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Effect of Welding Process on Fatigue Property of FH420 Steel

Liu Guanyou', Ge Liang', Li Liang’, Han Yongdian®
(1 Jiangyin Xingcheng Special Steel Works Co., Ltd., Jiangyin 214429, China;
2 School of Materials Science and Engineering, Tianjin University, Tianjin 300350, China)

Abstract: The 80 mm-thick FH420 steel used in test was welded by carbon dioxide gas shielded welding ( heat input :
7 kJ/ em ), single ( heat input : 24 kJ / em ) and double submerged arc welding ( heat input : 38 kJ / cm ) to form three
kinds of welded joints. The microstructure morphology observation and hardness test of the base metal, heat affected zone
and weld seam at 1/ 4 thickness were carried out, and the high cycle fatigue test under different stress levels was carried
out. The results show that with the increase of heat input, the size of pearlite and ferrite in the fine-grained heat-affected
zone increases, the content of granular bainite in the coarse-grained heat-affected zone decreases and the content of ferrite
increases, the content of acicular ferrite in the weld zone decreases and the content of proeutectoid ferrite increases. The
fatigue results and fracture analysis show that the fatigue properties of the three steels are not significantly correlated with
the microstructure evolution caused by welding heat input. Since the failure position is mostly located in the base metal,
the fatigue S-N curves of the three joints are close. The incomplete fusion defect of carbon dioxide gas shielded welding un-
der lower stress may become the fatigue crack initiation point, resulting in a decrease in the fatigue performance of the
joints.

Key Words: FH420 Steel; High Cycle Fatigue; Welded Joints; Microstructure ; Fracture Analysis

TRl AL A1 REVRAY S48 T PE A AN R BOR AR AR 20K, W W/ E AR T 2

b AU A L e YR R B AT AR . Rk
B — A SRR AR T AT SRR S A T
TR X R T A PR IR AT A A X A
T T T 2 A B A IR AR I ), JFL 4 2 32 KUTR 2%
far K AR AL IR 30 , T 8508 5 TR S A T
TE B 55 S 38R 123 420 MPa i TRE 49 IR H:
e R B 2R S R A R AR TR ) M i AL 1 T
B e A S R RS = R I R SRS = e
b AR Ay AR e AR AR R B R AN TR AR AN [+

HEE&WH: FEFHE A AR (2023YFB3709903,2023YFB3709904 )

TEEEIA: XUk (1985—) , 5, w gl TR 5
BEAEE : whAM(1983—), ) WA e, B85
Editorial Office of Special Steel. OA under CC BY-NC-ND 4.0

E-mail: cliuguanyou@citicsteel.com;

Xof e T EAT AR, LSRR 5 SO AR D ¥ TR
G I ARE T2, A AR T 2R A7 1
FIESE HAERGE T AR AR A OUL A 2 Rk 5 23
AT, TR WA AR Sk B 97 TR RE . DI, P SEA
[F) 42 T 250 420 MPa iy 5 9 A5 55 PR BEXS T4
PR T2 AR THES R I A5 75 i BAT B2

B AR B9 57 R R — B e HE AR IR AR S A
Trishita ZEBF5E T DP AW BOLAR R H 4 Sk 1 98 57 18
AE , &5 SRR B AR A RS S2 e 1 13k B 55 756, A

Kim B 2025-07-29

E-mail: hanyongdian@tju.edu.cn



"2 FEIRIN

Fb 2 T REL B 114 BOUR 45 4 X 982 95 PR RE S M /N [
R, ARG A 11 1Y 7 B Hp R A 2 R e 2 Sk 95 P
M R 2 22—, TAHARSE TG T ARG AR
SR FIAR SR T TARXS HE 3 % 55 PR RE A s, 45 21 i
AN RRA T TR R HE S R B TR B AR N 0 5 Ak
HWhEamhem . THBESHEGE T 5A06-0/7A05-T6
SRR A 4 TIG X2 HE S 9 55 S L BE , 45 21
T, AR (0.5 mm) HE £ TREATL AL
S 375 e 2y Wy S MR B T R AR AR S 1 5 1
Ao MRk M G UMY o) e b 2 1) 24 9% 55 P e
IR R Z — R E BT T 2 10 WAL AL BEE SS400
FAXT R Sk (% 57 R BT, 45 R AR I, W LA B A 4
SLRIE LT RS Y5 4/ N R 5 ok, 3% 42
TR I 9T ERE . BLAL , ARG IR
M), g 0 1k 2 00 8 1 AN (] 42 30 T
X ] A BN HAS ] B 4 40, 3R ) [XORELA %) ki
A REREARIE 57 Bt

