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Thermal-structure coupling analysis and experimental investigation of

the radome fabricated by PMI foam sandwich structure

LIU Jun, ZHOU Yuanming

(College of Aeronautics and Astronautics, National University of Defense Technology, Changsha 410073, China)

Abstract: The surface deformation of airborne radome fabricated by PMI foam sandwich structure will happen when environment temperature

was changed and the deformation will influence the performance of the radome. However, it is difficult to detect and analyze the thermal deformation

of the radome in real time. The radome was calculated and analyzed by the model, which was established by using indirect thermal-structural

coupling method in ANSYS. The traditional thermal expansion flake model used to analyze the calculation result in theory. Based on the analysis,

the temperature shock test was designed and carried out. Result shows that the thermal-structural coupling deformation of the radome fabricated by

PMI foam sandwich structure as the comprehensive strain trend that the expansion degree is the largest at the edge and the expansion degree

gradually decreases from the edge to the center of the transparent surface. The average difference between the strain value of indirect thermal-

structural coupling calculation and the measured strain value is 35.08% . The value proves the certain degree of credibility of the analysis method

and the thermal-structure coupling model.

Keywords: PMI foam sandwich structure; radome; indirect thermal-structure coupling; thermal expansion flake model; temperature

shock test
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Tab.1 Mechanical properties of silica glass fiber/epoxy

mairix composites and PMI foam

MR/ C TR WERAE  PMI IR
30 37.49 0.092
50 E,/GPa 29.91 0.092
70 21.67 0.092
30 32.80 0.092
50 £,/GPa 28.03 0.092
o 169. 87 0.092
30 3.81 0.092
50 E,/GPa 1.44 0.092
70 0.02 0.092

30 ~70 Gyy/GPa 2.69 0.029

30 ~70 Gy, = G,,/GPa 1.4 0.029

30 ~70 Vi 0.255 0.33

30 ~70 iy =V 0.29 0.33
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Tab.2 Thermal properties of silica glass fiber/epoxy

matrix composites and PMI foam

HERESHL LT - 5089 PMI 37K
K/(W-(m-K)™) 0.339 0.02
C/(J- (kg-K)™) 1081 2500

p/(kg - m™) 1230 85
a /(1 x107% - K1) 16.959 33
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Fig.1 The outline diagram of radome
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Fig.2 Finite element thermal model

SRR UE A IS AR Y L it o R
BT o AR PRS2 v 22 Btar it Jin i) 7 =
AR KR S Rt F B (%) T (Rl A e, AR 4l 2
o ft fin 7 2, 30 AT DURE 0 S B 8 5 B BR
AT o AP AR A AE Bt ), 28y {5 B[R] 2 —
LA FR , a7 20 1Y) 288 A (B 457 80 8 Y st okl 22 15
E M ERATEL, E R INAR A5 o T R 2 Ao D 4 4
BT INTESE — 8o 20 b, HAR a8 (e
B 55— A B e AR R, B 24
LA it Iy BT 0 F

P HrEaT AL O IR . N SRR
hn30 °C . s N SR BOE N RN E 2 )
G EE [R5 B — MR A 25 st ], v] A5 2]
KL BTG FHR BT BRI IR 2

AT HT AT A5 Q) ARG FE . B PN 2% T
BERAT , ADETE NN 70 °C , R ARV 285 0 n 7
Ko B ur a2 K 2% EH % 45 GIB150.5 -
1986 " 15 5 2k 240 s,

PO @) 70 CAEEIT L, Fh52 e 3
T AERFE R 70 CAS R Aol AR RSN S e Z% kT
PARIT U I 2 W O N N )1 I W o 1
I TR AT A Q15 B L Z5 RS i P R ERE T
2870 °C Jr it B [B], 3 28 Aoy 25 45 A B (] 3% B
118 137 s,

PP BT B Aar 2 @ A, PR Y it 0
70 °C ., #E Aty B ) FE LN Tyl IE 8L

LG e AR AT ] B ] A
AT BE AT , AR TH N 30 °C, R F RHE 2 A
iio9)] DT W 82 i 1= 5 e iR =1 e g il iR
[P KA BN 240 s,

PO ©:30 CARTR TR, P52 Rz 4
FRME R 30 CA KA e As , ALl R A 78, PR EF
BT AL oty it fn 7 2k ok B Bk E ey . LT
BT O BN A5 G N 52 IR R 2
30 °C Jirits Bf ], 2 far 25 45 B ] 152 5 R 29 089 s,
1.3 #H-ZEHBEesiREEL

FETA]— NSRBI RN PIASE TR 5 45 ) 45 750 SR
FHAH R A& 0] 43, TR FR0 B B A R AR A
FEAGCR 5 R AT FROCIERY . 2 IR B S R0 1 1)
FAICHIXT BEICFR L 45 solid70 $A43Hr BT 45 o\
T2 AR EIT solid185, PR % IT AL bR &R
VAL BT HA G 3R I, 38 2o BROC AR bR R X 5¢
FLSZHATRIZ R E . AR s Hr i 5
45 TRAE AP 28 Aot i o0 /5 25 ¥4 A8 BROGE R I, ST
- SRR G



