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Optimization technology for composite flexible skin based on negative Poisson's

ratio honeycomb

GUO Yuchao™?, NIE Xiaohua®, SONG Chen®, Al Sen®, CHANG Liang®
(1. National Elite Institute of Engineering, Northwestern Polytechnical University, Xi'an 710072, China; 2. National Key
Laboratory of Strength and Structural Integrity, Aircraft Strength Research Institute of China, Xi'an 710065, China;
3. School of Aeronautic Science and Engineering, Beihang University, Beijing 100191, China)

Abstract: The geometric parameter optimization method of flexible skin composed of negative Poisson's ratio
honeycomb core and elastic skin was proposed. Firstly, a parameterized modeling method for the flexible skin struc-
ture was designed, with geometric parameters such as cell wall length, cell wall angle, honeycomb height, cell wall
thickness and skin thickness. Secondly, the sample points were obtained by uniform experimental design method,
the finite element models of flexible skin structure were constructed using the parameterized method, and the struc-
tural performance corresponding to various combinations of geometric parameters was obtained through simula-
tion. Then, an approximate model for the relationship between the geometric parameters of the flexible skin and the
structural performance was constructed using the response surface method, and the accuracy of the approximate
model was quantitatively evaluated. Finally, based on the approximate model, taking the geometric parameters of
the flexible skin as optimization variables, and considering the factors such as internal strain, Poisson's ratio, out-of-

plane deflection, and mass, a comprehensive optimization objective function was constructed using the weighted
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coefficient method, and the optimal configuration of the flexible skin structure was obtained by genetic algorithm. A

finite element model of the composite flexible skin was constructed to validate the optimization. The results show

that compared with the initial configuration, the in-plane deformation capacity is increased by 30.73%, the out-of-

plane load capacity is increased by 30%, the structural mass is reduced by 22.77%, and the Poisson's ratio is reduced

by 20.73%.

Keywords: variant aircraft; composite material; flexible skin; negative Poisson's ratio honeycomb; optimization

technology; approximate model; genetic algorithms
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Composite flexible skin

- G 5

X

Honeycomb cell

Negative poisson's
ratio honeycomb

Ly and L; are the lengths of the walls of the cell; € is the angle between
the walls; 7 is the thickness of the walls

[#l1 PDMS-Nylon6 & & #Hkk M5 B K i sg il oo
Fig.1 PDMS-Nylon6 composite flexible skin structure and

honeycomb cell

*1 BZHERSIR (PDMS)-Nyloné £ 5+ # 128k
Table 1 Mechanical properties of polydimethylsiloxane
(PDMS)-Nylon6 composite materials

Material ﬁ?:ic modulus/ Poisson's ratio g(egniz{s)
Nylon6 1.06 0.35 1.14% 1076
PDMS 18 0.49 233%10°6
z
L’ X v
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3
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tr is the thickness of the elastic skin; H is the height of the honeycomb
[§l2 PDMS-Nylon6 & &k e 5E B R RE 7 10 R
Fig.2 Thickness of the PDMS-Nylon6 composite flexible skin
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Establish a comprehensive
optimization model
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performance before and after
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Fig.3 Optimization process of PDMS-Nylon6 composite flexible

skin structure
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Table 2 Boundary conditions of the PDMS-
Nylon6 composite flexible skin model

Boundary of in-plane ~ Boundary of out-plane

Boundary load conditions load conditions

A uy =ty =u; =0 uy =uy =u; =0
7x=7y=7z=0 7x=7y=7’z=0

B F, uy=uy=u;=0
Yx=¥y=7:=0 ')/x:'}’y:')/z:O

C Free Free

D Free Free

E Free Free

F Free P, =0.001 MPa

Notes: uy, u,, u,—Displacements in the x, y, and z directions; y,,

7y ¥.—Rotation angles around the x, y, and z axes; F,—Load
along the x direction; P,—Normal pressure load.

.i! i \.\
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Fig.4 Boundary conditions of the parametric model of PDMS-
Nylon6 composite flexible skin
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A: Static structural .
Directional deformation A: Static structural
Type: Directional deformation (X axis Directional deformation )
Unit: mm Type: Directional deformation (X axis)
Global coordinate system Unit: mm
Time: 1 G_Ioballcoordmate system
2019/11/3 21:53 Time:
2019/11/3 22:00

17.633 Max 17.633

15.491 15.491

13.348 13.348

11.206 11.206

9.0638 9.0734 Max

6.9215 6.9214

47791 47791

o,

- i —0.68634 Min

1.6479 Min learo
Y Y
zl*x 2Ly

(a) X-direction deformation of the honeycomb structure

A Static structural
Directional deformation 2
Type: Directional deformation (Y axis
Unit: mm

Global coordinate system
Time: 1

2019/11/3 21:54

(c) Y-direction deformation of the honeycomb structure

B: Static structural
Directional deformation
Type: Directional deformation (Z axis

Unit: mm ] AT T TS [~
Global coordinate system
Time: 1

2019/11/3 21:54

9241&49 Max

ORI
SOOIt
RRRBOWN 0!
QR —RALO
RRER=DGHI

S
5

Y

~NLAadAad sl AalAaladadAal Al 7 -

X

(e) Z-direction deformation of the honeycomb structure

(b) X-direction deformation of the flexible skin structure

A: Static structural
Directional deformation 2
Type: Directional deformation (Y axis)
Unit: mm

Global coordinate system

Time: 1
2019/11/3 22:00

20.399
15.866
8.3906 Max
2.2666
—2.2666
—8.3891 Min

—15.866
-20.399

Z I;. X
(d) Y-direction deformation of the flexible skin structure

B: Static structural
Directional deformation
Type: Directional deformation (Z axis)
Unit: mm

Global coordinate system
Time: 1

2019/11/3 21:59

.0202
—0.007885 Min

Y
ZI;.X

(f) Z-direction deformation of the flexible skin structure

[&] 5 PDMS-Nylon6 & &b Kl 5% A 1) AR 1153 45

Fig.5 Deformation calculation results of the PDMS-Nylon6 composite flexible skin model
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Determine design variables
and objective functions

'

Design
simulation experiment

'

Least square fit

.

