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Space-deployable habitat modules provide artificial habitable environments for astronauts and will be widely used for the
construction of future space stations and lunar habitats. A novel structural design concept of space-deployable habitat modules
consisting of flexible composite shells and deployable trusses has been proposed. Geometric relationships of deployable trusses
based on two types of scissor elements were formulated. Flexible composite shells of space habitat modules were designed, and a
nonlinear FEA model using ANSYS software was described. Considering folding efficiencies, stiffness, and strength of the
structures, the influences of design parameters were analyzed and the final design scheme of space-deployable habitat modules
was determined. After detailing the structural designs, low-speed impact dynamic responses between the structures and a
stainless steel cylinder were simulated. The analysis results show that dynamic responses are only significant at the point
of low-speed impact. The works will provide technical supports for structural designs and engineering applications of
space-deployable habitat modules.

1. Introduction

Deployable structure technologies have the advantages of
high folding efficiencies, light weights, and low construction
costs, which can be used to build future space antennas and
lunar habitats [1, 2]. To solve the problems of high launch
costs and the difficulties in the construction of rigid space
cabins due to their heavy weights and large volumes, there
has been extensive research on the structural technologies
of space-deployable capsules in the United States and
Europe, such as that of NASA’s TransHab [3] and the lunar
habitats [4]. In May 2016, the Bigelow Expandable Activity
Module (BEAM) on the International Space Station was
fully expanded, which demonstrates that space-deployable
capsule technology can be successfully applied in space
missions. Then a series of dynamic tests of BEAM were
conducted to assess how the structure responds to impacts
that cause vibrations and the structure’s ability to dampen
the vibrations.

Most recently published research on deployable lunar
habitats has been focused on structural system and internal
space designs [5], thermal protection system designs [6],
structural health monitoring technologies [7], deployment
experiments [8], high-speed particle impact tests, etc. The
vibration of the space habitat modules occurs during the
process of in-orbit expansion, changes of orbit, and attitude
adjustments. This vibration is also caused by the influences
of in-orbit environments. To date, the dynamic characteris-
tics and dynamic responses of inflatable space modules need
to be investigated before these types of structures can be
successfully implemented by future space missions [9]. The
works researching the dynamics of inflatable structures
mostly focused on modal analyses. Liu and He [10] analyzed
the dynamic characteristics of inflatable rings in space,
considering the material nonlinear characteristics and the
influences of design parameters. Apedo et al. [11] investigated
the free vibrations of inflatable beams by using the dynamic
stiffness method, taking into account large deformation
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and stress stiffening effects of the applied inflation pres-
sures, and the results were compared with those from a
finite-element analysis in ABAQUS software. The dynamic
characteristics of space-based inflatable membrane structures
were investigated by Zhang et al. [12]. A dimensional analysis
was employed to reduce the number of independent
variables, and the dimensionless form of the dynamic
characteristics was obtained. The natural frequencies and
the corresponding modalities of the structures were derived
using ANSYS software by Miao et al. [13]. The influences
of the structural geometry parameters on the structural
vibration modes were studied.

In spite of the above-mentioned research and develop-
ment efforts, structural designs and transient dynamic
responses of space habitat modules still need to be investi-
gated and improved. This paper reports a recently conducted
effort that developed an innovative design concept of space-
deployable habitat modules consisting of flexible composite
shells and deployable trusses. The structural stiffness of the
habitat modules is improved, and the design concept is
intended for large size habitat modules. The dynamic
responses of space-deployable habitat modules need to be
investigated carefully, which are helpful for the mechanical
performance evaluation and optimization design of the
structures. The effect of inflatable prestress was considered
in the low-speed impact response analysis.