56 1]

XUE, 55 PML G JZ 45 H A R SRR - S5 H R & 2 M 5 Se gk o - 187 -

B L2 5RO R BT BTS2 R D (A
TARA RIS 38 4K - S5HRE5 70AT ]
FER A Z 822 107 2, Had B A 5 #rbir 2k
L, BEEAEG T 22 1.2.3 4.5 R A
B D.2.0) & ORI E R oAy 2
vawilpiesa) ) I R SRRy IS N I S I ER I
1 B L OUAL A 7 20O B S A B 45 1 ~
5 WAL R AT S2BUINRT, I3 2 200 T il
JEnpiliJa RECE A - 2SI A B . KRR
TESE PRI A F R 10 T 7 JBE B AN BE A
MR 3l BT U IR 9 B A 1Y RS R 290, 45
iR 0o [FIRFAE 172 BERYAY Y — Z 7 ihi Ak D)
TR FRALAL LI

2 REMESRE

21 RBHRSNEEE
OB T, T1 ST 40 H 1L 3
PR TS G 47 LA 7 B LT - 5089 78
IR AR 5 RS e el ORISR R
B2 A% PMI SR S 9 2 i
P R ERIRERL, (5 1 HIBUL - T
SR IE T2 A B b T T AR R
0.3 mm, A5 Iy 4.2 mn (19 PMI J07K S 245
5 PR
LB T 0 P A T R
509 101 = 3AB, KV 7 4S04 {28 4 P24 7
.
22 BEWESEREN
SR BRI S, R
el A LT A S RS A vl 5
RRVIE ST
2.2.1 BB &SR
I W B LA 3

l/ / 7
é% THI 4
1k
RLFRRE
Jhe FH D=, Il

mEEHEE o = 5L

i |

K3 REREE

Fig3  Position diagram of instrument
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Fig.4  Strain cloud picture
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Fig.6  Curves of temperature in radome inner surface

DMX=0.722E-04
SMN=-0.004 096
SAMX=0.007 928
-0.004 096
-0.002 76
-0.001 424
-0.868E-04
-0.001 248
-0.002 584
-0.003 92
-0.005 256

EREREC00

-0.006 592
-0.007 928

K7 REEEWMNAELE
Fig.7 Strain cloud picture of the transparent

surface of the radome

K8  REFBIN Z 17 2L

Fig. 8 The Z direction of strain diagram of the

transparent surface of the radome

It b I 2 B R T L, KR
o PR O =ANRHIE AL LR 8 AT,
PEFTIRE vhily SERR S , R B P Z [ AL



- 190 -

e AN o 4

41

AT ANSYS A BROGH TS 2 1 A8 70 A LS
RFALE A AL A 7 5 S 0 g 8 =2 i) - 24 A 22
35.08% , % HOFASGC SCIR IS5 SR T4, Bl -
LR T P A — R L R o

4 #hig

FEXTHLIY PMI ik I )2 45 M 138 B 38 K2k
BT T I - SRR G BT TR T
A5 5] ANSYS #4 — G5 RE 5 AR = P R AR
TR, I HLBcrH i B2 b A SR T8 A6 0 552 4 %
BRHY (1 5 B DL A — G5B A AR TG AR T T
Bk, EEAFILIFL5E:

1)7E 30 ~70 C P, PMI ik Je )2 45 SRR
2R A — SRR AR T N AR R R T AL
IKFERE fcR, B 2 28 K48 B35 I oAb, ik
FEE R HT/N o

2) 1 2 5 H AR T P RASE R A5 i A -
SRR A A U SR B AW A, 1E
—EFEEE LR T PMI JLUR e 225 H 44 - 25
PR A AT S

3) T ph il 250 S SR T | R R e
PRHE— B0, W0 A S0 IR B 5 BT 2 A 22
14.06% ., PAHRYBA — @ FEEE )& 30, 40 i 7
B SIS BB AR B — S5

4) 75 T A6 I S 06 T A 380 11 7 A% 4 5 A 4
SIATEE SR — 2, TN AR A S I R AR (i = 8] P
k22 35. 08% .,

22 3R ( References)

[1]  QulJ, Ju D W,Gao S R, et al. Research on the dynamic
mechanical properties of polymethacrylimide foam sandwich
structure[ J]. Composite Structures, 2018 (204) : 22 -30.

[2]  3kEJe REBRMEED 55001 & FSS i il R B
FE[D]. P4 VLML K%, 2007.

