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Table 1 Chemical compositions of base metal
TTHE C N Si H S Al O Fe Ni Ti
HREw/ % 0.1 0.003 0.08 0.003 0.06 0.08 0.22 0.35 0.2 A
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Figure 1 Metallographic structure of TA2 plate
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Figure 3 TAZ2 friction stir welded joint
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(a)—the thermal affected zone; (b)—the weld zone; (¢)—the base material.
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Figure 4 Microstructure of TA2 friction stir welded joint
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Figure 5 Grain size of TA2 friction stir welded joint g
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Figure 6 Microhardness of TA2 friction stir welded joint
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Figure 7 Average conductivity of TA2 friction stir

welding joint
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Figure 8 Residual stress of TA2 friction stir welded

joint
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Figure 9 Tensile samples
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Table 3 Tensile test results

e PR/ JRIRSRE/  WrE AR/
” MPa MPa %
iEY7) 297 258 62
P JEE 45 AR A 415 325 32
3 Zig

TT'## 8 B 2 O 60 mmemin 'L #5
300 remin ' B3k A 1°—3° K3 R /7 20—25 kN
AR A 16 Lemin AR T2 S8F 6 TA2
Tt P R 48 8 1 Sk 4L SURMPE B 2R A7 T I .

(1) M58 (WZ) B 58 R 12 mm, 21 20 2 40
JIN ) B B A A, AR DX A T 38 ok RS - 2 A
JE43 ) A 12. 8 pm F 135, 4 HV , £1 44 4 - 2 ki ]
sfOERRE S 57 pum A1 125. 1 HV.,

(2) TA2 Fi $EEE 4 ML 15 4 (WZ) S5 6 (BM) Y
SRR 3. 65 % TACS F1 3. 82%TACS, S 4% (1)
SHCR AN

(3) T A2 4 4 B8 48 A5 22 3k B 4% 7 7 i AL 4 1)
A 7 100 2% T R AT, A5 v 0 B A 0L g e, o 1 R A
N T NI B% 4 R T 43 A B 420 Fi 180 MPa.

(4) TA2 B FI R 182 18 15 0% 5 BE b BF b1 i, (H 4E
A 22 R Y 51.6% o

S LK :

(1] BRochd, mpe, skiR 4 T AL WAk I 52 3k B i
ZURL ) PERE A BT LT]. 4 Jd i T (#un 12) , 2023(5)
57-61.

(2] s BRoCH , dk 5k, 5 R [RDRR 428 2 50 S b 300
XoF T A LB FI BE AR B2 3k B 21 45 ) 2+ Mk e 1 3%
Wi 434 [T ], 4 J i L (#n 1), 2023(10) : 56-60.

[3] FEWIR . TASEKA 45 F1 B 108 1 3k SO 41 20 T Sy 2
PERERFFE (DL My R« Wy AR 58 Tolk K2, 2021,

(4] el g, XIIE W i an B, &5 Bk G 4 1 £ R 3 Lk 5 3
RO % 8 TR, 2021,13(3) : 179-187.

(5] BKFWI,RAS, 755 B 1 B 2 45 0 T B0k KRR [T,
TEREF AR, 2019(1) : 1-4.

[6] %45,%Eé,a&%iﬁz,%.Iﬁké@ﬁt@ﬁ%ﬂ%ﬁ%zﬂ
AU MR IE [T ], AL, 2023,53(3) : 77-82.

[7] f&fﬁﬁ ZEHER TS UK T SRR A A TR EE AR 1Y
W BUR S & BT MBI 5 5 0, 2023, 17(1) -
79-86.

[8] ZHasi, ML, KRB, %5 . XU S B e S8 i A F
FEIUR 5 & BT MRS5S 5 8 L 2020, 14(4)
336-343.

(9] RBZ MB8T5 . BEPEk ol 408 A 4 WUl 8
Tt P R AR P Sk L BUERE R B TR (D). MR R
NEFH,2017,11(2) :84-88.

