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Effects of Substrate Temperature on Structure and Vibration Fatigue Age of Repairing
Layers on TC11 Titanium Alloy Prepared by EB-PVD
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(1. Science and Technology on Power Beam Processes Laboratory, Beijing Aeronautical Manufacturing Technology Re-

search Institute, Beijing 100024; 2. Jinjiang State Machine Factory, Chengdu 610043)

Abstract: TCI11 repairing layers was prepared on the TC11 test pieces EB-PVD technology at different temperatures to
study the influence of temperature. The microstructure was characterized by XRD, SEM and EDS, and the vibration fa-
tigue behavior of the samples at room temperature was tested. Experiment results show that the repairing layers is the
columnar crystals at 600-800 C in the deposition process. The vibration fatigue age of the repairing layer increases by
raising the substrate temperature. The alternation of structure and morphology caused by temperature has great effect on
the vibration fatigue performance, however, the crack source exiting in the gap between grain boundary, decrease the vi-
bration fatigue age of the test pieces after repairing.
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Fig. 1 Specimen’s size and shape (Unit: mm)

B AR 3 9% 57 A KK e 78 UD 52 5
& LT e KRS A #5000 Hz, 5250 33 7
JIT A 38 AR 4l 25 R [ A 4008 0T I vk K
P HB5277-1984, M F 4 — 5 M B2 e, DABLAL
B 2 IR . R PYD -1 ABUR Bl 55
IS R G AT 7 B PR 3 57 I . R AOhR A
DISTRE BRAIG 120 1E MR & 4 i M SR b o . scrp
XHE S5 1 R AT % 55 A w0 5 L OF 5 R R
T BBORH Rz X F o G g A gL BE 1 5 B 9 A i
TR a6 25 R O (.

2 HR5WiE

2.1 BEREEEHERRNYDH

Pl 2 g5 AR BE 4333 2l 600,700 AT 800 'C
B 1 16 52 )2 T TR 30 B By o A . B AT LU
R S UL X R )2 A K TR N R T 2 R A A
R FEMR . B % T BE A T 0 )2 R B AR R X
S 508 R W B R B0 A e 2 3R AR R
FEN 600 CH &5 2 41 214k 78 4l /N 2T 2k 45 44 1)
RN LR RO AN 3N Sk R B
IR EE R 700 CHE A& 5 )2 240 208 SR () FE AR



LikE|

PONIL 5 . IR X TCLL Bk 4 EB-PVD B 522 YRR B % 55 45 i 19 52 1 61

LA S A 2T BT 9 O R 18] AL BT 23 B
A2 )Z B AT U RS H AL 5 2 2 Al T 2 800 C

] &0 3
Reeparicdilayer: 16:897:m

SHm

Reparicdilayer

-~ /
SN LM
e

Repariedilayer

2:5108Fum

Substrate

! + KA ‘ SELmMEE

(e) Cross section morphology, 800 °C

A2 AL AR 4
Z (8] G T AN T 0 A SR T BUE

H S ] A A

(f) Composition dlStI'lbuthIl 800 °C

P 20 AT Al T 6 52 V2 B A TR 35 K o o A

Fig. 2 Cross section morphologies and composition distribution of the repaired layers at different substrate temperatures
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Table 1  Composition distribution of different parts in

the repairing layer in Fig. 3

a b
Repaired layer
w/ % a/% w/ % a/%
Ti 85.93 81. 37 92.83 92.18
Al 9.87 16.62 4.1 7.24
Mo 2.96 1. 40 1.00 0.49
Zr 1.24 0.61 0.17 0.09
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Table 2 Fatigue test data of the deferent specimens

Original Repaired
Parameters )
specimen

600 C 700 C 800 C

Test frequency 1 870 1818 1 805 1 820

Cycle index 1003 300 134 285 129 930 256 230
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(b) After repairing at 800 °C
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Fig.5 Morphologies of the substrate before and after repairing
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(c) Crack fracture, 700 °C
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Fig. 6 Crack and crack fracture morphologies of the specimen after repairing
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