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Abstract: Gear transmission case, an important component in aero-engined, endured severe oper-
ational conditions and necessitated lightweight construction amidst stringent design prerequisites. The
existing structural design of the gear transmission cases, which mainly depended on engineering expe-
rience, struggles to satisfy the high power density design requirements of aero-engines. Based on the
compromise programming method, a multi-objective topology optimization method was proposed for
the cases considering the heat conduction performance. By imposing constraints on the central mis-
alignment of bearing holes and the volume fraction of the optimization domain, the proposed strategy
facilitated topology optimization. The resultant design achieves a 6.1% decrease in case weights, ac-
companied by reductions of 5.2% in peak von Mises stress, 2.3% in maximum temperature and a sig-
nificant improvement of 9.3% in the central misalignment of bearing holes.
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Fig.1 Initial structure of aero-engine gear

transmission case
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Tab.1 Physical parameters of case material

kL ZL101A 7075
W/ (kg » m ) 2680 2810
LR /GPa 65 62
HEL /Y EA 0.33 0.33
PO R F /(1076 - K™D 24 24
PREHR/(Wem™! « KD 155 142
/(] kg« K1) 889 921
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Tab.2 Working condition parameters of aero-engine

gear transmission case

i 4 il /(N » m) e /(r+ min~ 1)
I 72.6 10 516
i 49.5 34 643
I 32.1 5959
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Fig.2 Case finite element model and bearing hole

load condition
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Tab.3 Bearing power loss

VIESE N . VIESE N

LB (mW/mm?) RS (mW/mm?)
1-A 1.4 1-B 0.9
1-C 1.5 1-D 1.9
2-A 3.3 2-B 2.5
3-A 1.9 3-B 1.5
1-A 2.4 4-B 1.5
5-A 2.5 5-B 1.0
6-A 0.7 6-B 0.9
7-A 0.6 7-B 0.4
8-A 0.1 8-B 0.2
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Fig.3 Case topology optimization flow
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Fig.4 Topology optimization region and constraint

conditions of aero-engine gear transmission case

LS A ) % B TCAH X 4% B2 p LA H b, B
TR X 25 B 55 R LR R B 22 ) 11 06 R
son) € RY
s.t. ECo.) = Epu + p? (E, —EW}
KN WA RTHITTEERY NN 4 Beit =
Ep.) AHITCHITRIERI B 5o, 5 e D IRITHIAIX B 5 p
AETTE T B T AR AR LY . p = 25 Eo AR
AR U6 LA 1 5 E i 228 TR BB} A0 SR M AT d
e T R I A T R A A T W R R A B
e Z BRI M AL AL LR AT W RE R | R
M TEIREE 1, 25 A0 I B — R AL M Z5 R C
MRS R 38 AF R AL H bR s g7

find p = (pyapys oo
R (2)

C(p) = F'U=U"KU = Z\)pfuokout,
: : (3)
R = JQQTdQ +le\qu dFJrLR h(T. —T)dl
A F RS T2 AN AT ;U RN b K S5
R EAE I su, N BRTTAE S sk N BATT B R R JEE 5 Q M A
WE L N RTRAERAREG T NHBIRE 0 i
g JIPGE R Ty N Neumann 1R &M H T N
Robin #1 #5515t
PRARNG BL N, A% 20 22 40 B9 AR 145 56 il 799 i 1) %l
ARAL AR T R X AR A (AR SIS e
YERTR Sk & A2 08 o 3 056 ) i o 1 K/ B
RO e mh A4 B B A X 1] L Z 1) 1 43 4k 23 52 T
AT EE AL T Ad (w2 o T U7 5 il 9 g 1)



TR MRNE AR R R AL S RS- R R MO— R E W %

AL HDTE X 10 B RS = 3 5 Ax o B Az, S TE
Z 1045k Az B Az, AES A7 i BT A
Ad(x,z) =

[ (Az))? — (Ax ) [—] (Az))" — Az | (D
CHMTZEMAZEER RN A EES &
PEINACRTE AR TE T H b R U8R AN R i £
H AR Ak ] 520 SOR FH AT 2 R0 800 250 Bk 7 B bR
PRECZ VBRI 22 5 NG 25 00 2 ) 5 40 0
g4 A B AR R F (p) o USRI FL H o 4
IR AR S AR N AR SRS S L NS B
PRI I AL X6 1 K 2 A5 7 Oy

min F(p) =
»
Co)—Com R(p) — Rum
2 » o 2 »
Ju Com—Cu T R TR

N
s.t. V=]V, > Zpbvﬂ
e=1

KU = F
WI =P
Ad (x ,z) < 0.038
0< pmin < oo <1

(5
H A w WIERE w = 0.63C e ~Couia 85I RALRT S
B4 22 Y R B B8 /B 5 R o R i 20500 0 AR AL T S
AT Y B R AE AN /IME W o Bl B REUE S T b 45
H B0 5B 5 P Ol BRSO R B BV S
WA 0, HITC e AR 0 0 A BETHAL I SR IF R T HY
R/NEE

