#oate el o# T Vol.54  No.8
2026 4 8 H %5 106—118 7T Journal of Materials Engineering Aug. 2026 pp.106—118

Sl EZA P RE , 2Kk, 55 B/ R B R I AL e e [ T ] BB TR, 2026, 54(8) : 106-118.
XIA Yueqing, XU Guisheng, JIU Yongtao, et al. Research progress in fusion welding of titanium/steel dissimilar metals[J].
Journal of Materials Engineering,2026,54(8) : 106-118.

iNRMERKRLEMRTR

BRARVERARA, MRE BAM T S A T,
&EN L R KAWL, RARRY
(1 T RE Al A HLH TR B I 45000252 v AL S B 22 T KB LA 92 ST BR A 7
f PERE A K A ) 4 [ 5 S0 3, KR 450001)

WE K/ (Ti/Fe) 7R 4: 8 2 A F AT L7855 B ARG 4 v Um0 S 8 btk B v RS M i O A, TR e 3ife LA
B R W IS RRAR DA B R A TAERR A PL 38, I WS B K. 4877, Ti Fe Z M W31 K Ak 2 MR 22 5K (A5 45 /40 Rl &
J&E AR T G A R PR AR . A AR Sk AT T A 38 R T 5 25038 e SRR s I AR R AR Bk /A S 4 S i
T2 R . ALRGLR T HOGE FIUE TR T AR R, 2SR T ARG E T2 hE 2 b
ST R R AR R 4B R T T2 - A - REZ M B INTEER R o FEBLIERN b, Bl T8k /NG Bt AR AR AR B M
AN T e e AR AR A Y R A R T R R R VB G TR T R E AR5 IR ISR R G A HLER
2RI 2 T AU SRR GT 7 1), Sk /B T T 4 R R W S M AR bR R S B S B Rk /N B A 1
1) T AR R

SR B/ TS A A S I AR IR 2 e 2 SR R

doi: 10.11868/j.issn.1001-4381.2025.000450  CSTR: 32421.14.j.issn.1001-4381.2025.000450

hESES: TG442  XEFRIRED: A XEHS: 1001-4381(2026)08-0106-13

Research progress in fusion welding of titanium/steel dissimilar metals

XIA Yueqing"?,XU Guisheng',JTU Yongtao®’,LU Quanbin’, GUO Peng”,QIN Jian®,
PAN Zhigang',ZHOU Peilin',ZHANG Xiuli', LONG Weimin*

(1 College of Mechanical &. Electrical Engineering, Henan Agricultural University , Zhengzhou 450002, China;
2 State Key Laboratory of High Performance &. Advanced Welding Materials , China Academy of Machinery
Zhengzhou Research Institute of Mechanical Engineering Co., Ltd.,Zhengzhou 450001, China)

Abstract: Titanium/steel (Ti/Fe) dissimilar metal composite components can fully utilize the advantages
of titanium alloys, such as high specific strength, excellent corrosion resistance, and high-temperature
stability, while also incorporating the benefits of steel, including high stiffness, low cost, and good
machinability. However, the substantial differences in physical and chemical properties between Ti and Fe
pose major challenges for the welding of titanium/steel dissimilar metal composites. Due to the advantages
of good formability, strong adaptability, and high efficiency, fusion welding joints have garnered significant
attention in the field of joining titanium/steel dissimilar metals in recent years. This paper systematically
reviews the research progress of laser welding, arc welding, electron beam welding, and other processes,
analyses the effects of different fusion welding processes, interlayers, and metallurgical products on the
microstructure and properties of joints, and reveals the intrinsic relationship between process-
microstructure-properties. Based on this analysis, the existing problems and future research directions of
titanium/steel welding technique are summarized, such as the process improvement can not avoid the
problems of intermetallic compounds, the limitations of single metal interlayer, and the complexity of
composite interlayer scheme. The future research directions, such as metal high entropy alloying, machine
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learning aided design, and multi-process coordination are proposed to provide technical and theoretical

support for the breakthrough of titanium/steel high-quality welding technique and speed up the engineering

application process of titanium/steel composite components.

Key words: titanium/steel dissimilar metal ; fusion welding; welding process; interlayer; microstructure and

property
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Fig.1 Schematic diagram of classification, research directions, interlayer

material ,and application field of titanium/steel fusion welding
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Fig.2 Researches on laser welding of titanium/steel with different processes
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I (b)microstructure analysis of joints with 0.25 mm laser offset

(c)microstructure analysis of joints with 0.35 mm laser offset 2!/
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Fig.3 Researches on laser welding of titanium/steel with different interlayers

(a)microstructures of weld seam with Cu interlayer!®

'; (b)joint temperature field of Cu interlayer with different thicknesses'®’; (¢)three-pass welding

process and image of cross section with Nb/Ni interlayer®'; (d)diagram of heat conduction for joint with AgCuTi filler metal'!!



