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Design and Finite Element Analysis of reflector Spherical Shell for Flight
Simulator

Abstract

Abstract: The fight simulator with six-degree-of-freedom motion platform can simulate the flight attitude
in real time and provide realistic overload dynamic feeling, which requires that the equipment on the
platform must adapt to the overload during flight simulation. To solve the contradiction between the
rigidity and weight of material, the glass fiber composite material is used to design and manufacture the
spherical shell of the mirror . To improve the optical collimation of the reflector, the specific hyperboloid
aspheric surface is selected as the surface design scheme,the 3D model of the spherical shell is
constructed. The parameters of the composite materials are predicted based on the series and parallel
models and empirical formulas of composite sheets. Aiming at the overload condition of flight
simulation, the stress-strain finite element analysis of composite spherical shells is carried out by ANSYS
software. The experimental results show that the structural design and material technology meet the
engineering requirements.
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Abstract: The fight simulator with six-degree-of-freedom motion platform can simulate the flight attitude
in real time and provide realistic overload dynamic feeling, which requires that the equipment on the
platform must adapt to the overload during flight simulation. 70 solve the contradiction between the
rigidity and weight of material, the glass fiber composite material is used to design and manufacture the
spherical shell of the mirror . To improve the optical collimation of the reflector, the specific hyperboloid
aspheric surface is selected as the surface design scheme, the 3D model of the spherical shell is
constructed. The parameters of the composite materials are predicted based on the series and parallel
models and empirical formulas of composite sheets. Aiming at the overload condition of flight
simulation, the stress-strain finite element analysis of composite spherical shells is carried out by ANSYS
software. The experimental results show that the structural design and material technology meet the
engineering requirements.
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Fig. 1 Three-dimensional model of spherical shell

http: // www.china-simulation.com

* 2389«

https://dc-china-simulation.researchcommons.org/journal/vol31/iss11/23
DOI: 10.16182/j.issn1004731x.joss.19-FZ0352



Bai et al.: Design and Finite Element Analysis of reflector Spherical Shell f

F3LEE 1L
2019 4F 11 H

1.2 BREEMRIRIGIETZ

0 I T AW R S R RN T AR TR
HORTRE DRI NI AN AL, R AEBRPEAR TE o T HAS A ) 2
S EHAZR YN BUAL . PUBTVERES A FIAR, 4 T
SO R, TR T T A B R e —
JE R RJZ G B B, — v H i 2T
Ye . R P YEE M B AR R e . IX L, B
XA A MR RIAE I T AR LA a2, o i
JT TR il T ZAAFAE N AE o A5G 53 15 46
#J(Honeycomb Sandwich Structural)n] PAR &7 ) 7
B EIRE I BT )y, AR o e, A
3 R M TR R T AR S R (R 1 5 T e
AR PR RS R T AR AT LGRS PR S B AT IR 59 2
AR 2 056 A AR RV R SR AR B B 1 R
Uf AEEE o, 2 TR A R ) .
TATIE HI R 2 BE(PUR) A HEAA,  LERAEUM I e 12 16l
VRN S8 G5 Ry I 2 o AR RIS AA R B S A 45 A
T T 3 DR AR AR v ARk B REMIRR A5
R, SEIR T 4 N o3 A RS B3 RO TR R . A
et a A g il A 7 v - 52
S e A 2

2 ERFESWABERITAHT
2.1 B HRIua sy

ERGEI L iy Ah 3 =, 000 B A 2 B
SREAWEIIR . BIEAT/ZE NG X Pro/E Bt = 4R
R, AT T R e HESE L R A
LR I AR AR vREPESE B JE AR S AN 25 ke,
XYERTELTH I 24 3T s N, T AR o R
AR Ansys BAFHR, REANICE IR EREAT T1&
g

2.2 WEGH ISR

(1) FEBBERAL W] S VAV ) SR A R B
O i) 3 A

El=E;v,+E,v, ®)

ARG HAR

Journal of System Simulation

Vol. 31 No. 11
Nov., 2019

TEFEIROR P, R P A 5 20 ) A
AR

By =E =E (©)

