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The stowing and deployment processes of a self-deployable sunshield are investigated numerically in this paper. The composition
of the self-deployable sunshield is described. Deployed moment theoretical models for lenticular booms are formulated based on
the bending theory of curved shell. The numerical analysis method of deployed moment is proposed. Two types of control
methods for a fold crease are presented, and a dynamic analysis model considering geometry and nonlinear contact is built. The
analysis results indicate that the press flattening method can be used effectively for controlling the fold crease, and the analytical
results of the deployed moment are very close to the theoretical results. A stowing and deployment process analysis of the self-
deployable sunshield is conducted. Thus, the deployment configurations and the time history curves of the dynamic behaviors
are obtained. The results verify the feasibility of the analysis model, and this study can provide technical support for the
engineering application of the self-deployable sunshield.

1. Introduction

The optical system of a spacecraft, especially the optical tele-
scope, needs to be designed with a sunshield to suppress the
influence of external stray light. At the same time, a stable
thermal environment must be provided for spacecraft struc-
tures to prevent excessive thermal deformation. For large
spacecraft structures, due to the constraints of launch volume
and weight, sunshields must be designed as deployable struc-
tures. Initially, these deployable sunshields are stowed in a
folded state and deployed upon achieving orbit.

The structural styles of these deployable sunshields are
mainly planar and cylindrical, while the deployment
mechanisms include inflatable, mechanical, and elastic
deployments. Open planar deployable sunshields have been
frequently adopted when the spacecraft’s optical system can
undergo passive self-cooling. For example, the sunshields
for the second-generation Hubble telescope (NGST) [1] were
designed with four in-plane, cross-shaped, inflatable tubes to
deploy skin films for the sunshields. Another representative
project was the sunshields on the James Webb space tele-

scope (JWST) [2, 3], which was made up of five layers of flex-
ible film that can be deployed. By means of a series of
miniature springs, the folded film was controlled to deploy
layer by layer. Cylindrical sunshields are usually placed
around the optical system circumferentially. One end is fixed
to the spacecraft structures, and the other end is deployed at
the far end of the optical system. A cylindrical sunshield was
proposed for the International X-ray Observatory (IXO) [4],
which is approximately 10 meters high and 4 meters in diam-
eter. There were two kinds of deployable mechanism design
schemes: the first one used a deployable linkage with an
active hinge in the middle of the rod, which can extend for
approximately 20m. The other mechanism was driven by
three deployable arms, which were approximately 24m in
height after full deployment, and the structure diameter did
not change. The sunshield of MITAR [5], which was sup-
ported by Italian Space Agency (ASI), has an octagonal frame
structure. Elastic spring tapes were used to pull the structure
upon achieving orbit. A cone sunshield CSS [6] was divided
into six hood boards supported by inflatable vertical and
horizontal beams. Most of these approximate cylindrical
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sunshields can only be deployable in the axial direction, and
the size of the radial direction is invariable. The abovemen-
tioned research and development efforts mainly focus on
mechanism designs of deployable sunshields, and few
detailed studies of mechanical characteristics are involved.

Up to now, the dynamic and wave characteristics of shell
structures have been studied extensively. In the field of vibra-
tion analysis in the shell, Allam et al. provided an analytical
model based on a generalized and simple refined higher-
order shear deformation theory to analyze fundamental fre-
quencies of simply supported laminated composite/sandwich
shells [7]. Khadimallah et al. studied the analytical rotating
vibration for functionally graded shell with ring supports
[8]. The fundamental natural frequency of cylindrical shell
of parameter versus ratios of length- and height-to-radius
for a wide range has been investigated [9]. Cuong-Lea et al.
investigated the free vibration and buckling responses of
annular plate, conical, and cylindrical shell by isogeometric
analysis (IGA) method [10]. In the field of elastic wave char-
acteristics, characteristics of the propagated wave in a sand-
wich shells are investigated by employing Hamilton’s
principle [11]. Behrouz et al. studied elastic bulk wave
characteristics of doubly curved nanoshell [12].

