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Research progress in damage mechanism of nickel-based single

crystal superalloys under service conditions

SHEN Jianghua'”* , ZHOU Yuting' , WANG Xiuxia'

(1. School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China;

2. Shanxi Key Laboratory of Impact Dynamic and Its Engineering Application, Xi’an 710072, China)

Abstract; In order to improve the service life of nickel-based single crystal blades and solve the key technology of aeroengine turbine and gas

turbine, domestic and overseas researchers carried out a large number of research on the failure and damage mechanism of nickel-based single

crystal superalloys under service conditions in recent years. The research achievements and progress of fatigue, creep and thermomechanical fatigue

damage mechanism of nickel-based single crystal superalloys under service conditions were concluded. In addition, in view of the time and cost

increase caused by a large number of experiments, the research works and achievements in life prediction methods of nickel-based single crystal

superalloys in recent years were summarized, and the difficulties and challenges in life evaluation and failure analysis of nickel-based single crystal

superalloys were proposed.

Keywords: nickel-based single crystal superalloys; high temperature damage; fatigue; creep; thermomechanical fatigue; life prediction

BREL AL IR S B (AR AR L B ) A
feit T FA U5 9 7 2 PERE T I Dl RE LA R4t
AACYERE, B W T s A s PR e
Fr IR AL FE I, IR IR+ 57,
(HABR T 185 L ATl B ARG 3R o 4 Y0 L
AR S A A S L i L RIVE R
2 PR SZ o SRR IR 114 08 B 00 28 10 7 £ 8 55 44
B3 s i TS G BB A2 1 kHa S5 0 £
BRSO BT RE R 3200 1 36O BOR K
10" A, R AR 3ot Pt P A B A £ TR 7R
52 i AT O 7 R 1 I A B A 451405 , 9 HL B
R ENHUBCR A R, HR 52 103 B A ) 2
W, H AR R R R IR TARR R C e T

«  YgFS HER2023 -03 - 14

EEWB : }ZFHEANAFIHIHE (AA T (2019]189 5)

1800 °CM* | PRI 1 fifp A 5L B (4 57 451403 i
ARGy FE . M RATE RG99 A AR BIF 5T
HR] LR B, BT R 1 e R A R S L i
THOULZE SRR B T 20 (g 2 A4 LR A B T2
55 ) 25 DAL PR 20T 982 7 AR5 735 08 A0 522 I 1 0T 9 2
SRS RN A AR TN R B (iR
JESH AR 2 RIS R b PR 55 )
TS (a0 2% 7 2 508 ) B T KN
RN 7 10155 ) SEINE R R oY . 4R
oK, KT NTER R FSNE R R A AR T 14545
LIRSS e B W 5t 3% . Han, 5 AR DL B4R
LB S FH A NG Ru A1 Re BIAH G R XA 440
145 2R S5 R P03 Ak 114 52 1) R B 5 4, A Yao

YEB B KA (1985—) , 55 WL hC N, 8%, B, B A4 R0, E-mail ;j. shen@ nwpu. edu. cn



.56 - B BE K 2= 2 i

5545 &

SETBESY T Re F1 Ru 7628 045 B 5 MO0 20 21
(50 , 25 2 W] Re 1 LA HE4R L 20 5 b ' 4B
FOMT L, T Ru J0) AT LA g A H A 78 22 19 43 T s W
SNSRI T B 1 2B T EETSY T Re 1R
AL BT AR [R] BA BE TR B4

TESZBRIRAE T, & S HLRE 35 X A i 1:d
TR I A I AL E 2 2 R AR Ak T IR
HLAk % 55 ( thermomechanical fatigue , TMF ) 7] 5 2
B SR . I, BT R A AL % S R
TRV A5 533 22 40 P R 15 PR X e B 7 TR e
Fr iR B R 92 BR  , BR H AT
—EMERE T I BGE T AR B B4 405
HUHRITIZE 56 T2 25 R A8 35145 BIL ) 1 B 5 A
SR T X TR A — e A R A 4845 WL T
TMF #5003 HL A 1B A7 7 S R iy BF e 2 )
U1 Rodas 251 757 1t i 1A 55 94 P A 70 T L 5 )
CMSX — 8 F5L 3 o 5 1) B 708 9% 55 A TMF g 2 1
J37 3 Vacchieri 25" 41 10T T RRAG 0K 564 dk
P ST IR 5 A TV PR (L7 3
TR EFE R R . 53 A, B e 2
YR F) T 0 55 i ) A DT 8, B g o 0 A 8 EL
LA SRR P A0 (B 04 7 SO A RO BF 5 B A T
—SE PRI, 0 Amaro 2517 LT 5 4545 BIL I A
IR AT B L 2 T R fE i TMF 75 i 7t ]
RS, T PO B R T 22 LU R A5 A L i i g
P S R AT I, AR SCORE TR B
55 R 77 TR BOBF SR BUIR , % ECA L] S
TR 2 L % 75 Ay PR R 4 FE AT R4S IR 4
H i TMF $53 473 A0 A58 2R, LA Ja S o8 TAE
A AN o

1 RERFRERASHESRG

BRI I R R AR I AR P el TR 2 LR
SR SR M A G7G . AT E A FIE
JHEBAL R 57 A i e IR 25 R R % 55 a0 A=
Y RHLE . Horh, W58 W 9% 57 77 A i R ]
AR A TR L A A SR O 57 B0 AR I
PRI ZE 1 H AL T 48 75 B B it (1) 57 451
LN B SRR RIVE Y S R e
1.1 PIESHFEHEZ

