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[ABSTRACT] Large thin-walled structures are widely used in aircraft and aero-engines. Due to their large size, small
thickness, and low stiffness, manufacturing tolerances tend to couple with elastic deformation during assembly, resulting
in surface distortion and step discontinuities that degrade stealth and aerodynamic performance. Accurate prediction of
assembly deviations at the design stage can reduce cost and improve efficiency, and support structural and tolerance
design. To this end, a stiffness modal decomposition-based method for predicting assembly deviations in large
thin-walled structures was proposed. Finite element stiffness models and part design tolerances were taken as inputs. The
stiffness matrices of individual parts were decomposed to construct basic deviation fields, and a deviation transfer
mapping model was established based on assembly constraints. Monte Carlo simulation was used to model

manufacturing tolerance distributions, yielding the statistical characteristics of assembly deviations. Comparison with a
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commercial three-dimensional tolerance analysis software shows an error of approximately 3.8%. The results show that

the proposed method accurately predicts the statistical distribution of assembly deviations and provides reliable support

for assembly accuracy control of large thin-walled structures.

Keywords: Thin-walled structures; Assembly deformation; Assembly deviations; Monte Carlo method; Tolerance design
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Fig.2 Force equilibrium conditions during part assembly
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Fig.5 First 20 modes and corresponding compliance coefficients of the access panel component

(2) PP EL ST T 3 L S K g MR 154
FEdE ., Bk (94 IRBO B A% T A 22 AX s 10
RSP A sbh EREA  = *
Frita®, IR (8 RERIKE FEH T o 05
(3) G A R R B A 22 5 o M I A TR iﬁ
F 22, 7 52 R S000 U524 1 (7 LLARER I , BN f R
RGBTSR UR I g6 pgmurspzam T s nESSRER TS

SRZE ARG RN 7 FiR . vl AL RIS %
JUFE[-1.890,1.908] DX [ [ P9 77 511, 24E —0.003 mm,

Fig.6 Modal orders and deviation factors of the first 2628 modes of
the access panel component under a given

deviation distribution

FRIE2E 4 0.535 mm. 155 A T 2% 1 3t
P 0 5 S 0 22 0 DAL T AL w0 .
N1 830

3 BT IDCS AEERENE LRI o0} ’Q\K e L8

WA R 7 AL TR m*mA@@%ﬁﬂr o / 0=0535
A Tk N 2 WP HEA T3 e L A o % X
6 FH 3DCS M S 6 Lo B T L Fi A8 7] T P ) zg = 40|
ﬁA&%M%g%ﬁrm%mmiﬁﬁ%@ﬁ i 300]
OB A48 55 AR SOV T 2 SR 00 L AT 200]
I T AR (U 5 TR P ool

T 3DCS ZEHF R I EAGH 5000 U, X6 JCHH I & . .
SRR 22 TG T 40T, AS R bl 2% B b -2 R I 2

(VI L, LA RN 8 iz o 4 2RI, LG 2 2241
FATR , F 5 450 B e T it 2 52 PR ) S A B AIL AR R A
L 22 W {5 445 A 22 B A iy DX g BE ARG, L3 X

B7 OEFHNEREREELERSS
Fig.7 Assembly deviation distribution at measurement points of the

access panel structure

2026453569 5 191) - MIHIEBAR 147



‘_’i’ N »
Hltﬁl‘tex RESEARCH

Runs = 5000

Nominal = 0.0000 mm 350

Mean  =-0.0025 mm 300

Sigma = 0.5562mm |250F

6-Sigma = 3.3378 mm 200

Min =-2.0179 mm 150

Max = 2.1294 mm 100k

Range = 4.1473 mm 50L

ILSIL, =—0.0025 mm 0 .

Est. low
—1.6713 mm

—1.00 0 1.00
Mean Est high
—0.0025 mm 1.6662 mm

1
2.00

B8 MOXEZHI3DCSFHSITER

Fig.8 3DCS flexible analysis results of the access panel structure
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