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Dynamic Characteristics Analysis of Support Booms of Thermal Cured
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Abstract  Utilizing different material properties of thermal cured epoxy matrix before and after the glass transition
temperature (7,), Kevlar29 aramid fabric/E51 epoxy resin based composites and three inflatable unfolded support booms
were prepared. The fabrication process was illustrated, electrical resistant wire was used to control temperature of thermal
cured matrix, and an enclosed Kapton membrane was used for inflatable pressurization to control the final shape of booms.
The folding and unfolding characteristics of the support were investigated. The boom was curled and folded when T>T,
and then cooled and shaped for storage, and the unfolding process was controlled by secondary heating T>T, and inflatable
pressurization method, and the final support tube shape recovery rate was 100%. Modal analysis was used to discuss the
effect of parameters such as temperature , resin content, fabric layup thickness and internal pressure of inflation on the
natural frequencies of the support boom under cantilever condition. The results show that the natural frequencies of the
support tube of the aramid fabric reinforced epoxy resin increase as the inflation pressure increases, the resin content
increases, the fabric layup thickness increases, and the substrate temperature decreases. A curve fitting method is used
to obtain the variation law of the natural frequencies with the inflation pressure and temperature , and the results can provide
reference for the design of the inflatable unfolded support boom.
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Tab.1 Fabrication of thermal cured epoxy
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Fig. 1 DMA of E51 epoxy
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Tab.2 The lay—up parameters of support booms
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R 50 Kapton/Kevlar/Hi fH #2/Kapton
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4 WE-BIFNK

MR ARICIC R E WA R R & 0, 25 5
PLEBVERE WY FET AR T3 /R FH R H RE ml & 3]
W TE AR 90%~95% , ANV 2 b SR o % S 4
BTG M S A AR I, T 3k 7 AR
FE4E 7 2 AT AT VAN AT SR o B SCHE A R TR
B, AR 02 AR LA 3

178 I SR 5 20 2 1 5 B AE R RS SCHE A P i
AL RN P Y, FH A BH 22 45 B IR ]
100 ‘CfiEA S AL, RFHBENMEEMITS.
FMAEI T2 hitp://www.yhclgy.com  20234F %54 1

K3 AR A i A

Fig. 3 Shape recovery process of support boom
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Tab.3 Material properties for support boom
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MR m? /GPa /GPa  /GPa  /GPa  /GPa

Kevlar29 1440 25 25 0.18 0.18 0.03  0.23
E51 2880 2.8 2.8 1.03 1.03 1.03  0.32

&4 2700 80 80 571 571 571 03

x4 FREAVHBESH
Tab.4 The lay—up parameters for Aramid fibres
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Fig. 5 The function curves of frequency response
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Fig. 10  Effect of temperature on natural frequency of support boom
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Tab.5 Natural frequencies of single layer support boom
with different matrix proportions

WG 25 LIS i1 ES

W%  (fEMz WR¥/Hz 8250% (iE/Mz RE/H, 82%/%
35 1396 1420  1.69 12390 136.16  9.00
50 1403 1450 324 12346 15483 2026

7.4 HEEEXNNEHFENZME

BEXTIREE R 25 °CL A5 R 10 20 kPa, B AR % 12
50% i B E FIRUZ Kevlar29 3545 418858 55 5 41 R
Xof S PR [ A AR R S o A A TR A B Ak
TR BN IS R AR B S b 0 S
MIRE (F6) o AT — B MRt 14. 50 Hz 3 Jin )
19.26 Hz, 31 T 32. 80%. XiF T A1 [R] 4l J2 S5 B ) %
AT G O ol i Sy 2R e R A . X T A R B
S R R A R R

*6 TRHEEETHREXEEEFME
Tab. 6 Frequencies of single layer support boom with
different layup thickness
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