- . .
—— Ix oru

FIXH#A: F5EE, HHE, Fik, 5. TLAIND/TIO0 2 FHNE 4% 2 RFFIER Ty S RE[]]. A #)iEH K , 2022, 65(21): 98—
103.
GUO Zhenguo, MA Tiejun, CHEN Xi, et al. Microstructure evolution and mechanical properties of linear friction welded
Ti,AINb/Ti60 dissimilar joint[J]. Aeronautical Manufacturing Technology, 2022, 65(21): 98—103.

Ti,AINb/Ti60 %14 EERIR I L H RAFIER
HFEMEE
DEE,DI%E K B BELE,E=XT' KB F’

(1. b T K FMH F IR 4 ERIE I RBRARE L LT, B 710072;
2. PEME R ERRFRRME RS EEFE AT AR EE LR T, b7 100024)

[#8=E ] * TL,AINb & Ti60 A& #4T T L BT 4 (LFW) K36, A B LALAnda 3 b A st B ok & RS2 4L 3t 47
T RAE, MK T 4k 09 S k. &R A, Bk mM A e R (TMAZ) AL 35 E4 7 @ E#, TiL,AIND 11l TMAZ &
47T 0,—-B2 #» 0—-B2 494 %, B2 ARy H AN FM R EHEZ, Ti60 ] TMAZ XA T o A4 p—a AR L, 7 T
N B R ORRAE oA, SR AMIRER (WZ) XA T AR5, TLAIND M WZ T4 T 4 B2 485t £ ik A3 )G
R8Tk, Tie0 M) WZ 258 F B L4t % 4 505 B A8, 15 b ad 2 & & Boo #8457, A7k of BIRAR. LR @A
ATERAEHEITH BRTEAA 1 um 9L ET HE, F@dmil bl k47, £ TMAZ L8847 T iRLOT

JERRAL, WZ LB22 00 40 & FRAL L ITIE SR ARG LR AAE A T, 4k 4540 38 B (939 MPa) RAK T Ti60 Fh41, Wi ZLAE X A i i 2L,
] K BEEIT TLAIND; Ti60; MALLALE; /) sk
DOI: 10.16080/j.issn1671-833x.2022.21.098

BEE
TR E, FRFEALEER
IRERAR,

* BEME : R ARPIEILS TFEILS
(52105400 ).,

98 Wiz MG A - 202245 565 & 55 2110]

TLAIND Fe 5 4 BHA w01k
VT S 3 A v S R ) I ARRAE
A LATE 650~750 3 BBl Y KAl
%, AR TR R A 4, 2
25 U AU FH AT S5 ) 1) o iR
LS MR R, Tie0 S 3k [ [ AT AT
il ) — o 2 e ek A 4, UG A
ABLr TR B R A
FeoE MM m IR P A AL S S i E
L2 A SHALI 45 A B AR
H A, TLAIND 55 Ti60 #IA Ky &Kk
ETERERTES R BIHLAUG 4 — WUPERERE
PRI A A SRR R — P,

2% 1 P # HL( Linear friction
welding, LFW ) J2& 20 ft 22 80 4F A%,
[) T ) — b AR A AR PR T
B PEREARLA N, PG FL, T LA ARl
XTRRAE in & R A R ARz i T

S b JC e [ o AR, B Sk G i
15, S E PR A TA I 2 & s ARt
il SR LR B, [l
LFW 7l Ti,AINb-Ti60 X5 4 — M
PERERL AR A, v B — s
L2 K SIS AR I 38 K0 7 6
TR A6 1) ARAS £ 7, TR
J#& Ti,AINb F1 Ti60 LFW F{AH G LA
IR LK,

H i, P56 Tl K2z © i [
i 2 4 i B R g e UV B A
Ti,AINb %£ & 4 LEW #E 17 T #1158,
SR T A & TL,AIND H1 Ti60 5 i 4%
Sk LFW HIEEA HiRIE . ILAh, S5 FhEk
44 LFW (40 Tc4/TC17% ', TC17
(o+B)/TC17 (B BB 5 2 W,
AH LR B Sk, S B Sk T REAE
WP K e R 25 S, AL A



