEY| 93t Hrirked S AN £Ho
2 Fig. 2@} Zo| =2 x XA dAP3= AELYS 33871

Slstel 150kHzo) BAY S MM (Model : RISOYZ AHg-a}
Atk e UiE meoldd ANE AQue AF PAE 5

slenz 7hgo g Azt gflo|H ylo|=(wave guide)E A}E-3}
o = F2 dZd F dojx o= Ao B $lol AE AlME
Fasigth we Foe Me] ~HERE Avske odd
AE HSI(AE source) . ZHE] AE7} wAlsl7] wjEol| 100kHz~
300kHz *H$jo) w=-3)2 PE|(band-pass filte)E F3s}= w7t
= A& AAFE7 (pre-amplifier) & Al-8-ato] A F3tel n3
Tke] AF(noise)& A A3 2™, 40dB(<100) & FFHsl F3
H AE 2157} Al71d A o] Esignal cable)S B-33ste] o €
g3 ADHEE sk Aol ¥EE AE AEe AaAelE
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Fig. 2 Block diagram of AE measurement system
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93te] F=Z7|(main-amplifier)ol| ] ©HA] 35dB(X 100)= %3}  Table 3(a) Results by creep test of SUH3 under uni-axial tension

o AA AlAE] o] S(gain)S 75dBE ARSIt E ¥ AF -

o AAS] Q&) A e Te ture|  Stress Imtl.al Steady state Ru_pture Total creep

= AABK7] S8 A (threshold voltage)& 1LOVE 4 3je pera strain | creep rate time rate

o] o]de] R ES 7 AE H(pulse) 7S 415 A 28t th
Fig. 2(b) ZZ AJgHel| JZAE go|B rle|=g F3jo

= 95o) 228 ANE AR QFE AE 23 250l AE

€ Uit} flolH slo|& Ao BAE AM2RE HEH AE

T o (MPa) | £ o(%) &Cfs) t,(hr) &1("fs)
420 1871 | 811x10* 450 | 233x10°
400 1.548 | 4.88x10" 705 | 1.09%107

Az == Al Zo] 2 HEA7be] whe} PC(personal com- 500 380 | 1.150 | 2.15x10* | 16.08 | 539x10*
puten)@] 3}= ] AFfhard disc)oll 71E3} ) ©] AE Hlo|HE 290 - - (150.4) -
2 5 Z 2|4 (post processing)l] whet el AIZFE AEY, AE9] 200 - - (1032.8) -
3 F%, AE ZUAY 59 FdE FAE 4 U=FE 74 250 | 1283 | 2.02x10° | 032 | 472x10*
5o} Aok 200 | 0666 | 254x10° | 172 | 8.82x10°
600 120 | 0160 | 203x10° | 750 |4.43x10*
3. 2dnt ¥ g I S S 0]
65 - - (1001.4) -
3.1 == =M 100 | 0561 | 3.90x10° | 1.167 | 1.36x10*
A#2%(500, 600, 700C)3t A 2L WA AL W A3 80 0.285 | 7.86x10* | 5.167 | 3.67x10°
o2 7% SUH3 ZA)9} SUH3- SUH35( 616, ¢20mm) o}2Hg 700 60 0.175 | 1.76x10" | 2128 | 1.08x10”
HAe] ZYE FHFA Fig 3o EAos - 4169 35 - - (176.9) -
355 BABIATE T"elA & 4 glRe] AR Iz Wy 20 - - (597.4) -

S AE-gHo| FE /S U F 3, AYZ WAL
Ndz, &, 2%, 28 ¥gt ol Als —°ﬂ wel gk
Ag & 7 Ut gl 24 2 £31AY A8, 5Y 2%35
ol A g&#o] Flgel ulet i7l°3*1° 2% Frehe, eha
‘P BA v|&] geege gahste da E 4 A9k

Table 3(a) 2 (b)oll&= 500, 600C, 700CdIA AL NS

( ) Data from Reference (Japan Steel Ass., 1972)

Table 3(b) Results by creep test of SUH3-SUH35 weld( ¢ 16)
under uni-axial tension