WFFE A0 L DL A B B B A 4 g 55
TR Z A vy A TR AU LR L A
B A5, e A B AL T L IR A A7 R ™ A
P57 R EE R

PR ) A R B TC Y T G L

A A 1) y AR AR 5 HLA A 1 O 3L T Sy
Bribid o Forr, ShA% 45 48 B A [F A2 1 " AR X A7
iz 3 B A BEAS AR T, T e R 57 4 R i '
HH 2 A AL 53R A 2% 2 X 7 5 A0 BELASAE
PRI " A2 75 A8 A X B 56 B 4 % 57 75 fim AT B
B

WF5E 2RI, 38 2 A28 B R A R I 4L T R
HEA R LIRE BRSO L 288 58 PEEAT IR S
Horp  #+70&K Re 0] LLMCAE ' #H A9 T8 50 F R~
FHHRTE v AHSCAR R SR o [, Wu 252 i 431
Bl 2E AU 3R Re T30 23 X 5 12 Bl i
FNETHLMEH . IR THESE AR L B 4R
FEHLR A 2 AN Re SR E W ALITER , DR
EER LB S e R PR RE. BRILZ AN, C TR
VNI ) T 2 v B 5 L 5 1 B PR RN A v, B
o AT P [ 5t 5 , a5 ] -FL R AR B 1) s 22 45 4R
T, Ho B/ B0 T 0. 05% W) [ 23 S50 4 h
MR IR B AL R T i, A AT 5 8
IR Ui

PERTE N2 T vpr, 5 3 5 |k A L) ) 6l
W Zy r HE I AR, A B A R (e A Bk
G 2 e T BB A, i DAL TR X 9%
HRMAERLEEME R,
A BIREGY T CMSX —4 Fil MAR — M200 1 i 45 3k
B R 55 ) 2E N, R B R S A e | R
AITALI AL W A o A, e (AR BB e FE AT g X
BRHERA R 57 A A R B . #7 LAL 001 ]
HRRHEINER 7 1), Li 250 BRI 5T 45 SR 2 W - 240
7 7] 55 bR 0 207 1 i 22 A8/ R RE (< 10°)
IF, G4 I 57 75 i Bl i 25 71 2 R 38 hn i BAIG
FEH 7 8, X Fp T R G B 2. Cervellon
S T A SRR R ARG S R U111 ]
s PR BRI 0 282 P 41 TG ST 7 1 | 2E TR A%
ESRRAEINER Ty 10 AN [A] O RLRE X, B I 55 5 i o
R TGV it A IR vy o] 952 55 Doy 224 7y b 284 i R 349 2y
i VR T B8 T A5 I 1 ) P el s T iy 2R
sy 1 it

B T e} R 2 X% 57 PR RE 152 i Ab, BR
FE AL A R R IR AR R B v 2 R A AL T AR AR
X9 25 R 1 5 e B 5 U BE G PR R AR
BRFPRHT AR X, FEHRIRE[ 750,
1 000) °C T BY#8 5 B 9% 55 (very high cycle fatigue,
VHCF) il v, iU 26 a0 A9 A8 AR B2 A JE DL 3 3K
P57 2 B A, PR 2R S0 TH 7E BE [ AL AL Y
AP RS E R EE[ 1 000, 1 100 ]°C F i VHCF
g, PR R AR AL ™, RS A BB Y

Cervellon



4

TRt A5 IR 00 B B g T < O T ML B S e 57

BEFFLEE R R T REEAZL ™77 SR,
SREE B A G R R AETE B AL, U TC B IR iy
EARAT RO IR R VHCE 2R3 R &

(AT B, AP T AT AL &
ST B M B0 TR s P AR AU B 14 7 i, O
R A 280 B A, (AT R 5 45 S
FWEAL S MR Lo E Y L T B A A AL
TR 00T B9 VHCF 5555 2300 e FLg R AL 4518
WA,
1.2 RGEFEMT R

TOAE S TR B F 9 55 L B0 3 7 [
FLARBE AR | TR AT SR BRI T 9 55 4 80 He A5 A 37
BRI RS A AR AR A R

TETCAE S AE T OB JE B 5 2 80 7B LA
Bl 1 R, b TR S TR AN I A R R
[ AL B A B 1 (a) P BN 11D (110) ¥
B R BV B, v HIE B BT &
KA e YN AR AT X . B — 2P
TNAR, VRS BT 2 2 AR e, e P AR T IX
TS G OE 7 A TN 2S 7%, B 43 B e 2 o 3 25 DR
Sy S5 PR AE % DX SRHT H# D %5 HE (topologically
close-packed, TCP) YL 3E SRR YIVLIE , 2% FLdn
B 1(h) BRI IR 27 b o [ Pl BT A
TCARLRE X200 85 i vk L B A 17 ) i i
PRI T R X J 708 7 3 it R, 5] R e
Wi, Horb HDRS DX 9TF B 4 T 90% i 55 5
v, 5 R B AN AR 4 P f R X AR AL,
WL B B 7 VHCE F 28U AR iR . Bk

LTI
oY R

(a) R RN

(a) Accumulation of slip bands

@
TCPRRMALY T8 58
5( 2
e
() %55 0] OEEE 5~
V/V,ﬁxlﬂﬁéﬂ ol JL"{:?‘:.]%'I——L!]T |?_.l[ 1‘_ )

CHEE)
bty S= e

(b) HUE X AT e A0 A=

(b) Formation of rough zone and initiation of crack
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nickel-based single crystal superalloys under VHCF'™
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(b) Mechanism of oxidation crack propagation
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Fig.4 Mechanism of crack initiation and propagation with

oxidation in high temperature'®’
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