The remainder of this paper consists of five sections. Sec-
tion 2 presents the structural designs of space-deployable
habitat modules. The deployable trusses based on two types
of scissor elements were investigated. A nonlinear FEM
analysis model was built using ANSYS software after the
flexible composite materials and the load cases were
described. Section 3 covers the influence analysis of design

parameters on folding volume and mechanical properties.
The final design scheme of space-deployable habitat modules
was determined. Section 4 describes the low-speed impact
dynamic response analysis of space habitat modules caused
by the low-speed collisions of a cylindrical colliding object.
The dynamic responses of space habitat modules and the
cylindrical colliding object during the whole collision process
can be obtained. Finally, Section 5 summarizes the conclud-
ing remarks and suggestions for future work.

2. Structural Design of Deployable
Habitat Modules

2.1. Structural Design Concept. A novel structural design
concept of deployable habitat modules is described in this
section. The deployable habitat module consists of several
habitat module units; a deployable habitat module unit is
shown in Figure 1. The coordinate systems and key nodes
used in the subsequent analysis are also shown.

The thick wall of deployable habitat modules is flexible
composite shells, which include a cylindrical shell and a
hemisphere shell. To increase the structural rigidity of
deployable habitat modules and reduce the stress levels of
the restraint and redundant bladder layers, a deployable truss
based on scissor elements is added inside the thick wall. As
shown in Figure 1, there are 6 planar trusses along the cir-
cumferential direction of the space habitat modules and there
are 4 planar truss rings along the longitude direction. The
geometric size of deployable space habitat modules is shown
in Figure 2.

2.2. Deployable Truss Structure. There are two types of planar
trusses in the deployable trusses, as shown in Figure 3. The
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Figure 1: Model of deployable habitat module unit.
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Figure 2: Geometric dimensions of the space habitat modules.
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planar truss ring in the circumferential direction consists of
scissor elements with a folding angle, the basic component
of which is shown in Figure 4(a). The number of the scissor
elements in a planar truss ring is defined as m. The planar
truss in the longitude direction consists of scissor elements
without a folding angle, the basic component of which is
shown in Figure 4(b). The number of the scissor elements
in a planar truss is defined as n. There are A planar truss rings
in the circumferential direction and B planar trusses in the
longitude direction in the whole deployable truss structures.
As shown in Figure 3, the values of these parameters are
A = 4, B = 6, and m = n = 24.

2.2.1. Scissor Elements with a Folding Angle. The geometric
composition of the scissor elements with a folding angle is
shown in Figure 5. There are two basic components AED
and BEC in the elements, and the folding angle of the basic
components is ∠AED = ∠BEC = θ. The relationship formula
of the lengths are

AE = BE = d1,
ED = EC = d2

1

The angle between two basic components is ∠AEB = β,
where the value of the angle β is according to the deployable
process of deployable trusses. The initial value of the angle is
β0, and the change in angle is defined as Δβ. From Figure 5,
there are angular relations:

∠AEC = θ − β,
∠BED = 2π − θ − β

2

Then the distances of AB and CD can be formulated as

AB = 2d1 sin
β

2 ,
3

CD = 2d2 sin
β

2
4

The local coordinate system of the scissor elements is
defined. The origin of the coordinate system is point A

and y axis along the line AB. The scissor elements are
arranged around the ring, and the extension of lines AB
and CD intersect at point O. The corresponding central
angle is

α = 2π
m

, 5

where m is the number of scissor elements in the deploy-
able truss ring.

The coordinations of each point in the local coordinate
system can be obtained: point B is 0, 2d1 sin β/2 , point
E is d1 cos β/2 , d1 sin β/2 , point C is d1 cos β/2 +
d2 sin θ − β/2 − π/2 , d1 sin β/2 − d2 cos θ − β/2 − π/2 ,
and point D is d1 cos β/2 + d2 cos β/2 + θ − π , d1 sin
β/2 + d2 sin β/2 + θ − π .

