202242 A (L s A N Feb. 2022
% 43 ﬁ /Eﬁ 2 ,ﬁﬂ JOURNAL OF PROPULSION TECHNOLOGY Vol.43 No.2

ETHIMEU R E 2o iligimfE L Rigit -
E R, AA4&', A &', HhpEHc, T W', FERF°, P4
T Ki%

(1. REFTRE TAZESSEHTERESLEE TRI¥%R, I7
2. REFET R GRS 124k, 107 KiE 116024;
3. HPEM AL SIS Br, 107 PRBH 110015)

116024;

 OE: IRANERDIEGBA T ELIRE, A TR E R SAEE PG, 20
HERRIF LIRS ZAEGE T ARSI, FHREME R RhEERL AR ZHIR, AL E
T —# R BERR B e Fe ML Tr i, A4 B IT IR AR R E 6 B B 3R B SRR B, 4k X R G RY
BT Eme2R, #tm R E GRS ZA0E 0 R 09 B A KT, AR ERALT BRI REMAES
MIELEMARR, RRABEEMRIKRT 17.7%, 5XMEQHEFTEMNMRBLHSES, BASTHEAHEY,
RKR A FEART 30.84%, Il T 7 B 45 M B3R R 69 J6 AMEAL T ik A LR SRR e R ROk

KGRI MR X deAMEAL; BERRIE; ABxTEAS; RAEUE ST

FESES: V233 XERARIRAG . A MEHRS: 1001-4055 (2022) 02-210154-11

DOI: 10.13675/j.cnki. tjjs. 210154

Design of Bracket of Oil Tank Assembly in Aero-Engine
Based on Topology Optimization

WANG Yan', ZHOU Cai—hua', ZHOU Yan', XU Sheng-li*, WANG Bo', LI Yu-wei’, LIU Zhong—hua®

(1. Department of Engineering Mechanics, State Key Laboratory of Structural Analysis for Industrial Equipment,
Dalian University of Technology, Dalian 116024, China;
2. School of Energy and Power Engineering, Dalian University of Technology, Dalian 116024, China;
3. AECC Shenyang Engine Research Institute, Shenyang 110015, China)

Abstract: The bracket is an important part of the oil tank assembly in aero engine , which is used to connect
and fix the band in the oil tank assembly. However, the existing bracket design will cause eccentric tension on the
band connected to the bracket. This will lead to a high level of structure stress and fatigue damage. A topology op-
timization method considering the local stiffness of the structure is proposed, which improved the overall stiffness
of the support while taking into account the local stiffness. Through this method, the stiffness distribution of the
bracket become more reasonable, thereby the stress level of the band connected to it is reduced. The weight of the
bracket designed by this topology optimization method is the same as the original structure, the maximum defor-
mation is reduced by 17.7%. The band connected to the bracket is no longer subjected to eccentric tension, the

stress distribution is more uniform, and the maximum stress is reduced by 30.84%. The effectiveness of the topol-
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ogy optimization method considering the local stiffness in the design of the bracket is verified.

Key words: Bracket of oil tank assembly; Topology optimization; Local stiffness; Relative displace-

ment; Sensitivity analysis
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Fig. 4 Load analysis and reference node of the bracket B
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Fig. 5 Example to verify the accuracy of the sensitivity of

the constraint function

Table 1 Relative error between sensitivities calculated by

the adjoint method and the difference method

Number of Adjoint Difference Relative
element method method error/%

7 174.8270 174.8292 -1.26 x 107°
181 -26.2146 -26.2117 1.11x 107
345 462.0505 462.0531 -5.63x 107"
537 57.0322 57.0362 -7.01%x 107
724 2627.6597 2627.7946 -5.13x 107°
917 2011.2617 2011.3384 -3.81x 107
1009 -0.2880 -0.2869 3.83x 107"
1223 15065.6396 15070.1819 -3.01x 107
1467 —-2.4489 -2.4464 1.02 x 107"
1621 -8985.0613 -8983.4386 1.81x 1072
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stiffness
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Fig. 14 Optimal design of the topology optimizations (feature extraction)

Table 2 Optimal design of the topology optimizations with

and without the constraint function of local stiffness
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function of local stiffness function of local stiffness

Mass/kg 0.65 0.65
U, /pm 0.748 0.832
Uy /wm 0.749 0.759
AU, /pm 0.001 0.073
U,,/pm 2.4 2.2
U,,/um 2.4 3.2
AU,/pm 0 1.0
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topology optimizations with and without the constraint
function of local stiffness

210
195 F "
180 /.\.\’/./

165 |
150 |
135F »

P

Maximum Von-Mises
stress/MPa

2.2x10° 2.6x10°  3.0x10°

Number of nodes

0 1
1.8x10°

Fig. 16 Results of mesh convergence analysis of the oil tank

assembly with optimal bracket B

J BB AA SRS A BRI A W B e T Y
o A28 = B A DL W e s, S8 B 22 )i
FHAS 2 RS AT T WIS A B AIC, 40 0 S 2R A A 5 — 0
1 B 2Z 6] i A2 S (AU )., o0 28.7 Lm, 575 %) i B
Z A Y AHXT AL A (AU, )., A 8.0pm , AL IR B & 1 S 28
BERER — X i B Z [ B A X AL (AU )., 29 0.986wm,

210154-8



a3k 2

BT MU R 7S S AL b AE S AR BT

2022 4F

W4 S AR AR AR S B — X I B 22 D) AR X
FEAR T 96.56% , 55 — 5%t s B 22 ] i) AH 67 B IR T
71.25% , fH MG RT WL, P Ak 5 S22 454 1 JR 3 W2 e ik
FH AR T WIS S A A TR AT A B ESR

Table 3 Comparison of the mechanical perforemance of the

optimal and the original design

Parameter Optimal design Original design
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Fig. 17 Comparison of the deformation of the optimal design and the original design
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