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Microstructure and Properties of Low-pressure Turbine Blade of K465 Alloy

after Thermal Fatigue Test
Zhou Zhongbo'?, Yang Mingbo', Zhang Jianzhong®, Shi Laixin
(1.Materials Science and Engineering College, Chongqging University of Technology;
2.Chongqging Sannai Technology Co., Ltd.)
Abstract: Through the test at 900 ‘C and 950 ‘C for 100 cooling/heating cycles on the low-pressure turbine blade
of K465 alloy an aeroengine, the crack initiation and propagation of the blade during the thermal fatigue test were
investigated, and the microstructure and mechanical properties of the blade after thermal fatigue test were ana-
lyzed. The results indicate that the thermal fatigue crack is firstly originated from the process hole of the blade
and extends perpendicularly to the axial direction of the blade. The stress concentration on the process hole and
shrinkage is the main reason for the thermal fatigue crack initiation. After the cooling/heating cycle test, the di-
mension of ¥' phase in the dendrite arm is increased, and the edges and corners of cubic ¥’ phase become smooth
and irregular. Due to the precipitation of accicular secondary phase, the elongation of blade is decreased significantly.
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Tab.1 Chemical composition of K465 low pressure

turbine blade %
wy
C Cr Al Mo Ti Co Nb w S
0.16 8.70 5.74 1.82 2.64 9.24  0.98 9.76 0.002 7
P Si Ce B Mn Fe Zr Ni
0.000 51 0.025 0.002 6 0.011 0.0057 0.037 0.025 &
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Fig.1 Schematic diagram of micro tensile specimen
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Fig.2 Crack morphologies of low-pressure turbine blades after cooling/heating cycle test
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Fig.3 Metallographic structure of K465 alloy turbine blades before and after cooling/heating cycle test
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Fig.4 SEM images of K465 alloy turbine blades before and after cooling/heating cycle test
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Fig.5 Back scattering images of K465 alloy turbine
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blades after cooling/heating cycle test
2.3 ARERTIEIT K465 &M K S BRI M0
2 NV 55 1R B S 1 K465 & i A M Sk

TR oA RE . AT LU i 8 [ O Ak PR S AR R
PUBLE P23k 3] 905.4 MPa, i ARk 5] 6.11% , 1
MG T AR EZ SR, A A 285d 900 Cel 950 C
100 Y& FAME B )5 - KA65 £ 4 19 HU AL 5 & B i 152 1) 7
14 TR Bl AR T R A A . TR R
T L 2R T AR LBy AR R EL AR R AN L v 4
B ER e B I 7 A A il 2 1K 6 il 38 119 T o 2 T IR
[ o] LA S, i 28 950 C R 3 38 5 » FLA (4 ) 2%
PEREMR R AT LIk AR » (EL AR R 10 22 B, — R R
2R 3.66% » T fi S b v SR AR T BR  3 Dd Y 28 18
i Ve B P 5 AL UR R AR T AT AR 25T

R2 KIS EERERBM ARG S F R

Tab.2 Mechanical properties of entity of K465

low-pressure turbine blade

RS JE IR EE/MPa  $LHiiRE/MPa i K3/ %
bR R — — 835 3.00
S1 752.9 910.1 6.51
[ 7% 2 S2 797.1 900.7 5.70
Ty 775.0 905.4 6.11
— . S1 792.2 919.9 4.94
% +900 .
S2 791.4 932.8 5.97
% T A
Ty 791.8 926.4 5.46
— C S1 788.8 927.1 6.58
% +950 C
) S2 773.4 899.5 3.66
% AT 3R
Ty 781.1 913.3 5.12
3 % &%

(DL # 4 K465 58t it @rh iy T AL7E R
e o R R A 58 IR, e T RN g Kz A ) AR
R D SR A B O AL B OF R Ay R Bk A il
o BRICZEALAN AR p SR Ak N 3 4 #y 25 TR AN S 1 47
I Gy e A 07 R

(2)K465 &4 A4 900 'C K& 950 C.100 R&#H
706 B B 325 000 s 20 2 B 52 S R B BT R R Y

924

e s FAGERE B3 6 R s L B T o A R R, ST
T v A2 AR A 5 v A B
(3)% 900 CJ% 950 ‘C .100 YK SIEIRIG 1) K465
B 4 1 R B B AR R I R bR v R L HAEHIR kM
AR 0 28 T R, DL B oy AR R ELAR A5 R B, ¥4 A
620 5 18 I e 236 B 2 3 360 308 B 7 T v i R
5 %= x W

(1] RN DR, RZR. KATG IR WG T 1 0 R 19 41 200 BB R 3
P 57 AL AT L) ] M A s B RS A%, 2019, 48(5): 1 517-
1522,

(2] 8 mURE B TR R v FA 0% 95 1 e 5 2L BO] S0 R w1 BF 58T .
W IE B BE M, 1985, 5(2): 205-211.

(3] EWEWG. i W Ee T A #k 55 M Re AR 2e LT T s bhkE, 1979(3): 19-
25.

(4] &, BRI, G W 55 D IR BE X K465 G a4l 5 )1 2% ke
5% 0 LD R R B 3t A €A 4 ,2021,41(8) : 1 .001-1 006.

(5] SR/NGE AR . 25 6, 45 v 10 HIE 36 S B0 7 BE RN X K465 13
G WA UM B PR RE R g [, 4 R A= ). 2020, 56 (12):
1 654-1 666.

(61 AT A fh . a2 . 45 A0 B2 X 3 o 40 8 1 K424 4 4 Bt AH
St B R L) ] A R i MR 5 42 2020, 40(2): 147-151.

(7] YRR &5, % Dait T 2% K403 & &9 4 i 1k o S+
AHERE R L) ] P 5 3 SO (44 4 2019, 39(1): 52-56.

(81 XS, FAaTL 4R . 55 30 i R 6 4 18 B 95 B8 KAT R iF
SE[T) A 4 JRATRHS T2, 2009, 38(1): 59-63.

[9] WOODFORDD A, MOWBRAY D F. Effect of material character-
istics and test variables on thermal fatigue of cast superalloys. A re-
view[ ] ]. Materials Science and Engineering, 1974, 16(1-2);: 5-43.

[10] &L, BUHUT, TR 546 8 T X K465 4 4 204U RE Y 32 1

[J].451%, 2010, 59(6): 563-567.
(11T AT 2R AENE OG0 oG o S5 1T 9 L I R b BT K465 & 42 21 21
HIRE IR LT 1A BT K 5 R 2016, 31(6): 38-42.

(4% 1)
ey
! oS UESPES !
; [1] AY +
D R !
f oAy +
! MEARS i
! !
i @ EHM o Tl ahas o HKAMAT ¢

+
e i e Wi e it |
[ e AR e ZMEH e HERY |
Delrkas e HhENE e mEE |
D eTERL e HHNSKY e plE

x’
x,