There are few studies on space thin-walled structures
such as lenticular boom. The European Space Agency
(ESA) and the German Aerospace Center (DLR) have con-
ducted extensive research on the lightweight design and
deployment mechanisms of flexible thin-walled tubes. The
DLR has developed a large thin-walled CFRP tube for space
arms [13]. The section shape and drive system were designed
so as to realize the deployable support structure of the mem-
brane antenna and solar sail. There have been several studies
on the lenticular boom and its unfolding process. Sickinger
et al. used explicit analysis software to analyze the stiffness
and buckling stability of a lenticular boom, and the thermal/-
vacuum development tests were carried out [14]. The
dynamic behaviors of the whole structures supported by
lenticular booms were not investigated.

One of the key technologies implemented in deployable
structures is that of a foldable and expandable system.
Detailed numerical investigations of the folding patterns
and deployment mechanisms of these structures have been
necessary. There is a large amount of published literature
on deployment simulations and research studies on these
deployable structures to date. PAM-CRASH software was
used to simulate the deployment of an inflatable structure
[15]. Folding patterns, parametric model methods, and soft-
ware simulations of the deployment mechanisms of inflatable
antenna structures were then investigated in detail [16].
Using the finite particle method (FPM), a motion analysis
approach of mechanically deployable structures based on a
straight-rod hinge and angulated-rod hinge was presented
[17]. A self-deployable structure with flexible joints was
investigated [18]. The method was applied to a spatial system
in an analysis that used static equilibrium and kinematic
deployment simulations. However, few studies have been
performed on the folded and stowed mechanisms of deploy-
able structures. The folded state is mostly obtained by geo-
metric modeling software or parametric modeling. To

investigate the folded state and dynamic characteristics
accurately, it is necessary to study the entire stowing and
deployment processes of deployable structures.

This paper reports on a recently conducted effort that
developed an explicit analysis method for stowing and
deployment processes of a self-deployable sunshield, which
was successfully deployed in orbit. The deployed moments
of the lenticular booms are analyzed by theoretical model
and numerical simulation model. The paper is organized as
follows: Section 2 mainly describes the composition of the
self-deployable sunshield, including the structural members,
geometric dimensions, and material design. The deployed
moment theoretical models for lenticular booms are formu-
lated based on a shell bending theory in Section 3. Section 4
presents a numerical analysis method of the deployed
moment, including the fold crease control methods and the
dynamic model method. Section 5 establishes a stowing and
deployment process analysis model of the self-deployable
sunshield. Finally, Section 6 summarizes the concluding
remarks and offers suggestions for future works.

2. Self-Deployable Sunshield Based on
Lenticular Boom

To shield a camera on a satellite platform, a self-deployable
sunshield is designed with a metal lenticular boom as the
deployment driving structure and a multilayer composite
film as the skin structure. The sunshield can be repeatedly
folded and self-deployed without external energy. The total
weight of the sunshield is 2.7 kg, with a folding ratio of 1 : 6.
In November 2019, self-deployable sunshields were success-
fully deployed in orbit. After the sunshield was deployed,
the camera and sunshield will work together while in orbit
for 8 years.