PRt SR R RO ) B A R O B
Mg,

(2) LEIFBRETRIAR, A L HORRYE A 2N

ﬁ=ﬁ=WZZ:Zi%,%@?ﬁﬁ,r
PRI 250 A 2t

y=Ki(vy,+v,7,), 095<SK<I @)

(3) TR [ 1 P B DT B

d:Gﬂ;EiFWJ,ﬁﬁﬁﬂ%Wﬁi,
G =G vy +Gyv,, » IBKHERIAE- 1L 2056 24 0

G=1-cG' +cG", 0<c<1 (8)
e v R A I v, WA ABLS R, R
FIBA LA R US4 4 T I BB, 45 bR
TG 5% B HIINE 1.

x1 MESH

Tab. 1 Material parameters

s su (ﬁgzéﬁ)lmm%ﬁ%>
1 JE % /mm 3 61
2 LR E/E 14 GPa 10 MPa
3 WIRA Ly 0.12 0.12
4 B 8/ % 42.5
5 B /(kg/m®) 1750 60
6 % PR 58 5 /MPa 280 0.5(JE4550)%)
2.3 &M

TEOP T ER ORI SE |, Shell 91(AREMEZ
ARFEIATCY IR L5 STy R il
TR 2 I Hr Tk el 2 proR,  $4 e
SERL TR U SR BBk e R 1t S IR 23 0

TR AL AR A4 Fix support AR [
EIERE, JUR SR G R ik, H TR0
BN A S

WA I AN BHEIZYE G, nl C T8
Lo HEAS . SR CATIRES . WS LU

http: // www.china-simulation.com

Published by Journal of System Simulation, 2019

* 2390 »



Journal of System Simulation, Vol. 31 [2019], Iss. 11, Art. 23

FIEE 1L Vol. 31 No. 11
2019 4 11 Higss, 5 WATBRAR AT RO B R e vk A A BR T 43 #r Nov., 2019

iR N RO R, TRLER . s T NS 2,
PERE X B PR B TE 2K, I 3 Pl (10 I (L

‘ £2 BRI KN )
VERWTIT THLAT: (1) REETT M & 0.8 g5 (2)

Tab.2 Maximum displacement and equivalent stress

MR RE 1 s (3) FAMNEEAE 150 ©/S7 T s bk T L
W /mm $1/MPa
WBln BOEATAREE 1.409
e 1 BHIT08g 0572 R RAEEIK  0.006
e W7 HOBA/EE 1861
eecee . A
gt B2 BIEAIEEE 15553
. ‘—;-‘:s,;gf%% 2 fEJi g 8743 HE RENREE 00814
e B Lt WA 18439
b 262 s @2 KR 8.905
(150 /57 198 #H )= Eéﬁ@‘é@% 0.045
S WA 11.548
=" 3 SR A 150 °/S” &4 T, 3 AN
B2 Bk RRRS WIRLRS SN T3 25 el o T LU, ) IR AEL IS H B
Fig-2 Meshing of spherical shells TEIRFE N FAHEAL o WA 2 SO RAE A /N TR
2.4 {ELEER KA (RIVFFSREE( A2 280 MPa, KJZ 0.5 MPa), H.
A A 24 25

K 3 FpTOL R SRV SEAS R KA AR S5

L) J=DE (rumh -'—-b L) =03 () -'—Th
L — . L ee—— .
o=k " e=ekd L A

[ oo (0¥ (rrer)
'

o ST () *
"4"'I[\ — L]
145007 ™ Te=003 i J

3 MNBEAE 150 °/S* %53 )2 ML RS I ) 7P
Fig.3 Displacement stress nephogram of each layer at 150 °/S* angular acceleration
http: // www.china-simulation.com

* 2391 »

https://dc-china-simulation.researchcommons.org/journal/vol31/iss11/23
DOI: 10.16182/j.issn1004731x.joss.19-FZ0352