ZHANG Yuying. Analysis and design of radome electrical
performance and study of FSS application technology[ D]. Xi'an
Northwestern Polytechnical University, 2007. (in Chinese)

[3]  s4et. XA Ka PBHLECRA R M 58t D], )
e LR, 2014,

SHI Weiguang. The analysis and design of X and Ka band
airtbone radome [ D ]. Chendu: University of Electronic
Science and Technology of China, 2014. (in Chinese)

(4]  XWe. PMIEIRFEMAIRE BT K 1 #ERERAFFE[ D .
MR : MR JRIE ol R4, 2011,

LIU Feng. Design of the structure and research on mechanical
properties of PMI foam sandwich shell[ D]. Harbin; Harbin
Institute of Technology, 2011. (in Chinese)

[S]  #NEJr, 253, feonil, 45 ws| 4 i PMI Ik 2
PERERTFE(T]. B/ SR, 2006 (4): 13 -15, 19.
SUN Chunfang, LI Wenxiao, XUE Yuande, et al.
Mechanical properties of PMI foam used in high speed
train[ J]. Fiber Reinforced Plastics/Composites, 2006 (4 ) .
13 =15, 19. (in Chinese)

[6] Hermann F. PMI foam cores find further applications [ J].

(7]
(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Reinforced Plastics, 2000, 44 (1) : 36 —38.

Pocius A V. Adhesion and adhesives technology: an
introduction[ M]. New York: Hanser Publishers, 2002.
Dasilval F M, Chsner A. Special topic issue on structural
adhesive joints [ J ]. International Journal of Adhesion and
Adhesives, 2009, 29(6) : 593 —594.

Corbatkina Y A, Ivanova-mumjieva V G, Kuperman A M.
Adhesive ability of a heat-resist ant double-chain polymer and
the strength of CFRP based on it[ J]. Mechanics of Composite
Materials, 2008, 44(4) : 371 -378.

XNE), duAEe, B, 5. WD PREE XS A7 S 2T 1 5k R 4
T i T e/ PMIT 0 24 S J2 45 4 52 & B4 REI R AT o 19 5
W[ ] ERRHL 2, 2019, 41(5) : 193 - 198.

LIU Jun, BIAN Jiayan, BAO Zheng, et al. Effect of
environment on moisture absorption behavior of quartz fiber
reinforced epoxy panel/PMI core sandwich composites [ J].
Journal of National University of Defense Technology, 2019,
41(5): 193 - 198. (in Chinese)

IR, ZRIEAR, WK, AR, BRI ARG IR NE B A A R
BRI K47 o L], PLAR /2 44 KL, 2016, 40 (4):
97 - 101.

LI Lekun, LI Shulin, CHANG Fei, et al. Thermal expansion
behavior of carbon fiber reinforced resin composite [ J ].
Materials for Mechanical Engineering, 2016, 40(4) . 97 -
101. (in Chinese)

Moumita S, Chaitali R, Dhiraj B. Thermal stress analysis of
laminated composite plates using third order shear deformation
theory[ M]. Springer India; Springer Book, 2015.

JEIE, PR, SRR, AF. R AR SR A R IR T K 2k
FUNTRIIPVEIL[T]. AR, 2017, 32: 1 -9.
ZHOU Tao, YE Zhoujun, SHI Yaohui, et al. Analysis of
thermal distortion for honeycomb sandwich construction rigid
reflector of satellite antenna[ J]. Acta Materiae Compositae
Sinica, 2017, 32: 1 =9. (in Chinese)

TVTELE, XURH]. KA AL T BT SRR [T ], R
SHE R, 2006(5) : 53 -58.

YIN Lianhua, LIU Li.
thermal-structure  optimization [ J ].  Tactical
Technology, 2006(5) : 53 —58. (in Chinese)
ZERNAE. UREE AT RS RO L) ] Jaor itk g,
1994, 24(1): 1-23.

LI Songnian. Thermomechanics of aerospace structures—tasks
and applications[ J |. Advances in Mechanics, 1994, 24(1) .
1 -23. (in Chinese)

Marin M, Craciun E M. Uniqueness results for a boundary

Overview of methods of aircraft
Missile

value problem in dipolar thermoelasticity to model composite
materials[ J]. Composites Part B, 2017(126) : 27 -37.
BHJE. ANSYS 14,0 #2253 T M AT T2 @ [ M. Jb
o VR AL, 2013,

LING Guilong. ANSYS 14. 0 from the beginning to the
mastery of thermodynamic analysis[ M]. Beijing: Tsinghua
University Press, 2013. (iin Chinese)

GIB150.5 — 86. 7 JI B 4 #1358 1ol B 77 vk L JE o ol ik
B[S]. dbnt: EpRE T ARZ R4, 1986.

GJB150. 5 — 86. Environmental test methods for military
equipments temperature shock test[ S]. Beijing; COSTIND,
1986. (in Chinese)

SUEME, ZEBAK. FET ANSYS Y kil R S A B G RL I 45
FRARLT]. MU 505, 2010, 26(6) : 65 —67.
WU Jiayan, LI Haolin. Spindle system finite element model
optimization based on ANSYS [ J]. Machine Design and
Research, 2010, 26(6) : 65 —67. (in Chinese)

BB . Sl 2 #5 w Sh M EE R A /AT [ D . MG R
R Tl K2, 2009.

SHAO Jinping.
phenomena in drum break [ D]. Harbin; Harbin Institute of
Technology, 2009. (in Chinese)

Coupling analysis of thermo-mechanical