The self-deployable sunshield is made up of three
separate flat sunshield plates, each of which is supported
by two lenticular booms. The folded state and deployed
state of the self-deployable sunshield are shown in
Figure 1. The length and width of each flat sunshield plate
are 610mm and 350mm, respectively. The lenticular boom
is composed of two similar beryllium bronze pieces, the
length of which is 610mm, and the wall thickness is only
0.13mm. The elastic modulus of beryllium bronze is
120GPa, and Poisson’s ratio is 0.35. To ensure a high reli-
ability of deployment, a number of reinforcement pieces
were added near the fold crease of the lenticular booms,
the material of which is also beryllium bronze. The section
shape and sizes of the reinforcement pieces are the same as
those of the lenticular boom. The length is 250mm, and
the thickness is 0.15mm. The number of upper and lower
reinforcement pieces on the two sides of the sunshield
plate is 2 and 6, and the number of upper and lower
enhancement pieces on the middle sunshield plate is 1
and 5. The spacing between the reinforcing piece and the
beryllium bronze piece and between the adjacent reinforc-
ing pieces is 0.15mm. Since the three flat sunshield plates
are independent of each other, the stowing and deploy-
ment processes of the side sunshield plate are investigated
in this paper only.
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The material of skin structures is designed as a multilayer
composite film with a thickness of only 0.25mm. The surface
density of the multilayer composite film is not greater than
300 g/m2. The skin structures consist of five functional layers,
of which the inner surface facing the camera is a black poly-
imide film with a surface absorption rate of more than 0.8.
The outer layer is made of an extremely thin aluminum foil
layer to resist atomic oxygen erosion, and the middle layer
is made of polyimide fabric as the bearing layer. Silicone rub-
ber is used as a bonding compound between the three layers.
A connecting sleeve is installed on the skin structures for
connecting the skin with each lenticular boom, and the
lenticular booms are threaded into the connecting sleeve.

3. Deployed Moment for Lenticular Booms

3.1. Deployed Moment of Beryllium Bronze Pieces. To reeval-
uate the deployed performance of lenticular booms, the
deployed moment of beryllium bronze pieces is theoretically
deduced as follows. According to the bending theory of the
thin curve shell based on elastic mechanics [19, 20], there are

Mx =D Δkx + μΔky
� �

My =D Δky + μΔkx
� �

)
, ð1Þ

where D is the bending stiffness of the thin shell, D = Et3/12
ð1 − μ2Þ, E is the modulus of elasticity of beryllium bronze,

μ is Poisson’s ratio, and Δkx and Δky are the curvature
changes in the two directions, as shown in Figure 2.

Assume that the curvature of the cross-section changes
from 1/R to 0 when the shell is bending, and the curvature
along the length changes from 0 to 1/R, as shown in Figure 3.

Then,

Δkx = ∓
1
r
,

Δky =
1
R
:

ð2Þ

The strain energy of the bending region in the beryllium
bronze pieces is [19].
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From Eq. (3), we have
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The upper equations can be simplified as

U = Rψθ
2r D + ψθDμ + rψθ

2R D: ð5Þ

According to the principle of minimum potential energy,
it follows from these equations that

∂U
∂r

= 0: ð6Þ

Substituting Eq. (5) into Eq. (6),

Rψθ
2r2 D −

ψθ

2R D = 0: ð7Þ

(a) Folded state (b) Deployed state

Figure 1: Self-deployable sunshield.
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Figure 2: The section and the curvatures of beryllium bronze pieces.
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Solved from this equation:

r = R: ð8Þ

Substituting Eq. (8) into Eq. (1) to obtain the following:

Mx =D ∓
1
R
+ μ

1
R

� 	
, ð9Þ

where ∓1/R are the curvature changes Δkx and Δky when the
beryllium bronze pieces are forward and reverse bent,
respectively.

Because Mx is the bending moment per unit arc length,
there are

M+ =MxθR =Dθ 1 + μð Þ
M− =MxθR =Dθ −1 + μð Þ

)
, ð10Þ

where θ is the central angle of the section, the unit of which is
radian.

For beryllium bronze pieces with a thickness of t =
0:13mm, the bending stiffness of the thin shell is D =
2:496 × 10−2 N · m. When substituting this into Eq. (10),
the forward deployed moment of beryllium bronze pieces
is M+ = 0:052N · m, and the reverse deployed moment is
M− = −0:052N · m.

3.2. Deployed Moment for Lenticular Booms. A lenticular
boom is composed of two inverted beryllium bronze pieces.
The deployed moment for lenticular booms is the sum of
the absolute values of two beryllium bronze pieces:

M ′ =M+ +M−: ð11Þ

Similarly, for the reinforcement pieces with the thickness,
t = 0:15mm, the bending stiffness is D = 3:846 × 10−2N · m.
Substituting this into Eq. (10), the forward deployed moment
of beryllium bronze pieces is M∗

+ = 0:0805N · m, and the
reverse deployed moment is M∗

− = −0:0805N · m.
For lenticular booms that include several reinforcement

pieces, the deployed moment can be calculated by the follow-
ing equation:

M =M ′ +m ×M∗
+ + n ×M∗

−, ð12Þ

where m and n are the numbers of reinforcement pieces that
are forward bent and reverse bent, respectively.

