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Research on Fatigue Crack Propagation of Welded Joints of Dissimilar
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Abstract: Sodium-cooled fast reactor is the main reactor type for developing the fourth-generation advanced nuclear
energy system in China. A steam generator is an essential component of sodium-cooled fast reactor. To ensure the
safety and reliability of steam generator, the fatigue crack propagation behavior of dissimilar steel welded joints was
investigated. Dissimilar steel welded joints have six microzones: F22 base metal, F22 side heat-affected zone,

isolation layer, surfacing layer, butt weld, and 316H base metal. In this study, we performed hardness tests,

microstructure observations, and fatigue crack propagation tests on the six microzones of a dissimilar steel welded
joint. The microstructures were observed using an optical microscope and a scanning electron microscope (SEM) . The
structure of the F22 base metal was ferrite, pearlite, and bainite; the F22 side heat-affected zone was ferrite and
pearlite; the isolation layer, surfacing layer, and butt weld were primarily austenite and J ferrite; and 316H base
metal was austenite. The microhardness of the F22 base metal was the smallest, and that of the isolation layer was the

largest. The microhardness of the surfacing layer, butt weld, and 316H base metal gradually decreased, and that of
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the F22 side heat-affected zone rapidly changed. At low AK, the fatigue crack propagation rate of the F22 base metal

was the fastest, and those of the isolation layer, surfacing layer, butt weld, and 316H base metal gradually slowed

down. With an increase in AK, the change in the fatigue crack propagation rate of the isolation layer was the most

pronounced because its cracks gradually deflected to the side of the F22 base metal, gradually decreasing its resis-

tance to fatigue crack propagation. § ferrite could affect the antifatigue crack propagation ability of the isolation

layer, surfacing layer, and butt weld. The fatigue crack fractures of the F22 base metal and F22 side heat-affected

zone exhibited the most severe tear, and the fracture flatness of the isolation layer, surfacing layer, and butt weld

gradually increased. In addition, the fatigue crack fracture morphology of the 316H base metal was the flattest,

corresponding to the antifatigue ability.

Keywords: dissimilar steel; welded joint; fatigue crack propagation; austenite; ferrite
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Fig.1 Ultra depth microscope photograph of dissimilar
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Tab.1 Chemical composition content of the base metal and welding wire for dissimilar steel welded joint

M Wc Whin Wsi wp Wer Wi WMo WN Wco
316H 0.038 1.78 0.30 0.018 17.40 12.30 2.60 0.060 0.020

F22 0.130 0.44 0.30 0.004 2.37 0.12 1.07 0.008 —
CHG-1625HRK 0.090 1.75 0.54 0.006 16.31 26.86 6.71 0.110 0.006
ER316H 0.048 1.46 0.42 0.004 18.60 13.00 2.31 0.060 0.010
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Tab.2 Welding parameters of dissimilar steel welded joint
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Fig.3 Hardness distribution of dissimilar steel welded joint
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Fig4 Load waveform of fatigue crack propagation test
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Tab.3 Experimental conditions and results of fatigue

crack propagation in different parts of dissimilar
steel welded joint at 530 °C

i’ X AK;/ (MPa-m"?) |ao/mm|a;/mm| Ni/AK
1 F22 Bl#f 30 11.62 | 17.08 | 4063
2 | F22 iz mi X 30 1137 | 17.15 | 5725
3 b 5 )2 30 11.36 | 17.24 | 4088
4 HeAR)Z 30 11.33 | 15.80 | 5059
5 R HEAR A 30 11.46 | 1696 | 7191
6 316H £+ 30 11.70 | 15.30 |13 759
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Fig.5 CT macroscopic fracture of fatigue crack propagation in different microzones of dissimilar steel welded joint
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Fig.6 Microstructure of different microzones of dissimilar steel welded joint



