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Abstract 
 
The variants of automatic deployment of mobile units of a large-sized spacecraft in orbit are considered. In view of the 
large-sized of the apparatus, its deployment from the folded state to the working one occurs in stages. The main task at 
each stage, in addition to reliable deployment, is to reduce the vibrations and deflections of the structure. At present, after 
the completion of the regular stage, it takes a considerable time to wait for the damping of the fluctuations and only then 
proceed to the next stage. This article explores possible options for deploying mobile units of a spacecraft: independent 
for each stage; joint for several stages, allowing to reduce fluctuations, deflections and, therefore, the time of opening the 
structure. Mathematical models of rotational and translational movements are presented. As an executive element, the 
application of an electric machine is considered, since it allows to control the deployment process. The results of numerical 
modeling allowing to evaluate the effectiveness of various variants of deployment are presented. 
 
Keywords: large-sized spacecraft; deployment of a spacecraft; mathematical model 
 
 
1. Introduction  
 

At present, antennas are an integral part of modern spacecraft. The history of their creation is inextricably linked with 
the history of the development of space and rocket technology. Active research and development aimed at the creation in 
space of designs of various classes, having large size in one dimension or another, are introduced throughout the world. 

Despite significant advances in the design of large-sized transformable space-based structures being deployment, the 
important task of their smooth and reliable deployment remains [1-5]. 

A distinctive feature of large-size spacecraft (large-size antennas, space telescopes, etc.) is the presence in their 
composition of a multitude of mobile units. Of particular interest are transformable antennas, the profile of which can be 
changed both at the stage of preparation for work and in the process of functioning. Due to the large size, the translation 
of the reflector from the folded state to the workers is divided into stages that can be regarded as independent of each 
other. 

Deployment of various types of large-size reflectors (trusses, umbrellas, rings, etc.) is done at the expense of the 
energy of springs or deformed elastic elements [6-8]. 
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The disadvantages of this method of deployment include the inability to control the deployment process, the presence 
of fluctuations and deflections of the structure after completion of the deployment stage, the need to create a layout and 
perform additional calculations to determine the degree of compression of springs or twisting of elements. 

An alternative to classical systems of deployment can be automatic systems in which the energy for the deployment 
of reflector elements is produced by drives, in particular an electric machine. The application of this type of actuator will 
allow to control the process of opening, to reduce the fluctuations and deflections of the design of a large-sized spacecraft. 
 
2. Mathematical model of mobile units 
 

The process of deployment of a large-sized spacecraft can be divide into several separate stages. Let us consider in 
more detail the most frequently encountered types of motion describing these stages: rotational and translational. 

In the course of the study, it was proposed to simultaneously open several elements of a large-sized spacecraft in order 
to shorten the time taken for the apparatus to move to the working position. Consider the problem of opening the root 
element and the simultaneous extension of the intermediate element of the end elements of the power frame, shown in 
Figure 1. 

 
 

Fig. 1. Scheme of mutual arrangement of the elements of the base of the power frame 
 
The system describing the joint deployment is a combination of two systems: angular motion and translational motion, 
the mathematical models of which are presented in [9, 10]. We obtain the system: 
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where �3 is the angle of rotation of the root element; �& is the angular velocity of rotation; l is the length of the rotating 
part; �é is the material density; E is the Young's modulus for the material; I is the moment of inertia; k�m is coefficient of 
rigidity of the elastic component of the stop (lock) model; Cd is the coefficient of damping of the viscous component of 
the stopping device; �¿�î 
L �:�î 
F �î �Í�; is the relative angle corresponding to the moment of installation at the stop (lock); 
�� is the coefficient of dissipativity; �* �:�¿�î �;�� �‹�•���ƒ���ˆ�—�•�…�–�‹�‘�•���–�Š�ƒ�–���–�ƒ�•�‡�•���–�Š�‡���˜�ƒ�Ž�—�‡ 0 (�¿�î  > 0) or 1 (�¿�î  < 0); M is the engine 
torque; Mtr � ���3ish �3rs Mrr + Msl + Mseal + Mdrag , Mrr is the rolling friction moment; Msl is the sliding friction moment; Mseal 
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is the friction moment of the seals; Mdrag is the friction moment due to the resistance of lubrication, agitation, sprays, etc., 
�3ish is the reduction factor due to the heating of the lubricant; �3rs is the reduction factor in the kinematic fasting mode; x 
ist he displacement; V is the linear velocity; �¿�T�æ�í
L