Then the equation of line OCD is

yD − yC
xD − xC

= k = tg
π

2 − α 6

Substitute the coordinates of the points C and D into (6).

d2 sin β/2 + θ − π + d2 cos θ − β/2 − π/2
d2 cos β/2 + θ − π − d2 sin θ − β/2 − π/2 = tg

π

2 − α

7

The above equation can be simplified to

−ctg θ = ctg α 8

Finally, the angle formula is obtained:

θ = π − α 9

The equation indicates that when the sum of folding
angle α and corresponding central angle θ is equal to 180°,
the scissor elements can be arranged around the ring.

The coordinations of point O are

xo = 0,

yo = yc − xctg
π

2 − α
10

The outside radius of the planar truss ring is equal to the
distance between point O and point B, which is

R = d1 sin
β

2 + d2 cos θ −
β

2 −
π

2

+ d1 cos
β

2 + d2 sin θ −
β

2 −
π

2 tg
π

2 − α

11

Figure 3: The deployable truss structure.
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If the lengths of two beams in the basic component is
designed as d1 = d2, the outside radius of the planar truss
ring is

R = d1 sin β

2 + cos θ −
β

2 −
π

2

+ cos β

2 + sin θ −
β

2 −
π

2 tg
π

2 − α

12

2.2.2. Scissor Elements without a Folding Angle. The planar
truss in the longitude direction consists of several scissor
elements without a folding angle; the geometric composition
of this type of scissor elements is shown in Figure 6. There are
two basic components LN and NO in the element, and the
angle between the two basic components is φ. The length of
each basic component is 2d3.

Then the distances between LM and NP and LP and
MN are

LM =NP = 2d3 cos
φ

2 , 13

LP =MN = 2d3 sin
φ

2 14

In deployable trusses, the points L and M connect with
the points A and B, respectively, in the scissor elements
with a folding angle. Then

AB = LM 15

Substitute (3), (4) (13), and (14) into (15), then

2d3 cos
φ

2 = 2d1 sin
β

2 16

The height LP of each scissor element is defined as

l = H
n

= 2d3 sin
φ

2 , 17

where H is the height of the whole deployable truss
structures. n is the number of scissor elements along the
longitude direction.

Then the angle φ and the length d3 in each basic
component of this type of scissor element are obtained:

φ = 2 arctan l
2d1 sin β/2 ,

d3 = d1 sin
β

2
2
+ l2

4

18
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(a) Scissor elements with a folding angle
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Figure 4: Basic component of scissor elements.
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Figure 5: Scissor elements with a folding angle.
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Figure 6: Scissor elements without a folding angle.

4 International Journal of Aerospace Engineering



2.3. Flexible Composite Shell Design. Space-deployable habitat
modules are a type of capsule body structure that consists of
flexible composite shells and deployable trusses. Considering
the needs of astronauts, space-deployable habitat modules
are expanded and pressurized with an internal atmospheric
pressurization. As they will be subjected to an internal
pressurization load and must serve as an effective radiation
and thermal shield, the thin walls of space-deployable habitat
modules were designed to be composite membranes consist-
ing of several dozen layers of flexible material. According to
their functions, these composite membranes can be divided
into a thermal protection layer, space debris and meteoroid
protection shielding, a restraint layer, a redundant bladder
layer, and an internal layer. Referring to the material design
scheme of the TransHab inflatable module [2], the flexi-
ble composite shell of space-deployable habitat modules
is presented in Table 1 after a design improvement was
determined. The total thickness of the composite thick
wall is 85mm.

2.4. FEA Model of Deployable Habitat Modules. A nonlinear
finite-element analysis model of space-deployable habitat
modules was performed using ANSYS software. Beam188
element is used to model deployable trusses. There are 4
beam elements in a scissor element, and the number of

Beam188 elements in the whole structures is A ×m × 4 +
B × n × 4. The section of Beam188 elements is a ring, of
which the outer diameter is 25mm and the wall thickness
is 5mm. And the material of the deployable trusses is
aluminum alloy. The intermediate joints in two types of
scissor elements shown in Figures 5 and 6 are ideal hinged
joints, and the rotation axis is perpendicular to the plane of
the scissor elements. In ANSYS, this rotational freedom is
released and the other five degrees of freedom of the joints
are coupled with the CP command. The model of freedom
coupling in the truss structures is shown in Figure 7.

