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Mold Stiffness Optimization for Large-Scale Aircraft Composite Fuselage Panel

PENG Weibo', NIE Jun', LI Kelang', Huang Bo', XIE Zhenqing', CAI Wenkan’
(1. Hunan Feiyu Aviation Equipment Co., Ltd., Changsha 410205, China;
2. Shanghai Aircraft Manufacturing Co., Ltd., Shanghai 201324, China)

[ABSTRACT] Aircraft composite fuselage panel mold firmed on the horizontal automatic fiber placement (AFP) is
studied based on the theoretical mechanics. It proves that the mold weight and section inertia moment are the dominating
factors influencing mold stiffness. Firstly, frame unit is constructed by topology optimization. Then, an industrialized base
design proposal is constructed according to the load transmission path among frame unites and steel structure points design
principle. Three influencing factors which are mold profile, shaped ribs and frame unit numbers are selected based on base
design proposal, and an orthogonal experimental design and simulation analysis for these influencing factors is finished.
Analysis results point out that it will realize the performance balance between the mold lightweight and stiffness when
decrease the frame unit numbers and optimize the thickness of mold profile and shaped ribs.
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Fig.1 Lay aircraft fuselage panel fibers on horizontal AFP at
side position
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Fig.2 Diagram of aircraft fuselage panel force on horizontal AFP

PO ) Al R, 3294 A 1 P 4 o S Bk de RS A
TR rh, 585 R AR 8 A/ NSUE HE, S
TR R HE ™ 22 A1) EEIE(3 ),
(3 ) TR, 7E BERR 2544 SR RS i I, BE AR A 22
R RN 221 T A S HCH A SR L, 5
BRI B L

_ Sc]l4
Amax - 384EI ( 1 )
m
=7 (2)
s5ml®
4“_3ME1 (3)
A, g IR OB R m AR EL R E
R FAB e s T oI ERR
2 HwIMEL

Bl AL AR DL BUE AR AR B &, M
A HEARATE = ST S o O FTERR AT YZ  SA SE IR L 2
Tap % 336 B A2 B, R 1] OptiStruct #R44% A UAL B BEAR
B E AT ML . T AR i A R R M
I MR REE 2 S LT ) R TR, I 0k B W T BE R A T 25 14k
SR AR A AL 5 %) B AE AR A i B 270 A DG A8 SR A 41
AR A AR Y

(U Pkl ek R AT 2 AR 25 H

(2) M fb A B s B — Bk Bk i 40
FMIEARAR 5, e B 8 %) B A A B A e, LAt B e L i
TR A EES, A TR AR F A S . REMIETE
AT B AR S die /NS 1263 436 T AR 0] %) 4 el AR
AR E

(3)Mm ) o

a. BB DA B E ORI TR 4T

b. BN « WL B XA T 14 H ] o KAV A A
UNTZE

. AR : (R IAS ZE BE XS 22 T80 sEA T InAL, 4R
P AH S T 0% I BE Dk A T IR R B

(4)290,

a. R SE R, X AR BT R A T
A,

b. AL MG T AR AR i il , % A
PRSI A T2

(5) Bhso BEHUR/ NITBCE BEAE Ak L i) B 5

(6) THIHE . BENBEAE 22 AL R 90° Ml
1450 AGURF AN B AR S TR 22, R 45° [
AT AT LA 0 T 90° WA J5 [, BIF LATEAR Ak A Y v
BEE 0 1 90° PIFPIT3E L0, ik EE & Hirds)

20224E 55658 55 1900] - it BlE A 115



,—‘? N »
m%lﬁx RESEARCH

43 A 3] BB REE A7 X 7 140 25 T, AR 0 X Ak b 240 o AT D X Ak
T, S0 14) 2 255 T 76 7 2050

FRCHLA HHLE BEA NP 3 BER  iZBEA K 13
m, %58 4 m, J& T KB M I BE Al 1. AR % R
M T A 2R T AR B SR A8 BB A R AR EL A Rk H b
mr.

(1) BE B BN T 15t

(2) 4 L[ 5 FE Al 22 0L RV IR R AR TR R AR
#ad 1.0 mm.,

FRARE FIRIEAL AL B8, BN 5 4 (a) s iY 1/4 K0
WEMRAAE MM S L, Gt 80 MEfbik A, &
MG B FR NSS4 (b) FI(c) i, HRIEH
TSR L 5 R AR N 25 B NS A T s BT T BEIE M T
FERURR) TSR, il 4 (d) Ui, SHERIn
W AT RIEEA EE AR5 R R A AL A
KRR . R 8 ERUATE R 15.86 t, 11
)G ERR TR N 14.877 t, 00405 4 B F B A i vk
% 6.2%. PULEZEIBIA 74.3%,

3 EREEIT

MG FRFRE b 25 5, % T BN 22 0 i B
MR A T Xk AT AR AIRASE HL B o DL S g s 2
HIRR AR R o X T BB 22 VT 75, 199 g S 1) 1]
e B b i R B TR e e, AR S T ek
WRIAIN I RDN N TR ey e G [ DR sy [T A==
AR 07 F14) S 1 X ) 8 1o el 3 A7 A — 2 TR TR AE
EA AR AR AR DAL RORAS Sl . 25 b i, 2
THAMUL S R A Z5 R A it (1 4 (d)), TEH
PR 5 0 JE 55 A A o) P HE 14 1 5 D S B Al R B A
R AR E 5 BRI 50 S AR ST
W1 R,

4 LRI

ik /o o HE 5, D/ R 28 A A R B i J5E TR T R
AL E A R (R W2 A B AR SR i) AR
PEASAE (181 5) o ARIEAWEE A 1Y R BT A S B A7
1%, BRHE 22 18] (9 4 12 04 55 B AE 22 e TR 18 0y 409 4 g 7

3 HHLSEER
Fig.3 Aircraft middle fuselage panel
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Fig.4 Aircraft fuselage panel mold frame topology optimization

results and engineering transformation
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Fig.5 Mold stiffness and weight changes at different optimization
parameters based on topology optimization model
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Fig.6 Mold stiffness at different optimization parameters
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Fig.7 Mold weight at different optimization parameters
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