4 IR

Bl 5 JT 7R 43 ) Sk Gl AL AR A8 ar B BB, — 5% P 2
R (RIS TEAE S N -3 EE S N
von Mises W 11 32.2 MPa 3 T3l #& £L 3-B K 19
FEARGE A YA B KAE TR it 51.6 pm i T RliK
fL2-A BB R B AR B S A T R R
fL 2-A F1 3-B 2K SZ A AR B . 7R AR IR PR
BT, F2 50K 5 1 I O I 4 1Y 2 % R A Y O AR AE
B S (4 L T3 AR v, e KN 1 92.9 MPa, i K 7R
JE 0.3076 mm 57 T X6F 07 114 Sl R A ity 1T 3K 2 DL Oy
W AL i A B B R i . 28 BT
IR BV I 2O A R O 8 A% Bl ST K T A A B iy
)+ 3 BOME 3 BT o R e Y AR A

Kl 6 TR R SEAR W G T BAER ST T Y
RS WRFL 3-A A A-A BT R R A L B
PR, HRELLENT o 29 8eRE & el
JER 148.7 °C . 3 4 iR Ry £ V7 %8 Tl 7 vt gt 7 £L
RO R 7 o, R Al IV A S 7 B 43 pm FOK
I AL B RS 7 B 12 pm B/, B S T OB W

Max value
O EiFMR B =R (b)) SEHLAR AT ™= 2k Y 28 Y &
von Mises Jij 7]

MPa pm

92.9 307.6

69.7 230.7

46. 4 153. 8

23.2 76.9
0 Max value 0

Ce) HUBE 1 3 A 7 1 () HUAR 51 2 o 7™ A
) von Mises Jif /] HY 722 JE dik
Bs5 BETHENTEEAMETRBOEIE
Fig.5 Effect of inertial overload on stress and

deformation of case
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Tab.4 Misalignment of the center of each bearing hole

‘um
%l % AV LIS AV
4T 30 iV 34
il 12 Al VI 29
i I 31 HiI 21
A IV 43 VI 33

FE T 7 MR A ity T B S AR A ) 32
FE SRS Aok 01k B A R 85, LU IV
94 ity 2 R L R 5 A7 2 RT3 ) AR R A B
ARG TP RN L . 7 TR L HT S
WAk AT, B AR oA B B A S R 25 A 3 R R Ok
/NGRS 6 R . H bR PR RS AL S5 R R
SYRILE 0.8.38 pm A 1950 N/mm ¥ 3, 3 #4 T
FE s IR AR 1~ 14 WER e 1 K |5 212 0
o CRHORIER FME AL 45 B A B AR AL R

o 1475 -



REALAR TRE 5 36 % 25 7 M) 2025 4FE 7 H

rRA AN B A% RS 2 o DL AR ST T p R AR
AR R R e 15 B RS & B E AR R AL
F (p) Fn4s 7 /A B /NI 8l

HITHPE 1 0
L5f s
Laf b g
3

R =
~ L2t Z
#/ LIt <
= 3
& Lo i
m 0.9} E=|

0.8} #®

0.7

0
BRRE n
Ca) H b bR RN 58 07 2 1 2%

3.4; — st |
2 N e ;%E 1256.6
% 0ol N\ Josa 2
g \,\ 256.2 &
B 2.6¢ AN {956.0
- \ ~ {255.8 §

3 L .\ v b o | .
g '\.\H\'_N_‘\, /) 255.6
¥ g . A— 255. 4

0 5 10 15 20
BRI n
(b) 45 ¥4 Z2 B R 4R 32 B b 2%

B 7 #HIMELBIRRAREBOEK L
Fig.7 Topology optimization objective and constraint

function iterative curve
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Fig.8 Topology optimization cloud diagram of

aero-engine gear transmission case
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Fig.9 Optimization scheme of aero-engine gear
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Fig.10 The analysis results of case optimization scheme
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