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Effects of Multiple Laser Repairs on Microstructure and Hardness of
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A hole defect in the ZTC4 titanium alloy plate is repaired by the coaxial powder-feeding laser-cladding
technology. The effects of multiple laser repairs on the microstructure, heat-affected zone size, and hardness

distribution of repaired parts are investigated. The result shows that the heat-affected zone of the repaired specimen
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exhibits a microstructural transition from a basketweave structure to a colonies structure, and then transition to a
OCIS codes

needle-shaped martensite. The repaired area primarily comprises a coarse B-columnar crystal and widmanstatten

structure, which is longer at the top of the repaired area. During multiple repairs, the size of the heat-affected zone
considerably increases. However, the hardness of the heat-affected zone only increases slightly.
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140.3590; 140.6810; 140.3390

7l

PR A HA P A T R T e TR R A o e v AR
BG AL GRECEBRE . h T IS R Y A A
SRR/ LR 8 AR B L A B T R 3 X
XL PEHEAT A8 S BB AR AR R AR JBE L e ARG AR 1 58 U5

THFE S A REAE K AR o il At . [Hi TE &

A S 1 PP H 5 RE RS 2 A FH 20K
52 I BRI P AE T A vp 4T A 7T

Hut, ®BREMAAREBE ZXHF T TIG

(Tungsten Inert Gas Welding) ¥ 22 7715, BEE %
TCHCA Y KR o 3 A7 2 DL ) A5 58 A5 PO I B2 D R Al

O 1 5 BRI ) T IR AR K
2
O I TR BT T T 5 I B R a7 K

LA AL
EEZRBE, UIEM R RS H Hdar. ka4

T FTRIAEZERE, Bote 2 LR A s
S 2B )5 B GURIERE 9722 e HLAE 14 A T il

g 25 YA SR B A B S A 5 5
GEEWIE TR A 4155

W REE . FE, T OB E BA AR

A AB R X B AR TE R A% I ) B /0N, BE 5 4T b sk o

B2 FE k. Ak, B A R A

FWY RAESN BRAEEY VBE ST UL HAh 5
B 2 M) R R O T A

Wi BHA: 2019-05-06; EEIBHI: 2019-06-01; FABHI: 2019-06-13

" E-mail: liliqun@hit.edu.cn

W AT T WO E TS B AT E £ O TE
Y 2 BB B2 T 18 52 IX 5 R A ey X 21 U 1
A, EWIMERG SROLBE T Zrme A —

1002011-1



H

i b

SERFIE 56 , A0 VG A6 Tl A 2 B A [ 52 7 05 5
X TCA SR G &t i S X 54T T OB B &
RIRGE I X (HAZ) N B R A o AR 2 H R 2 35
A R AT B Tl K 2F X TALS 2K A 4
FL AR =R B A HEAT T OIE R R A e X
HUUHAFHPIAE o M0 2R o AUBL, IEAM A T2 7%

— SRR T LA o A5 AR A TR 2 SR K v O 18
BT BT20 Wk E &M T B CE T BEX A
LI, R R X AR EEH o DREA R, 7%
1B 52 130 G X3, B G AR S AR 43 A s AR 2544 1) 43
A7 SR ] B A B AR B 1 ¥ 0 B A O L R )
FUH K2 Paydas %1 SERL T TC4 MAE & &,
A KB IX 4 226 R 3 2 s A2 0t A2 b A 30
AYETE G AN BARET B 5 X 28 S KAk,
M BRI KE L IR S B R IR &
?ﬂgﬂyﬁ{ﬂ]?%%%% Brandl %mjgﬁT Ti-
6 ALV BOGIE AL DTRR A 72 B P AU O 2H 21
FEER X (BMD  HAZ (o2 s HAZ (01 « HAZ , 35853
AL X (PMZ) JEALIX (CG) L RilA X (FZ) FE X
(AMD B Z A X AT IR 58 50 T A ) o 8 4 241
RGN VA R A S

TEFR G PR B PE R PEREIT 2 b LBUIRE VN
R BT B B e g o PR RE SR 1T e B B BRI LA
KSR, T AR 5T 32 202 51 05 4 14 B e
18 52 )5 (9 AL SR E R T 19 . Bk /D 22 Uk 18 52 % £ #1
TR e DX M) ML A AR S e s . TR SRR
ARSCLILZS S SIALHLIE BB ZTC4 Bk 4 9 X 42
ARG T HOCE S XHE R IX AR Wi X 2 245 A
4 52 M L A5 20 22 R OB 18 0 B i KRS VA
YU R (9 5200 O 06 18 52 T 2 R A ) E R 3
TR S 5 PSS

2 A F A
2.1 REHR

ARYGR L T B R M RN ZTCA kA 4 KA
SR TH6 ALV, BAR A sk 1 s, ZTC4 /&
B RS- 28 BK 6 4 Bl 12 N T e RUR sh AL 4
R L R ZTC4 kA9 RS 100 mm X
100 mm X5 mm, Jifi iz 538 B 4 850.0 MPa, 47T 41 538 Ji 24
905.9 MPa, Wi J5 i K R Ky 8.6 % . FieE X T
ZTCA B bt fLEE N 3 mm, ¥ E 42N 10 mm,
MPBEFF 45°3% 11 40/ 1 B,

#1 ZTC4 KA LB 5
Table 1 Chemical composition of ZTC4 titanium alloy
Element Al \Y% Fe C O N H Ti
Mass fraction /% 6.1 4.05 0.30 0.01 0.02 0.03 0.005 Bal.
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Fig. 1 Area to be repaired
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Fig. 2 Morphologies of TC4 powder. (a) Microscopic morphology of powder; (b) surface morphology of powder
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Fig. 3 Diagram of repair progress
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Fig. 4 Path planning diagrams. (a) Front view; (b) top view
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Table 2 Experimental parameters

Laser Scanning
Parameter
power /W speed /(memin ')

Powder feeding Layer
speed /(gemin ')

Carrier gas Protective gas

height /mm flow /(Lemin ') flow /(Lemin ")

Value 1100 0.6 5

0.6 8 13
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Fig. 5 Macroscopic morphology of the sample after repair
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Fig. 6 Microstructure of a+f in base metal. (a) Metallographic image, X300; (b) metallographic image, X 1000
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Fig. 7 Basketweave structure in HAZ
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Fig. 11 Widmanstatten structure in AM
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Fig. 12 Widmanstatten structures at different positions in AM. (a) Bottom; (b) middle; (c) top
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Table 3 HAZ widths after multiple repairs
Repair time HAZ width /mm
First repair 0.66

Second repair 0.98
Third repair 1.50
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Fig. 13 Distribution diagrams after multiple repairs. (a) First repair;

(b) second repair; (c¢) third repair
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Fig. 14 Hardness distributions after multiple repairs. (a) First repair;

(b) second repair; (c¢) third repair
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B b X5 0 3 1K 40 20 9% K 57 31 2 RO A I 52 Repair time Hardness /HV

A 1 RO 2 VLR . R, £ AM HAZ BM

ﬁ\{%ﬁ%ﬁﬁ@%ﬁﬂﬁlz{ﬁ}%%?ﬁiﬂu,H%‘EEJEIZH@ First repair. 386.26 409.02 349.99
Second repair 389.87 414.58 359.88

Ti@%ﬁij(JEXﬂ'%%'X'—?ﬂ*/ﬂZﬁEEE‘J?E“@Z: Third repair 388.34 425.33 350.76
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