Normalize the design
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Fig.6 PDMS-Nylon6 composite flexible skin response surface method

modeling process diagram
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FTE SR N B 3 50 o0 A, DROAS SCE#% 345
ST

R 4l i 5 IR A BB AR, R IR SRS
7TNZH: Li=Smm, L,=75mm., =35, H=
2mm. t=0.5mm. tr=1mm. F=500N, 45|
S SERIRSE PO, (-10%, 10%) R 5L 5
W, wit 7 R 5 KA s, KLt
k3 fim.

%3 PDMS-Nylon6 E & IR MR E S LWIEIT
Table 3 Uniform experimental design for PDMS-
Nylon6 composite flexible skin

Level L;/mm L,/mm 6/(°) H/mm t/mm t;/mm F/N

1 4.5 6.75 315 1.8 045 0.9 450
2 4.75 7.125 33.25 1.9 0.475 0.95 475
3 5 7.5 35 2 0.5 1 500
4 5.25 7.875 36.75 2.1 0.525 1.05 525
5 5.5 8.25 385 22 055 1.1 550

Note: Fis the external load.

4.3 PDMS-Nylon6 £ & #1 #3 2 1% 5 Bz M K7 T 4% B
¥ BT

X)L A UGS A BR e A B 4 AR S
XF RIS R (V(x0) = [£0pt 0, G]) o FFHEAT BE T Wi 7
T 7 2 A L B, A B 20 R BUE R,
T A5 2 1B FE 0 52 9 S AR AR

P T LB AR ) A B 4 5 ) B S T ) Ak
SEAL T BN AR A AT 30 DL AR R RN I AE
WIS 7 T PP AL o Ry B A4S 8 — R Bl ST R AR A
FEAREO=35°, H=2mm. t=05mm. ff=1mm,
F=500N, LiHflL7E2 X [ P} AEfL o 3 LR Y
FIPEAG 45 SR 3 4 Fios o

% 4 PDMS-Nylon6 £ &#1#} 45 K ik MR E Y1
Table 4 Evaluation of the approximated model for PDMS-
Nylon6 composite flexible skin

R e/% /%
Ex 0.9996 0.99 1.20
n 0.9999 0.32 0.24
Wy 0.9999 0.83 0.67
G 1.0 0.05 0.06

Notes: ¢, is the in-plane tensile strain; y is the Poisson's ratio; w,,
is the out-of-plane deflection; G is the structural mass; R is the
correlation coefficient; e is the mean of the relative error; o, is
the standard deviation of the relative error.
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45<L <55
6.75 < Ly <8.25
31.5<0<38.5
18<H<22 (16)
0.45<1<0.55
09<t<1.1
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Fig. 7 Process of genetic algorithm
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5.3 PDMS-Nylon6 E 5 MBI EMEREMRULER

e AL AT J5 22 1 52 B2 1) JL AR 2 B0 He L 3% 5,
AT G RS B e XS L WL 6, mIA, %5
G H bR oR EF Qo)A XF#) 18IR 2 T F A R MR B
BRI e T4 5 30.73%, 454 i
w R 22.77%, TR ERE T4 30%, 1AM LL
[ 20.73%.
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Table 5 Comparison of geometric parameters of PDMS-
Nylon6 composite flexible skin before and after optimization

Variable Initial value Optimized value
Li/mm 5 4.5

L, /mm 7.5 7.3164

0/(°) 35 38.5

H/mm 2 2.2

t/mm 0.65 0.45

tr/mm 1 0.9

% 6 {LILRI/E PDMS-Nylon6 £ &I 4R B R IEsEXTLE
Table 6 Comparison of PDMS-Nylon6 composite flexible
skin performance before and after optimization

Variable Initialvalue Optimized value Percent change
Ex 23.92% 31.27% 30.73%

H 1.3886 1.1008 -20.73%

Wy 1.6% 1.12% -30%

G/kg 0.0584 0.0451 -22.77%

F(x) 0.3522 0.0740 -78.99%
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(a) Initial honeycomb structure (b) Optimized honeycomb structure

A: Static structural

Directional deformation A: Static structural
Type: Directional deformation (X axis) Directional deformation
Unit: mm Type: Directional deformation (X axis)
Global coordinate system Unit: mm
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(c) X-direction deformation of the initial structure (d) X-direction deformation of the optimized structure
B: Static structural
Directional deformation
Type: Directional deformation (Z axis) B: Static structural
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(e) Z-direction deformation of the initial structure (f) Z-direction deformation of the optimized structure
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Fig.8 Comparison of the deformation results of the PDMS-Nylon6 composite flexible skin before and after optimization
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