K i AU EE B It 9 o i 5 K W
FUE SO ES T 58 A [R] 454 T 25 %) FH420 41 41 5
12 RE R S, W T G R R T2 R
WK & & w2 i fl By 2
BFE Y.

1 RBEHRR %

I FH FHA20 4K 9 T2 il o3 UL 3 1, SRR 3
480 mmo 43R A ARAR AR LR R 22
SICARE RN XL 22 LSRR AT AR e S il 4 o — AU Akt
SRPRAF AR R —Fh DLOR A P AR A 2 S 0 it
N AR R 42 T v, EL A I AR L 22 0 1 v I
JO7 P 58 (18 R 5 PR 22 SRR S o — AR 22 S i T
T 1 FUICHEA T 8 RO, )z i T R AR A A
K22 ST AE B EERE b5 AP HRAR 22 [F) 25 154, vl
I F PR TR ROR S A 6 T R AR
PR, =R T M AT B HARE

(2)

1
1| 20

80

I

P | BERS AT RO HE A T2 B AT 4223k SO 40
LU S5 PERE I RE ) o AR DR3P R B 2 P A
25787 kJ/em, 2R FH 22 BRTUR G A 2R 24 K /em,
XL 22 SRR Y i A 298 38 k)/em. JREEIIE B
AR KAy 0, AR S50 % 20 DI B AR
AR 20 mm A2 HC I U 57 150RE | R pR IR
B & BRI X IR 4% HAREURE 47 B A3
FERGHIE 1 R . AR R L iR TS &
5000 H J& #E47T HLARAN ' AL BE LT BR 2% kRS 22 1)
FZNR . >R FH SDS-100 H I AR] Al 55 B AL X in 138
FESEATI% 57 0032, 1aAE A BORE 67 8 A R SE ] 1
IR BRI RS B LS AR, 2 AR 1K
BN 7 A 3 AN RE , I T R 0.1, 536K
20 Hz, 5 [& 3 3050 il A% ] B AR e 2 2 i # , BR
SE W 8 358 2100 YA A AN & A= 9% 55 2R 350, W)
155 138 , 9% 57 7 11 R FH Sigma 300 2% =] #7414 i
BEIEAT SR (SEM) .

il L VI HITE 1/4 8B AD B =R AR B0 3 0 4
FHIRE , 2800 4T B RN AILARA D' )5 2R FH 5% i 2 T
W AT 20 b B R R OLYMPUS-GX51 627 i
e (OM) AT ISR, 22 Jim X = it e S il e A 7
Y PR R I i, 3050 7oK 10 kg, PRELET I 10 s, B

AN ] B 0.5 mm

F1 FHL20NHUZERS (RESE)
Table 1 Chemical composition of FH420 steel %

C Si Mn P S Cu Ni Cr Ti Nb
0.063 0.096 1.47 0.013 0.0014 0.21 0.32 0.036 0.016 0.018
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Fig. 1 Fatigue specimens of FH420 steel : (a) Sampling location, (b) Specimen dimensions
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Table 2 Welding parameters of FH420 steel in three processes

BT L FLI/A ZENEAY JEE U/ (mm - min™) THRAAR B/ °C P A/ (k] em™)
AR R 210~220 23~24 230~240 130+5 6~8
P22 SR 570~630 30~34 400~450 195 ~ 205 22~26
[FIE4 640~670 29~31
XL 22 IR 640~650 160~210 36~40
Ja ¢ 580~620 32~35
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Fig. 2 Microstructure morphology of FH420 steel base metal : (a) OM, (b) SEM



