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Calculation method of wing skin load based on deep learning
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Abstract: Aiming at the problem of low accuracy of the traditional load calibration equation for calculating wing skin load, a novel
method of wing skin load calculation based on deep learning was proposed. Considering that the force of the real wing skin was
complicated, this paper established a simplified wing structure model. Firstly, the finite element analysis on the wing was carried out by
using Ansys software to obtain the strain and force simulation data, then the simulation data was cleaned and preprocessed. Secondly, a
deep neural network model was constructed, its input and output were the strain and load values, respectively. The Adam optimization
algorithm was used to optimize the model for load calculation. Finally, the test set was used to predict the load value, and the average
relative error and absolute error were used as evaluation metrics. Experimental results show that the calculation method based on deep
learning obtains the average absolute error of 0. 081 N for small load data and average relative error of 0. 063 8% for normal load data,
respectively. The load accuracy of new method is obviously better than that of the traditional method comparing with traditional load
calibration method.

Keywords : wing skin; load calculation; deep learning; strain; load calibration equation

Wk H . 2021-09-16  Received Date: 2021-09-16
w BL AT H | A S AR (WEOBER et ) | s SRR AR S 1A R E e B



-2 - LSRR R e o

536 %

0 35l

il

TROBIL 2R AT M R AL A i o M 1 R 2
43, JF B GBI - 18] P Rl 2 L 4 RO 97 13
Henit, PR LAY A Ry, CHLG R IR S )
eI LAY B b T, 5 R R R R AR
SEPESERNE LIS 5 B R
Hidk FLANSFIFA R, 5B THRAMAERHLIAINE
2SR IR A TR AL 52 B R 2
AT BRI AT RE & T U WL R, L L
PSRBT RO M DN ST O R, AT A
TSR AR 7 A LRI OR B 36 1 1 ZE R VS 4 i
PR AT AT 4 512 , 7 i ) T 8 2R 48 A0 1 78 SR
AR B SRS AR AT PRI EESS AR A RIVH T E R0 B AR 4L
LS I AT O T BRI TR RS R 1
AN R R R FERS bt T 2 kit vk, %
TEAVAE PR T — Rl BOHE 1 A A S 8 R ] ) B
V5 it 22 Tn n] YR Y 55 22 50 R [l U RS X B A
7 RRHEAT 1 5 B0 X b, D45 2R R AR R A Y
R A 7 T L e M A R ) 2 T R T RO v, R
A DN FAT i AN A LT L Sl ) ELAE
PRAE A RO w5 1 A I RS BRI, W T AR X
PRESH A% GE ) AT bR 5 T 1% 01 R o 78 B 1) 28047 5|
R 1 A W, DT S 5 2, PRI, SR 4 T
F1%9 25 2 7 R T LA e 3 ) 7 73T DR - T 4 4% 1)
A3 5 A P IR 7, TR AR A e 1) 52 AT R TG 2R
Wang 557 2 TR @GR Dy 12, AR BI4% S 4
SE T A B S B, T A T 2 RO L A e 1
AR - TTE

T LU R SCHR IR, B Al 800 bs g 75 12 L it
B 75 VR X R T A AR A | R E i fe /s vk T 4R
17 7 RE AR AE FR B, SRJS 7 SRS ) A8 R a8 A Ay 7
AT X RO A AT (L, SR T, 2k A8y o 2 5 PR AR TR
HA—E MR BRVE, 614 1) BAE 5 AT ARk SR R o
RT3, TR MR 1R B I, K 2 R A 8 A i R
G, R— TP ERAEARAL 5 vk (RO SCPR L, TR (25
RIRGEZ TN R, r 5 A8 Z [A] ) 56 R HAT ARt
2) BEXE /NS D R, e A8 Ao s S T R 14 8 A
Hi xR

B LA TR, A SCHR T — i T IR B 2 2] B AL
SR MTTHRT o B A T BRI ST S AR E R AR
TR R AR ASCENT T HUSE 5 R SR i I TR
TRIPZE P ZR AR LR RN BE T, M At 22 S TR o 2 I 2% 52
BUMLIR S B AT 00, 488 i S B 8 iSRG EE L L
52 B T I 5 SRR AR B R T S A

1 MEREARGEISBRES

1.1 HEBEREREGEEEL

PEMLIE S 7 3 11 A7 5 G LT S RiE T 28 4ar , T LAAS:
ES iR N MRS ML & N (B Sy e W o N = T I =
PR I AP A, 9F H Az B0 5% IR g 2%
SR, PR, A A8 (4 2R 4T O AR AT LAAT 4K
b v ARk SE R A AL 3R AR B AT 2% [B] 1) SR AR AL B 5 1z,
JEARAR /N 0T USRI — AN TG BE A TR AR Scik
B DL 52 B2 1 R SR U F 5F-15 L3R AH 4B A7 2% (]
B REBHLIESE R . P 1 J25TF-15 SR 1 ¢ 4 45 REpLEY
HLILAE

»

B FF-15 (R0 4 ZRisREHLAY LR
Fig. 1  Wing diagram of 1 : 4 reduced prototype for J-15 fighter
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Fig.2 Top view of simplified wing skin test piece
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Fig.3 Three-dimensional structure diagram

of simplified wing skin test piece
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Fig.5 Load calculation structure for deep neural network
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Table 2 Normal load prediction results
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Table 3 Prediction results for small load
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Table 4 Comparison of relative error for normal load
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