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Non-probabilistic Reliability Analysis of Gas Turbine
Blade with Cracks
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(2. Institute of High Temperature Structural Composite Materials for Naval Ship, Naval University of
Engineering, Wuhan 430033, China)

Abstract: Turbine blade is the most frequently failure component in the gas turbine and its main failure mode is
fatigue failure due to crack propagation. A gas turbine with crack is taken as the study object. The load spec-
trum is worked out according to the typical start working condition. The dangerous location of the blade is de-
termined by transient thermal elastic-plastic finite element analysis(FEA), and then the solid model of cracked
blade for FEA is established. According to the J integral strength criterion and the results of transient thermal
elastic-plastic FEA, the non-probabilistic reliability of the cracked blade is analyzed. The feasibility and opera-
bility of the comprehensive model of structural non-probabilistic reliability is verified and so a new method is
provided for the reliability analysis of impetfect structures.
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Table 1 Typical loads spectrum of gas turbine
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Fig.1 Typical loads spectrum of gas turbine

3 mBEMABRSHREEESH

MR EOROE KXXX &€, BT rE
R R RS RN R 2~K 3 BT,



208 METEAR

®8H

K2 MHEMBGE—EEESH

Table 2 Physical and mechanical properties of blade material

23
RE/C HERR/CPa AL (:&;E&%ﬁ{) [J- (tfx?ifrc/)—lj (W TE'Fff ?g—l]
25 214.7 0. 33 — 398 8.13
100 211.0 0. 34 12.4 418 9.53
200 206. 0 0. 34 12.7 444 11.40
300 201.0 0. 34 12. 9 470 13. 40
400 195.0 0. 34 13.1 496 15. 30
500 188.0 0. 34 13.5 522 17. 20
600 181.0 0.35 13. 8 544 19. 00
700 173.0 0.35 14. 2 574 20. 80

£ 3 MRS R E
Table 3 Multilinear kinematic hardening

datasheet of turbine blade material

BE/C A BERE BE F3/MPa
0. 003 78 711
0. 004 71 780
500 0. 005 83 860
0. 006 56 900
0. 007 06 920
0. 003 61 653
0. 004 13 700
600 0. 004 97 780
0. 006 11 850
0. 007 12 900
0. 003 57 617
0. 004 29 680
700 0. 005 23 760
0. 005 74 800
0. 006 56 850
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Fig.2 Finite element model of turbine blade
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Fig. 3 Temperature distribution of

turbine blade at 780 s
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Fig.4 Contour stress distribution of
turbine blade at 780 s
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Fig.5 Variation of stress versus time at point A
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Fig. 6 Stress distribution of cracked blade at 780 s
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Fig.7 Calculation path of J integral
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* creat, jin, mac

local, 11,0, —40. 3325,31. 061,609. 05,0. 3665,0,0
PATH, jflujing 6, 30,20,
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etable, volu, volu,

peale, mult, tz, sxz,nx

peale, mult,cl s sz, nz
pealc,add, tz, tz,cl

* get,dx, path,, last,s
dx=dx/100

peale,add, xg> xg> » » » —dx/2
pdef, intr, uxl, ux

pdef, intr, uzl, uz
pealc,add, xg, xg» »» »dx
pdef, intr, ux2, ux

pdef, intr, uz2, uz
peale,add, xg, xg» » » » —dx/2
c=(1/d=)
pealc,add,cl,ux2,uxl,c; —c

etable, sene, sene,

sexp, wssene,volu,1,—1
pdef, w,etab, w

peale, intg,j>wrzg

* get,ja,path, , last, j peale,add,c2;uz2,uzl se, —c¢
pdef, clear peale, mult, cl, tx,cl
peale, mult, c2 tz, c2
pealc,add,cl,cl,c2

peale,intgsj,cls s

pvect,norm,nx, ny, nz
pdef, intr, sx, sx

pdef, intr, sz, sz

* get, jb, path, , last,j
jint=12 % (ja—jb)

pdef, intr, sxz, sxz
peale, mult, tx, sx, nx
peale, mult, ¢l sxz, nz pdef, clear

peale, add tx, tx, ¢l * end

H8 FRHMAEEAN JRMEEHE
Fig.8 J integral calculation macro file of cracked blade model
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Table 4 The parameter intervals under different cut levels

BE BREBERTY KKFER X2(20~600 C)/ BREBKEHE Xs/ PR X,/ J B4/
K BE X,/K (10=¢ . C— b (rad « s71) (kg » m™3) (Pa » m)

0 [803.7,982. 3] [13.11,14.49] [252,308] [7827.05,8650. 95] [22374. 3,63483. 8]
0.5 [821.56,964. 44] [13.25,14.35] [257.6,302. 4] [7909. 44,8568.56] [24683. 3,58958. 0]
1.0 [839. 42,946, 58] [13.39,14.21] [263.2,296.8] [7991.83,8486.17] [27327. 8,53936.5]
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