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Table 1 Chemical composition of TC21 titanium alloy (w/%)

Al Zr Sn Mo Cr Nb Si Ti

6.17 222 219 286 15 202 007 Bal

Bl 1 TC2 k&4 BMAHN
Fig.1 OM (a) and SEM (b) microstructures of TC21 titanium

alloy
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Fig.2 Appearance of TC21 titanium alloy LFWed joint
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Fig.3 OM microstructures of cross-section of TC21 titanium alloy LFWed joint
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Fig.4 Microstructures of TC21 titanium alloy LFWed joint at different distances from weld center: (a) weld center, (b) 0.2 mm,

(c) 0.4 mm, and (d) 0.8 mm

R B B AR, WA o A T 555G . B 4d Fros R
JE4% 0.8 mm Kb IR B AL 21, 12 X 3T 8 e ik R A A2
FIBACIR FERI R, WIAEMEROIR o FHZ B ET IR 7 AR
o MRS p 3k, BB 4b 2] 4d FTLLUE H o AL
BIpE % L B g 0y, o M RIBWTTHE

Il 5a AT/ N TC21 4K 4 48 1 R AR 3k s L4y
B, MWAEAE AR IR IR SR X . I 4% X RN AR JE (X 45K,
HAE LR RT I5SMRMAERR, MGG
LREKT 29 /NFBHMAT 59 AT I5H/NAE

Fraction MNumber Length
9.09cm

274cm
503622 24.89cm

At NT 2N RN, T LUE MR AR X LA
NRAEMT, RY7TREF MR T R 23
Ha R, ZhA& A R A AR S X AR T A fE
TR, R FIER KA S, &Y
JRCA /)N (0 S5 SRR, T B A T B AR g R0 XA, P
aiFE L AN S5, 7 I 4 DX R AR TR XA SR B B K
MIALTE, KA B TR B Wb /N A B o 57 AR
I, AT LAE AT DX A B e K i, th
Ut IR JE AR DX A7 (0 7k R A TR R AL e B K ] Sb

Total Partition
Phase Fraction  Fraction

I Titanium (Beta) 0283 0233
[ Titanium (aipha) 0717 0.717

KI5 TC21 fh& itk AR £k EBSD |
Fig.5 EBSD maps of TC21 LFWed joint: (a) boundary fraction map and (b) phase fraction map
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Fig.6 Microstructures of flash: (a) photo of flash, (b) the end of
flash of region A, and (c) the root of the flash of region B
marked in Fig.6a
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Fig.7 TC21 titanium alloy LFWed joint after different cooling time
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Fig.8 Microhardness distribution of TC21 titanium alloy LFWed

joint
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Table 2 Tensile test results of the TC21 titanium alloy LFWed
joint and base material
o,/MPa os/MPa osl%  wl%
1111.8 1022.9 10.4 30.6
1094.3 998.5 146 30.3

Specimen
As-weld
Base material

9 SRR S TR

Fig.9 Photo of the fractured joint tensile test specimen
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Microstructure and Properties of Linear Friction Welded Joint of TC21 Titanium Alloy

Chang Chuanchuan®?, Li Ju™?, Cui Yang®, Ao Bin*, Xia Changlong®, Jin Junlong*?
(1. Aeronautical Key Laboratory for Welding and Joining Technologies, AVIC Manufacturing Technology Institute, Beijing 100024, China)
(2. Beijing Friction Welding Technology and Equipment Engineering Center, Beijing 100024, China)
(3. AVIC Shenyang Aircraft Co., Ltd, Shenyang 110034, China)
(4. AECC Guizhou Liyang Aero-engine Co., Ltd, Guiyang 550000, China)

Abstract: In this study, the linear friction welding of TC21 titanium alloy was investigated. The microstructure evolution of each region of
the joint was analyzed by OM and SEM. The microhardness and tensile properties of the joint were tested by a microhardness tester and an
electronic universal testing machine. The results show that a sound weld joint can be obtained using LFW. The joint is obviously divided
into base metal zone (BM), thermo-mechanically affected zone (TMAZ) and weld zone (WZ). During the welding process, phase
transformation and dynamic recrystallization take place in WZ, forming fine recrystallized grains, lath a precipitated at grain boundary,
acicular martensite a phase precipitated inside grain, and a few residual a phase remains at room temperature. TMAZ is mainly dominated
by deformed a phase. Away from the weld center, the degree of recrystallization gradually decreases and the proportion of « phase
gradually increases. Due to the difference of flash formation phase and cooling rate after welding, the grain size gradually increases from
the weld center to the end of flash. The microhardness distribution of TC21 titanium alloy linear friction welded joint is arched, and the
maximum value of microhardness (HV) in weld center is 4508 MPa. The tensile test results indicate that the strength of the joint is
equivalent to that of the base metal.

Key words: TC21 titanium alloy; linear friction welding; microstructure; microhardness; tensile properties
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