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Abstract: To address the challenges of high cold cracking susceptibility, significant carbon migration, and mismatched joint
properties in welding dissimilar steels between medium-carbon quenched and tempered steel 34CrNilMo and low-alloy
structural steel Q355B, this study investigates a high-efficiency Submerged Arc Welding (SAW) process. Based on the under-
matching principle, a combination of H10Mn2 welding wire and SJ101 flux was selected, supported by key procedures in-
cluding preheating (200-250 °C), strict interpass temperature control, and post-weld annealing at 560°C for 8 hours. Me-
chanical tests demonstrate excellent joint performance: the tensile strength (=490 MPa) meets the design requirement, with
fractures consistently occurring in the Q355B base metal; the average impact energies at 20°C are 106.3 J for the weld metal,
125.2 ] for the heat-affected zone (HAZ) on the 34CrNilMo side, and 182.2 J for the HAZ on the Q355B side, all exceeding
the respective base metal requirements; microhardness exhibits a gradient distribution, with the highest average value in the
HAZ on the 34CrNilMo side (314 HBW) and the lowest in the Q355B base metal (163 HBW). Metallographic analysis re-
veals a weld microstructure consisting of bainite and ferrite, with a reasonable microstructural transition in both HAZs and
no welding defects. This process successfully achieves high-quality and efficient joining of 34CrNilMo and Q355B dissimi-
lar steels, providing reliable parameters for engineering applications.
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Table 1 Chemical composition of the 34CrNilMo steel (wt. %)

C Si Mn Cr
0.30~0.38 0.17~0.37 0.4~0.7 1.4~1.7
Ni Mo S P

1.4~1.7 0.15~0.30 <0.025 <0.025

&2 34CrNilMo SRHLH ERE
Table 2 Mechanical properties of the 34CrNilMo steel

PohisREz  JEMEREE B WTEETR i (20 °0)
/MPa /MPa 1% 1% KV2/1
900~1 100 >700 >12 55 >45

3 Q3SSBINUERMS (RESHE, %)

Table 3 Chemical composition of the Q355B steel (wt. %)

C Si Mn Cr Ni Mo S
<0.14 <0.50 <1.6 <0.3 <0.5 <0.1 <0.035
P Cu N Nb v Ti
<0.035 <0.4 <0.015 <0.1 0.01~0.10 0.006~0.050

T4 Q355BMHLmMIEEE

Table 4 Mechanical properties of the Q355B steel
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470~630 >335 =19 =55 >27(20°C)

M1 Ceq<0.45% , FH4ZNE R 1 50.45%<Ceq<0.6%
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Table 5 Mechanical properties of the welding material
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Fig.1 Welding groove form
23 RBEIZSHEEARERE
34CrNilMo+Q355B S A (M4 T 2 28
FEARAE i 1 ) 2 2 A7 1 ¥ R B0k f A
%o H1F 34CrNilMo 5 FRR 24 1 5, 12 24P AUk
TRV A i) AR S, 7 T o 4 T 2 A 2R B
PP 2 R B A B A SR SRS M
Af A B AR it 7
23.1 FATFRM
B 24 0 v VA SR SRR R A ) 7 A e
20, R A2 A, L H AR R AR R S
Y HH el /0 T A VAR RE ZH 20 7R A, DA il
RS L, DAREAIG = A R A i L 1E
PR TR RS A H A T2 S50k b, W DL
TR v G 4 B0 A v I AR R A AR A0 Sl PR IE



5512 3

ZefE | 4% 34CrNilMo+()355B SRl e i a4 T 2 mhse 75

34CrNilMo+Q355B Jt #2245 S A Y R HE 24 4 1R
P 34CrNi1Mo B4 T A Y b 11300645 5, TRl A 2% &
U T AAEA IS B TN 57 s B, S A A
IR 200~250 °C.,
232 ERIRERITE

R A s T2 TR IR B )23 )
1o KRSk AR B HLAL 2 Bl AR A i B AIGIR
PITE T B 2R A%, At F rh S  2k
JE 2k W25 5 T SRR 2 2 ) B R B HCS Y
R S s 2 AR 200~250 °C. R #EA T2
[T RS 1 B A R v 0 A 1 R i DL R R
AR, i R 2 (R I B, B R KR T
233 FEAHIEH