5 R W

(b) (e)
20 pm 20 pm

e R 20 pm

K3 FHA20 9 =Rl 5 Sk A0 A A I DX A O BUE A : () S ABBR AP AR, (b) S22 I, (o) X2 IR
Fig. 3 Microstructure morphology of fine grain heat affected zone of three kinds of welded joints of FH420 steel : (a) carbon dioxide

gas shielded welding, (b) single wire submerged arc welding, (c¢) twin—wire submerged arc welding
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Fig. 4 Microstructure morphology of coarse grain heat affected zone of three kinds of welded joints of FH420 steel : (a) carbon diox-

ide gas shielded welding, (b) single wire submerged arc welding, (¢) twin—wire submerged arc welding
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Fig. 5 Microstructure of three kinds of welded joints of FH420 steel : (a) carbon dioxide gas shielded welding, (b) single wire sub-

merged arc welding, (c¢) twin—wire submerged arc welding
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Fig. 6 The hardness distribution of the three welded joints of FH420 steel : (a) carbon dioxide gas shielded welding, (b) single wire

submerged arc welding, (¢) twin—wire submerged arc welding
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Fig. 7 Fatigue S=N curves of three kinds of welded joints of
FH420 steel

w1 1 8 (a) AT LA B 55 IR 0 AR AR AR R4k 2 )2
2030 [6] R R A R B, AR T B 22 OB 22 LSRR
PRI A B, i TR AR B B A B
P ALt R s M Al B 22, S BB R
IF] 45 J R AT oM A, T ORI 5 BB L A, il T
P AR, O PR UEAR 48 OE |, 5 5% F T 2 TE
P4 MR 2 )35 4 DX 22, B I 1 7 AR R IR S
R A XU o P19 (b) It 7 1 1 538 XA 11 A8 ) 5
BRI, R WA B W R KO BIPE T . B18s
TS A R BRI e 2 W, 3k 2 LR ) 7 4 Aok By 2R
FHIE o

P 10 Dy =R fR- 235 3k 78 400 MPa B KT

#3 FHA20W=FIGHEE LM BRI R
Table 3 Fatigue test results of three kinds of welded joints of FH420 steel

ARSIk B 27 TR AR Sk XL 22 IS AR 4k
N JIKEIMPa 95 AR WiBAIE W IKEMPa S5 AR WMV E N JI/KSFE/MPa W 55 IR [T A=

420 0.182x10° BM 410 0.437x10° BM 410 0.999x10° BM
420 0.156x10° BM 410 0.572x10° BM 410 0.342x10° BM
420 0.247x10° BM 410 0.588x10° BM 410 0.454x10° BM
410 0.480x10° BM 405 0.365x10° BM 405 0.535x10° BM
410 0.453%10° BM 405 0.555%10° BM 405 0.513x10° BM
410 0.660x10° BM 405 0.689x10° BM 405 Run out -

400 1.135%10° BM 400 0.195%10° BM 400 0.426x10° BM
400 0.396x10° BM 400 0.781x10° BM 400 0.704x10° BM
400 0.131x10° BM 400 0.811x10° BM 400 1.997x10° BM
390 0.633x10° BM 390 0.931x10° BM 390 0.990x10° BM
390 1.153x10° BM 390 1.561x10° BM 390 1.352x10° BM
390 0.751x10° BM 390 0.637x10° BM 390 Run out -

380 1.811x10° BM 380 1.120%10° BM 380 1.352x10° BM
380 0.996x10° WM 380 Run out - 380 Run out -

380 Run out - 380 Run out - 380 Run out -
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Fig. 8 Macroscopic fracture morphology of FH420 steel gas shielded welding joint under different stress levels :

410 MPa, (¢) 400 MPa, (d) 390 MPa, (e) 380 MPa
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Fig. 9 When the stress level is 380 MPa, the fracture morphology of FH420 steel gas shielded welding joint : (a) crack source area,

(b) fracture zone
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Fig. 10 Fracture surface morphology of three types of FH420 steel welded joints at a stress level of 400 MPa (a,—a,). fatigue source

area, crack propagation zone, and fracture zone in CO» gas shielded arc welded joint; (b,~b,) fatigue source area, crack propagation

zone, and fracture zone in single-wire submerged arc welded joint; (c,—c,) fatigue source area, crack propagation zone, and fracture

zone in dual-wire submerged arc welded joint.
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