
  

  1395168 218 -228
                

  

    

     
mme.modares.ac.ir

  

    

    

    

    
                

 

  
:  Please cite this article using:

M. Mansour Dehghan, M. Ebrahimi, O. Negaresh, Small Satellite Thermal Control Sub-System Conceptual Design Optimization Methodology, Modares Mechanical Engineering, Vol. 
16, No. 8, pp. 218-228, 2016 (in Persian) 

  

  

12*3  

1-   
2-    
3-   
*3381-16765ebrahimikm@modares.ac.ir  

      
  

 :08  1395  
 :17 1395  

 :07 1395  

    . 
   .   .

  .
   .

  )  . (
   (  )        .

    . 
    . 

 .  
 .  

 .  

  
 

 
   

  

  

  

Small Satellite Thermal Control Sub-System Conceptual Design Optimization 
Methodology 

Mehran Mansour Dehghan, Masoud Ebrahimi*, Oveis Negaresh 

Mechanical Engineering Department, Tarbiat Modares University, Tehran, Iran  
* P.O.B. 16765-3381, Tehran, Iran, ebrahimikm@modares.ac.ir  

ARTICLE INFORMATION ABSTRACT
Original Research Paper
Received 28 May 2016
Accepted 05 October 2016
Available Online 28 August 2016

Satellite Thermal Control subsystem has the responsibility of maintaining the temperature of other 
subsystems in an allowable range. The purpose of this paper is to design an optimal thermal control 
subsystem of a satellite. In order to achieve this goal, at first a software was developed and validated for 
satellite thermal analysis. Receiving orbital data and Satellite’s properties, the software simulates the 
position of the satellite in any desired orbit and calculates the input and output thermal flux. Meanwhile, 
the temperature of each side of the satellite is calculated in cold and hot cases. Finally, it calculates the 
minimum and maximum temperatures of the satellite. A combination of three commonly used thermal 
control methods in small satellites was used. Insulation thickness, thickness of radiator cover, and the 
power of heater are considered as design parameters and allowable temperatures of surfaces (minimum 
and maximum allowable temperatures) are considered as design constraints. A weighted function of 
mass, cost, and power consumption of thermal control system are chosen as objective function which 
can be representative of the cost. Sequential Quadratic Programming as a powerful method in nonlinear 
optimization was used to optimize thermal control properties. The results demonstrated that the 
objective function improved dramatically compared to the initial design. High speed, appropriate 
precision, and extensibility of this software in thermal control subsystem design of a vast majority of 
small satellites, makes this research valuable. Therefore, this software could be integrated as the thermal 
control subsystem design module with multidisciplinary design optimization of satellites. 
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Thermal Control 
Satellite 
Design Optimization 

  

-1  
  

     
 .

  .
 . 

     . 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

8.
13

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                             1 / 11

https://dorl.net/dor/20.1001.1.10275940.1395.16.8.13.0
https://mme.modares.ac.ir/article-15-3761-fa.html


    

      

1395168  219  

   
  

  .
  

) 
 

  (..
 .

]1[ .
  

  

 1 (2 (
3 (

]2[ .  
 

 .
          

 .
 .  

  ]3[

 
 .

]4[
 -

 .]5[ 
 .

]6[ 
 .  

  . 
 .

-11   2 
 ( ) 

]7[ .  
 -

 
 .

]8[ .

 . 
 ]8[. 

  
»   « -

1 Compass-1 
2 LEO 

     .

 .  

]9[ .2009 

  . 
  .

 
]10[ .  

]11[ 
 

 . 

 .2011 
]12[ .

   

 .
 . 

 
 .

 .  

 .  .
 

 .  
  

 .

 . 
  

 . 

  .

 . 
 

  
2   

  .3 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

8.
13

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                             2 / 11

https://dorl.net/dor/20.1001.1.10275940.1395.16.8.13.0
https://mme.modares.ac.ir/article-15-3761-fa.html


    

     

  

220  1395168  

  .4 
 .

  .

  .
 -

   

-2 
  

 .

 .
 :

1   .  

 

 .  

  
 

 .

 .  
 

  
 

  
 

1  ]1[ 
Table 1 an example of operational and survival temperature of 
satellite’s components in degrees of Celsius [1] 
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Fig. 1 Thermal environment of satellite [13]  
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Fig. 2 Parallel solar rays from a cylindrical umbra behind earth 
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Fig. 3 Heat flux on a reference plate  by simulation 
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Fig. 4 Temprature of one side of satellite  
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Fig.  6 compares the optimized design with initial point of design 
regarding the satisfaction of minimum temperature 

6    

  
Fig.  7 Compares the optimized design with initial point of design 
regarding the satisfaction of maximum temperature 
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Table 6 the effects of weighted coefficient on optimization procedure 

          

1  

 0.4 76.7335 

0.6152 0.1118 0.0137  0.2 1.2764 

 0.4 44.4631 

2 

 0.05 75.5379 

0.0791 0.1181 0.0451  0.9 1.3473 

 0.65 59.6281 

3 

 0.9 70.5644 

1.1005 0.1544 0.1581  0.05 1.7614 

 0.05 208.9972   

    7   
   Table 7 optimization results started from different initial points 

             

1 

 63.9363  69.8112 

1.09877 0.162078 0.192132   19.3384  1.8489  

 36.0560  54.0000 

2 

 30.7121  69.8112 

1.09863 0.162078 0.192132   12.0651  1.8489  

 197.3723  54.0000 

3 

 55.6639  69.8112 

1.09863 0.162078 0.192132   6.4193  1.8489  

 130.7781  54.0000 
        

  

) "
7" .(  

12 

  
5  .