SRR 2 2 28 U2, $T )2 s o
27~30 V, FEHEHL I R 450~500 A, K422 58 5 g 250~
400 mm/min, H 4% JZ LI R 28~33 V, A8 LR
500~650 A, FEZ U 300~420 mm/min.,
234 JFEHAE

K AT AL 3 — T 1T DA RS S R
BRI T, b7 Ik MRG0 A 55— AT LAk
SRSk B A SUIRML , B2l 2R ok, W] B ek
SRR RGN G R A RE B e R Sk
SR R R R AR B R X R A
Sk R T R4 R ok, 3R R BE 560 °C, PR3 8 h,
VG
235 JFHERIIRAG B AR A M

X RREEIEA T TR GRS RNk ) AR ke 4, 1
B SRIGIHAREIEAT PERERS I , /AT 6 45 SR S
BAFEHARFPREESR . MR AWSD1.1/1.1M
—2015 X KRR S HEA TSR B A R T S s
TR 7 W S AW 4 AL 4 S R i H

3 XL RMST

3.0 BRIt

34CrNilMo/Q355B 5 Fft 4 A5 452 12 3k Fae He A e
AWSDI.1/1.1M—2015 317 J1 2 PEREIR S .

(D)X S - TR Al i g 45 R n gk 6
FIs o 4R R Sk BT o B 18038 B B
B 70 50 B SR (Q355B B A 41 f ik i K T 45T

470 MPa) , S48 0 B S REM VLI . HR4E AWSD
1.1/D1L.IM—2015 5, HUhrum B2 A /N T e FH B
WA RIS PP B L PN ) e /ML, 45 SR 58 25 B
HEZER

#6 HMIKBHER

Table 6 The results of tensile test

AR EIRERE PohoRE Rl W -
i /MPa /MPa 1% [ivAs
1-1 440 528 24 {57 Gk
1-2 415 517 23.5 {57 Gk
1-3 403 503 245 BEAF Gk
1-4 392 490 26 {57 Gk
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Table 7 The results of bending test
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Table 8 The results of impact test
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3.3 105 Table 10 Microscopic metallographic structure of the joint
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Fig.2 Low magnification morphology image of weld seam
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Fig.3 Microhardness distribution map
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Table 9 The results of microhardness( HBW)
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Fig. 4 Metallographic microstructure of joints

TE 20°C T B R 45 19 30 PE A &, J5L4% L 34CrNil
Mo B M X K Q355B M FAS i X (1) wh o 1) F- 45
7358 106.3 1.125.2 15 182.2 J, i L bR R

(3) 23 I T Bl 3 52 7 %% 7347 , 34CrNilMo fl]
SRS [X P AR E A e (314 HBW) , Q355B 47 it
(163 HBW) . & AH /3 B3R W, M4 20 410 DL G
PR+HER A 3 BN ARG 0 [X 41 2053 1) A DU EG A+
BRZAR(Q355B M) 55 [l sk 2R [GAAR+4K 22 {4 (34CrNi-
IMo fill) , ZH 3 P i 5 , ToH i AR

A FE B UE T R i R SRR S 1% S5 o 4N
R R AT, BRI T LS50S0, iR
e Al Y A AN S AR B e AR R T
HHVAAG ) 2 A 5 A28 R 0 5 () B30 S R TR I R R
s FME.

(3]

(4]

B2k
(1] WEF, IMELE . SRR B A AT 5 AR TR [T ].
JKFIEL IIHLAR, 1998(3) :42-46.
PAN C X, SUN G Z. Present Research and Trends in
the Dissimilar Steel Weldability[J]. Water Conservancy
& Electric Power Machinery, 1998(3) :42-46.
(2] JBAE RS, F 2225 . 34CNi3Mo fIR 4 4 R 5 32 ] R 0 45

(5]

(b)Q355B MFZ i X

(¢)34CrNilMo fEE#4

(e)f4E

BABZXEHERAR

Ve R oUBUBME R [T ). DL T 55 i 1 L 1983
(06):1-9.

GU W X, WANG Z J. Research on the Cold Crack Sen-
sitivity of Welding for 34CrNi3Mo Low-Alloy High—
Strength Quenched and Tempered Steel [J]. Machinery
Design & Manufacture, 1983(06) : 1-9.

IEHEE, SR SRR, AF L 35CrMnSi 5 Q355B Sl
OB T 21T LR TR 5 A 31k, 2023(5) : 138
140+143.

YEJF,WUW F,LIN Y J, et al. Welding Process of
35CrMnSi and Q355B Dissimilar Materials [J]. Me-
chanical Engineering & Automation, 2023 (5) : 138-
140+143.