Advanced Welding/Joining Technology %ﬁﬁﬁlﬁﬁﬁ*

Gy AL ARG S B b, 2 T 52
Wi 323k i F12E e RE . A SR AR X
Ti,AINb/Ti60 5 J5i LFW 3% 3k 45 7 X
K T SV AR EAT T ST, 3
Tk 0 12 RE O LEW il %
Ti,AINb-Ti60 X5 4 — AU 8 4 (A&
25 %) TR I FH PR AR A

1 RERFE

AW G R H Y TLAIND A 4
144 N4y M Ti-22A1-25Nb (J5 1
EL, %) 5 Ti60 ) FEAL2E R R
5.85A1.4.14Sn.4.03Zr.0.69Nb
1.48Ta ,0.37Si . Ti A 2 (& 7348, % )
Ti,AINb BE#F 5G4 OM ) ZH 41N &
1 (a)FiR, o LIE i, TiL,AIND 24
SR AR R RLR A7 B
T 1000 pm, KR F Sk N E 9 H
A (SEM ) ZNE 1 (bR,
i B2+a, (Ti,Al)+O ( TLAINb) =
AHZH R, B R SRR BUR R o, AH
RS0 O M, 480 B2 #,
Horp o MR sRACVE KT o, A1
AWEFTFTIE Ti60 A 4 REF L 41n
K1 () ACd) B, aT LA H Tieo
FEA B S o P o K A
A, B A FEZMTE a M T,

500 pm

L AL

T Ti60 R it o BIEL A 4, HEEH o
AT B0 15 98%., WiFhREHE )
Ji2EPEREINER 1 R

A 5T H AR r A R
SEoR 12 mm x 22 mm x 65 mm, K%
AR 12 mm x 22 mm, Ve E i
T 22 mm KT . LFW M4
Yo NP AL Tl K2 A AT Y
XMH-250 BRI, 356 i FH AR 42 T
LN BRI T 70 MPa i % 25
Hz &K 2 mm 58+ 7 70 MPa  ff
JEHFTE 60 s,

YRS PIER A 20 mm x 20 mm x
5 mm A G AR FRAE 7 T ilAErh
O, N 2 s AR EEST S
J& , Al Kroll i 51 0.5% HF+1.5%
HNO,+2% HCI+96% H,0 ) Ji& i, &
JG 7E OLYMPUS-PMG3 K27 i i
5(OM ) & Zeiss GeminiSEM 500 %I
Yk S A T B ( SEM ) FXf
S BT RAE . HHATHLFITHK
SIS ( EBSD ) FiPKF 4 AR ke
1£ Struers—5 BRI [ IETTHL
fE G, PG e oh AR -
i : IETHE =6 mL : 64 mL : 30 mL,
HLE S 30 VL DEETTE] Sy 40 s, R
7 5°C, EBSD MXAERLAT Nordlys-

(a) Ti,AINb OM#{4!

1
Fig.1 Microstructures of base metals

20/um

e

(d) Ti60 SEMZHZ

B ER

MaxEBSD #£ 3k () MIRA3XMU 7
TESCAN 37 & 4 £ 4 i 7 o 4%
whog G, B dE A0 B K 43 BT AE HKL—
Channel5 #AF 58 B, 12 g
iR i, A H SHIMADZU HMV-
G20 5 fol B B 1 3 BT AR A% T 1)
DR Sk 45 X A QR 2B KR
200 pm, SN 500 g, {5 B E]
10 s, oAb, #2234 M GB/T 228.1—
2010 A5 I T F7 Al RE , Sl AE
5 &M AR BN A 2 PR,
[% J5 7F Instron 3382 Hi 7 J7 REi 56
HL LI 1 mm/min 0833 B #EF7 = 1R
P, s Sk R e . Hr
a0 5 A 459 4 F A5 bt har A
Wr 11 HEA TSR AR 23k e e T 24
MLBE,

2 ZR5ie
2.1 #ELABLEE

Ti,AINb/Ti60 5 it LFW 2k 19
ALK 3 Fion. LA kTG
KRG ALY Je 22 S5 B b, R AR
B ek A IR,
T TiL,AINb A& & B G, Ti60
I o BUEK & 4, WIRPBE A B 1 B
KSR OB B T B Y

