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Shape and Stress Coordinated Optimization Method for Aircraft Composite Panel Assembly

ZHANG Xuezhuang, ZHAO Cong, AN Luling, LI Xinxin
(Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

[ABSTRACT] Composite materials are widely used in aircraft structures due to their excellent mechanical properties.
However, significant shape deviations often occur in manufactured composite panels due to limitations in the forming
process. This leads to challenges in achieving high precision and controlling assembly stress, which significantly affects
assembly accuracy and structural reliability. To address this issue, this paper proposes a shape and stress coordinated
optimization method for composite panels. A multi-objective optimization model is established with the layout of
adjustment units and the magnitude of adjustment forces as design variables. The objectives are to minimize the root mean
square error (RMSE) of the shape deviation and the interfacial stress. The model is solved using finite element analysis
combined with the NSGA- I algorithm. Experimental validation is conducted on a scaled composite upper wing box panel.
The results show that the proposed method reduces the RMSE of the shape deviation to 0.36 mm while controlling the
interfacial stress in critical regions below 16 MPa. Furthermore, it provides multiple optimization options. This approach
achieves coordinated optimization of shape accuracy and mechanical performance, offering an effective solution for the
high-quality assembly of aircraft composite panels.

Keywords: Aircraft assembly; Composite panel; Flexible tooling; Shape control; Assembly stress; Coordinated optimization
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Fig.1 Flexible shaping scheme for composite panel
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Fig.2 Calculation of the panel’s shape deviation
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Fig.3 Structure of the composite upper wing box panel
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Table S Optimization results of different schemes
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F={60, 75, 50, 45, 70, 55, 30, 40, 25}
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the Scheme P3



PN
RESEARCH HI:%&I

TR RITH A R H S5T8IE 1 F FRCE 20 T4, X3
o L RERR AR L AER IR DR . RIS,
R H = O R AR BURE M S BR AME 1) 5 2 58
I Geomagic Warp A {17402, 4n&l 17 (a) By
73 T£ Polyworks 3R FH 5 BIRENR SN AW 225041 = 1], 40
B 17 (bR, BENRIMER 225 F S —1.280~0.854 mm,
A o> K IRIME AR 2ZE 3 HIAE £ 0.5 mm DAY, BEATH 2
AR SO E W RERR AME R B BR . IeAh , ZERE AR Ze il

L e ==

(a) BEHS = Ed

SN AR 22 /mm
0.854

0.700
0.600
0.500
0.400
0.300

(b) BEMRANE AN 2E 50415 2

RN J/MPa
+2.078e+01
+1.904e+01
+1.731e+01
+1.558e+01
+1.385e+01
+1.212e+01
+1.039e+01
+8.658e+00
+6.927e+00
+5.196e+00
+3.465¢+00
+1.734e+00
+3.176e-03

(c) BEMRIR R S = K
17 P2 FRMIKBIIELER

Fig.17 Experimental validation results of the Scheme P2
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