For the lenticular booms of a self-deployable sunshield,
the number of upper and lower enhancement pieces is 2
and 6, and the deployed moment is M = 0:7485N · m.

4. Deployed Moment Analysis of
Lenticular Booms

4.1. Analysis Method of Deployed Moment. The deployed
moment of lenticular booms can be numerically investigated
by stowing and deployment process analysis. FEA explicit
algorithms are used to simulate the stowing and deployment
processes of lenticular booms in the Abaqus/Explicit soft-
ware. This program can easily simulate nonlinear contact
and some extreme discontinuity problems. The dynamic
behaviors are calculated forward from the previous time
steps instead of iterative solutions. The program provides a
good parallel acceleration ratio and can effectively avoid the
convergence difficulty caused by repeated iteration, which
can easily occur when an implicit algorithm is used to solve
complex dynamic problems.

The central difference method is applied in Abaqus/Ex-
plicit to integrate the dynamic equations over time. x0, _x0,
and €x0 are the displacement, velocity, and acceleration,
respectively, at time t = 0. The analysis time domain T is
divided into n steps, and the time step is Δt = T/n. The solu-
tion at time t is known, and the solution at time t + Δt needs
to be calculated. The acceleration and velocity vectors can be
expressed by the displacement vector with the central
difference method as follows:

€xt =
1
Δt2

xt−Δt − 2xt + xt+Δtð Þ,

_xt =
1
2Δt −xt−Δt + xt+Δtð Þ:

ð13Þ

The displacement solution xt+Δt at time t + Δt can be
solved by the dynamic equation at time t with the following
equation. The dynamic equation of the lenticular booms is

M€xt +C _xt +Kxt =Qt , ð14Þ
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Figure 3: The curvature changes during the shell bending.
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where M, C, and K are the mass, damping, and stiffness
matrices, respectively, xt is the position vector at time t,
and Qt is the external driving force.

Substituting Eq. (13) into Eq. (14) yields

1
Δt2

M + 1
2Δt C

� 	
xt+Δt =Qt − K −

2
Δt2

M
� 	

xt

−
1
Δt2

M −
1
2Δt C

� 	
xt−Δt:

ð15Þ

When the system deformations to the state Si at time t,
the corresponding velocity, acceleration, and displacement
at time t + Δt are determined by Eq. (15) and Eq. (13). The
state Si is updated to the next state Si+1 at time t + Δt.

The initial state of the structures is a static state. There-
fore, at time 0, the initial values of displacement, velocity,
and acceleration are

Xtjt=0 = 0,Xt−Δtjt=0 = 0, ∂Xt

∂t






t=0

= 0, ∂
2Xt

∂t2







t=0

= 0: ð16Þ

Geometric modeling

Dynamic modeling and solution control
parameters setting

Fold creases controlling

Force loads

Moment loads

Rotational
displacement loads

Static manage analysis

Deployment process analysis

The folded and stowing process simulation

Figure 4: Flow chart of stowing and deployment process analysis.
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Figure 5: Pull flattening process of lenticular booms.

5International Journal of Aerospace Engineering



The deployed moment of lenticular booms can be
obtained by the stowing and deployment process dynamics
analysis. The flow chart of the stowing and deployment
process dynamics analysis is shown in Figure 4. First, the geo-
metric models and dynamic model of the structures are
established, and the control parameters of the FEA explicit
solution are set. The dynamic analysis is divided into four
steps: in the first step, fold creases are controlled by the pull
flattening method or press flattening method. Then, the
folded loads are applied on the structures to simulate the
stowing process in the second step. The folded state can be
determined after this step. The types of folded loads can be
force loads, moment loads, and rotational displacement
loads. Before the deployment process analysis, a static
management analysis must be conducted to eliminate the
subsequent effects of the stowing process. Finally, the deploy-
ment process analysis is conducted when the structures are
subjected to the actual loads and constraint conditions.

