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Optimization Design of Structural Parameters of Casing Mounting Edge of
an Aeroderivative Gas Turbine

GAO Wan-bin,ZHANG Ke
(AECC Shenyang Engine Research Institute, Shenyang, China, Post Code: 110015)

Abstract; The performance of the mounting edge of the gas turbine casing modified for aviation was in-
fluenced by multiple structural and load parameters. In order to design an optimal mounting edge struc-
ture within a given range of structural and load parameters, a structural parameter optimization design
method for the mounting edge of the gas turbine casing was proposed. Firstly, this paper adopted the Lat-
in hypercube sampling method for experimental design and constructed a simulation case sample space;
secondly, the finite element analysis method was used to analyze the influence of structural parameters
such as bolt hole center distance, bolt hole diameter and mounting edge thickness, as well as load param-
eters such as medium pressure inside the casing, medium temperature and preload of a single bolt, on the
characteristics of the mounting edge, including the maximum equivalent elastic stress, average gap of the
contact surface and maximum contact pressure of the contact surface; thirdly, a surrogate model for cal-
culating the sealing performance of the mounting edge of the gas turbine casing was constructed, and the
structural parameters of the mounting edge of the gas turbine casing under given working conditions were
optimized ; finally, experimental verification was conducted on the optimized design results of the mount-
ing edge structure to test its sealing performance and the calculation accuracy of the surrogate model. The

results show that the error between the sealing performance of the mounting edge structure calculated
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based on the surrogate model and the experimental results is within 10% . This method can be used for

engineering optimization design and performance evaluation of the mounting edge structure of the gas tur-

bine casing modified for aviation.

Key words: aeroderivative gas turbine, mounting edge of casing, surrogate model, structural optimiza-

tion design, Latin hypercube experimental design
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Tab. 1 Parameters of GH4169 and GH738 materials

! g JEIRMEE R, ,/MPa HURLIREE R, /MPa MR L/ GPa HEL/N A WrE KR A/ % BEE/grom ™’
GH4169 iR =1 030 =1270 204 0.30 =12 8.24
650 C =865 =1 000 146 0.32 =12 8.24
GH738 R =830 =1210 215 0.30 =14 8.22
540 C =720 =1070 178 0.31 =14 8.22
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Tab. 2 Structural and load parameters and its allowable
range of mounting edge of casing for a certain type

of aeroderivative gas turbine

e2ieSi EA VEHIE

S PUEAAR D/mm 344 ~ 944
AR B/mm 4~12
1AL UGB D /mm 400 ~1 000
B2 L HAR d/mm 4.5~10.5
WAL A MR o/ (°) 2.553 ~6.0

B SH P AN TGRS p/MPa 0.3~3.0
PLE N A B EE T/K 450 ~1 050
BAARRETI S JIHE M/N-m 2~48
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Fig.2 Computational model and boundary conditions

of mounting edge structure of casing
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Fig. 3 Grids of computational model of mounting

edge structure of casing
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Tab. 3 Grid independence verification of

computational model

A% R 5F/mm T fk e B K
——————— WA 1R/ %
e U Vs S Hefih 58/ MPa
3.0 1.5 35363 21 461 789. 80 0
2.0 1.2 86 768 57 142 796.32 0.83
1.5 0.8 230387 149 455 800.28 0.50
1.2 0.5 443512 253783 801.57 0.16
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Tab.4 Segmentation results of structural parameters

of mounting edge of casing

SRR SRR BB BB R
HLIF P42 D,/ mm 344 ~494 494 ~612 612 ~944
LR R B/mm 4~12 4-~12 4~12
IR FLHULEE D/ mm 400 ~ 550 550 ~668 668 ~1 000
IR FLEA d/mm 4.5~6.5 5.5~8.5 8.5~10.5
AR FLA ARG o/ (°)  2.553~6.0  2.553~6.0 2.553 ~6.0
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Tab. 5 Simulation case sample points for the performance of mounting edge of casing

BOIREARS B BURRNR D, aesniaE g BRILPOIE D, BRI D SRR R

=2 4 mm mm mm mm a/(°)

1 B 388.25 11. 64 444.25 5.01 2.392

2 424.25 5.64 480.25 4.59 1.776

3 346.25 9.16 402.25 5.35 1.406
100 422.75 9.80 478.75 5.450 2.063
101 o= 528.81 11.64 584.81 5.755 2.392
102 557.13 5.64 613.13 5.545 1.776
103 495.77 9.16 551.77 5.925 1.406
200 555.95 9.80 611.95 5.975 2.063
201 BB 709.94 11.64 765.94 9.010 2.392
202 789.62 5.64 845.62 8.590 1.776
203 616.98 9.16 672.98 9.350 1.406
300 786.30 9.80 842.30 9.450 2.063
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Fig. 5 Influence of medium pressure in the casing

on the performance of mounting edge
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Fig. 6 Influence of medium temperature in the casing

on the performance of mounting edge
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performance of mounting edge
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Fig. 9 Influence of bolt hole diameter on the

performance of mounting edge
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Tab. 6 Optimized design results of structural parameters for mounting edge of casing

Peik s SHOE
SR % M
HLIFE N 42 344 mm HLIFE 4% 612 mm ML 4% 944 mm
LS WAL G EE D /mm 400 668 1 000
LT d/mm 5.5 10.5 10.5
AR FE B/mm 10.8 12.0 12.0
TR LA P R o/ (°) 4.427 4.349 2.871
iS5 PRI I M/Nem 3.4 47.7 47.7
Pkt B br F2 folk P35 [T BR &/ mm 0 0.002 57 0.005 59
Fe ful I Fme RIS p, e/ MPa 22.825 67.866 42.559
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Fig. 11 Typical high temperature performance test system for the sealing of mounting edge
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Tab.7 Leakage test results of mounting edge

structure of casing
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