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Abstract: The Ti/Al dissimilar welded structure combines the high strength and corrosion resistance of
titanium alloys with the lightweight and formability advantages of aluminum alloys, providing a broader
range of options for product design and manufacturing. Meanwhile, this structure helps reduce component
mass and cost, achieving lightweight design and structural-functional integration. Friction stir welding
(FSW) , as a solid-state welding method, is one of the most suitable techniques for Ti/Al dissimilar
joining. However, conventional Ti/Al FSW still faces challenges such as severe tool wear, non-uniform
mechanical properties along the weld thickness, potential lack of penetration at the weld root, and difficulty
in precisely controlling intermetallic compounds (IMCs). This paper reviews the improvements proposed
by researchers worldwide to address these issues, exploring various innovative processes to overcome the
limitations of conventional Ti/Al FSW and achieve high-quality joints. It analyzes and compares the
characteristics and applicability of different modified FSW techniques, including interlayer addition at the
interface, application of auxiliary external fields, modification of joint configurations, and stationary
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shoulder FSW. The study further explores their roles and mechanisms in enhancing weld quality and

optimizing interface properties, while systematically summarizing future research directions for Ti/Al

dissimilar FSW. Finally, it is pointed out that future research should focus on further optimizing modified

welding processes, improving process stability, and enhancing industrial feasibility to promote the

engineering application of Ti/Al dissimilar welded structures.

Key words: friction stir welding; Ti/Al dissimilar metal ; modified friction stir welding ; joining mechanism;

intermetallic compound ; mechanical property
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Fig. 1 Schematic diagram of IMCs formation mechanism in Ti/Al dissimilar metals FSW process

(a)Ti/Al binary phase diagram"'®’; (b)formation mechanism of interfacial IMCs under different heat input conditions""’; (¢)formation mechanism

of multilayer interfacial IMCs under different rotational speeds'™; (d)formation free energy of major IMCs in the Ti/Al system

AR HETER X IMCs 194 i85 KR B AR £ iF
I8 ATERR /A0 SRR 42 TR FSW sk FE v, KW AR i
IO R AR IR AE T AR S A - - TR A HIL I X IMCs
A IR S WAL G R AT B TR AR TS o H A o
P IMCs JBE 2 LA -4 Sk 5 JEE AT HfE A S 3

2 KRBT EEE M FSW R IR

ST FSW ek /40 5 Fh 4 TR AR 7 T DR
DA B AE R /0 SR AR FSW T 24 AL B2 3k 00
VT 5 12 I B )y T AT T BRI, OF
U T — IR . B/ SR i PSW 1%
i a4 R R W0 2 R . AR B Py 2t

[11]

o TR D R A B L BR/BR R R
J& FSW ab #2 i $ 41 K o & TR G 4, Ua >
P SR i, e b B TR
G4 FSW ik 2 v i W (UL B2 = T8 6 A A, Ut
PR R AR BEKT O X AR S S A
TEXHZIL X Ti/ AL M &8 FSW i 5 B 208
B B ER G 4 B TR0 SO A B T 0 AR 4 72
IR m ek e . SR, TERS BB A 0h B B E
T HTE B S5 R SR AE ARG 1L, i T it — 2T
SCEGXTER /R S R 4 B FSW B i AT IR AESY . AR
Dressler %70 JF & 1) TC4/2024-T3 X 422 5L B A 5% &
I FERRAX X N RE S B W I 1 v 28 BB 45 4, O HLER

# I X (thermo-mechanically affected zone, TMAZ)



53 el B/ B S b 4 B R AR S OB T st 65
@ T e |

AS-Ti RS-Al

S,
%,
©
o
7%
C‘,}b
7

B2 BK/HRFha R FSW FZERE T (a) xR s (b) #5407
Fig. 2 Primary welding methods for Ti/Al dissimilar metal FSW  (a)butt joint; (b)lap joint
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