AAZ Ae] Holel & Aelsle] 33(0, MPa), }_7]‘3%‘%(5 Send
) A} I oA DIR=B b it teady
o %) 70 ¥ BT H(E, %fs), FAAHe, ) A Fg= Temperature | Stress Initial | - creep Rupture | Total creep
EZ(én %fsyE UEPATE o] REZES A3 9dle] Fal] strain rate time rate
2 gEelth , . -
(0) o MPa) | gg(%)| e(*fs) | u(hr) e1(*fs)
380 | 1250 | 1.30x10° | 145 | 3.50x10”
350 | 0480 | 020x10* | 75 | 520x10°
ol ? SMPa) & () 500 330 | 0345 | 056X10° | 300 | 420x10°
—B— 100 0.489
—8— 50 029 300 - - (550) -
25
3 oA B0 00 . 250 - - (1568.7) -
¥ 20t R 200 | 0314 | 532x10" | 2.85 | 1.98x10°
'_§ . ‘/’ 170 | 0212 | 182x10° | 97 | 7.00x10°
& Ax’ 600 150 | 0.145 | 6.01x10° | 2383 | 329x10°
@ A
S st 100 - - (226.4) -
. sasanattd 70 - . (1126.3) -
M““M -3 5
. adssadl _ . . 100 | 0489 | 246x10° | 0.867 | 9.66X 10
0 5 10 15 2 % 80 | 0296 | 417x10% | 45 | 192x10”
Time. 4 () 700 60 |0.180 | 842x10° | 22 | 2.37x10°
Fig. 3 Typical creep curves of SUH3-SUH35 weld (¢ 16) at 70 35 - - (1644) -
0C(Welding condition : rn=2000rpm, P;=160MPa, P>=320MPa, 15 - - (700) -

1;=5sec, 1;=3sec) ( ) Data from Reference (Japan Steel Ass., 1972)
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3.2 LMP-ISMO]l ot 12 32T SHHFA =&

F4o 27 W3lE dvtdog 25 RYSE ¢S Fe
AZE el A71RR, A4 87EHe REET 2o 58 2%
Aol g-ghdA IS ZALSle] o] FAe] 7]&7] Wkt gl
okl A|zte] lolel 2 ejitell eja) At o Fo] Jhest
%% Larson-Miller s}}w]E{(LMP)7} g o]0} glom, 27|
£ (ISM)(Oh, 1982; %, 1998; Oh et al, 1986; Oh, 1989)c] ©]&
Az ko 417 LMPY(Larson er al, 1952)& ©] &%
A= gk g dysld AL 2%, §9, 7, 27
F(@MES st 4& g 2ol &3

LMP= T(logt,+ C)) (D

A (oA T A% (K, C +273)0|1, C& AEAFEA
Aukd 0 2 460|082, of7]A, LMPE 2#(logs)o 13} 42
xdEd uebs, )L -3 ol el 4 gl

LMP= T(logt,+46) = K,log o+ K, )

A7NM K3 Ke A 889l
2798 ol gt Tk A](Oh et al, 1996, 1997) t=A o
23E Theat go] vl £ k.

logt,= log A+ Blog &, ©)]
o 71d, A, BE 253°] e Asdsolnh

2@ A3)lA et 2ol =&28 5 9l

+ Blog e+ log A—46 @

sl 1, K1LU0ED T Ky

2

He 2= - Z271HE go] X3 LMP-ISMejl
olgh AL rd S drt4elth

Fig. 4% SUH33} SUH35 &3 A2 500, 600, 700y~ -2
(o, MPa)3t LMPH()ollA 73 gkate] IAIE vepd 2=
2 A4 HEFHAA AFHA AAE Epz vk Fig 4
oAl dlolHE Bote] AiAkey S ol &8 AT st
of 7% 42 o3 2ok

o 2=
“5‘2—31'1"‘:5

T

Lo

SUH3

616 : LMP = 68547 - 12334 logo (R2 = 0.97) (&)
SUH3-SUH35 weld :

¢16 : LMP = 69861 - 12954 logo (R2 = 0.98) 6)

it

$20 : LMP = 70653 - 13050 log o R = 099) )

o714}, 2A) SUH39] 7%, K, = 12334°]51 K, = 685470]1,
SUH3-SUH35( ¢ 16mm) 23 Aol 729, K = 129540|3 K> =
69861°]1, SUH3-SUH35( ¢20mm) &3 2] A9 K = 13050°]
1 Ky = 706530t} RE 7] &(coefficient of determination)-& v}
R, 2% 14 7i7te-ma d@2e] 2&Ade] vg ot

kA, B A4S Bt oW &¥(0, MPa)F 2%(T, K)st
AN 27 E(e0, BT 27| HAZ 2o AL

g

Creep stress, ¢ (MPa)

o]

90[

80 | L] SUH3

70 A —— SUH3-SUH35 (¢ 16)

60 | ® - SUH3-SUH35 (¢ 20)

50 |

40| |Sure : LMP=68547-12334l0g0
SUH3-SUH35 (¢ 16) : LMP=69861-12054l090

30 | | SUHB-SUH35 (¢ 20) : LMP=70653-13050log0

1 N 4 R L
35000 45000

Larson-Miller Parameter, LMP

40000

g

Fig. 4 Master creep curve of SUH3 (¢ 16) and SUH3-SUH35 (¢
16, $20) weld '

A K, b)S TEE LMPISMol|2] 3 Z2] = dada) =
AL H@RRE T3 2ol EEET
SUH3 : 416 :

2log ¢,=

_ 52
047]/\1’ A — 10 50.554 —0.107T+5.608 <10 °T
B=20.268—0.051T+2.857x 10 ® T°

SUH3-SUH35 weld :
916 :

2log t,= 69861*12:,f‘354(10g0) + Blog €+ logA—46 (9)

#20 :

2log ¢,= 70653_1'“?50“0’{0) + Blog €,+ log A—46 (10)

o714,
416 : A=10 56.071—0.122T+6.545 10 57?

