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Research on Repair of TC11 Titanium Alloy Components by
Laser Melting Deposition Process
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Abstract To repair the titanium alloy impeller for airplane starter, laser melting deposited Ti-6Al-3.5Mo-1. 8Zr-
0.23Si(TC11) titanium alloys, as well as the microstructure and properties of the interface, are investigated. The
results indicate that the deposited TC11 titanium alloys and the interfacial re-melted layer present a typical
Widmanstitten structure and the heat affected zone (HAZ) within the substrate changes gradually from
Widmanstitten to duplex microstructure. Compared to the interface transition zone and the substrate, the as-
deposited TC11 alloy possesses higher tensile strength and lower ductility. The damaged impeller blades are repaired
by laser melting deposition in a point-by-point way. After machining and checking, the repaired impeller passes the
over speed test and comes into real use.
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Fig. 1 Thin wall sample of TC11 titanium alloy

prepared by laser melting deposition
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Fig. 2 Microstructure of laser melting deposited TC11 titanium alloy. (a) Middle of the deposited wall;
(b) top of the wall
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Fig. 3 Microstructure of laser melting deposited TC11 titanium alloy thin wall. (a) Inside of the substrate; (b) 2.0 mm

from the interface; (c¢) 1.5 mm from the interface; (d) 1.0 mm from the interface; (e) 0.5 mm from the interface;

(f) interface area
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Table 1 Results of tensile test under room temperature

Sample Tensile strength  Elongation

Remarks
No. o,/ MPa 8/ %
1 1010 10.5 Interface test
2 990 11.5 Interface test
3 1210 7.5 As-deposited
4 1190 4.5 As-deposited

WO AL TUR TCLL SR 4 B AT 3 Pk 5 [ 1Y
HAVRRE  HBEE 21 20h o B J2 B0 HLAS [ R 1) Y
a BRI EAZRTE—8 XA B T 48w 4R 5
E i T UL B P ATFAEWILE o M. HLIEAG B dfhE
FROF R (R B 22 o ARD S BEAR T 4RI 9 4
TURRUME L 15 5 % 17 o 8 DX 38 3 2 ol 38 00 R e 8 ) A
o AR B e 7 A 2 2 s ML i JBE R S P A T B
DUBBPRLZ ). A BE TSR W XS H R P4 o A
(14 5 5 Al L 50 R O A AN DR (EL A R e o
HEUIRR HIE o A0 & R i 28 s

Bl 4Ca) il ke 1 S 0 ) SEM R -, Wy 11
F2 I EA U] B 5 R AE % aURE R T R AR YR
F W) BA XS H U R AR TE AL e e b e A T B
Wrad . EOE R AL DT RE (Y BT 12 T A
Je P BT 2R AR LA 4 (b) ]

e 7 b T EAA SN AR ST R A R =
Fi OB L R AL i 2 A o
TR M 5T | 2B N A S T RO 57 T R A 1A
MIX A B 25 1 WOLKE AL UL BRI IE B B A e
SR J3E 1) B0 FR AL 008 T ) PRl 2 AR 5 R A AR
SC YU 7 REUY JE A BE L Wb 20 1 1) 32 i BB 8 A5
RO 2 Wt B OB U A o bl TR AR RS Y
SRR A o M RJZ R o MHER IR G J1 2 1k
RERBIL A fr Tt — B L2 PR . —BOA N . 42
1o BRI 2B RE G A ROk A i DR Sy 4 o 2R
i 0 10 S W SR B0 e A . TR 5 A AR RO AL T
BT ZE KOs BT UUBR b ekt A7 45 b 1L 0 il ] 4 LA
& PR R BBk A T — B B F A

Bl 4 Hrfis o SEMIBAR, (3 FE 15 (b)ikAE 3
Fig. 4 SEM morphology of tensile fracture surfaces. (a) Sample 1; (b) sample 3
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Fig. 5 Titanium alloy impeller for airplane starter. (a) Before repairing; (b) repaired by laser melting deposition
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