The SHELL181 element available in ANSYS was used to
model flexible composite shells in space-deployable habitat
modules, which is shown in Table 1. Both the bending and
membrane stiffness capabilities of the SHELL181 element
were accounted for in the model. SHELL181 is a 4-node 3D
shell element in which each node has six degrees of freedom;
the shell can simulate more than 255 layers. Thus, it has been
widely used in composite material analysis. It is straightfor-
ward to design the layer parameters of the composite
material, such as the individual component material, layer
sequences, and layer angles, and display them intuitively in
the graphics window, as shown in Figure 8.

The connection between deployable trusses and flexible
composite shells is realized through the ideal hinged joints

Table 1: Flexible composite shell of space-deployable habitat modules.

Functional layer of thin wall
(from outer wall to inner wall)

Composite flexible material Layer numbers Total thickness (mm)

Thermal protection layer

Al: Kapton laminated film 1

0.45Al: Mylar laminated film 20

Al: Kapton laminated film 1

Space debris and meteoroid
protection shielding

Nextel fiber 2 1

Polyurethane foam 1 75

Restraint layer Kevlar fabric 1 4

Redundant bladder layer Vectran fiber 1 3.0

Internal layer Vectran fabric 11 1.5

X
Y

Z

1

CP

X
Y

Z

4 Mar. 2018
14:11:26

Elements

Figure 7: Model of freedom coupling.
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in which the coordinates of two joints coincide. In ANSYS,
three translational degrees of freedom for corresponding
two joints are coupled with the CP command in the nodal
local coordinate system, as shown in Figure 9.

The left-end section of space-deployable habitat modules
is fixed on the spacecraft structures, and the right end is
free. The nonlinear finite-element analysis model of space-
deployable habitat modules is shown in Figure 10. In the
model, the No. 2 node is the node at the y coordinate 1.5m
in the connecting cross section between the cylindrical shell
and the spherical shell and the No. 1 node is the vertex node
of the inflatable spherical shell on the right end of the struc-
ture, as shown in Figure 1. The internal pressurization of
space-deployable habitat modules is one atmosphere. Con-
sidering the stress rigidization and the geometrical nonline-
arity of flexible composite shells, the large deformation

(nlgeom, on) and the stress rigidization effect (sstif, on) are
opened in the calculation process.

3. Geometry Parameter Analysis and Design

When designing the space-deployable habitat modules, the
stiffness and strength of the structures need to be taken into
account. Under ensuring structural strength and rigidity,
the whole quality and folding volume of the structures must
be reduced as far as possible. The structural topology of
deployable trusses is determined by geometry parameters A,
B, m, n, and β0, which are defined in Section 2.2. The stiff-
ness, strength, whole quality, and folding volume are also
determined by these geometry parameters. The influences
of these parameters on folding volume and mechanical prop-
erties are investigated in this section.
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Figure 8: Layer parameters of flexible composite shell.
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Figure 9: Connection between deployable truss and flexible composite shell.
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Figure 10: FEM analysis model of the habitat modules.

2.5

2

1.5

1

0.5

0
0 5 10 15

n
20 25 30

Ra
di

us
 (m

)

(a) The radius of the folding state

8

7.5

7

6.5

6

5.5

5

4.5

4

3.5

3
0 5 10 15

n
20 25 30

H
ei

gh
t (

m
)

(b) The height of the folding state
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3.1. The Influence on Folding Volume. The initial value of the
angle β0 is designed to be 30° and the change Δβ in the angle
is defined to be 60°; n is 24. The value of m is set to be 24, 30,
and 36. The change curves of the radius and the height in
folding state with m is shown in Figure 11. It can be seen
from the analysis results, with the increase of m, the radius
of the folding state decreases and the height of the folding
state keeps increasing.