110 FHRLT A2

2026 4= 8 H

TCA B A 4 1304 AN, 6l T Ti-Fe IMCs
9T B, AR A 3 Sk PR 220 1500, A BR T hr s B
418 MPa. Zhang %% 3 3 ¥ F & A 3¢ )22 Nb/Ni,
Zn/Culssk A 4 3O BIAGEMN E (F 3(c)™),
TEMREETh R R I Ti-Fe IMCs, 33k a1tk B i F R .
Yu ZEPU A 0.1 mm B9 AgCuTifE MIH T &8, il
I3 304 NN/ TCABR A 4o B MU O AL
A5 A I8 A AN 85 B9 78 S 17 22 o AR A% 8 3 AR 4
(1 3(d) ), 7oA K543 W 0T ) B E AR AR A R Ao 2
ELo A B A 2R AL TR AR A N 5 9 1 K BB
BT T Fe IR A1 L IMCs, 32236 T2 i KL 41916 4
ghia, R B

HR) 20 £ 48 24 2 T Z TR H
(52 220 P RV B2 T 20BR T LR o Hao 55 Fe ik
L2t A W IF & T (CoCrFeNi) -, Cu, K8
2 T A & S5 ANE MBI, kP b g
iKE| 161 MPa, HARGREANKIM (FHERG &/ ARG
BIR L TE AR T — R % AR X RS 4
K22 PO EEE PR E SR wnR
AT HRLE A B A S L AT AR A R R
G MR LR /AR Sk 1 D) 2E MR L m TR RE L PUE
PhPERE S I sE i E D
2.3 Ht#sE

R T H R/ S R A R OB R R Sk it e
FIE N AR D T — S A el itk Oy 58 o Li 4%
Ti/Cu/304SS WOt E 3 K AT AW T2 F RIS
PO B P FE R EE A 400 “CHE T F) 550 °C, Ti-Cu
IMCs [ ] B34, AH 2 0 SR BE 3G, [RIR Cu kA= P4k
i, MAE 1Y) B A N A9 B R R S K R
0.3% 2] 2.21% , Pri s B R FFAE 320 MPa; Fifi 5
FROKh PR B 1 4k SE3G N, Fe JR - 28 i 4 ok I )2 TP g
FeTiAH, NI/ T HEHEHE L R . R AR A 4
AEER T2 He ] DU P AR B g R HSKE
Brfe VT AR MEFR 2 B BE 238 PR e SR F: 30 IMCs i —
AR BB A PERE G ALY T % 1. Chattopadhyay
AENOR S 1 e R DR N 7 =X, SE AR S R A Y
AR RO g 1.2 kW HH453 9 0.5 m/min
F i 28 W 4090 AR S 40T 3R13 T 375 MPa
A4 B R R P B 3k o

3 SRANEINIE
HL AR B A T B AT O S A 7, A Tl

SRR A B RREE Y . BT TR/ N R 4 R i
F2 0 LSRR T A B A 1 AR PR 4 (tungsten in-

ert gas welding, TIG) #1 ¥ 4 J& i ¥ 4& (cold metal
transfer welding, CMT) . T HL U A9 /& Pk A KR
PE B/ B SRR SR AN T AT R X
B/ S Ah 4 JE TR I B oY R AR TR S5 8K
A T e 1 U A s R B A ok el R A
(IR 4 F
3.1 $KANTIG KR
3.1.1 #iCulitzs

Cu kit 22 2 4Bk M B M R, Liv %LU
BRI LE Cu W IR AR R T TAIS A 4/
18-S ANEFEHIMY TIG K4z , 45 S W AR 48 50 Fy IV X
WA 4R X DL G A X R4 | X 5156 X g
T R HOR IMCs (TP L Ti,Cu, #1 TiFe) , B 55 T
e Mk, P I A TE U T 24 . Hao %51 1 4 4l 4 24
YER K22 W e R 75 R 3 51 A TCA B A 4 /304 A
B0 TIG AR o 38 5k 2 o 6 7 e Ty 238, 14 5 05 Sl 45
FERONE , T INGE Ti/Fe i F 0P HU S T8, i
ik Cu/Fe Al Ti/Fe F i v Ti J5F /& o, 8] 322 B I
IMCs H %t . 25K, 75 T35 800 W B,
Fz 3 BRI 7 2 3x 8 75 0 Bk Sl BRI, HU P 5 E R B
346 MPa.,
3.1.2 Hate