2024 410 H

TRIEFIAF . ZRIR AR S PR I 07 RE ST

+ 1049 -

22 BMINIEEELESHRYY BERSH

Bl 7 ST 530 CF SR S AN A IX
HI% 57 HEY R KE Aa STERREL N K IH—100E
IRREL N/N: B FR . IH—ARAEIRREL N/N; S35 2411
RIGAEIAEL N 51005 1 HE PR U EL Ne 1 AR

8
[ —=— F226}44
e 7 —e— F22M#5E i [X.
g 6 —a— )2
S Sl a HeSRR
B _1( e
E 4r L Y 316HEEHF
s O]
27 £y
o , . .
0 4000 8000 12 000
TEHRREN
(a) Aa 5 NHIXFR
8
| —=— F228}H
g [ —e— F22MUBEMIK
E 6 —A—WHRE 2
T = i
™ X 4 S 4
w4 316HEEH
B 3t
N
2T
o} s
el
0 == . . . .
0 02 04 06 08 1.0
NIN,

(b) Aa 5 NIN/HIRF
7 RMNEEEIARME R RKESERR
AP — L RIRRBHX R
Fig.7 Relation between crack propagation length in dif-
ferent microzones and cycle number/normalized
cycle number of dissimilar steel welded joint

M 7 () AT UE S, B B A E T, 5%
FRUY RKE Aa BIREGEK, HIGK AW
P AT DUE Y, YR R KN 3.5 mm i,
F22 HEFF F22 MG X G FRRE5 A 3 113
YR 4 587 IR, g2 MEAR)Z  WHEAR 4% 2 316H
IR IE 9 R 3422 ¥R .4006 YK, 6096 YCHI
13532 K. MY RAHFRIEE, F22 MG 0 X Fr s i
[E4 F22 BEMAE BT, X -5 G200 X & A 41 i s
A . BRES)Z M2 W4 316H RFF AN TR
i [0 326 45 48 0, 33 2 P Sy B FR (AR 2H LR B % 55 i
58, 316H BEAF HEPUIE 97 2440 h e Be 1 ek, AR
5(b) AT LAE Y, F22 BRI R X HUe 557 14 GE FH
AR THERZ X204 K 316H B4, X
F22 MR FIAE ARG T 316H, A E R ST R,

K& 7(b) Al LB, B 316H BEFHAL, SRR S:
3k AR X A AERR 3 R DX S R sk i DX
4 N/NeAE 0.7 ZEAT 0], S IX TR i ssE 3 J e i

YR, 316H BhA T B S W 24 AR | Pk
PR RE R AT, 7RG B A N R TR e Y TR X, AR
PR R IX. PR R ERCE Y R XYL e X
" Jre A AR e R, 302 RO AR A il f
b 8 )2 % 7 2L ) F22 MiMmEE 2, PUse o7 2 ey
JEAE S 2 TR

Bl 8 ik T 530 'CT AR AR R IX.
(% 55 2440 R % da/dN 510 158 5 R F IR (EAK
(R FR. daldN-AK #RZE ] LS B BHE R s T
FREYRMIRE ], 28 e Z da/dN 51 158 E
K F IR EAK 2[5 S0 B G & |, 5 H Paris A3
A IR 57 MDY AT R, AT

da/dN = C(AK)" (1)

Kb C 1 m J& SRS H 2L

107

= F22H:Bf

o F22{U A5 i [X.
& [

v AR

XN
107 F < 316HEEH _..-:;:/.ii

w

"

b VY

.

20 i i % da/dN/ (mm/IR)

25 30 35 40 45 50
AK/(MPa - m"?)