The initial value of the angle β0 is designed to be 30
°, and

the change in the angle Δβ is defined to be 60°; m is 24. The
value of n is set to be 4, 8, 12, 16, 20, 24, and 28. The change
curves of the radius and the height in the folding state with n
is shown in Figure 12. It can be seen from Figure 12, with the
increase of n, that the radius of the folding state is an invari-
ant value and the height of the folding state decreases.

The initial value of the angle β0 is designed to be different
values, and the change Δβ in the angle is defined to be 60°.
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Figure 13: Relationship curve between the initial values of the angle and the folding states.
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Figure 14: Relationship curve between the values of the angle and the folding states.

Table 2: Average values of each nodal displacement of 9 design
schemes.

No. A, B UX (m) UY (m) UZ (m)

1 A = 4, B = 3 0.007411 0.007413 0.000316

2 A = 4, B = 4 0.007282 0.007284 0.000303

3 A = 4, B = 6 0.007054 0.007055 0.000276

4 A = 5, B = 3 0.007414 0.007415 0.000317

5 A = 5, B = 4 0.007283 0.007285 0.000304

6 A = 5, B = 6 0.007053 0.007054 0.000277

7 A = 6, B = 3 0.007416 0.007417 0.000318

8 A = 6, B = 4 0.007282 0.007284 0.000304

9 A = 6, B = 6 0.007047 0.007047 0.000277
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The relationship curve between the initial value of the
angle β0 and the radius of the folding state is shown in
Figure 13(a)). The relationship curve between the initial
value of the angle β0 and the height of the folding state
is shown in Figure 13(b)). It can be seen that the radius and
the height of the folding state decreases with the increase of
initial value of the angle β0.

The initial value of the angle β0 is designed to be 30° and
n andm are designed to be 24. When the change on the angle
Δβ becomes larger, the deployable trusses and the whole
structures will be folded. The relationship curve between
the angle between two basic components β = β0 + Δβ and
the radius of the structure during the folding process is
shown in Figure 14(a)). The relationship curve between the
angle between two basic components β and the height of
the structure during the folding process is shown in
Figure 14(b)).

When the value of angle β is 122.5°, the radius of the
structure is changed to be 0.9m and the height is 1.0m.
The folding volume of the whole structures is 2.54m3, which
is about 4.5% of the structural volume before folding.

3.2. The Influence on Mechanical Properties. The mechanical
properties of space-deployable habitat modules mainly
include structural strength and stiffness. The number of pla-
nar truss rings in the circumferential direction A is designed

to be 4, 5, and 7, and the number of planar truss in longitude
direction B is designed to be 3, 4, and 6, respectively. Struc-
tural strength analysis and structural rigidity analysis of 9
design schemes, as shown in Table 2, were carried out by
FEA model of space-deployable habitat modules.

In structural strength analysis, stress analysis of the
structures under one atmospheric pressure is performed;
the maximum von Mises stress value of the truss beams
and each layer of flexible composite shell are evaluated.
The maximum stress criterion is applied as the strength
criterion. The maximum stresses of the deployable truss
members are far less than the strength of aluminum alloy
in 9 design schemes. The maximum stresses of thermal
protection layer, space debris and meteoroid protection
shielding, and internal layer in the flexible composite shell
are also less than the strength of aluminum alloy in each
design scheme. But the maximum stresses of the restraint
layer and redundant bladder layer are close to the tensile
strength of the materials. It should be considered carefully
in the structural design.

In structural stiffness analysis, static deformations of the
whole structures under the nodal loads acted at each node
of the z = 8 cross section of deployable trusses are analyzed.
The nodal loads at each node is Fx = 10 kN, Fy = 10 kN,
and Fz = 41 kN in three load cases. One of the three load
cases is shown in Figure 15; Fx is on 24 nodes of the

Fx

Figure 15: Nodal loads acted at each node.
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R15.0
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Colliding object
14:15:40
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Elements
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Figure 16: Analysis model of low-speed collision.
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deployable truss ring. The corresponding nodal displace-
ments UX, UY, and UZ of 24 nodes are obtained. Then the
average values of each nodal displacement are obtained,
which are shown in Table 2.