4.2. Control Methods for Fold Crease

4.2.1. Pull Flattening Method. The pull flattening process of
lenticular booms is shown in Figure 5. The working state of
the lenticular booms after full deployment is a lenticular sec-
tion. The stowing and deployment processes in the pull flat-
tening method mainly include two tension forces applied
on both side nodes at the fold crease section. The upper
and lower beryllium bronze pieces elastically deform until
the sections become flat and contact each other. Thus, the
out-of-plane stiffness of the lenticular booms in this sec-
tion is minimal. Then, the lenticular booms are folded
and constrained. When the constraint is removed, the len-
ticular booms are deployed by releasing the strain energy.
When the fold crease section changes back into a lenticu-
lar section, the lenticular booms achieve a fully deployed
state.

4.2.2. Press Flattening Method. The press flattening process
of lenticular booms is shown in Figure 6. The initial
section shape of the lenticular booms is shown in
Figure 6(a). The stowing and deployment processes in
the press flattening method mainly include the following:
first, vertical pressure is applied on the lenticular booms
at the fold crease section, as shown in Figure 6(b). The
contact between the upper and lower beryllium bronze
pieces gradually expands from a point to a line, and the
upper and lower pieces of the lenticular booms are com-

pressed into a flat shape. The out-of-plane stiffness of
the lenticular booms in the section is minimal, as shown
in Figure 6(c). Then, the lenticular booms are folded and
constrained. Finally, after the constraint is released, the
lenticular booms are self-deployed to the initial configura-
tion by releasing the strain energy.

4.3. Dynamic Modeling. The dynamic finite element analysis
model of the lenticular booms is established in the Abaqus
software. First, geometric models of the single beryllium
bronze piece and the reinforcing piece in the pod rod are
established. Then, the lenticular boom model is obtained by
assembling two beryllium bronze pieces and eight reinforcing
pieces.

The edge connection between the upper and lower
beryllium bronze pieces is set as follows: the pieces are
independent of each other in the length range of 0mm-
250mm and welding connection in the length range of
250mm-610mm. Two 1mm wide areas in the left and
right edges are connected by binding (∗tie) to simulate this
welding connection.

There are 1 contact pair between the upper and lower beryl-
lium bronze pieces, 2 contact pairs between reinforcing pieces
and beryllium bronze, and 6 contact pairs between adjacent
reinforcing pieces. These contact pairs are established by ∗sur-
face-to-surface contact. The corresponding contact algorithms
are set. The “hard contact” model is adopted for the normal

(a) (b) (c)

Figure 6: Pressure flattening process of lenticular booms.

y

xz

Figure 7: Constraint simulation of 3M tapes.
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contact, the penalty function method is used for the constraint
execution, and the tangential friction behavior is ignored.

The section 100mm from the fixed end of the lenticular
booms is defined as section S1. The section 250mm from
the fixed end is defined as section S2. The center node of
section S2 was established as a reference point. All the
nodes on this section were coupled with the reference point

by using ∗kinematic coupling so that all the nodes will move
together with the reference point. The reference point was
used as the load-applying node in the subsequent dynamic
analysis process.

At the free end of the reinforcing pieces, connection
elements (∗connection) between the reinforcing pieces and
the beryllium bronze pieces, as well as between the adjacent

Figure 8: FEA model of the lenticular booms.

U, Magnitude
+9.749e–03
+8.937e–03
+8.124e–03
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(a) Displacement
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(b) Stress distribution

Figure 9: Configuration after the press flattening process.
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reinforcing pieces, were established by means of ∗beam to
simulate the constraint of 3M tapes between the reinforc-
ing pieces and the beryllium bronze pieces, as shown in
Figure 7.