�¿�Û�®�ß

�¾�®�Ì
; �(�ã 
L �G�Ù�®�/ �ã is the useful force, push intermediate element; �(�ç�å
L

�J�ç�å�®�0�Ü is the frictional force; µtr is the coefficient of sliding friction of the guide sections; Ni is the normal forces in the 
sliding supports of the i-th section; �¿�T
L �:�T
F�T�Í�; is the relative movement corresponding to the moment of installation 
at the stop (lock); �* �:�¿�T�;�� �‹�•���ƒ���ˆ�—�•�…�–�‹�‘�•���–�Š�ƒ�–���–�ƒ�•�‡�•���–�Š�‡���˜�ƒ�Ž�—�‡ 0 (�¿�T > 0) or 1 (�¿�T < 0). 

 
During the operation of the system, it may be necessary to take into account the bending of the loose end of the 

element. Starting from [11] we consider the applicability of the approximate theory. The approximate equation for 
calculating the deflection value is calculated as: 
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where �¨l is the elongation of the element; �/ 
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F �ä�®�î�6 is the total moment 
acting on the base of the power frame. 

 
To create a useful torque �/ �ã, we choose an electric motor that is most suitable for the problem, that is, Taking into 

account the field of application, environmental conditions, service life, power source, operation cycle, heat generation, 
efficiency, controllability, torque, speed, weight. Analyzing current trends in the application of electric motors for similar 
purposes [12-14], one can come to the conclusion that the most suitable are brushless (gate) DC motors. Since they have 
a long service life, they provide high moments, high efficiency and low heat dissipation. 
The torque is calculated by the equation [14] 
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where m is the number of phases of the rotor; p is the number of pairs of poles of the magnetic field, E0 is the effective 
value of the emf on the stator winding; U1 is the supply voltage, xc is the synchronous resistance (�T�Ö
L �T�� 
E�T�Ô, where x�1 
and xa are the inductive scattering resistances and reactions respectively), �Ç is the angle of error (between U1 and E0, for 
the motor is within �>�������Œ�����@���� 
 
3. Modeling 
 

The first method of joint deployment of the stages is the use of the engine for each of the components of the motion. 
In modeling the dynamics of the joint opening of the reflector, the damping factors and the elastic component of the stop 
varied, the actuators for both types of movements had the same parameters and were switched on simultaneously. The 
�I�R�O�O�R�Z�L�Q�J���V�\�V�W�H�P���S�D�U�D�P�H�W�H�U�V���Z�H�U�H���V�H�O�H�F�W�H�G���G�X�U�L�Q�J���V�L�P�X�O�D�W�L�R�Q�����$�%�6���P�D�W�H�U�L�D�O���S�O�D�V�W�L�F���4�+�)���������������!��� �������������N�J���Â���P3,  E = 
�����������Â������6 Pa, U1 = 5 V, retractable part with length xk = 2 m, angular movement stop �3k = 1 rad. The behavior of the 
system is shown in Figures 2-3.  
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c) 
 

d) 
 

Fig. 2. The characteristic of the dynamics of joint deploymentof the elements: �Z����the graph of �3���W����and �&���W�� at k�m = 10,   
Cd =25; b) the graph of x(t) �b��V(t) at k�m = 100, Cd =25; c) the graph of h(t); d) the graph of �¿�ž�™� (t) 
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b) 
 