[10] 98 adl 32 A9 A, B0 V5, 45 . 5083 # A 4 it P FE 48
B VE Bl RR [T]. MORHR 5 5 0, 2015(2)
107-111.

[11] JAF, R B, A IE B3, 25 Bk BBk 4 4 B B8 42 L
FERERE[T] A% 8 T/, 2015,7(5) :46-51.

[12] Zegkid , EHEM, ZRE L0, 25 TCA kA 4 5 Pk EEE A
T 5% Y B O 4 S0 5 [T ] 0 2 il 1 B R L 2013,
436(16):160-163.

[13] ZEgkib AN BEHE, 5 KEENPREERETE
SHOFTH L PERE M R [T]. 0% #il d R L 2015, 487
(17):100-103.

[14] wAmie AR 4, X AR A0, 55 . 2l R4 1 88 5 4 it s 4t £k



200 BRI SR 20254F%5 19 445 1

BLHI LT ] 0028 Mk 24, 2016, 36(6) : 29-34. BHEARLZRIIL MBI E S5 N, 2018, 33(4) :
[15] TPesk, kN, tb e, 5 TCA kA 490 R 8 4 % 127-136.

BALOEHM R T]. A & EM eSS TR, 2008,268 [17] T A, F4, 24k % 2.5mm & TC4 k& &9

(11):2045-2048. JEE 4805 A R A AE 5 [T, #0m T T2, 2016, 45
(161 JE ¥, e, X0, 45 Bk A Bk & & 1 B 43 4 (15):171-176.

Microstructure and Mechanical Properties of Friction Stir Welded
Joint of TA2 Thin Titanium Plate

ZHANG Le"*,CHEN Yuanyuan"* ,FENG Qing"*, L1 Yaohui"*
(1. Xi'an Taijin Xinneng Technology Co., Ltd., Xi'an 710201, China; 2. Northwest Institute for Nonferrous Metal
Research, Xi'an 710201, China)

Abstract: IN order to explore the influence laws of process parameters such as stir - head rotation speed, welding speed, and
axial pressure on the welding quality of friction stir welding of thin titanium materials. The TAZ2 square thin titanium plate
with a thickness of 3 mm was welded friction stir welding, and the microstructure and mechanical properties of the weld joint
were analyzed. The findings indicate that the weld area is free from defects such as pores, inclusions and cracks, The
metallographic microstructure of the weld area is mainly composed of fine equiaxed grains ranging from 2.5 to 32 pum, with
grain growth occurring sequentially from the center of the weld to the base metal, The grain size exhibits a symmetrical
inverted "V" distribution along the weld center. The microhardness in the weld area ranges from 131.9 to 138.1 HV,
decreasing progressively from the weld center to the base metal. The average grain size and microhardness of the weld area
were 12.8 pm and 135.4 HV, respectively, compared to 57 um and 125.1 HV in the base metal area, indicating that the
weld area’s grain size is 44.2 pm smaller and its microhardness is 10. 3 HV higher than that of the base metal. The average
conductivity of the weld region and base metal region was measured at 3. 65%IACS and 3.82%IACS, respectively, that the
weld region has a conductivity 0.17% lower than that of the base metal. Residual stress measurements using the MTS3000
blind hole method revealed that the central weld exhibited the highest residual stress, with transverse and longitudinal stresses
of 420 MPa and 180 MPa respectively, Compressive stress was observed 15—20 mm from the weld center . Tensile test
indicated that the the friction stir weldment achived a tensile strength of 415 MPa, yield strength of 325 MPa and elongation of
32%, compared to 297 MPa, 258 MPa, and 62% for the base metal Through this research, the optimal combination of
process parameters for friction stir welding of thin titanium materials was determined, which improved the welding efficiency
and quality stability.

Keywords: friction stir welding; TAZ2 square thin titanium plate; microhardness; metallographic structure; tensile strength;

elongation rate; conductivity ;residual stress
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