 (  )  20 

 
 

 .

 .5  -

  
6    

  

 
7   

 -7 

 .
) 

  .
) 

   (    

-8

   
A   

   
E   
   

Ebi     i  
  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

8.
13

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                            10 / 11

https://dorl.net/dor/20.1001.1.10275940.1395.16.8.13.0
https://mme.modares.ac.ir/article-15-3761-fa.html


    

     

  

228  1395168  

G    
   

  
K   
L   
M   
n )rad s(  

  )W m(  
r  )m(  

   
 )km(  

r )m s(  
   

   
 )W m(  
   

to   
  )K(  
  
   

 )km(  
   
   
 –   

  
  
  

-9  
[1] C. B. VanOutryve, A thermal analysis and design tool for small 

spacecraft, MSc Thesis, Department of Mechanical and Aerospace 
Engineering, San Jose State University, San Jose, 2008.  

[2] K. M. Fard, H. Purshahsavari, Principle Of Design And Simulation 
Satellite Thermal Control System,  Tehran:  Iran  Jam,  2011.  (in  

Persian ) 
[3] D. G. Gilmore, Spacecraft Thermal Control Handbook: 

Fundamental technologies, Second edition, pp. 117-137, Virginia: 
AIAA, 2003.  

[4] A. Juan, L. Patrick, W. Edwin Van der, M. Joaquim, R. James, 
pyMDO: A Framework for High-Fidelity Multi-Disciplinary 
Optimization,  Multidisciplinary Analysis Optimization 
Conferences, 10th AIAA/ISSMO Multidisciplinary Analysis and 
Optimization Conference, Eds.: American Institute of Aeronautics 
and Astronautics, 2004.  

[5] M. Shahriari, A. Anvari, F. Farahani, Thermal analysis of a 
satellite with three-axes-stabilized attitude control, 7th Meeting of 
Iranian Aerospace Society, Tehran, 2007. (in Persian ) 

[6] H. R. Najafi, S. M. H. Karimian, An applicable software of thermal 
analysis of small satellites in LEO orbits, 8Th Meeting of Iranian 
Aerospace Society, Tehran, 2008. (in Persian ) 

[7] S. Czernik, Design of the thermal control system for Compass-1, 
Diploma Thesis, Department of Aerospace Engineering, University 
of Applied Sciences Aachen, Germany, 2008.  

[8] P. V. Hull, K. Kittredge, M. Tinker, M. SanSoucie, In-space 
radiator shape optimization using genetic algorithms, Space 
Technology and Applications International Forum, New Mexico, 
2006.  

[9]  A.  Cuco,  F.  de  Sousa,  V.  Vlassov,  A.  da  Silva  Neto,  Multi-
objective design optimization of a new space radiator, Optimization 
and Engineering, Vol. 12, No. 3, pp. 393-406, 2011/09/01, 2011. 
English 

[10] N. Chari, Spacecraft thermal design optimization, MSc Thesis, 
Department of Aerospace Science and Engineering, Department of 
University of Toronto, Toronto, 2009.  

[11] S. Izadi, H. R. Najafi, S. M. H. Karimian, The Optimal Solution of 
the System of Equations of Thermal Analysis of Small Satellites, 
18th Annual Conference of Mechanical Engineering, Tehran, 2010. 
(in Persian ) 

[12] H. Zamani, Satellite thermal control subsystem design based on 
sensitivity analysis, MSc Thesis, Department of Aerospace 
engineering, Khaje Nasiredin e Tousi University of Technology, 
Tehran, 2011. (in Persian ) 

[13] D. Q. Dinh, Thermal modeling of nanosat MSc Thesis, Department 
of Mechanical and Aerospace Engineering, San José State 
University, San José, 2012.  

[14] Thermal Control Overview, Accessed 20 July, 2016; 
http://www.sheldahl.com/Products/WebPages/MLI.aspx.  

[15] S. S. Rao, Engineering Optimization: Theory and Practice, Fourth 
edition, pp. 6-14, New Jersey: John Wiley & Sons, 2009.  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

8.
13

.0
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            11 / 11

https://dorl.net/dor/20.1001.1.10275940.1395.16.8.13.0
https://mme.modares.ac.ir/article-15-3761-fa.html
http://www.tcpdf.org