8 RUMNERELAAMRESTRYY BilEH
da/dN 5AK HJXR &
Fig.8 Relation between da/dN and AK in fatigue crack
propagation tests in different microzones of dis-
similar steel welded joint

S P AR SR AN Rl X 55 A e 7 R B B Y

Paris 220U R P,

F22 B}41 .

da/dN =6.53x10"" (AK)*¥ )
F22 fll#As e X :

da/dN =1.74x107 (AK)** 3)
(EXY =

da/dN =1.71x107(AK)*** )
HESRZ

da/dN =3.17x10" (AK)*® (5)
X B4 -

da/dN =1.01x107(AK)** 6)
316H 41

da/dN =1.75x10°(AK )" )

F22 BEMAGFEEL m o 5.89, fEd R iRk,
F22 UG X 1 m k2, 316H BE#H) m R 1.38,
TEEERSL . C Fom BREEFHE, m BN, C



+ 1050 -

KHR 24 (A AR 5 TR

B578E H1oM

AR, F22 RERT AR BN C /by, F22 IFGE IR X K 2,
316 H B R AL C Fek.

16 AK 24 31 MPa - m"? I}, ZE[RIRER R 75 ]
TFIRMET , F22 B GBI | fR )2 ey e
SRRAAT , HER 2 RO IR AE 1) 48 JE R AT
316H BEM IS BB/, FEAK B8,
F22 BER 9% 55 4808 T s R AR i R, BUE I X
BB 2 | MEIRZ XS B AR 2, 316H B 5 2L
PR AR b, 5 T AR, FEAK N
35MPa - m'"? i, 78 [RRE 1 58 B N PR AE T
F22 14 F22 UHGEIRIX | FRE 2 HEAR2 AR
4 316H Bl 1L R s R AR YIS .

% 97 P48 BRI A o s A B AR T
P e, i3 2ok S SR i B AL - SR ML 5
&, JE A E L e L RSN, BRI ZE 2L AL
PR e R R, b e
PEX B, B RS NS 2, S8 ot
A A R Ak Canifs 55 2 ARASUR 55 ZERUE U
fL. T F22 BRI FNAE A, RN T
K, TALAH B R AT B 6s , % 55 280y g ok
O 316H FEA I RE Rt Ay, 3 e
It BB AL- S BALH SR, TLT- AN TE R K
N, ZEET R RS 1 F22 PG X | R E)Z |

U0 e )y 1)

200 pm
—

HEARZ FXT AR AR (B R e M i g ik, SRAU
PN Ik /0N | 2B v ) B Ak - 52 BT o 4 b
PLBHIE I, 240" e A6 W .

Fi—J7 M, 316H BEM LU BRI, X447
4 SRR KRB ZHSUN BRI K 8 BRIk, H 8
BRRE SRR 2. T RIKES S SRR
PEOT LY TRRE I 255, Y FREHERLY il
Hil F & PRERIRET, fETEMMFL 2EBUAR. 2 8 R IK
b TN, S TR AR [ AR ) AR T AN B i
W AR AL, TSR U o Fl T8, =
HORE 957 2L 80 LT AR e 95 M sy R
R,
2.3 BMNIEEELESFRYY BEOEREITA

ST

B9 Sy SN AR S AN R X% 55 8
PIROT FTESR. B 9 (a) ~ () A F22 BR4F (F22 fil]
FREZ A X% P 5 )2 B SIOULIRT T30, F22 LR F22
ARG M X A WL 2] B S8 9098 57 R0, S0 1) 1 LAk
FLIEHE RN E PR 55 2480y R AL, X 2 il
X AP 55 40 Bl R, X 555 2.2 45 /A AT

N AT F22 BER A F22 ARG X, B 2 At
FLAR R R

(a) F22 B#f

(d) Farg)2 OsR)

(e) HEMRZ

(b) F22 fllFAsgm X

(c) &2

(f) X kst

(g) 316H £:4f

B9 SMNERZELIEMRESRIY RETOMSR

Fig.9 Fatigue crack propagation fracture morphology in different microzones of dissimilar steel welded joint
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Fig.10 Fatigue crack propagation paths in different mi-
crozones of dissimilar steel welded joint
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Fig.11 Secondary cracks of fatigue crack propagation in

different microzones of dissimilar steel welded
joint
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