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   (18) 

Let the  denotes the input/output of the system, which take into 
account the uncertainty parameters as show in the Figure 6. 

 

Figure 6. Input/Output diagram. 

In the Figure 6  one has the input vector , the 
output vector  and two space vector . 

The uncertain in this problem actuate in the matrices  and . 
Than the uncertain amplitude is given by . These matrices are 
diagonal, with order 3 and their value range is: 

 (19) 

With that ones have 27 possibilities of , or else, ones have 27 
cases of uncertainties for each matrix  and . For this work is 
considered the same  for the three matrices . 
 

Simulations 

The objective of the control simulation is stabilize the tip angle (  of 
the flexible link in a neutral position (0°). The angle  is given by:   

 (20) 

When the tip comes to the neutral positions is important to see if the 
the vibration was suppress, because with that we can assure that the 
control law design was robust enough to absorb the uncertainties.  

Appling the H infinity control method in the plant model eq 17, one 
obtains the fallow results for the initial response (the link is in the 
position ) for the  possible cases of uncertainty. An 

important observation is the controller gain chances for every case of 
uncertain, is to say the  control method researches the most robust 
gain as possible.  All simulations are made for a time interval of 
180s.  

For the simulation the constant parameter are: R=0.05m, bm=0.15 
m2/s, Jrotor= 0.3kgm2, L=1m, =2700 kg/m, ke=0.03, 
EI=18.4Nm2,mtip=0.25kg and Jtip=0.04kgm2. One obtains: 

 

Figure 7. Variation of the attitude angle , the red line is the nominal case and 
the blue lines are the uncertainty cases 

In the Figure 7 ones have all 27 cases for the attitude angle . The red 
line is the nominal case. The systems return to the equilibrium 
position approximately in 180s for 24 cases. Is clear to see that some 
cases the answer is better than the nominal case, showing the 
influence of some parameters are more expressive than others in the 
sense of minor overshoot and time rise. 

 

Figure 8. Variation of the first flexible mode , the red line is the nominal 
case and the blue lines are the uncertainty cases 

In the Figure 8 ones have all 27 cases for the first flexible mode, 
generalized coordinate . The red line is the nominal case. For 14 
cases the first mode archive the equilibrium position in the 180s.    
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Figure 9. Variation of the second flexible mode , the red line is the nominal 
case and the blue lines are the uncertainty cases 

In the Figure 9 ones have all 27 cases for the second flexible mode, 
generalized coordinate  . The red line is the nominal case. In this 
case the second mode, go to the equilibrium, for all cases, in 
approximately 100s. 

 

Figure 10. Variation of the attitude velocity , the red line is the nominal case 
and the blue lines are the uncertainty cases 

In the Figure 10 ones have all 27 cases for the attitude velocity . The 
red line is the nominal case. For 24 cases the attitude velocity return 
to  in approximately 180s.   

 

Figure 11. Variation rate of the firts flexible mode , the red line is the 
nominal case and the blue lines are the uncertainty cases 

In the Figure 11 ones have all 27 cases for the variation of the first 
flexible mode, generalized coordinate . The red line is the nominal 
case. For 14 cases the first mode archive the equilibrium position in 
the 180s.    

 

Figure 12. Variation rate of the second flexible mode , the red line is the 
nominal case and the blue lines are the uncertainty cases 

In the Figure 12 ones have all 27 cases for the variation of the second 
flexible mode, generalized coordinate  . The red line is the nominal 
case. In this case the second mode, go to the equilibrium, for all 
cases, in approximately 100s. 
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Figure 13. Angular response of the flexible angle , the red line is the nominal 
case and the blue lines are the uncertainty cases 

In the Figure 13 ones have all 27 cases for the tip mass angle . The 
red line is the nominal case. Like we can see in the Figure 1 the angle 

 represent de angular position of the tip mass locate in the extremity 
of the beam. The response of this angle shows that the tip mass return 
to the equilibrium position in 24 cases in 180s approximately. 

 

Figure 14. Response of the control effort , the red line is the nominal case 
and the blue lines are the uncertainty cases 

In the Figure 14 ones have all 27 cases for the control signal, torque 
. The red line is the nominal case. The response of the action of the 

torque shows that for some 15 cases the system archive the 
equilibrium in 180s.  

Conclusion 

This paper presents an attitude controller design for a rigid-flexible 
satellite using the H infinity method considering a parametrical 
uncertainty, using model and simulation it was possible to analyses 
the interaction between the rigid and flexible dynamics in an attitude 
maneuver and studies the robust proprieties of the H infinity when a 
set of parametric uncertainties is insert in the system. 

The results of the simulations shows that the control law design, for 
the rigid flexible satellite, was able to support the parametric 
uncertainty making the system return to an equilibrium position in 
approximately 180s for 56% cases and for the other cases the rise 
time was biggest, but the control method was robust enough to 
suppress the uncertainty and suppress the vibrations. In other words, 
the control law design was able to calculate new gains that provided a 
good response a sense of don’t destabilize the system.     

For the futures works, we think to explore every single case, with 
objective to find which set of uncertainty that has greater influence 
on the plant and using other plants from the UAV and/or robotic 
domain.       
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