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Abstract

This paper describes the stiffness optimization of the torsion spring hinge of the large SAR antenna
considering the deployment performance. A large SAR antenna is folded in a launch environment and then
unfolded when performing a mission in orbit. Under these conditions, it is very important to find the proper
stiffness of the torsion spring hinge so that the antenna panels can be deployed with minimal impact in a
given time. If the torsion spring stiffness is high, a large impact load at the time of full deployment damages
the structure. If it is weak, it cannot guarantee full deployment due to the deployment resistance. A
multi-body dynamics analysis model was developed to solve this problem using RecurDyn and the
development performance were predicted in terms of: development time, latching force, and torque margin
through deployment analysis. In order to find the optimum torsion spring stiffness, the deployment
performance was approximated by the response surface method (RSM) and the optimal design was performed
to derive the appropriate stiffness value of the rotating springs.
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Fig. 1 Deployed configuration of SAR antenna
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Fig. 2 Stowed configuration of SAR antenna

Panel-1

Panel-2

Fig. 3 SAR antenna analysis model

Table 1 Mass properties of SAR antenna panel

Panel-1 Panel-2
Mass [kg] 8.347 8.783
X C.G -2029 -913
Y C.G -281 -281
Z C.G -10 -10
L, [kg « mm?] 4,140,000 4,480,000
L, lkg - mm?] 19,900 22,800
1, lkg - mm?] 5,400,000 5,580,000
L. lkg - mm?] -34,600 -32,800
L. [kg « mm?] 1,700,000 1,600,000
L, [kg « mm?] | —2,140,000 -2,100,000
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Fig. 4 Latching mechanism of 90° torsion spring
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Torsion spring

g,

Fig. 5 Latching mechanism of 180° torsion
spring hinge
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3(Body) < 6 —[1 (Fized) X 6 + 4(Revolute) X 5]  (6)

= —8 (Overconstrained mechanism.)

Sev} Fig 79 2ol 370 BAZ pHE Al 1
Mol 34 mQlEs Y Fopol sty & 270 el
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ok,

3(Body) < 6 —[1 (Fized) X 6 + 2(Revolute) X 5]  (7)

= 2 (Underconstrained mechanism)

Table 2 Number of constraints and active DOFs of
various types of joints

Joint type No. qf NO' of
constraints active DOFs
et | Rt o
Revolute T;z?izs Rot=1
Translational Tlgirtlizz Trans=1
Spherical T;i‘:gg Rot=3
Universal Téirtlijg Rot=2
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"% : Revolute joint

: Fixed joint

Body : 3
Fixed Joint: 1
Revolute Joint : 4

(3x6)-(1x6 + 4x5)=-8

Overconstrained mechanism

Fig. 6 Overconstrained mechanism

: Revolute joint

O Fixed joint

Body : 3
Fixed Joint : 1
Revolute Joint : 2

(3x6)-(1x6 + 2x5)=2

Underconstrained mechanism

Fig. 7 Underconstrained mechanism
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Fig. 8 Multi-body dynamics modeling of SAR
antenna for deployment analysis
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Fig. 10 C | o desion f T=35.5—0.168k, —0.54k, +0.0035k2 + (16)
1g. entra .compos.1te esign for 0.016131@5 —0.01021kk,
two design variables
L of desi bl F, =358+22.7k, + 27k, —0.249k] — an
Table 3 Level of design variables 18442 +0.937k &,
Design Level of design variables Fy =—6+3.5k, +75.2k, —0.192k% — (18)
variables -1.414 =1 0 1 1.414 113]6% + O503k1]€2
[N | Tk ky) —30] | (Ryoky) — 1500
k, 2 | 4 | & | & | % Wik ky) = 1500 a9
/rad] | 7, (ks ky) — 1500 |
[N'mm
k, 16 D5 | 32 | 435 48 1500
/rad]
k1= 90° hinge stiffness
_ © hinge stiffness O = Optimum point
Table 4 Central composite design table a7 180" hinge stff
Design variables Response variables
k, ky T F F,
o [N'-mm [N-mm
[sec] [N] [N]
/rad] Jrad]
1 64 32 17.2 1711 | 1723
2 87 43.5 15.5 1884 | 1960
3 41 20.5 20.0 1573 | 1437
4 87 20.5 24.2 1879 | 1027
B 41 43.5 22.1 587 1838
6 96 32 19.8 2036 | 1180
7 32 32 231 435 1621 Fig. 11 Normalized response surface of
8 64 48 18.7 370 1965 deployment performances
9 64 16 25.2 1690 | 650

kol A thE-# 2] X 3H(Multi-Disciplinary optimization)
71¥<Q1 Pareto OptimalityE ©]&3shd s|7} g7 oy
g} oje) A7t =EE 4 ol o sl JEE veE

X2 E (Pareto Front)&talx F-Etr}. SHA|RF o] & 13}+=

Table 5 Torsion spring hinge stiffness result of
before/after optimization

Design variables | Response variables

k, k, T F| B
[Nmm | [N'mm
[sec] [N] [N]
/rad] Jrad]
Before 64 32 17.2 1711 | 1723
After 32 24 21.9 808 1490

-k 90°, 180° 3|~
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Fig. 12 Comparison of analysis result of 90°
hinge before/after optimization
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Fig. 13 Comparison of analysis result of 180°
hinge before/after optimization
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Fig. 14 Comparison of latching force of 90°
hinge before/after optimization
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