F1 B
Table 1 Mechanical properties of

base metals
I I

st ‘ SORRRHRIE /| 650 “CH R /
MPa MPa

Ti,AINb | 1203 | 830

Ti60 | 914 | 529

S
it bR

2 SERAMKERETER
Fig.2 Sampling diagram of metallographic
sample and tensile samples

20224F 565 & 52110 - piatllEEEAR 99



- . .
—— i8In o

FR I . ARYE S AN R B A
BUEA  HH KEUT N 6 - IX B,
43 A Ti, AINb ] B} #4 X ( BM-1 ),
Ti, AINb il # J3 52 i X ( TMAZ-1 ).
Ti,AINb ] % 4& X(WZ-1), Ti60
) K5 8% X (WZ-2 ). Ti60 ] #4 g 5
M [X( TMAZ-2) % Ti60 ] & #4 X
(BM-2)., TMAZ-1 Hil TMAZ-2 i
HAUFAT TR kA T8,
Hrr TMAZ-1 R RS ik gihr &
A PR (E 3 HhEi sk irds ), -
WAL S JETE LFW 3 #28 im i &%
W AL A 5T ) 07 A R AE R I
B, WZ-1 Fll WZ-2 ) 41 4158 4 5%
227 J5UhA T, AIND K Ti60 Y 2H 414
fiE, Stk B S gn Ak, 44U AR AR EUE
& 3 i Al F i, WZ-1+TMAZ-1
Y B (1400 pm ) B B K T WZ-
2+TMAZ-2 1 % (1050 pm ) 43
Brikh, Ti, AINb BEAF HAG 5 & 1
MR (3R 1), O T HAAE KRR
SEdRkL, fE LEW 3 R v 4 R
JERATE AR RS 5 B Ti,AIND
AHEE Tie0 SEXfEgLHE i, It Ti, AIND
42 3k B Bl S ) B 2 T
b 8 LI AE A Ti,AIND ] 322 3k
F#E 2T £ Ti,AIND 3253k 32 44
JIAAVE R DX v . X R i
BERF g TR 25 S S B S R M
AR B X 388 5 B AN [ ) R R 7
Guo % " ¥ 17 #9 TA19-TB2 5 Jfi
LFW 422358 o gl A0 B
2.2 S A LGS

TMAZ-1 Hv 8 i fO0 28 23 4n 4]
4 (a)fim. ATLEH, TMAZ-1 N
B2 H 1 A4 FR 3 H50M L D i B A (18]
1 (b)) B B3, o, #H K O A4
FROM IO S 25 BEAIC, v O AR EASE
0, A REER RIBRAF N L. o)
Mril b LFW it #t v, TMAZ-1 3
6T T TLAIND By O AHEE A5 IR
JE(#y630°C ™M), kAT 0—-B2 M
A5 WA FERIRAERTS , o, fHIE R AR
T a,—B2 MR, B,
4 (a) i LIEH, TMAZ-1 H—28

100 A% HFEHEA - 20224E 58 658 5 2110]

ZERMBUREIR o AR B4 7 1)
FHRASTE B SCESL A SRR R
TMAZ-1 NIRRT SR EE 52 )5 1)
KA ORI SV I 5 R
PRI, 1) PR Azt AR v iy e T R K
T EERE 7 ] BY 1) 77 A R P i
TMAZ-2 ¥ B foU 20 2 n &)
4 (b) Frx. W LLA I, TMAZ-2
oo B AL PEEE 2 )y [t g b
KA, SR 215K & 4 LFW
F5 3 A 52 e X LAY (1) 3L 2k AL U
A5 % TMAZ-1 v 3 20 21 (&
4 (a)), TMAZ-2 "3 41 41Uy BE 45
J7 ] (AR T B SR B, Ll PR fh
Ti60 (1) & il o AR T 5 A KRS i
LY TL,AIND, =il N A 5 kAR
o AFAMEER R K1 B ARINES, AT
VLB MAFTEVE 2 R4/ N 2 otk
A %2 B LU IR G E i A
Br b kA o A8, HIE BHL AR
i a5 B AL T ITREY H,
BAHIN B A E TR T EIEAL, o tHER
ETCR T, B ARG AR AR B
A, ZERE S AR E e AR rh )R AE T I
o oo AHEL A e &Mt T A«
A, TS TMAZ ek Y B A )2
JFrRKA: o AR T B AR EE
WZ-1 H 35 () O 2H 21 4n 4] 4
(¢) FR, ML TMAZ-1 (4 (a)),
WZ-1 W o, 5 O MHIE R, FEA
M B2 A1 41 . XF T Ti,AIND 3 &