Bai et al.: Design and Finite Element Analysis of reflector Spherical Shell f

931 54 11 ARG HAR Vol. 31 No. 11
2019 4 11 A Journal of System Simulation Nov., 2019
3 £ [4] ELBL TREDEEML dent dbsOR HRRAE, 2009:

IYIT TR B AT 4 3G s AR A S5 B Bk
Fe N, Bt BRI St vk . EEO A Ak
BRIAIE A T BB T U7 G it ek e — ZERBE A o A4 K
ATRAULR N FH SR, 7EB EIE L 0.8 g il )
TS 1 g ARSI 150 ©/S* (4AE R, ok
T Y ) AR DUEAT T A BR TG AT o SR T
HEMBIERSERE AL K ALZ ) T & e i . B
BT IR BR 5T Ay BEAI 4 1) 7 s B S S B, L
£ CURFIAI A, 1 200RE B AN LE s 82 i 11 58 AR
e, HhR A% 3300 mm, KFAL M 2100,
i PN i 450, IR AURS B IAE 2 mm
DAY . [RIEE, =g peds, R T 2ehe JKisk.

22 3CHR

(1] X%, SE%, E5a. KN T B a5
RGEMEIT 5T REVIHE AR, 2016, 12(2):
123-129.

Deng Qingying, Li Guochen, Wang Baoqi. Design and
implementation of a Large Down FOV Visual System in
a flight simulator [J]. System simulation technology,
2016, 12(2): 123-129.

WA et AR vt L SRR M]. A5
SRR HRRAL, 2004: 45-48.

Pan Junhua. Design, fabrication and inspection of optical

(2]

aspheric surface[M]. Suzhou: Suzhou University Press,
2004: 45-48.
FERE, Uk, K. RALE L TAT B R S
T IR RG] RG], 2007, 19(11):
2449-2451.
Li Zheyu, Yang Hongbo, Zhang Xun. Research on visual
optical display system of large transport aircraft flight
simulator [J]. Journal of system simulation, 2007, 19(11):
2449-2451.

88-90.

Wang Hongmin. Engineering Optics [M]. Beijing: Peking
University Press, 2009: 88-90.

RYLLE AT IR o R s R g it ().
LU MR K 2E2E4R, 2008, 34(10): 1214-1216.

Guan yingzi. Design of wide angle infinite display
system of flight training simulator [J]. Journal of Beijing
University of Aeronautics and Astronautics, 2008, 34(10):
1214-1216.

ZEULHy. L RGO S B R A BR T M e ds
7 FMTFLD). WA /RIEE: WA /R DIk K 2, 2007: 9-10.
Qin yingxuan. Study on the finite element analysis and
control scheme of the forming of the thin film mirror in
the visual system [D]. Harbin: Harbin University of
technology, 2007: 9-10.

FIbEsE, T oo, JKIC. BEIRET 4 04 s b ek 8 & 5
BE B SN LIC). FER R DA R HOR e 3L
. dbnt: PR T R G0 HOR S A &2, 2013:
248-250.

Bai Hailiang, Wang Keying, Zhang Liao. Design and
processing of glass fiber reinforced material spherical
reflector [C]. Proceedings of national defense science and
technology industry system simulation conference.
Beijing: Organizing Committee of national defense
science and technology industry system simulation
conference, 2013: 248-250.

FRES. EaMBgai M) dbat teer Tl Ak
#k, 2001: 45-49.

Wang Yaoxian. Structural design of composite materials
[M]. Beijing: Chemical Industry Press, 2001: 45-49
PHT . BIRN ARSI A FRIC T o IL A AR A
YL HEFUD]. L VLJRRHE R, 2010: 12-14.

Li Yiyu. Preliminary study on boundary constraints in
finite element analysis of FRP speedboat structure [D].
Zhenjiang: Jiangsu University of science and technology,

2010: 12-14.

http: // www.china-simulation.com

Published by Journal of System Simulation, 2019

*2392 .



	Design and Finite Element Analysis of reflector Spherical Shell for Flight Simulator
	Design and Finite Element Analysis of reflector Spherical Shell for Flight Simulator
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/kiaeBVTPPS/tmp.1688103004.pdf.VFdJJ