WFoE R B, FEBR/ M iEHz h 5] A Cu Ni,V Nb 4§
W] ZAERE, eSS I Ti-Fe IMCs (2R i, H:
Y BLEIAE T . — 7 1, Cu 5 Ti SO A ik &9 Ee
Ti-Fe AH¥E A A7 BY TR AR A S5 50—
[, Ni,V Nb % o 2 i AR Ti Fe Ji 19 B H0H
R RSES Tisk Fe JE AR ML P AH SR e A1, A
TR PE Y Ti-Fe IMCs!01 LTt , ok i £ 1
W58 N BRI R A1 2ol 2 o0 R 414 )2 ok fRLAG
Ti.Fe BN, I8 /0 IMCs [T BY

4 R R TR T2 AR /4K TIG KRFoE o %
DS 2R ] CuNi B 22 TIG #3243 TC4/304 NEEAN, /1
FL AR A I A 92 3k K/ ) A T TROUR L 2 n ] 4. ()
B 7R, A€ FE I TC4A M 9 45 48 X AR B K 3 TiCut
TiNi+TiCu ZMIREY , (EAFEK /i X B hism B P
{4/ TiFe, 4 A% , 5 804% 3k fi 278 LAk B
24 AR 22 b NI i /0 B T Ak AR AR
y-(Fe, Ni) A, 1041 TiFe, A4 i1 [A] i TiFe,
FHAT A ZEAT AR G4 ], 4 IMCs B RS2 531 , 42 3k
PP i 5 1l 35 413 MPa, Oliveira 25 & AL 5
PALFE T 2R PE T NiTi SMA/Ni #4522 /304SS 3k
FER AR I T BB ARAS TR B B K 286 MPa iy
$E3 . ChuZE5 % ] Cu-V 2l i 0 22 TIG 54% CP-
Ti/Q345, 7E f# 4% L P A I i Ti-Cu. Ti-Fe-Cu #l



%5445 38

B/ A9 5 b SR A (AR IE S e 111

Ti-Fe IMCs, lfi £ Ti-Fe IMCs %% Cu [ AR 7 B |, 42
Sk BT 5 B 3k F) 501 MPa, I Ah , Cu-Ni 4 4 48
221 Cu-Ti G422 CuSi; M2 NiCrMo-3 ¢
L PP O A KR 2 T2 N TR/ TIG KR
o BRI AT B Sk R R . A PR DL
U= A A A 22 TR/ TIG R4 . Liu %53k F
FeCoNiCuTi & 4 i AR Ti Ni il Cut &
SRR 22 TA2/Q235 W4 JR B A M, B i

5} (electron back scatter diffraction, EBSD) 4t 5 6 B |

% ]l FeCoNiTi,; F1 FeCoNi, Tios M 22 35 15 ) 15 4% /
B A AL T BRE T DX 8k 2E B T TiFe, IMCs, 1fij 2R
FeCoNi,;Tiys Al FeCoNiCuy ; K 22 BE 0% Uk /N 122 3k 1Y ~F
PR RT3 02 T S A A B TiFe, IMCs #k]
T ARk AR AR 22 i N i S EUR X
TiFe, IMCs R~} FE i /)y o SR FH FeCoNiTi, ;s M 22
(E4(b) )}, TiFe A0 HECR A, 1 FeCoNi, Ti, ;A7 22 fir
PRSI EE ) TiF e S EPIR M, e b3k 271
REPET, SR PThi ik 8] 327 MPa,

Fracture path

FeCoNiTi, . | FeCoNiTi .
In se pole figure maps (IPF)

Phase_FCC

Phase_BCC

Von-Mises stress

G g T

0 40 80 120 160 200 240 280 320 3elso 4c|)o 440 480 520 560 600 MPa
[ I R

Transverse stress

200-173-146-120 -93 67 40 13 13 40 67 93 120 146 173 200 MPa
e | | |

Cross sadiiion

Longitudinal stress

z
y=100 _200-146 -93 -40 13 67 120 173 227 2?0 Silis 387 440 493 547 600 MPa
l—»x [ T — I ———

B4 N2/ TIG SRUF5E
() TC4/CuNiy/304SS Hek FH I X BOWAT LRI R A2 5 (b) TA2/ Bl 3 447 22/ Q235 Hesk EBSD RAFLE R
(¢)TCA/304SS TIG HHESK B B4 5 (d) Ti/Fe TIG-MIG AU e G423k 18 H- 154
Fig.4 Researches on TIG welding of titanium/steel with different processes
(a)interfacial microstructure and fracture path of TC4/CuNi,,/304SS joint™®2'; (h) EBSD testing results of TA2/high-enthopy filler wire/Q235 joint'®';
(¢)stress simulation of TC4/304SS TIG welding joint*'; (d)photos of TIG-MIG double-side arc-welding joint of Ti/Fel*"
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Fig.5 Researches on CMT welding of titanium/steel with different processes

(a)-(c)interfacial microstructures of different wire welded joints'*!; (d)hardness distribution of without applied magnetic field (12%) and

with magnetic field current of 1 A(14%)'7; (e)variation of ultimate tensile strength and heat input with magnetic field"
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