The boundary conditions of the lenticular booms are set,
with the right end fixed and the other end free. To suppress
the low-frequency vibration after full deployment, the
Rayleigh damping of the beryllium bronze material is set.

S, Mises
SNEG, (fraction = –1.0)
(Avg: 75%)
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Abaqus/Explicit 3DEXPERIENCE R2018x Wed May 01 12:06:13 GMT+08:00 2019

Figure 10: Configuration and stress of the folded state.
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Figure 11: Dynamic behaviors of the lenticular booms.
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The geometric model is meshed to obtain the dynamic FEA
model, as shown in Figure 8.

To analyze the deployed moment of the lenticular booms,
four analysis steps (∗step) are set as follows: step 1 simulates
the flattening process of lenticular booms in fold crease section
S1. Step 2 simulates the folding and stowing processes; step 3
simulates the static management processing to eliminate the
subsequent effects of the stowing process; step 4 simulates
the dynamic behaviors of the lenticular booms after a weight
was suspended at section S2 to obtain the deployed moment.

In the simulation of the press flattening process, a 70N
force pair of Y axis directions is applied to the vertexes at sec-
tion S1 for the top and bottom reinforcement pieces. In the
simulation of the folding and stowing processes, a 30N force
in the −Y axis direction is applied to the reference point,
which is defined previously. In step 4, a 5.5N force in the
−Z axis direction is also applied to the reference point to sim-
ulate the load of the suspended weight.

As a rigid-flexible multibody nonlinear system, the stow-
ing and deployment processes of lenticular booms are very
complex. The nonlinear dynamic characteristics of geometry
and contact are highlighted. Therefore, parallel computation
and acceleration strategies are needed to complete the simu-
lation of the whole process. In the solver setting, full analysis
is selected for the job type, and 4 processors are set for
parallel computation.

4.4. Analysis Results of Deployed Moment. The displacement
and stress distribution of the lenticular booms after the press
flattening process are shown in Figure 9. The upper and
lower beryllium bronze pieces are compressed into a flat
shape under press forces, while the free end of the lenticular
booms is deformed upwards. Therefore, the out-of-plane
stiffness of the lenticular booms in section S1 becomes small.
The stress near the point of the press force is greatest, and the
stresses in other areas are small.
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Figure 12: Time history of elastic potential energy.
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During the folding process, after the nodal force is
applied at the reference point of section S2, the lenticular
booms are folded. The configuration and stress distribution
of the folded state are shown in Figure 10. The deformation
in the free end is largest, and the fold crease of the lenticular
booms is near section S1. After the folding process, the fold-
ing angle is close to 90°. This indicates that the press flatten-
ing method can be used effectively for controlling the fold
crease. There are large stresses near sections S1 and S2 and
the fixed end. The stresses in other areas are small.

In the deployed moment analysis, the dynamic behaviors
of the lenticular booms are shown in Figure 11 after applying
a folded force at the reference point, the value of which is
continuously adjusted. According to the simulation results,
after applying the folded force 5.4N at the reference point,
the lenticular booms only fluctuate slightly and maintain

the equilibrium state. Then, the deployed moment of the len-
ticular booms is equal to the moment from the folded force.
It can be seen that the deployed moment of the lenticular
booms is M = 5:4 × 0:15 = 0:81N · m, which is close to the
theoretical result 0.748N · m obtained in Section 3.2, with
an error between the two results of 7.6%. Because that the
interactions between multiple beryllium bronze pieces do
not be considered in the theoretical model, this error is
acceptable.

The time history of elastic potential energy and kinetic
energy in the whole process is shown in Figures 12 and 13.
The time history curves of the energy, elastic potential
energy, and kinetic energy change slowly during the press
flattening process. In the folded process, the elastic potential
energy increases significantly, and the kinetic energy
increases at first and then decreases. The kinetic energy
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reduces to zero after static management processing, and the
elastic potential energy maintains the same value. In the sub-
sequent analysis, the kinetic energy oscillates to 0, and the

elastic potential energy basically remains unchanged. It can
also be seen from the energy time history that the equilibrium
state has been reached after applying the folded force 5.4N.
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The work done by the folded force is first converted into
kinetic energy and elastic potential energy. Finally, it is stored
in the lenticular booms in the form of elastic potential energy.