i TMAZ-1 iWZ-1WZ-2TMAZ=2
1 {2 i,

1
1
1
1
1
1
1
1
1
1
1
1
:
Ti,AINb :
:
1
1
1
1
1
1
1
1
1
1
1

& GRS BRI (2
1100 °C ) B ™, O AHAN o, AH A HGH R
A R R HE S ARSI B2 M. BlJS
4 B2 FHAR FIHER AT 120 Kis B,
HF O AHA o, HUEZHELSH 1 BR
BN, X I B2—a, 1 B2—O0 7 fif
FHAS LR AZ FNPI ], 2= 0T LA E
— ) B2 fH. - HTiK, Bk A 4 LFW
P53 B TR 2R 1200 C B T
TiL,AINb [ B %% A8 i B2 14k A 4
LFW #5244k 300 Kis,
Rz Sk WZ-1 085 3 iy B2 AH 4L
W MAh, BB 4 () iR al LIF
WZ-1 W BT Sl &, RH /s
T TLAIND Bl fiobr, 22 B AE LFW
IR EER T, WZ-1
KA T WA e T WZ-1 T
A Je A TS AL R M T, H SEM
HLGERRET IRIRREA B RFIE
WZ-2 H 35 ) fOUE 4 21 4n 1] 4
(d) i, ol LR H WZ-2 P &
AL, FISCHR L KA 4 LFW i
RS LR S 1200 °C,
T Ti60 Y B LA IR EE( 1045 C 1),
K WZ-2 N ek A o—P AR AZ
TV 1l s ek B AH. T AE R VA 2 3 A
o e R, R B JC A
WICRY BT o 4, 2 EIEY AT
Hoof T ECAR, B 4 (d) s IR
LU Ry of AR, teAk, T Ti6o
) Fe Tk R A T Ti,AIND, WZ-2 4>

|

GRS

e S

3 Ti,AINb/Ti60 LFW k2R 4R454E
Fig.3 Microstructural characterization of LFWed Ti,AINb/Ti60 joint



Advanced Welding/Joining Technology mﬁﬁlﬁﬁﬁﬁ

h»
s RO
e S - PR 0t
s

¥ E Ty
G

A Wgﬂ?o
BRI

(a) TMAZ-1

Fig.4

JE e KR I R v B S A T TR S
FER KT WZ-1 &), WZ-2 )i %
AL . (U T WZ-2 T
TR o DR, P T A
iR A R, X WZz—2 3E T T
EBSD ik, 5% 8] R WZ-2 g 52
KA T hAS PRSI R T B B
LIRS SR (K 4 (d)).
XSk A AT T RAE 2551
ME 4 (e) iR, Al LLE R AR5
i 7 2% , Ti,AINb 5 Ti60 52 #LiA 4
ghif s X 4 Ce) ik iR & ik
77 EDS HHf, g5 R K 4 (f) fr
TNo FESRIREEFEIE LT 1 T8
251 pm MICEY HUZ, Tieo iy Ti
JLE 1] T, AINb 371, Ti,AINb H
i) Al FI Nb JCEK [ Tie0 . 4
Ml 76 LEW SR S e
P L W & A T IR G R B
YU, AR R LR B O AR A
[ R TE YA/ R 2 O £ 25 S LR
G4 TR e H Sk A S PR AH
1, AR A S, H AT, A JFRGE
£ %5 Ti,AINb K2 Ti60 #4505 8 3

5 um
feo i ool

E IR o
\ o =
£ ki
LR 7 ﬁ:

S m
=8

o

(b) TMAZ-2

Ti,AINb

I pm
s T,

(e) FHim
B4 #EAAERBHAALR

BM-1
3801

370F

Counts

2500 -

iR -

2000 —Al

—Nb

1500 - Ti60 Ti,AINb
1000 -
500 -

W I Iy
0 05 10 15 20 25 30
FEES/um

() FLRIEDSTZE 5

Microstructures of different zones of the joint

TMAZ-1 WZ-1WZ-2 TMAZ-2 BM-2

> e e
330F i i
= Y
310 —2I000 I —lbOO I 0 I 10|00 20IOO
B S /um
5 BEIBHEES
Fig.5 Microhardness distribution of joint
MR TR TR TRER T EAINE 5 R, AU T

