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Abstract: Kinematics analysis and driver design of multi —-module deployable structure Due to the
deployment need of deployable structure in space missions, kinematics analysis and driver design of the
structure were important. Based on the studied space multi —module deployable structure with the
periodicity characteristics of single module in circumference direction and incompletely periodicity of the
multi —-module linkage, kinematics modeling of single module was conducted by using plural and
decomposed method. At the same time, the kinematics model of multi—module deployable structure was
established, which satisfies the aimed surface fitting. Then kinematics analysis of multi —module
deployable structure was achieved to get the relationship curve between the location of the moving parts
and the deflection of the modules. It was found that the deflections of the modules increase with the

displacement of slider and reach 1.22 degrees. Based on the kinematics analysis of structure, the force curves
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of the sliders and the joints under different driver styles during deploying are given. The diver analysis and driver
design with low mass and high reliability for deployable structure which can guarantee the smoothly deploying.
Key words: aeronautics and astronautics manufacturing engineering;  deployable structure;

multi-module;  kinematics analysis;  driving design
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Fig.2 Decomposed rib element
S1(05,0,)=Log+(Ipp—Lcp)cos 9/1‘_(IIJ+IJQ cos O+
lQN COS 03+lNCCOS( Tr? _0;)):()

S2(05,0,)=(lpp—Icp)sin 04— ((Lno—lu) =10 sin 6, +

lQN Sin 6‘g—lNcSHl( % _03))=0
2(c) ,
6), 05.0,
— —— —— —— —— — —
OB +BD +DE =OH +HG +GF +FE

f‘l(es,a()):log'i'lgp COS 04—(IHG+IGFCOS 05+
Ly cos (65— % Y+l cos(m—06;))=0

‘f2(05, 06) = lBD Sln 04— ( lOH+ lGF SlIl 05+

lﬂvsin(aﬁ—%)—lw sin(m—6,))=0

’ 3 ’ ’
. 1 mm/s
’61~06
4 b b
b o
7x10°r [‘
6x10°F
Sx10°F
£4x10°
=
¥ 3x10%F
/ / =
2x 107+ //’4’///{’?{—:{/2—:—//‘—:”-

4
b

=

1x10°F

(¢)Third mechanism

(4)

(),

()

(6)

0 . ‘ "
-100 0 100 200 300 400 500 600

y/mm
3

Fig.3 Deploying process of the rib element
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Fig.4 Change of angular displacement with slider displacement
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Fig.5 Single module
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Fig.7 Co—movement of multi—module
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Fig.10 Diagram of the driver location for rib
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Fig.11 Change of the driving force and displacement with time
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Fig.12 Simulation of single module

—a— Force on slider

—&— Spring force

200

150

Force/N

100

50

-50
0 10 20 30 40 50 60
Slider displacement S/mm

13

Fig.13 Force on slider and spring force as a function of the slider
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Fig.14 Impact acceleration on the instant of spring unfolding
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