541 4 5 8 I M= NFH Vol. 41 No. 8
2026 4F- 8 H Journal of Aerospace Power Aug. 2026

X EHS: 1000-8055(2026) 08-20250318-10 doi: 10.13224/j.cnki jasp.20250318

FHITINE LIRS R AR HPT M A
FaniBEE il A x

JEAlH, K
([ R R fiias TR 2ABe, K 300300)

i3 B B & s R e R TE IR A rhoE 95 A5 A 00 M Y o] B, G N 0 FR EE A DG Y IR 1%
BT R T, L T A P RS 05 5 B B0 IV Al AR SR % 55 B i o AR T I - AR - TR A B T 2 G B AL AR bR
A HEAR RS F 55T I R 9% 9 S 6 0 B IR A N 7 R R I U DG AR, S 0 22 RN TR T B0 T g R e AR B . T
0T 55 AT (B K Y 2k 2 O Y VPR TR AR 0 BB A A o T B 45 25 PR #E08 RN Franc3D - 5 84 g ) 2R
RS S 0 R B Y R . SRR 0 07 RIS Sy AR AL AL, AL By | 3R T
W22 53 5 0.4% F10.71%, Wi # B ¥ 38 A 5, Pearson 404 0,902, 37 ) 2 245 50 -4 B1LIR A B R D7 1 14 TR
F A5 H S GoT 2 2 b IR 25 20 R 8%, 1T S AT ZS A2 B AL IR B6 I A i T R 2 6 i) B o S R AL
HMER S .

* 8O R BB REA RadR; Wi A

hESHS: V215.5; V2324 XHERRERS: A

Load/environment spectrum driven hybrid life prediction
approach for in-service HPT blades

SHI Lizhong, ZHANG Qian
(College of Aeronautical Engineering, Civil Aviation University of China, Tianjin 300300, China)

Abstract: To address the difficulty in predicting the fatigue life of aero-engine high-pressure turbine
blades during service, a stress- and temperature-correlated service load/environment spectrum was
developed. The blade low-cycle fatigue life was assessed based on durability and damage tolerance
theories. The stress-temperature time histories at critical fatigue locations were computed using a fluid-
thermal-structural coupled simulation model combined with a random forest surrogate model. The
load/environment spectrum was compiled via the multiaxial rain-flow counting method. The crack
initiation life was evaluated using a semi-empirical approach based on the detail fatigue rating method. The
crack propagation life was calculated by constructing a physical model on the Franc3D platform grounded
in damage tolerance theory. The results demonstrated that the critical fatigue location of the blade was at
the film-cooling hole near the leading-edge root. At this location, the prediction errors for stress and
temperature were 0.4% and 0.71%, respectively, and their time histories exhibited a strong correlation,
with a Pearson coefficient of 0.902. The established semi-empirical-physical hybrid model predicted the
blade life with an error of about 8% compared with the average statistical life of actual blades. This
approach could provide a valuable reference for predicting the life of aero-engine turbine blades and

determining maintenance intervals.
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Fig. 2 Blade life calculation process
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Fig.4 Mesh independence analysis results
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Fig. 5 Von-Mises stress distribution contour map
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