B=—77.671+0.167T—9.312x 10 > T*

262 -0.1557+8.3718 210 "5 T?
¢20 A=lo70262 0.155 0

B=—46.847+0.09537—5.148 % 10 ~° T

ol i} A9t B2 gt& Table 39] 3] Hlo|EHl 2R ©&9 +-
co 2 Z} H3)of Aslo] 77 Aol

3.3 ISMOfl 2/g T2 2| £HOIEA =&

X, &8, £, 271 0] X3E = ISMol| o3 Hej 2
PSS TR 2ol =&drh

Table 302 78k 69} eote] BAY 6=Acd’E =4 &0
PR EHHT, A9 B & Lol Xl dE Auds
24 1 ge d¥Aeg T o-e09 Y LA FEd AT}
(Oh, Kunio, Hasui, 1986; Oh, Kim, Jeon, 1996; Oh, Chang, Chung,
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Lee, 1997). A *, B 9] 3t& uth33 o] Fajfct

SUH3 :
g16 : A’
B =-3.398+0.0077—3.611x 10 ¢ T

2.846+0.001 T—1.936x 10 *7*
=10 846+0.0017—-1.936x 10

(11
SUH3-SUH35 weld :

4161 A" =10 —4.65%+0.018T—1.170x 10 ~*T*
B =-6.318+0.0137—6.448x 10 ° 77 (12
$20 1 A =1 O-33+0.097-6.300<10 o

B =—4.595+0.0097—4.469x 10 % 7°%(13)

Table 3|4 3 Z7|HE (AWM E(eo, BT S3H(0, MPa)Z}
o] AN o=4 o 9 ZIWAEE(e0, BT FHAZHG,
hry#}e] A 4](Oh, Chang, Chung, Lee, 1997)91 1 = A ol A
(T, K9 $8(o, MP)R 271 E E(e0 B S XTSI
A= Spdegel 2l e Tt 2ol B2 ¢ Uk

B+B -1

= AA7 &9 o (14)

w2, ol $2(o, MP)T SE(T, Kydteld 21938
(c0, B Z7) AN HHFe RN A2|Z I 7H, hr)
& Tohe ISM 42 o33t o] 288 4 Stk

A -1

= aco "o (15)

A7IM @, B9 Fe Aae) 25 we AYHE P5eA
oot 2k

SUH3 :
¢16: a = AA” = 10 53.401 —0.106 7+5.415x 10 °7°

B=B+B’ = 16.869—0.044 T+ 2.496 % 10 > T%(16)

SUH3-SUH35 weld :
416 : o = AA" = 1051,421—0.104T+5.375x10’57“

B=B+B = —83.989+0.1807—9.957x 10 > T* an
¢20: @ = AA/ = 1069,91070.1467‘+7.74/‘1><lO““T2
B=B+B = —5].442+0.1057—5.595%10 °7° (18)

Fig. 5ollAe 28(o, MPa)Z BN, hte) Fe= ot
g3 e #Baled LMPH| 28 25~ LMP-ISMel| o] &
2(8)~ (103 ISMel ©]3 Za] T S o) &2)(15)~(18)S Hlw
sto] Yehhz ek

agdlA Bue 2HE S+ U], IMPAE WA E
2 ozl gAT, FAZte] AT FHd Sl Az 2
Q7L glemd o] AL o] g3ty wie AT & & gich
LMP-ISMA] = LMP Bt} tha e, 9A] 100413 o
el AAZE AYE FHdZo)E o &H 4 glgo] FlHY
o} AT ISMA]Tho] 10°A] k0] AR FHaEe B8 RE
A ZrellA A wl$ DAE, B ATe] d¥zdoAMe
ISMol| €]t Fa)Z o Z2]9] 2l@] o] ul$- Ego] BHlEc

Fig. 6& Raet &89 AA| FFAZHAFzHT 2(15)9 A
T3 Fezite] B2 vehd Aoz 1= & 4 gl
o], ISMe] oJgk AT e EA A AtE )= 51

oY - oA
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(b) SUH3-SUH35 weld ( ¢ 16)
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(c) SUH3-SUH35 weld ( ¢20)