FH I . ZG35Cr Mo 15 Q345B RAMN AR T4
(LM TR, 2013(13):49-50.

JIANG Y, XIE Y. Welding Technology of Dissimilar
Steel ZG35Cr1Mo and Q345B[J]. Value Engineering,
2013(13):49-50.

FARSK, Bfaas, R . s i B A 254 A e
SRR A R R [T ], #0212, 2004
(8):47-50.

WANG Z J, CHEN B L, YI C D. Two Factors About
Selecting Welding Material for HSLA Steel [J]. Hot
Working Technology,2004(8) :47-50.



78

43K

2025 4F:

(6]

(8]

TR IVFEAS 145 35CrMoA +S275NL 5 Fii i
FHE T ZH5ET ] L, 2011,41(12) : 57-61.
ZHANG Y Y, SUN X J,RAN C H. Study on welding
processing of dissimilar steel 35CrMoA+S275NL [J].
Electric Welding Machine,2011(12):57-61.

PR AT, 3 [, R AEGZE . 141 A 30CTN3 A T
SRR LT ] UL, 2013,43(7) : 33-36.

XUE G Q,ZHANG G P,CHEN S Y. Research and ap-
plication of welding procedure on 30CrNi3 [J]. Electric
Welding Machine,2013(7) :33-36.

XA . B A 54K 34CrNiMoA KRz v 5 [ ). B
PR B4 (A ARBRERRD) ,2006(1) : 29-30.

LIU W Q. A Research on Welding Quality of Central—
carbon Steel 34CrNi3MoA [J]. Journal of Shaoyang
University : Natural Science Edition,2006(1) :29-30.

B LEF 9N

(6]

(8]

Machinery,2021,39(3) : 54-58.

XURE . X65 4518 407 & STT [ shilAR T 2055 Sk 57
PEREILAL[D . Kt KHER %, 2022.

LIU W. Study on all-position automatic root—pass
welding processes of the X65 pipeline by STT technol-
ogy and the optimization of fatigue property for its joint
[D]. Tianjin: Tianjin University,2022.

PRIR R . X65 4 CMT MR T 20 B R4 5 T e 5
HIBFEID]. K KR, 2023.

CHEN Z D. Study on root—pass welding process of the
X65 pipeline by CMT technology and its backside weld
geometry control[ D ]. Tianjin : Tianjin University,2023.
THER, BIESR . GMAW T Z AR e S B 52
BrsfEdl ], Bkl , 2024(6) :28-31.

DING X M, WEI H R. Research, analysis and control

of undercut defects on GMAW process overhead weld-

(9]

[10]

[11]

[10]

[11]

XU, 1 B, S P i 8 BT 4 30CTrNiMog 5
S355IR S FiH A5 4% [ 1], 4 J& i T (B T2) , 2013
(18):34-36.
LIU X S,XIAO D Z,WU J Y. Welding of medium car-
bon quenched and tempered steel 30CrNiMo8 and dis-
similar steel S355JR [J]. MW Metal Forming, 2013
(18):34-36.
W TN WIS SR A Bl A i DR B
PRGOS )] AR, 2023(10) : 105-108.
ZENG X,LEI A S,HU P, et al. Analysis on the Causes
and Control Measures of Dissimilar Steel Welding De-
fects[ J]. Architecture Technology,2023(10):105-108.
w DR, &SR AR R M. b2 Tl s it , 2010
(5):60-66.

YRk : http ://www.71dhj.com

ing[J]. Boiler Manufacturing ,2024(6) :28-31.
KRG . Tt R A 7 - U T 2S5 S i
(). 12845 ,2021,38(7) : 81-86.
ZHENG M T. Research and application of heat—
resisting alloy steel tube—to—tubesheet welding process
in overhead position [J]. Pressure Vessel Technology,
2021,38(7):81-86.
o, DA w8 B TR A hL
STTHI MRS T 2000 ). 542, 2022(2) 1 1-5.
FENG J, WU S J,GAO H M, et al. Subsection process
of all-position STT backing welding based on the force
in molten pool[ J]. Welding & Joining,2022(2) :1-5.
Rokhlin S I, Guu A C. A study of arc force, pool de-
pression, and weld penetration during gas tungsten arc
welding[J]. Welding Journal, 1993,72(8) :381-390.
AL : http : //www.71dhj.com