FE R i, DR G e A T 2 O A
At LI AR ATT S5 Bl T A E
GROAGE, TR) FH 20 1 P 52 L JE 42 T, AIND
A4 J Ti60 1] kb bk G, B
ZERRTR
2.3 LS
231 SARAEEE

P 3k 3 BT S 1) ) 8 R

Ti,AIND ] £ 3k, i BM-1 & WZ-1
0 ol T R A T R A R
BM-1 (972 & fUh# Bk 360HV, T
WZ-1 B AR AN 2 320HV, FijSC
& i,  BM-1 & WZ-1, O M 114
T BB W B AR, P WZ-1 5 O
FHIEAS 58 4243 , T O Ak Ti,AINb
AL r EZRALAE, L Ti,AINb

20224E 5565 52100) - RS EA 101



- . .
—— Ix oru

32 3 8RR 3 5 B ¥ AR AR P
e, Ti60 M £z Sk (1) 8 A R 43 A
B VEE, H BM-2 & WZ-2 &%
= I SR TR v T Y =R
T TMAZ-2 1, 24 316HV., 4TIk
#, H BM=2 & TMAZ-2 % {8 i i
W A% 2 BT TMAZ-2 9 P AH 43
B Jg o A1, SFEC o/B AH R 2
WA S S B TMAZ-2 #2ik
WZ-2 F DX PR o S R R i X
WALASIE N RIFIE 3), AR %
A AE FH 1 o i i 45 S Fc B Pk ]
F+ M WZ-2 RS ASFLE OE
AN AR R A0 SR AR AR, o
A WZ-2 PIiB KA AR o B
[CAA, IR WZ—2 A S AR B A 5
IKF T 375HV,
232 Ffhliae
S AT T RIS, & 6 Ny
AR I8 5 IR B 22 I 3, 3
A 0 DIy 24 B A A T e
B Ti60 +F 44, ELIKF 1140 4B 28 B &
HIZ4E SN GE . P A d: RE I 45 R
R, 3 AR RE S R AR
939 MPa, = T Ti60 & k1 1Y i i 55
JE(914 MPa ), HiSCHR Y, #23k i)
TMAZ HE ST G h
IR 4 (a) (b)), X4
R AR A , A 35 IR AR SR
fAE T, Ho TMAZ-2 19 B AH N I8
b TIZ Rk A o #H(E 4 (b)),
FEAE— 3 UL TE SR AL AE T 423k
M WZ 1% 4T shas st i (E 4(c)
), BB T SR & A4 i
s AR, WZ-2 PN 38 K i AU
T o BEIR(E 4 (d)), TiiEsaiblE
FAARARH W3 RS TR
HYEVER, PN SRS T Ak
AT BRIRIR G HEk A IR [R) R
R 2 T IR AR BER P L ZURFE (L
TR ZURRAE B AR R B4 SR Ak B 4 A5
F 3k PR BE A AR T Tie0 B:41
T AR R, BAREEL WAL T Tieo
BERF, (0 LR Ad 58 B {8 =5 T Tie0
WAL 32 RSk R AR AE R

102 Rzl HA - 20224F 55655 55 2110]

ot B v, Tieo £: 41 1 o vk AR IR
B B AR SR AR T | B I ) i —
EHK, TMAZ & WZ &k A
IR B B 2 A YR AT 3 s I AR g
ANFEF T Tie0 B:pf . XFPFEIL T
Al Ti60 BEA4 38 31 B 24 r 75 22 1) 1o
A5 SRR B AR 1 KT -
A Ti60 BRI PR & A 24
T B 7, R e e sk 1)
AR B = T H A Tie0 B L
FREE ARSI B, BV T J5AR Tieo
RERFB5RE

B b, 38 X4 Sk W 0 iR AT T
SEM WiEE, 45 R nE 7 fis, i LR
SRR T AR A,
SN0l ERs WSk D T

3 &g

(1) TLAINb/TI60 & P JBE 422 it 22
S TR s X 2 AU e AR e
PR S B AL RER R 1
AT AR , Horp Ti, AIND fllj#4

S XA I G R h R A T

o,—B2 fl 0—B2 MI#57E, B2 AR
A3 B L JE AR R 258 5 Tie0 il
PR X NPRASTE Y B AR
G R R A B AR B AREE AR,
TERESG VR HI AR b SR AR B—a
FEAE BT T AN 2 R A o A

