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Abstract: Conducting accelerated test has gradually become an important way for performance analysis and life
management of aviation high—performance structures (such as turbine blades). However, the reasonable and effec-
tive evaluation of accelerated test results has become a difficult problem restricting the development of accelerated
test technology. Therefore, based on the existing physical mechanism methods, an acceleration effectiveness evalu-
ation method based on quantitative identification of micro characteristics is proposed by constructing the quantitative
relationship between microstructure characteristics and macro performance in this paper, the acceleration damage
and failure mechanism of turbine blades are explained systematically. The results show that the proposed method
can overcome the main shortcomings of the existing physical mechanism methods, and make the evaluation results
more accurate and reliable, which are of great important reference significance for improving the accuracy of perfor-
mance analysis and life prediction of aviation high—performance structures.

Key words: microstructure characteristics; quantitative identification; turbine blade; fatigue failure; accelerating ef-

fectiveness; evaluation method

WRBE: 2021:0628; fEEIBH: 2021-09-16
EEWH: EEARPFEEEG1975124) ; P il EER— — A E5H (20110741700) 5 & H R A A 512438 (FDU38341)
BEMEE: P, cwlei@fudan. edu. cn
SIRAMESC: i, B, TRA, B ST ROWRHIEE S R A vk b4k 7 i (7). A TR gERE , 2021, 12(5): 50-58,74.
HAN Lei, LIAO Shanghong, YU Shengjie, et al. Accelerated effectiveness evaluation method based on quantitative identification

of microstructure characteristics[J]. Advances in Aeronautical Science and Engineering, 2021, 12(5): 50-58,74. (in Chinese)



% 5 R A T OULRR AT S S B TR A A SR P4 O vk 51

0 35l

il

T 6 I R 2 AU S U R AT I8 PN A R s i
KA ait . VB RMias & sh Bl C sk 2 —,
WA AR R A T IR o TR A R A B
2ot K WA S5 25 B K AR R R I g 9 Rk
WX et R, £ s REEREZ &
ShHLBE T A0 RS v 2B T 00 e i R 20
8 Y 75 i 2EOK, i 5€ B A8 1984 4E & A T MIL-
STD-1783( & sh L 45 14 5¢ B 1 K49 ) (ENSIP) , %f
W e R BB R R T R A A AR AT T
AL AL TR i, DL O i 15 10 [) i) 465 4 %2
Stk HEAR R A BEE R S Pl R
PERE 1 FF 22 B2 T, W fe kA 0 IR A 2w IR B H B
SRk, T B B R A i () A A R R O
PRI, % T 168 6 i 98 57 5 i 19 T0I0 R 1A
AU E D S A R T HEAT W R A B0
VT, % 7 T R sy Mgl g, L H 22 R
TwRENRANEFEMRR, MEESELEE
(AFRL) .9 8 RR 2> W) i - 556 4 kL 52 56 = Al
A6 5 i 2 At K KR 2= S JF e TR &R R
T’f [4*8]G

15T R 108 56 0 R 1 7 A I i, S T IR
N TR A G U A o= ) N Gl N T T
B ), T s e T3 50 A5k o3 N B AR B B T R 4 A
P B R A A . PR T A RSB
R 56 1 B A ek DA R AR 56 0o AR T
FE B — L 5 38 (A e B 3 7 At o AS T
I 3% J5 28 BB R G B AT KT BE ORG24
A AT BE i BN R A E A 0 4 R O B AT )
(a2 7 i ok A R R 2 e AR 55 A i S G B
10 A ), DT 52 i X6t 2 56 85040 14 78 43 A AN ek
F A AR A BT B A S A R T R
A A S L T A AT 45 A R T
il TAEDY S BT T AL 45 R 0 A R0 50 B

T 30547 58 4 B o B A 9% 57 5 i T

R EE 0 56 AT 0 RO AR F 5
HOLRIET LABURE ST 5 B O 3l 3R B0 28 K
B o AR AL SR BRI R A S R —
Ok 55 R A — SO 56 ) R B AL 43 A
(SR o R B ) o E W 2 ROy kN,
b Bl Ge ity vk AR AR L N R
{FL3E 5 E L 7R AR i 28 8000 ) BRI 5 i 4 B AL
il 43 BT kR BRI A SR Ol B T A i
AR AR 7 AR O T K OR AE A R T R
F- B — b A BT RGO AR RS T A
B L X TR 2 HAT R W R AT S (e IR
AP ST RS /BT AHLE 95 %) i TR
M 847 ot R 0 AR 2R v B G PR A O ik o LB
R R R R R ) BRALER AT AE i T A
SEAR 5RO Z I M 2 . Rk, HORTRE R
RSB 1 i A A0 DA O e DT S 3K 56 24 1
Fi 43 T RV 55 5 4w 00 o B 43 BT 42 438 5 i o] 52 1
YR EL

AR SC UL A 1 S 43 A 05 ik O SR Al
1R G A LR S SR R I B AR R A R A
SR [ s R A0 3 A% 1 4 506 SR X6 B A AR 40
$ H I B0 AR AE S R Jn A R A
T, R OO 45 A8 R AE 5 2 M BE =2 TR Y S D
F I 108 e e R A i A5 5 R0 K R HL B R AT R
45 I B

1 hniE A RETE 7T E

A SCLABLA B BRI 23 A 05 3 O S il
i v MR 25 R 3 R B Xk AT e Rk R B
BT IOW AR RSk 72 2 R s A S A O
ik, EEAE SRR AL Hr | o X
S VRI FOIN R AT SO I DA R IR . AR A
AR 1R



52 P2 TR

W12 4%

AMIINAEIRES

B :
AT |—’

g Rk

Pommens R mommsne |  emsowsw R s |

- 1
i [Lemmems [

i - | Wi | ﬁf
OB T : : 5 :
;{% R Pommwsens | el momammee [ [ kwseeee et O] wwe |
E : 1 5 )
| - =TT

Fig. 1 Analysis process of accelerated effectiveness evaluation method based on microscopic feature quantitative identification
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Table 1 Load parameters and life data in fatigue test of turbine blades
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Fig. 2 Overall morphology and typical crack initiation sites

of turbine blades in accelerated fatigue tests"'®)
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Table 2 Quantitative statistics of the overall morpholo-
gies of fractured blades in accelerated fatigue tests
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Table 3 Quantitative statistics of crack initiation sites of
turbine blades in accelerated fatigue tests
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Fig.3 Typical dendrite separation morphologies of
turbine blades at different accelerated cases
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Table 4 Quantitative statistics of dendrite separation
features at different accelerated test cases
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Table 5 Quantitative statistics of grain boundary degrada-
tion features at different accelerated test cases
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Fig.4 Typical grain boundary degradation morpholo—
gies of turbine blades at different accelerated cases
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Fig.5 Typical y' phase rafting morphologies of turbine
blades at different accelerated cases
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Table 6 Quantitative statistics of Y’ phase rafting
features at different accelerated test cases
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Fig. 6 Fatigue crackings and damage evolutions of turbine
blades at different accelerated testing cases
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Table 7 Variation of fatigue strip width with the

acceleration load level
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Fig. 7 Comparison of fatigue strips of turbine blades at
different accelerated testing cases
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Table 8 Summary of main parameters in effectiveness evaluation of turbine blade accelerated testings
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