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Structure optimization of a certain type of gas turbine sealing disk
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Abstraet; To systematically study-the crack-failure of the pressure-balanced holes on
sealing disk;” and increase the fatigue life of a certain type of gas turbine, failure phenome-
non and local structural modification of-sealing disk were analyzed. Finite element analysis
model was established and the vibration stress distribution features and resonance character-
istics were analyzed. From the analysis, it showed that the high static stress on edges of the
pressure-balanced holes was the main cause of the fatigue crack and improvement measures
were put forward. Structure strength comparison analysis were done based on the original
structure and several local modifications to the pressure-balanced holes under assembly con-
ditions, and finally the local structure modification scheme for sealing disk of a certain type
of gas turbine was put forward. And then the stress on edges of the pressure-balanced holes

reduced by 16%, the yield strength reserve coefficient increased from 0. 891 to 1. 069.

Key words: sealing disk; high cycle fatigue; finite element analysis;

vibration characteristic; structure optimization
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Fig. 3 Macroscopic fracture morphology and position

of fatigue crack sources
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Fig. 4 Pressure-balanced holes crack fatigue striation
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Fig. 5 12 support plate excited resonance graph of

backward wave in intermediate casing
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Fig. 7 Radial vibration stress distribution of

4/0 mode of vibration
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Table 1 Backward wave resonance speed order with

2, 7, 14 diameter vibration

k=2 k=7 k=14
[ VA S R ek
" . X . AT . FHXF
Hz B g/ T/ M/
(r/min) (r/min) (r/min)
1870 2/0 29426 2.2 7098 0.55
3660 7/0 15830 1.2 10525 0.78
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Table 2~ Steady state temperature field in ground

maximum. rating of sealing disk
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Fig. 9 Temperature field diagram of sealing disk
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Table 3 Stress distribution of every part on sealing

disk with maximum rating
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Table 4 Sealing disk structure characteristic parts-of the maximum radial stress and strength reserve coefficient

S.max/ MPa .2 (8.2 =835 MPa) n, (8, =1260 MPa)

HRAE AR AL
0=0.9 mm o0=1:Tmm 0=0.9mm 0=1.1mm 0=0.9mm 0=1.1mm
¥EFLfL 927 937 0.901 0. 891 1. 359 1. 345
4 FL R S M 801 859 1. 042 0.972 1.573 1. 467
i 622 623 1. 342 1. 340 2.026 2.023
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SMN=19.3 MPa
SMX=937 MPa
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Fig. 10 Two-dimensional model diagram of
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sealing disk . ..
seatng dis Fig. 11 Initial structure of § =1. 1 mm, pressure-

balanced holes edge radial stress distribution
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Fig. 12 Initial structure of & =1. 1 mm, pressure-
balanced holes radial stress distribution at

the lower part of web plate
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Fig. 13 Initial structure of 8 =1} 1 mm,sealing disk

axle journal radial stress distribution
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Table 5 Maximum radial stress of characteristic

parts when pressure-balanced hole

diameters are Smm and 6 mm

(unit; MPa)
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Table 6 Local modification plan of stress and vibration characteristic analysis results

FEAE ALY 1/ MPa PB4 F / He WA/ g
LES (CE&RES " y 0
WAL YWHEALFER 5 IWHRME /% CEIE /)
1 458 K AS A 15 Bl 937 859 623 640 3.7

PIEFLALY 6 O3 451G R

2 0.5 mm " 5 % B k> 781 870 641 619 7.0 13.9(0.109)
4. 0 mm

7% 2+ FL T HRE A S F 2

‘ 782 795 668 683 2.6 96. 5(0.76)
Wi & 0. 1 mm
LT B A A e 3
798 730 660 643 3.2 185. 2(1. 458)
K WE 0, 2mm

ITEE A+FLi DL B E AR

816 787 680 626 5.8 249. 7(1.966)

I ZEA IR 0. 2mm

Nodal solution

SMN=-115MPa
SMX=781MPa

Nodalsolution

SMN=394 MPa
SMX=641 MPa

K14 fefegstl 6=1. I'mm B 33 R FLFLTR

N ) 43 A
Fig. 14 Optimize the structure’of 6=1. 1 mm, pressure- K16 fRfesity 0=1. 1 mm B 5 S04 1 5 ) 53 A

balanced holes side radial stress distribution Fig. 16 Optimize structure of 6=1. 1 mm,

sealing disk axle journal radial

stress distribution
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pressure-balanced holes radial stress
distribution at the lower part of

web plate
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Table 7 Optimization feature of the maximum radial stress and strength reserve coefficient scheme feature

Se.max/ MPa

.2 (&, =835 MPa)

n, (8, =1260 MPa)

FRAE B A
0=0. 9mm 0=1.1mm 0=0.9mm 0=1.1mm 0=0. 9mm 0=1.1mm
¥EALALIA 774 781 1.079 1. 069 1.628 1.613
EFL T H M AR 816 870 1.023 0. 960 1. 544 1. 448
LIt 640 641 1. 1.303 1.969 1.966
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