(2) 23 S 1o 7 00 A4 4 [X 7 O
e R Y R AT BhAS LS FE R
SN ORI T A HEEA Y B %
AR, P, TL,AIND R4 X 7F
SR G AR SE 4 AR Oy B2 A,
FEFEV H G 58 2 88 T ok Tieo il
JRLA X AE PG 7 rp g e oE ik AR
kv B, DA A R R
Boo FEAE M H T Kt of HIRAA,

(3) ek A mim & A T %ot
RIWEY BLIER T 92 1 pm 1
JCEY I, HAS LG A e, K
2 L T RN R S B AR AR B
SRR AL . AN, U A FAE R
F 3B Ti,AIND/Ti60 42 3 F T 3
FRPHEL A FLITR 25 B

SRS ]

T"Ale : Ti60-

Bo Hfmb/EitEE

Fig.6 View of tensile samples after test

7 HIRETORR

Fig.7 Fracture surface of tensile specimen

(4) Ti, AINb |35 F 44 X F 45
HE X O MH AR TR B0 W AR, =
FUCH: 5 Fof e 3 0 T B A5 Ti60 A
P 3k P % XS B R e, IR B T
375HV. FEI T2 00 X H L IE A4S
s AL UTTE AL, KRA% X 2 ZUA0 & o
b UERAL LR G VERR , B2k 4
15 B (939 MPa )AL T Ti60 41,
SN0l [EAY SN SE DL T

& % X

[1] XA, BEaies, %k, 45 . Ti,AINb
FaT SR ). T EA B EER, 2021,
31(11): 3106-3126.

LIU Shishuang, CAO Jingxia, ZHOU Yi,
et al. Research and prospect of Ti,AINb alloy[J].
The Chinese Journal of Nonferrous Metals,
2021, 31(11): 3106-3126.

[2] CHENG C, YU B B, CHEN Z Y,
et al. Mechanical properties of electron beam
welded dissimilar joints of TC17 and Ti60
alloys[J]. Journal of Materials Science &
Technology, 2018, 34(10): 1859-1866.

3] ®ifh. TL,AIND/TI60 5 04 4 26 1
PR R VS PERERE ST [D]. WU % K&
K2, 2021

GAO Wei. Microstructure and properties of
Ti,AINb/Ti60 heterogenous alloy linear friction
welded joints[D]. Xi’an: Changan University, 2021.

[4] MCANDREW A R, COLEGROVE
P A, BUHR C, et al. A literature review of



Advanced Welding/Joining Technology ﬁﬁﬁlﬁﬁﬁ*

Ti-6Al-4V linear friction welding[J]. Progress
in Materials Science, 2018, 92: 225-257.

[5] LI WY, VAIRIS A, PREUSS M, et
al. Linear and rotary friction welding review[J].
International Materials Reviews, 2016, 61(2):
71-100.

[6] ZUdbl, SR, 225 . Hud BT
Ti, AIND 2 1 JBE #5242 3k 21 4145 B L 1) 52 )
[7]. JEE244R L 2019, 40(4): 119-124, 166.

HE Jianchao, ZHANG Tiancang, LI Ju.
Effect of heat treatment on microstructure and
hardness of Ti,AINb linear friction welding
joint[J]. Transactions of the China Welding
Institution, 2019, 40(4): 119-124, 166.

[7] CHEN X, XIE F Q, MA T J, et al.
Microstructure evolution and mechanical
properties of linear friction welded Ti,AINb
alloy[J]. Journal of Alloys and Compounds,
2015, 646: 490-496.

8] W, KHA, 245 . Ti22Al-
27Nb 5 MR AR HE R L 1 T G )
Mr [J]. FEEE244 L 2019, 40(3): 140-144, 167.

CHANG Chuanchuan, ZHANG Tiancang,
LI Ju. Study on microstructure and microhardness
of linear friction welded joints of Ti—22A1-27Nb
alloy[J]. Transactions of the China Welding

Institution, 2019, 40(3): 140-144, 167.

[91 Z=%, %, 5kEN, & . TCHTilT
STV G S L MR BRI R R ) 2 M g
[3]. AIUA I SCHl (MREEs ), 2021(2): 11-17.

LI Rui, ZHOU Jun, ZHANG Chunbo, et
al. Microstructure and mechanical properties of
TC4/Ti17 heterogeneous titanium alloy linear
friction welded joints[J]. Welding Digest of
Machinery Manufacturing, 2021(2): 11-17.