  
 

c) 
 

d) 
 

Fig. 3. The characteristic of the dynamics of joint deploymentof the elements�����Z����) the graph of �3���W����and �&���W�� at k�m = 100, 
Cd =25; b) the graph of x(t) �b��V(t) at k�m = 100, Cd =25; c) the graph of h(t); d) the graph of �¿�ž�™� (t) 
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Based on the above, we can make the following conclusions. The use of several executive devices allows 
implementing various programs for the deployment of design elements. The disadvantages include the fact that with the 
increase in the number of executive machines, the mass of the entire design, the inertia of the elements in the design, will 
also grow. 

 
The second way is to use centrifugal force to deployment intermediate element. In this method, the useful force Fp is 

created by the centrifugal force. The system describing the joint expansion of the structural elements has the same form 
as the system (1-4), except that Fp=0,���Âm�Â�&2�Â(x+0.5�Âl). 

 
During the simulation, the same system parameters were used as for the first method. From figure 4 it can be seen that 

the actuator of the angular motion creates insufficient centrifugal force for the full extension of the intermediate element 
at the initial parameters. Based on this, the control signal U1 was increased from 5 V to 15 V. Due to the increase in the 
control signal, the torque also increased. Figure 5 shows the process of expansion and extension at  U1=15 V. From the 
obtained characteristic, it can be concluded that it was possible to achieve setting on the stops of both the root element 
and the intermediate element of the reflector. 

 
This embodiment is devoid of the disadvantage of the first method in the form of additional weight of the actuators. 

The problem of voltage control is complicated, since it becomes necessary to vary U1 the actuator based on the desired 
characteristics of not only the angular motion but also the translational component. 
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c) 
 

d) 
 

Fig. 4. The characteristic of the dynamics of joint deployment of the elements�����Z����the graph of �3���W�� and �&���W�� at U1 = 5 V, 
k�m = 10, Cd =25; b) the graph of x(t) and V(t) at k�m = 100, Cd =25; c) the graph of h(t); d) the graph of �¿�ž�™� (t) 
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c) 
 

d) 
 

Fig. 5. The characteristic of the dynamics of joint deploymentof the elements�����Z����the graph of �3���W�� and �&���W�� at U1 = 15 V, 
k�m = 10, Cd� ���������[����the graph of x(t) and V(t) at k�m = 100, Cd =25; c) the graph of h(t); d) the graph of �¿�ž�™� (t) 

 
4. Conclusion 
 

In the course of the study, two universal models of simultaneous realization of several stages of the reflector opening 
were obtained. Versatility lies in the possibility of using them for structures with different parameters: from changing the 
material, mass, dimensions to selecting the control body (motor). Accounting for such important parameters as the 
magnitude of the bending of the structural elements, dissipation, dynamic elongation, the influence of the properties of 
the stop on the angular motion of the body when framed on the stop, made it possible to describe the behavior of the 
system with a sufficiently high accuracy. 

The main interest in choosing the control option was to find a version of the deployment, which reduces the vibrations 
and deflections of the structure. The two options considered allow us to manage the deployment process, which will allow 
us to further implement the control algorithm solving this problem. In order to implement the first variant, an additional 
actuator is required, the second variant is deprived of this drawback and is preferred. When using both methods, it is 
necessary to take into account the limitations on maximum loads and design moments, since the forces created by the 
system can exceed critical forces. 

The results of these studies can be used to select the executive body, assess the necessary efforts. This mathematical 
model is approximate. To improve the quality of the system and the accuracy of the results, it is necessary to consider 
options for solving the direct and inverse problems of dynamics for physical systems, including the account of the energy 
components of the motion presented in [15, 16]. 

In the future, to improve the characteristics of the deployment of the reflector, it is supposed to solve the problem of 
a smooth approach of the structural elements to the stops and setting them. To solve this problem, it is proposed to use 
the methods of optimal control. 
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