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Interface Design and Microstructure Property Analysis of Ti/Al FSW

LIU Jinhao, DONG Jiyi’, YIN Yuhuan, XU Lei, HE Jianli

Shanghai Aerospace Equipments Manufacturer Co., Ltd., Shanghai 200245, China

Abstract: The Ti/Al dissimilar metal composite structure can fully utilize the superior properties of different materials and
effectively reduce weight, presenting broad application prospects in the manufacturing of aerospace and weapon equipment.
In this paper, friction stir welding experiments were conducted on 2A14 aluminum alloy and TC4 titanium alloy, and the in-
fluence mechanism of different interface structures on the microstructure and mechanical properties of the joint was ex-
plored. The results show that plastic deformation of the material occurs at the titanium/aluminum lap interface, and the inter-
metallic compound TiAl; phase is generated. The flat structure is mainly metallurgical and there exist micro-mechanical in-
terlocking structures. Both the rectangular structure and the dovetail structure can achieve "metallurgical connection + multi-
scale mechanical connection", and the two structures exhibit secondary fracture in the tensile shear test. Among the three in-
terface structures, the joint of the dovetail structure possesses higher joint strength and elongation. Compared with the joint
of the flat structure, the strength of the dovetail structure is increased by 85.05% and the elongation is increased by 61.92%.
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Table 1 Chemical composition of TC4 Ti alloy (wt. %)

Fe C N H 0 Al \% Ti
<030 <0.10 <0.05 <0.015 <020 <5.5~6.8 <3.5~6.8 A

K2 2AUBREEUFRS (RESH, %)

Table 2 Chemical composition of 2A14 Al alloy (wt. %)

Si Cu Mg Zn
0.6~1.2 3.9~4.8 0.40~0.8 <0.30
Mn Ti Ni Fe Al

0.40~1.0 <0.15 <0.10 <0.70 At
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Fig. 1 Schematic diagram of Ti/Al lap joint structure
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Table 3 Dimensional parameters of the three lap interface structures

75 s | w0 HO A0/(°)
1 FH 0 0 0
2 biaviA 12.0 1.0 90
3 HEGD 12.0 1.0 60

DB S ABE ek A A S T
Ho P 2 s o BEbE sk ERR M SR a0y 5
W R P BE AR 10 Sk s oS SR AR it 5 < 4
B SR A G IE BB A



" K

2025 4F:

B2 #HHIATRE
Fig. 2 Stir tool diagram

SR R AR UL B S0 -
BEREATE AR S 4 0.1 mm, P dEk S B4R 24 mm,
JiE % 1 RE 600 r/min , JE4Z 3 FE 100 r/min FIARE Sk il
R 2.8°

5 T T T A T ) o A A AR R
FHL AR 55 P14 FE | 43 3 Kroll 1 71] (2 mL HF+
4 mL HNO;+94 mL H,O) #1 NaOH 7K #§ % (2 g NaOH
+100 mL H,0) XF 434 4 Flgk & 4 W42 3k 00 17 )5
Tt 7 4 AH B GUBE b UL S AR A AR A I 11 2 UL 3
SAHAZ . RS R B (FEL NOVA 450,
SEM) FIFC R REIHX (EDS ) % kAR #4543 ST (14
SRR 2 o BEAT T RN HT o PR HURE
XPFR 4 PR BE AR ARG ol 76T RIS ML L T
LRI, B A5 2 R 10 mm/min, B4 T. 2 3505
SLEAT 3 AL AR e OV S (AR IR SR, DAsf
TR A R

2 REERKSH

2.1 EERELAAFR

I S T 5 A S B A T LT
WK 3 FrR , B AT HFE e i T 2380, —F
SIS PR S T A RGE R . AR Ak
R KR AR IX 7 R HLWH S 3% 4 S TR A B0 T Y
A ERETE S5 K FIME N 25 40 L 45 6 & A Rk 2 1
PG A I A R JR I R IR T N S
b, SR Y R AT

L Z A D) 45 A6) 5 452 5L THD 4 A 20 U RN fOUL 2 21
JEA, i R AL S AR ZUE BN 4 R, w] LA
SRS B, R A bR — 0 S 30 A T Ak Aober B Sl A
b, AR A 2 B R A ST R IR

(a) V&5

5 mm

(b)FEL s

(c)MEINZEHY
B3 =MAEZEFESEEREEAENLR

Fig.3 Macroscopic morphology of structural joint cross sections at

three different lap interfaces
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Fig. 4 Metallographic structure morphology of dovetail structure at

the lap joint interface
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Fig. 5 Microstructure morphology of dovetail structure at the lap joint interface
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Table 4 Results of EDS analysis(at. %)
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Fig. 6 Load-displacement curves for lap joints with three interfacial

structures
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Fig. 7 Macroscopic morphology of three lap joints with three interfa-

cial structures after tensile shear failure
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