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Design method of metallic W-ring in aero-engine

SHEN Xiuli"*, ZHAI Yu'*?

(1. School of Energy and Power Engineering,
Beijing University of Aeronautics and Astronautics, Beijing 100191, China;
2. Collaborative Innovation Center for Advanced Aero-Engine, Beijing 100191, China)

Abstract: Targetting the sealing property and strength, a research on the compression
ratio of metallic' W-ring was carried out. Based on the determined compression rate, the axial
clearance of the casing was optimized, the influence of key structural parameters of the me-
tallic W-ring on the strength was studied. After the sensitivity analysis, the structural pa-
rameters of the metallic W-ring were further optimized. The relationship between the buck-
ling and the axial stiffness of the metallic W-ring was researched, and stiffness experiment
was used to verify the simulation results, and support the evaluation of the critical buckling
loads. The results showed that under the typical operating condition, the reasonable com-
pression ratio range of the metallic W-ring was 3. 2% —6. 08%. The thickness had the grea-
test effect on the maximum equivalent stress. The final optimization results were as follows:
the thickness increased by 5.0%, the radius of wave peak and wave trough increased by
9.0% , the contact radius increased by 7.7%, the outer diameter of the ring reduced by
5.8% , the maximum equivalent stress reduced by 5. 7% ; buckling load was linearly related

to axial stiffness.
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Fig. 1 Sketch of casing environment
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Fig. 3 Structural diagram of metallic W-ring

®1 "“WEEEEHHXERT

Table 1 Key dimensions of metallic W-ring

XS K
[ 35 445 D, /mm 827~832
WE H/mm 11~13
BEJEL ¢/ mm 0.2~0.3
W12 v /mm <2
WA 4 r,/mm <2
fh 42 ry /mm <2
W% h/mm <2
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Table 2 Contact stress under different compression
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Table 3 Maximum equivalent stress under different

compression quantities of installtion condition
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Table 4 Maximum equivalent stress under different

compression quantities of working conditions

JE 45 H /mm 0.5 0.6 0. 66 0.68 0.7
B KEH ;

0 558.3 581.9 589.3 598.6
N J1/MPa

A g R A, Y R4 & /T 0. 68 mm
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Fig. 4 Equivalent stress distribution of the metallic

W-ring before the structure adjustment
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Table 5

Initial value selection and range of design

variables in parametric optimization

wWitAssE  THR{E/mm  ¥{E/mm  EBR{E/mm
t 0. 234 0. 26 0. 286
iy 1. 494 1. 66 1. 826
r3 1.512 1.68 1. 848
D, 744. 66 827. 4 910. 14
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min o (X) X = (tyr,ry s R)7T
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Table 6 Comparison of the design variables before and

after optimization

BOPE R WIE/mm o R/ mm AR/ %
t 0. 26 0.273 5.0
T 1. 66 1. 809 9.0
r 1.68 1.810 7.7
D, 827.4 779. 68 —5.8
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Table 8 Axial displacement of metallic W-ring under

different pressures

JEi/MPa 0.1 0.2 0.3 0.4 0.5

)
R 0. 381 0.761 1. 142 1.522 1.903
1 %% /mm
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Table 7 Comparison of the objective function before and

after optimization
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WI{H/MPa
586. 08

FI 4 bR %
o NS

2 R AFON SN T 5. T W B
G B IR AR S A S AR g o3 A i Bl A 11
JIr 7R

WL F1/MPa
552.67

1T (AR T AR W 4 8 5
S0 S 41

Fig. 11 Equivalent stress distribution diagram of

metallic W-ring under optimized working state
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Table 9 Critical buckling load and axial stiffness under

different wall thicknesses

BEJE /mm  JE i S e /N Al W EE/ (N/mm)

0.23 3558. 3 2746. 5
0.25 3565. 1 4174. 4
0.27 3641.2 4314.8
0.29 3701. 1 5187.5
0.31 3777. 4 6096. 2
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Fig. 13 Relationship between critical buckling load

and axial stiffness
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Fig. 14 Experimental sample of the metallic W-ring
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