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Fig.1 Schematic diagram of aero-engine and landing gear

64 RiZERETA - 2019455628 551810

[ A G i 9715 4% JBOC 3R K 2R S
PRI ARG . SRR AR —
M SCHER S SRR e R AR
T 342 4 S TR 7 1) AR M 1 A
Hia gy, FEE PR R ful S B LA
IR AHA BRI IR A T S R 1 214
e, WA AN IR, T AAS 57 1
FERIB A - (R ARG XA
U IR G R S A, AURAT
PEASEIRHEAR B AR 1 S AN R4
MK PERESF AL, RN ib R AL 2
S i RN RRE AR A R Y,
IR TR s SR A i
ERMRHEER . ASSCE A0
P LT ROR RN B SR F
3 FpSCHE IR, THE B G a1
RS Y Rk 1 ] AR 1k
REAHSCIERIBITFENG DL, HF X Bk & 10
SRR TS,

1 BB EAR

PR R RS R AR AR
/NN, AT 4 8 I E SRR
SEAE SRR R ] S BB AR IR E
RRREE T2, 30 HOE T A5 &
A ) 2% P41 25 1] D9 R R 70
B2 U0 2 ol TCA BKA 4 Ak
2

BOLHkrhRE R OB AR DL
R S5 T 2 S B0 3 OB IR
RN ERERE, HBETES5E
Tl G 2E, TCA ERA Ak BE AT LAk
| GB3233-87K Mgk sk 1A, 2=

E2 TCASREEIRERUFIR
Fig.2 Macro-morphology of laser welded
joint for TC4 titanium alloy



High Energy Beam Machining %%*MI

724 W RS AR T 2 B 0 e xt
K4k WU I 5 ), R 5% Fe B, fif
FHE R O AR IR TCA KA 4,
B AR A O X AR BB S IR,
e R R IR A LSBT TR
e, MAEIE B M NIRRT 5 5
P2 1 I B WHOG R %R A G ek
AF 3 i 55 B TR 4 SR 2R IR R
i), 45 58 R Rl 2 s

Akman £ M Sz F it Nd-YAG
FOBIR B H AW 5T K vh RE =X TC4
A SRR, S5 R,
FBE L E G, G E YR E TRk
PP P Bk RE . YT R
Tt R, AR E S8l TC4
BAHZER S, SER T R
Yoo AEIMICHEIT I B, Bkoh
Vi AR W T 2 NG, i ik
I B I, KRB b T8 A7
AR B TR T 14

Squillace 4§ " 7y AR Fz34 X
WOBIEEE TCA k& 4 R4% B T
HIRENR . 255 R AR 6T
TR, A5 AR B (1) - Y (R
L2 o R 88 ot O, TR
P v AR S PRI A A Ok,
X — PG T EOS H R

I, o LBk PRE A 1
WIE T2, TCA K& &Mkl
PABUS R0 1 2 R 2 R T 4k
B A R BT 5 B AR AT L
1RSI (1 AN G
T BB A4 B niEl 3 iR

YL SR S0 A 1 TR A, i
PN O E AR E VA s R S s
TR AR X IS RV, 9% 5F i S AR A K
Te B B BB R, BIRES He
[ 38T, KR4 K B8 HUAEI /N TR,
TERRIE R 6 & XY TR AN o [ A
ML T B, KB TCA A 4
BRI 1 AR B R A BRI, 422
S K BE HE RG99 57 45 A B PO

WOLIR RS & B A B A RE
WA LR A < INFLRN”
KA TE R BRI AR T 4 5K

o 5 PR TC4 kA & 0oe 18 82
SRR A EEIOR SO B S R T
ANFLRUBE B AR 45t/ NFLIE S
RS S AR Ak . 3 3 40 B0
FLIRLBE 43 A5 B AR R E, 45 5 i
WO/ INFLIE 3 B8R 3 A e K
1) TS BB ] % SRt
U OGRSk U e
SUERERBURAEA . @R H OM,
XRD. SEM #1 TEM 25 T BL il 5% 1%
JAREE TCA Bh & 443k B e 8Us
TE, A3 A A, A s 2 BRI it ki
SRR i, KR U AR A 2
i S o FERRSRAE o
T4y B D AR ZH 45 IAGE i [X R 43 A
AL HOR o FIlEEG B RLAE
KRB o 4181 P2,

A 4 RN OB ER TR IR S 4141
AN o), 425 4% X (1548 . G
X BERF ) FEALZIPERE D AFTEAR K22
5t X e P EUR LA B AR
TR AN S AT AR T 2R
RE . 1T 5 M IR 1% 5 A 32 B A [R) A
JE R e B SR B A L RE S

R A A O IR R Sk R YR AR
WL 5, AR A E A x)
TCA KA SO IR A 5 bk
LIS A R R R, b B
SRR K, A S R BOK,
A SRR . AEAR R B A
WESLT AR (T R s v iR
oy A5 TR [ AR S 3 S AL A
o5 e

WOCIRE TCARKA 4 Bt
{RAESRAE IR A I 25 5 7 A <AL
SALEBOCR L AR E S 80N,
XL LR A — 2 SE R, AT 52 MR
BRI, A P AR/
FLIY AR FLR P sh AR il =
A3 BT 2 B, FE R R Bl G AT A
A RANHERA A/ NMLEVSILIY A
SR RIS L YRR s )
ANFLERS G M B B3

TCA k& 4 A 1 OB IR 42
J&i , A7 FE AR 3 A5 T TN 8% A% 1 1 14 )
R, T LA AR TE A /D B A N )
P25 TCA Bk A SR E ik 2
— o ORI TP 2R BE AR TE AR

R1 TCAKE SBREGHELHR MR E

Table 1 Tensile strength of TC4 titanium alloy ultra-narrow gap joint

)% W S/ (memin™) | BEZZE [ (meminTt) | RHERE IMPa | BB E
2000 0.9 3.0 878 FRZE L
1800 0.9 3.0 798 KA
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Fig.3 Microhardness distribution of the laser welded joint for TC4 titanium alloy
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Fig. 4 Four typical weld bead shapes of electron beam welding
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Fig.5 Microstructures in different areas of the joint
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Fig.6 Microstructure texture of linear friction welded joint for TC4 titanium alloy
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Development of Advanced Welding Technologies for Titanium Alloys

SUN Wenjun, WANG Shanlin, CHEN Yuhua, HUANG Yongde, KE Liming
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Nanchang 330036, China)

[ABSTRACT] Titanium alloy was known as the intelligent metal in the 21 century. Because of its excellent properties,
it played a key role in the welding of high temperature, high strength structure and special joints. As one of the mainstream
technologies in the manufacture of high-end equipment, a great deal of attention is being paid today to its advanced welding
technology. In this paper, the related properties and main application fields of titanium alloy were briefly introduced.
Aiming at the three advanced welding technologies, such as laser welding, electron beam welding and linear friction
welding, a review of forming process optimization, defect control, organization evolution rules and mechanical properties

analysis were carried out.

Keywords: Titanium alloy; Advanced welding technology; Forming technique; Defect control; Microstructural evolution;

Mechanical property
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