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ABSTRAK 

Dalam praktiknya, satelit dengan aktuator Reaction Wheel selalu memiliki 

ketidakseimbangan statis dan dinamis dari Reaction Wheel. Model matematis yang 

merepresentasikan hal tersebut menjadi lebih kompleks sehingga sistem kendali 

banyak dirancang dengan mengasumsikan tidak ada ketidakseimbangan (model 

ideal). Oleh karena itu, sistem kendali tersebut tidak akan menunjukkan kinerja 

yang sama ketika diimplementasikan ke model yang mengasumsikan adanya 

ketidakseimbangan. Untuk itu, model yang mengakomodasi ketidakseimbangan 

statis dan dinamis (fully-coupled) digunakan untuk mengetahui seberapa besar nilai 

ketidakseimbangan yang masih dapat ditoleransi berdasarkan penurunan kinerja 

sistem kendali sikap satelit yang masih dapat diterima. Model simulasi dibuat 

dengan menggunakan MATLAB/Simulink. Kedua model diberikan pengendalian  

berupa linier sliding mode control. Kinerja sistem kendali dianalisis berdasarkan 

kerja pengendalian, performansi kecepatan sudut dan attitude. Hasil simulasi pada 

model ideal dengan pengendalian menunjukkan bahwa konstanta pengendalian 

akan mempengaruhi kerja pengendalian yang akan sebanding dengan performansi 

kecepatan sudut dan attitude. Hasil simulasi pada model fully-coupled dengan 

pengendalian yaitu nilai toleransi ketidakseimbangan statis yaitu 1,000 x 10-3 m, 

sedangkan ketidakseimbangan dinamis yaitu 1,000 x 10-6 kgm2 serta untuk dua 

ketidakseimbangan yaitu 1,000 x 10-6 m dan 1,000 x 10-6 kgm2. Nilai 

ketidakseimbangan tersebut masih dapat dikendalikan oleh sistem kendali sehingga 

satelit dapat mencapai target attitude/orientasi tanpa pengaruh yang signifikan. 

Kata kunci: Model Satelit, Sistem Kendali Sikap, Reaction Wheel, 
Ketidakseimbangan, Kinerja. 
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and Dynamic Imbalance Tolerance on Satellite Attitude Control System 
Performance. This thesis is under the guidance of Dr. Riries Rulaningtyas S. 
T., M. T. and Dr. Harry Septanto, S. T., M. T., S1 Physics Study Program, 
Department of Physics, Faculty of Science and Technology, Airlangga 
University, Surabaya 
 

ABSTRACT 

In practice, satellite with Reaction Wheel (actuator) always have a static and 

dynamic imbalance of the Reaction Wheel. The mathematical model that represents 

it becomes more complex so the control systems are designed by assuming there is 

no imbalance (ideal model). Therefore, the control system will not show the same 

performance when implemented to a model that assumes an imbalance. For this 

reason, model that accommodates the static and dynamic imbalance (fully-coupled) 

is used to find out how much the imbalances value can still be tolerated based on 

an acceptable decrease in the performance of the satellite attitude control system. 

Simulation models were created using MATLAB/Simulink. Both models are given 

a controller that is linier sliding mode control. Control system performance is 

analysed based on control effort, angular velocity and attitude performance. The 

simulation results in the ideal model with control shows that the control constant 

will affect the control effort which will be proportional to the performance of 

angular velocity and attitude. The simulation results in the fully-coupled model 

shows a static imbalance tolerance is 1,000 x 10-3 m, while for a dynamic imbalance 

is 1,000 x 10-6 kgm2 and for two imbalances is 1,000 x 10-6 m and 1,000 x 10-6 

kgm2. The imbalance value can still be controlled by the control system so the 

satellite can reach the target attitude/orientation without any significant effect. 

Keywords: Satellite Model, Attitude Control System, Reaction Wheel, Imbalance, 
Performance.  
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about point  

 [ML2] inertia tensor of spacecraft about point B 

 [ML2] inertia tensor of rigid-hub about point B 

 [ML2] inertia tensor of rigid-hub about point  

 [ML2] inertia tensor of i-th reaction wheel about point 
B 

 [ML2] inertia tensor of i-th reaction wheel about point 
 

 [ML2] momen inersia i-th wheel 
 [-] parameter pengendalian linier sliding mode 

control 
 [ML2T-2] torque vector about point B 

 [ML2T-2] torque vector about point  

 [ML2T-2] torque vector about point  

 [ML2T-2] gaya eksternal total spacecraft 
 [M] massa spacecraft, rigid-hub and i-th reaction 

wheel, respectively 

 [-] inertial-frame origin, body-frame origin, i-th 
wheel-frame origin 

 [-] reference frame of inertial, body, and i-th wheel, 
respectively 

 [-] jumlah reaction wheel 
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 [L] acceleration of center of mass of the spacecraft 
C with respect to N 

 [L] position vector of B with respect to N 

 [L] inertial velocity vector of B with respect to N 

 [L] acceleration vector of B with respect to N 

 [L] position vector of  with respect to B 

 [L] position vector of  with respect to B 

 [L] position vector of  with respect to N 

 [L] position vector of  with respect to B 

 [L] position vector of  with respect to  

 [-] spacecraft, rigid-hub (satelit tanpa reaction 
wheel), reaction wheel 

 [ML2] torsi motor reaction wheel  
 [-] time derivative of a vector v with respect to the 

inertial frame  

 [-] time derivative of a vector v with respect to the 
inertial frame  

 [-] fungsi Lyapunov 

 [LT-1] inertial angular velocity vector of  frame with 
respect to  frame 

 [LT-1]  frame component of  

 [L] the attitude of the satellite’s body frame with 
respect to the inertial frame 

 [-] skew-symmetric of  

 [ML2] torsi kendali yang diberikan ke body frame 

 [ML2] torsi kendali yang diberikan ke wheel frame 

 [ML2] the transverse torques acting on the wheel 

 [LT-1] ith wheel speed relative to the body frame 