[10] GARCiA J M, ESIN V A,
MORGENEYER T F. Strength, fatigue strength
and toughness of dissimilar Til7-Ti64 linear
friction welded joints: Effect of soft surface
contamination and depletion of o precipitates[J].
Materials Science and Engineering: A, 2021,
799: 139989.

[11] ZEmesr, skzfe, 28, 4 bt
I JEXF TC17(0+B)/TCLT(B) 4k & 4x Lk bk e 18
SRS LU I B RE R RN (7] BPRETRE
2020, 48(1): 115-120.

LI Xiaohong, ZHANG Yanhua, LI Zan,
et al. Effect of heat treatment temperatures
on microstructure and mechanical property of
linear friction welded joints of titanium alloys
TC17(a+B)/TC17(B)[J]. Journal of Materials
Engineering, 2020, 48(1): 115-120.

[12] GUOZG,MATIJ, LIWY, et al.
Intergrowth bonding mechanism and mechanical
property of linear friction welded dissimilar near-
alpha to near-beta titanium alloy joint[J]. Advanced
Engineering Materials, 2021, 23(5): 2001479.

[13] HUEAS, S0, ok |, 45 )P
TR TLAIND/Ti60 B 4 ek LA RE
HISEIR [T]. BV T T2, 2013, 42(1): 20-22, 26.

TIAN Hongjie, GUO Hongzhen, ZHAO
Zhanglong, et al. Effects of deformation
temperature on microstructure and mechanical
properties of electron beam welded joint of
Ti,AINb/Ti60 dual alloys[J]. Hot Working
Technology, 2013, 42(1): 20-22, 26.

[14] i<k, B4, 25, %F . TC4-
DT $R 5 4 2ot BE 18 -4 Sk 2 BURHIE S Y
BCALH [J]. s APREEAR |, 2022, 42(1): 68-73.

GUO Zhenguo, MA Tiejun, LI Ju, et al.
Microstructure characteristics and formation
mechanism of linear friction welded TC4-DT
titanium alloy joint[J]. Journal of Aeronautical
Materials, 2022, 42(1): 68—73.

BIRIEE : D%, BRI A R, 2
WFET7 T e PEEEAG AR AR

Microstructure Evolution and Mechanical Properties of Linear Friction
Welded Ti,AINb/Ti60 Dissimilar Joint

GUO Zhenguol, MA Tiejunl, CHEN Xi', YANG Xiawei', LI Wenyal, TAO Jun’
(1. Key Laboratory of Friction Welding Engineering Technology of Shaanxi Province, School of Materials Science and

Engineering, Northwestern Polytechnical University, Xi’an 710072, China;

2. Aeronautical Key Laboratory for Welding and Joining Technologies, AVIC Manufacturing Technology Institute,

[ABSTRACT]

Beijing 100024, China)

The linear friction welding (LFW) experiment of Ti,AINb and Ti60 alloys was conducted. The

microstructure evolution of the joint was analyzed by using an optical microscope and scanning electron microscope, and
the mechanical property of the joint was tested as well. The results reveal that the microstructures of thermo-mechanically
affected zones (TMAZ) on both sides of the joint deform along the direction parallel to weld interface. a,—B2 and O—B2
transformations occur in TMAZ of the Ti,AINb side joint in which the fraction of B2 phase is higher than that of base metal;
B—metastable B—a transformations occur in TMAZ of the Ti60 side joint, resulting in fine lamellar secondary a precipitation.
Dynamic recrystallization happens in weld zones (WZ) on the two sides of the joint. During welding, the WZ of Ti,AINb side
joint completely transformed into B2 phase and retained after rapid cooling; the WZ of Ti60 side joint is firstly transformed
into high-temperature B, and then B—a’ transformation occurs during fast cooling, leading to o martensite precipitation. In
addition, interdiffusion of solute elements occurs at the weld interface, forming an element diffusion layer about 1 um in
width, and the grains on two sides of the weld interface are intergrowth. Under the coupling effects of strain strengthening and
precipitation strengthening of TMAZ and fine grain strengthening and precipitation strengthening of WZ, the tensile strength
(939 MPa) of the joint is not lower than that of Ti60 base metal, and the fracture mode is ductile fracture.
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