From the analysis results of the structural stiffness
analysis, the structural stiffness of the x direction is basically
the same as that in the y direction and less than that in the z
direction in 9 design schemes. The number of planar truss
rings in the circumferential direction A has little effect on
structural stiffness. With the increase of parameter B, the
structural stiffness in the three directions increases. With
the increase of parameters A and B, the whole quality of the

structures increases. So parameter A is designed to be as
small as possible and parameter B is designed to be large.

The analysis results of structural strength and stiffness
are evaluated comprehensively, and the No. 3 design
scheme (A = 4, B = 6) is selected finally. The deployable
truss structures corresponding to the No. 3 design scheme
is shown in Figure 3.

4. Low-Speed Impact Dynamic Analysis

The space-deployable habitat modules will inevitably collide
with other objects during their service lives, such as the
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astronauts colliding with the thick walls of the habitation
modules while walking on board or the space manipulator
systems colliding with the thick walls during the unloading
of supplies or maintenance. This type of collision is a low-
speed impact relative to the impacts of space debris. The
purpose of this section is to describe the analysis model and
simulation results of low-speed impact.

4.1. Analysis Model of Low-Speed Impact. Analysis model of
low-speed impact is shown in Figure 16. The materials and
shapes of the actual colliding objects are very complex, so it
is assumed that the colliding object is a cylinder with a
diameter of 50mm and a height of 100mm. The material of
the colliding object is stainless steel. In its initial state, the
colliding object impacts outside of the No. 2 node. The
distance from the colliding object to the outer wall of
space-deployable habitat modules is 5mm. The colliding
object moves towards the space habitat module at an initial
velocity of 50m/s.

The analysis type is set to be transient, and the FEA
model of the deployable habitat modules has been described
in detail in Section 2.4. The effect of inflatable prestress is
considered in the low-speed impact response analysis.
To analyze the dynamic responses of the habitat modules
to the low-speed collisions, the SOLID185 element in the
ANSYS software is used to simulate the cylindrical colliding
object. The CONTA173 and TARGE170 elements are used
to model the contact between the bottom of the cylinder
and the outer wall of the space habitat module. The frictional
force during the contact and collision process is not consid-
ered in the analysis model. To reduce the computational cost,
the adaptive time step technology used in the solution is
adopted. The collision response analysis process is divided
into four steps: the inflating process, before the collision, dur-
ing the collision, and after the collision. The time integral

does not begin during the loading step of the inflating pro-
cess. Before the collision, a rigid body displacement of the
cylindrical colliding object occurs and a large time step is
adopted. The time step size used in the solution process
was [0.0001, 0.0003] s. During and after the collision, a very
small time step is used such that the calculation time step is
[0.000001, 0.00001] s. Total analysis time of the whole
collision process is 0.005 s.

4.2. Dynamic Responses of the Habitat Modules. In the
impact response analysis, the dynamic responses of
space-deployable habitat modules and the dynamic parame-
ters of the cylindrical colliding object during the whole
collision process can be obtained. The UY displacement
and AY acceleration responses of the No. 2 node on space-
deployable habitat modules are shown in Figure 17. Before
0.00020 s, the colliding object moves as a rigid body at an
initial velocity of 50m/s, and no contact occurs between the
space habitat modules and the cylindrical colliding object.
Subsequently, a collision occurs between the two objects,
and the elastic deformation of the inflatable space habitat
module appears as a low-speed collision. The UY displace-
ment of the No. 2 node reaches a maximum value of
28.27mm at approximately 0.00197 s. Then, the colliding
object moves in the reverse direction, and the UY displace-
ment of the No. 2 node gradually decreases until the colliding
object separates itself from the space habitat module.
Finally, space-deployable habitat modules are left in a state
of free vibrations.