5. Stowing and Deployment Process
Simulation of Self-Deployable Sunshield

The self-deployable sunshield includes two lenticular booms
and skin structures. The dynamic FEA model of lenticular
booms is described in detail in Section 4.3. After the geomet-
ric model of the skin structures was established, the geomet-
ric model of the self-deployable sunshield can be assembled.
Two long edges of the skin structures and the edges of two
lenticular booms are connected by using a binding (∗tie) to
simulate the sleeve connection here. The dynamic FEA
model of the self-deployable sunshield is shown in Figure 14.

The configuration and stress distribution of the self-
deployable sunshields after the press flattening process at
the section 100mm from the fixed end are shown in
Figure 15. The stress is mainly distributed near the point of
the press force in two lenticular booms, and there is little

stress on other areas of two lenticular booms and skin struc-
tures. The deformation of the structures is small except the
areas near the point of the press force.

After the 40N force is applied to the reference point dur-
ing the folding process, the self-deployable sunshield has
undergone a large deformation. The configuration and stress
distribution of the folded state are shown in Figure 16. The
skin structure is folded while the lenticular booms are folded.
After the folding process, the folding angle is close to 90°.
There are large stresses near sections S1 and S2 and the fixed
ends of the two lenticular booms. The stresses in other areas
of the two lenticular booms are small. The stresses near the
fold crease on the skin structures are still small. It can also
be seen that the bending stiffness of the skin structure is very
small.

During the deployment process analysis, all constraints
and loads need to be released except the fixed end of two len-
ticular booms. The dynamic behaviors of self-deployable
sunshields are shown in Figure 17. The analysis results show
that the sunshield can be self-deployed smoothly by releasing
the strain energy in two lenticular booms. The skin structure
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is pulled by two lenticular booms and begins to deploy. No
other driving force is required for the entire deployment
process. Finally, the lenticular booms and skin structure are
deployed to a nearly straight state.

The time history curves of elastic potential energy and
kinetic energy during the whole stowing and deployment
processes are shown in Figures 18 and 19. It can be seen
from these curves that the elastic potential energy and
kinetic energy change slowly during the press flattening
process. In the folded process, the elastic potential energy
increases significantly, and the kinetic energy increases at
first and then decreases. The kinetic energy reduces to
zero after static management processing, and the elastic
potential energy maintains the same value. The work done
by the folded force is first converted into kinetic energy
and elastic potential energy. Then, it is stored in the len-
ticular booms in the form of elastic potential energy. In
the deployment process, the kinetic energy increases and
the elastic potential energy decreases slowly. Finally, the
kinetic energy oscillates to 0, and the sunshields are fully
deployed.

6. Conclusion

In the paper, the deployed moment of the lenticular booms is
evaluated by theoretical model and numerical simulation
model. The deployed moment of the lenticular booms
obtained from numerical simulations is 0:81N · m, which is
close to the theoretical result of 0.748N · m. The error
between the two results is 7.6%. The analysis results also indi-
cate that the press flattening method can be used effectively
for controlling the fold crease. An explicit analysis method
for stowing and deployment processes of the self-
deployable sunshields is proposed, and the dynamic
responses are obtained. There are large stresses near sections
S1 and S2 and the fixed end of the two lenticular booms in the
folded state. The stresses near the fold crease on the skin
structures are small. The analysis results show that the
sunshield can be self-deployed smoothly by releasing the
strain energy in two lenticular booms.

However, because the reinforcement pieces are consid-
ered in the dynamic model, the calculation cost of contact
collision between various parts is very large, and divergence
can easily occur during the analysis. In subsequent research,
the model of reinforcement piece needs to be simplified.
The relevant experimental studies of the lenticular booms
will be carried out in the future.
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