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Mechanism of Cracks in the Blades of High Temperature Alloy Turbo Rotor

WANG Ying WANG Yuning LIU Chunli HAN Lu LU Wu
(Aerospace Research Institute of Materials & Processing Technology , Beijing  100076)

Abstract  Cracks in the blades’ root of turbo rotor made from high temperature alloy were detected by
fluorescence examination after several engine trial runs. The results indicate that the cracks are located in the thin-
walled area in the blade, and the cracking mode is high temperature fatigue cracking, which can be classified into
low—cycle fatigue and life-relevant failure. In the trail run process, the stress concentration location is exposed to the
effect of high temperature and alternating stress. Therefore, selective oxidation in the grain boundaries happen and
oxide products grow in a wedge-like shape along the grain boundaries. By the mutual influence of both high
temperature oxidation and alternating stress, the stress concentration location in the blades’ root also experiences
creep and slippage. With the effect of creeping damage and intergranular oxidation, the weakened grain boundaries
start to crack and cracks expand along the grain boundaries, forming the fatigueorigin. At last, high temperature
fatigue cracks further expand in the subsequent process.

Key words High temperature alloy, Turbo rotor, Cracks, High temperature fatigue , Intergranular oxidation

0 5 JI 5 R B 7 A SR BT A B AT I i
SRR HIBE 57 IR BBCRAT B3 Y Bl 1k A0 2 etk &

A SR P RE TR ,— /M T R 2

il

A4 R Fe Ni 3% Co HEAA , EZE 600°CLL
T IR IR R A AL BT S ek, I REAE—E N A

ERTF KRB TAEN—2KEmMME. GH4141 &4 8
F Ni-Cr—Co FEUTTE AL AT J iR A 4, BE IR AL
TUVE v/ A A1 M6C B e Ak 4 Ry = B A AR, fif FH I B2
£ 980°C LA R o A 4 NI #E 650~900°C H A7 %5 & iy Hir
il R ACRIR AR SR B T AR A% 57 14 e LA K R 4
BT AL PERE , & 980°C LA T 1 J1 24 Mk R e 1 &
&Z—. HAGHA141 Ga N T ERE RIF, # 12
JE I [ N 1 | R Kt R K ok S AT L 2
WRIpE 2 AR 7 T A R
Wi T R E DN EE Mz — R T
FE MR Ao A v e — BLK A2 52 24 G PR 2 fap , L0

Wik H 4. 2021-04-21

RMETER G R o A BIHLIM A AE IR AR F R B ik
B EA W ST | vl I5 28 Be i iR AL [R) I 3 ) 75
57 AR KA A AL AR B A BURE 05 AL
A R AEICR AR 55 W B . SR 8 55 7 il Y
PR ASE  anmk 7 A B i A7 5 s IR DA &
IN RN I T m g B I E R RO AL i e R WA R )
G EHAL P BT SRR B g Sy T, AL A5 9% 55
5 i MR HE ST R 55 75 i o3 T, L) 5 R S it
&9 515 B3 BT A o AR T 5 07 T
e L1 A AR AR S 00 S AT T HEAT RO G AR 55
TR 55 50 A, 73 M i 58 5% 1 Bt LR R 25 RO 55 75

E—AEH TN TR 978 A Wi, BN MU ™ i oW SO EE #7047 o E—mail : zhuchg@163. com

FRIMEITZ  http://www.yhelgy.com 2021 4F 561



i, TR U S B 1 W B S50 BT, A 98 e
B B IE IR R 3G 7 R (8 SR LB R D PR o e
AR K SHLRGR G 5 R S 1 1 I e A O sk
KM TRIFSE -
1 i

AHIE ST B MR K GHA141, 58615 5 52 5 i
GJB2367A—2005 #F 17 , 3% FH & R ) 29 L i Z1-
67D, 78 3% I 8] 30 min; R H 5 & 5 49 4 0 B (FEI
Quanta 650) 7317 4 20 K W F1 B 25 5 2R 4 HE X 426
AE AN If 4% GB/T17359—2012 #EAT A3k B4 23 #7 5
S MZH L3 M4 GBIT 14999—2012 X A4 N &R 2k ik
FEHEATITE , R F LEICA4000 S 1455 %ot 20 21 647 W0
22535 GB/4340. 1—2009 X A4} i Awchifi 25 3204 703
2 H#R5iHR
2.1 REgaHm

PACTG T R 3— RS54, b B ML T+ L i
| A R e S Y5 T e e D 1 < O 2 AV O e Ny
RN 3%10° v/min T AR FREE IR 24 700~750°C
ZIRE TG R ootk A R I 2 A0t R
R BIFELERLL

WA FRYZZ LS 1 BR , B SR 4e
LM SEAE R WY Bt R R, i R
i A AR, i T R R e R A,

SRR AL it S RPN Z )
Fig. 1 Macro—morphology of turbo rotor
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Fig.2  Macro—morphology of cracks in the blades’ root
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Fig. 3 Micro—morphology of cracks in the blades’ root
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Fig. 4 Macro—morphology of blades” fracture
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Fig. 5 Micro—morphology of inset blades’ fracture
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Fig. 6 Micro—morphology of outset blades’ fracture
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Fig. 7 Microstructure of the blades’ root
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