During the whole collision process, the Mises stress
response time history curve of the No. 1439 element in the
flexible composite shells, which is connected to the No. 2
node, is as shown in Figure 18. Locations of the No. 1 node
and No. 2 node are shown in Figure 1. According to the
analysis results, the Mises stress of the No. 1439 element at
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Figure 18: Mises stress response of the No. 1439 element.
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the No. 2 node is approximately 2.94MPa after the inflating
process. The first peak value of the Mises stress is 55.1MPa
at 0.00057 s, and the second peak value at 0.00317 s is
53.08MPa, which occurs during the collision process.
Then, the Mises stress of the No. 1439 element changes
at the free vibration stage of the inflatable space habitat
module. The peak values of the Mises stress are small
compared with the tensile strengths of each layer of compos-
ite membranes. During the whole collision process, the
flexible composite walls of the space habitat module will
not be destroyed.

The UY displacement response time history curve of the
No. 1 node is shown in Figure 19. The collision response has
not been passed to the node before 0.001 s; thus, the vibration

of the No. 1 node is small, such that it is approximately
2.25mm.

As mentioned above, the largest structural deformation
of the habitat modules during the collision process occurs
at 0.00197 s. The displacement distribution of the whole
structure at this time is shown in Figure 20. It can be seen that
the visibly influenced area of low-speed collisions is not large
and is mainly confined to a small range on the outer wall
below the collision objects.

The colliding object separates itself from the space
habitat module fully at 0.00382 s; the displacement distribu-
tion of the whole structure at this time is shown in
Figure 21. After that moment, the whole space-deployable
habitat modules experience free vibration, which diffuses
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Figure 19: UY displacement response of the No. 1 node.
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along the z-axis. The local elastic deformation caused by the
low-speed collision will finally disappear under the action of
structural damping.

4.3. Dynamic Responses of the Colliding Object. Then, the
dynamic parameters of the colliding object during the low-
speed collision are evaluated. The UY displacement response
and VY velocity response time history curves of the base
center node of the cylinder are shown in Figures 22 and 23.
The UY displacement response peak value of the center node
at 0.00197 s is about −33.79mm. The velocity response time
history results show that the VY velocity response of the
center node at 0.0020 s is −0.19m/s and the −Y velocity is
varied to the +Y velocity after this moment. The VY velocity
of the colliding object at the final moment of the collision

process is approximately 24m/s, which is approximately
48% of its velocity before the collision. A part of the kinetic
energy of the colliding object is converted into the free
vibration energy of the space habitat modules during the
low-speed collision process.

5. Conclusion

A novel structural design concept of a space-deployable
habitat module consisting of flexible composite shells
and deployable trusses has been proposed. The dynamic
responses of the space habitat modules under low-speed
collision were analyzed. The angle and length relationships
of deployable truss based on two types of scissor elements
were formulated. When the sum of a folding angle and
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corresponding central angle of an element is 180°, the scissor
elements with the folding angle can be arranged around the
ring. The influence of design parameters on folding volume,
stiffness, and strength of the structures was investigated.
The geometric parameters m, n, and β0 mainly affect the
folding volume, and the values of these parameters are
determined by folding design. The geometric parameters
A and B were designed through structural stiffness
analysis and structural strength analysis. Then the final
design scheme of the deployable habitat modules was
determined. Dynamic responses of space-deployable habi-
tat modules under the cylindrical colliding object can be
obtained by low-speed collision analysis. The dynamic
displacements and stresses are only significant at the
point of collision. After the collision process, the colliding
object rebounds and a part of the kinetic energy of the
colliding object is converted into the free vibration energy
of the habitat modules. The current study identifies
several questions for future research of this type of
space-deployable habitat modules. This study focused on
low-speed collisions; thus, hypervelocity collisions of
space habitat modules need to be analyzed in future studies
[14]. The frictional forces between a colliding object and
composite membrane shells need to be considered in future
collision analyses.
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