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In the present study, a new attitude stabilization concept has been investigated for a satellite considering 
failure in one or more reaction wheels. In this approach control torques could be generated using only 
one thruster mounted on a two axis gimbal mechanism.  In the other words, in the absence of reaction 
wheel(s), control torques are generated by applying a thruster rotating mechanism which can be turned 
around two axes by thruster vector. If any failure happened in reaction wheels, gimbal angles 
mechanisms will be added to the system as input control. Controller algorithm based on dynamic and 
kinematic equations of the satellite’s motion, has been developed in the presence of disturbances. Three-
axis stabilization of the attitude in a LEO orbit satellite under disturbances has been executed by 
applying three reaction wheel actuators to produce torque in each direction.  Disturbance torques that 
are commonly applied to the satellites are gravity gradient, solar radiation pressure and 
aerodynamics.  For training the intelligent neuro-fuzzy controller, PID controller is employed. 
Numerical simulations show that, the recommended controlled method has acceptable results (in the 
presence of disturbances) and addition of a thruster actuator to the system as a redundancy could 
enhance the space missions reliability and if any fault occurs in the operation of reaction wheels, 
thruster mechanisms come in to the control system accurately, and sustain satellite stability at 
desirability attitude. 
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Fig. 1 motion geometry of solid satellite in circular orbit  
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Fig. 2 Elevation and azimuth angle 
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Fig. 3 control structure 
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Fig. 4 Procedure of neuro fuzzy system 
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Fig. 5 structure of neuro fuzzy network  
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Fig. 6 Stabilization of satellite about axises by thruster  
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Fig. 7 Stabilization of satellite about axises by thruster 
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Fig. 8 Quaternion vectors in stabilization state by reaction 
wheels 

  8   

 
Fig. 9 Quaternion vectors in non-stabilization state 
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Fig. 10 Quaternion vectors in stabilization state by reaction 
wheels and thruster 

10  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

4.
17

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

29
 ]

 

                             7 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.4.17.6
https://mme.modares.ac.ir/article-15-4880-fa.html


    

     

  

398  1395164  

11  -
 .

12 
 

 .
  

    
13  

 
Fig. 11 Angular velocity in non-control state of satellite 
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Fig. 12 Angular velocity in stabilization state  
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Fig. 13 Reaction wheel controller and thruster gimbal 
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Fig. 14 Angular of thruster gimbal  
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Fig. 15 Membership function 
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Fig. 16 Training of neuro-fuzzy output ( ) 
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Fig. 17 Training method of neuro-fuzzy output in arbitrary 
interval 
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Fig. 18 Training of neuro-fuzzy output ( )  
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Fig. 19 Training method of  in arbitrary interval 
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Fig. 20 Training of neuro-fuzzy output of ( ) controller 
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Fig. 21 Training method of  in arbitrary interval 
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Fig. 22 Output of network and PID controller- data bugs 
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Fig. 23 Output of network and PID controller- data bugs 
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Fig. 24 Output of network and PID controller- data bugs 
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Fig. 25 PID and neuro-fuzzy controller in data test interval 
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Fig. 26 PID and neuro-fuzzy controller in data test interval 
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Fig. 27 PID and neuro-fuzzy controller in data test interval 
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