Fig. 5 Comparison of creep rupture curves by ISM with those by
LMP-ISM, LMP method and the empirical data
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1000 ¢
Flsoo°c s00°c 700°c
[ * * v ¢ 16 SUH3 Base metal
|m o a ¢ 16 SUH3-SUH35 weided| | .
—_ Lo o & $ 20 SUH3-SUH35 welded].’ B
- — .
£ 10
- E
)
£
=
2
5 10 |
- -
aQ o
- r
Ft [
6 (]
3 1B ' ’
3] 3 :
< F
[
L‘,
0.1 AN RN RPN | N
0.1 1 10 100 1000

Calculated rupture time, ¢ (hr)

Fig. 6 Comparison of actual rupture time and calculated rupture
time by ISM for SUH3 ( ¢ 16) and SUH3-SUH35 weld ( ¢ 16, ¢20)

3 A Al e gl Ael dAstn ek THEE (1)
AT e g8 - 2/A@NeS nAY ZalT B
sezaozn Ao e ¥8S & 4 UCKOh o al,
1996; 1997).

WA, B ATl E28 ISMe) ) Ze)E o] £4]
& 7 o8k} A wrm & 4 Utk

3.4 AEO| <&t 12 32T BN TA}

SUH33} SUH3-SUH35 nhaHg-# Aol that 12 A2 A|EA]
AESFe 259 288 A & st 2ARBIAT

A= AlFA 2ol A AE o] WHAstm, 11 o] F A Aoz
Aol Ae DS gAY, BEAHo R WA, vt
zut gigkale] 2 AEYe| 3| Ehins} #Astart 1eja 13}
(Holy A= A AE Fo| o= AT dAsA| 2 A4 2
i vhAlollA aElx] ez HAA4dAY 1xHNTEAZ
T £ glvy 28y 327 A A= AES]
Aol Aol WrAEx] gromg o] ot
24 SUH3Z} &3] SUH3-SUH359] AE A A%S w|ws}
th &, 249 A$ 2719 13(He]) AT elm kA
79 FEglo] ghHol s|A|gh, 83319 - wave guideo]
|7} SUH35 2| 9lil, 32 e LE doy|& %2 SUHIZE
ol 27 e Wl 2% Byt EHWE AXew F
7427} wWo| doji} AE A F} o} vlekEiziv vEhA]
F= Ao AARTE f-A A 600°C 7355 wave guideo)]
A& SUH3Z2| A2 HAAZ Y] w2l Az7t wol £
1, 1848 A AR Qe e A Zo] AEY) EolL Ao
oAzt
Fig. 7€ A Z APA|Q] AE HAgoez AL 7 F7to
sld vepm gled, dA2A A48 siMe BEFsiAE
Yoz Fga g gjaled AsHHAN A&d A7t Hast
ttn AZHETHO et al, 1996; 1997).
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60 ]0‘9 1‘%:‘;
P B £ c =
=] o]
B w | % 410° S s L
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O wf L ] 2
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R LU Lt
g R -
e | 05 €
= 10 e 141073 42000 &
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(a) SUH3
o i
..... 3 = g
O —w 1105 3 ]
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W .
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(b) SUH3-SUH35 weld

Fig. 7 Typical AE counts rate and cumulative counts vs. time of
SUH3 and SUH3-SUH35 weld under static creep test (T=600C, ¢
=200MPa)

4. 2 E

2A) SUH3Z} v} A SUH3-SUH35( 416, $20)0)] 33}
o] £:(500, 600, 700TC) o] gHsloA 12 Ax 4
g FPste] 271ANEHASM| o3 ne FE Frhky
W dE HME 5 e d79) =] AE] o7k Ht Ut
Al #ale] AFg Ade OeH Zo] a9k 4= qlth
(1) LMPS} ISME- o| &3l Z7|HgE-2%-289 Wz 7
AE AAZE AT SdeydERdEs =&y
LMPISME& LMPHE T} 9-=8h}, FA|7Ee) 79~ AA] sbgha)7h
Bl 3 ISMe] HEY o 1 YA RS stz A
kel A8 HEgsk] @tk
(2) ISMe]] &3t 27|HE E-2x-589] ¥ taE AT
A Z Ao S S epE & A (SUH3-SUH35, 416, ¢20)
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SUH3-SUH35 weld :
$16 : o = 1051.421—0.104'r+5.375,- 10°°7
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B = —83.989+0.1807~9.957x10 °T*
$20: g = 1069.910—0.146T+7.744x10‘-"7“

B = —51.442+0.1057—5.595% 10 3 7*
(3) & AT E EAT AYE Fol TAYF AEYTS] Alojdl=
244

Aol ZAe, dew AT 4ASE A3l 4
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