
Assignment 1 solution: about Chapter 11, State variable model   
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the controllability matrix is , 

, the system is uncontrollable. 
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P11.12:  

A dc motor has a transfer function 
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controllable and observable. 
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the state variable model of the system is  uxx
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the controllable matrix is [ ]BABABAABBPc 432= = , 
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the observability matrix is Q ,
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P11.13: 

A feedback system has a plant transfer function 
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velocity error constant  be 35 and the overshoot to a step input be approximately 4% so thatvK ξ  is 
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. The setting time (2% criterion) desired is 0.11 second. Design an appropriate state variable feedback 

system. 
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The closed-loop transfer function of the feedback system is 
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To keep the overshoot rate P.O less than 3%, P.O=
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AP11.2 

A system has a plant 
573
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poles are s=-4,-4, and –5. 

1. convert the transfer function to state space representation. 
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3. given the closed-loop poles are –4, -4, -5. It means the characteristic equation of the closed loop 
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A system has a matrix differential equation  . u
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What values for b1 and b2 are required so that the system is controllable? 

         To be controllable, the determinant of the controllability matrix Pc should not be zero.     
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AP11.5: 

A system and it state variable feedback is define in figure AP11.5. determine the parameters K2, k3 to keep 

the poles of the closed-loop system between –3 and –6, also select Kp so that the steady-state error for a 

step input is equal to zero. 

Hints: 

1. find the closed-loop transfer function from block diagram directly, which includes the feedback 

parameters; 
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3. to keep the roots of the characteristic equation are three real root and lying between –3 to –6, the 
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DP11.4: 

A high performance helicopter has a model  as  
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The goal is to control the pitch angle θ by adjust the rotor angle δ, where x is the translation in the 

horizontal direction. 

Given: σ1 =0.415       α1 =1.43             n=6.27         σ2 =0.0198               α2 =0.0111          g=9.8 

 As stated in the problem, the input of the system is δ, the output of the system is θ. To be clear in 

notation, we use z instead x for the translation in the horizontal direction. Then the given system is  
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a) Set the state variable as , ,
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This is a third order system, the general form of the characteristic equation is 
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(the results may be a little bit different because different ζ and ωn  were picked up. It is OK as long 

as the performance requirements are meet.) 
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