284 6 2 B X @ L & Vol. 28  No. 6
2015 4 12 A CHINA SURFACE ENGINEERING December 2015

doi: 10.11933/j. issn. 1007-9289. 2015. 06. 019

AR BREMZLZININEIE TC SR EFFFHA

BN, WA, I 5. R
R LR D Sl 47 R )+ A 610041)

B OE: oM RIPREREILE TCL A48T B E TR IR THREGH A MEotREBE TS 0E
BIZBR Gy BT e F 2 PR AT T . RIS R R ORI E JE TC4 kA &1 OONLH JC K o il 2 5
TSR WO 78 Xk B AT 3 LA 2 ZURR AR 1 R bR DR o P 8 A 40 % 1) I R A 4 L, AR g XA AR R A RS 1 40
HITR A L4, I 2 U i 9 B 5L PR A S 4 40 O s 3 2 B X L B 8 15 % 0 B 4% OB I 3 TC4 XA
FRALA 400 C iR b AR BRI 0y 0 B A R TR A TS R, RAPEZZEE T XN ZH
R AT WA AR S - XU AL A B

KW . KURMLI ; TCA kA4 0 A BOGK B MWL Joetife; B2

hESES. TG174. 44 XEFRER: A XEHS: 1007-9289(2015)06-0141-06

Repairing TC4 Titanium Stator Blade of Aero—Engine Fan Casing by Laser Cladding

LUO Kui-lin, GUO Shuang-quan, HE Yong, FU Jun—bo
(Chengdu Holy (Group) Industrial Co. , Ltd. , Chengdu 610041)

Abstract; To repair TC4 titanium stator blades of large aero—engine fan casing, the repair process of damaged blades by
laser cladding was researched, and the compositions, microstructure, microhardness and mechanical properties of the la-
ser cladding zone were analyzed. The experimental results indicate that contents of elements such as O, N, H in the laser
cladding zone comply with the standard requirements. The laser cladding zone consists of columnar grain with typical
Widmanstatten structure in which fine martensite structure is distributed. The heat affected zone consists of the mixture
structure of columnar grain and duplex microstructure, transiting from mixture structure to duplex microstructure as get-
ting close to the base metal. The average microhardness of the laser cladding zone is 15% higher than that of the base
metal, and the microhardness transition from the laser cladding zone to the metal base is mild. The tensile strengths by
room—temperature tensile test, elevated temperature tensile test (at 400 C) and thermal exposure test for laser cladding
TC4 titanium sample are all higher than those for the base metal, while the elongations are slightly lower. The damaged stator
blades are repaired by single—path and multi—layer laser cladding method. The fan casing is put into use after acceptance.
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Fig. 1 Morphology of TC4 titanium powder for laser clad-

ding
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Table 1 Full factor design of the laser cladding experiments

Laser power/ Scanning speed/ Powder rate

No. W (mm + s ) (g+min 1)
1 400 B 5
2 325 5 5
3 400 8 5
4 325 8 3.5
5 325 5 3.5
6 325 8 5
7 400 5 3.5
8 400 8 3.5
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Fig. 2 Schematic diagram of observation plane and mor-

phologies of laser cladding on base metal and tensile specimen
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Table 2 Chemical composition of TC4 titanium laser cladding sample (w/ %)
Elements Al A% Fe O N H Ti
Laser clading area 6.19 4.08 0.14 0.18 0.0029 0.00514 Bal.
China aviation material handbook 5.5-6.8 3.5-4. <C0. 30 <0. 20 <C0.005 <C0.015 Bal.
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Fig. 3 Microstructure of laser cladding TC4 titanium sample
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TC4 titanium laser cladding
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Table 3 Tensile strength properties of the laser cladding

and base metal samples

Mechanical Base Laser
Test condition
properties material  cladding
o,/ MPa 960 980
At room temperature
3/ % 11 8
o,/ MPa 629 636
At 400 C
3/ % 17 13
After heat o,/ MPa 930 952
exposure at 450 C 5/ % 12 8
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(b) Blades after laser cladding repair
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Fig. 5 Part morphologies of welding assembling unit

consisting of the fan casing and blades
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