
 
 

  Solution 

1T00426 - T.E.(Biotechnology Engineering)(SEM-VI)(Choice Base) / 88845 - Process Control & 

Instrumentation. 
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Hence we have find the transfer function now they have stated X(s)is given stepinput 
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Taking laplace inverse we have  
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Q2b. 
 

The step response equation is 
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Y(t) = y-ys  τ = 6 sec, A= (100-80) =20 

i) y – 80 = 20 
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y  = 80+12.64=92.64 
o
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ii) y – 80 =20 















61

t

e  

90-80 =20 
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t = 4.15 sec 



 
 

iii) 90% of ultimate response is 0.9 x100 =90 
o
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Hence answer is same as above i.e. t = 4.15 sec 
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At steady state: 
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Deviation variable form by subtracting equation(2) from equation (1) 
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Q = (q-qs),  H= (h-hs ) 

Now eqn (3) becomes: 
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Taking laplace transform of equation(4): 
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Q3a   i. The characteristic equation is: 

 
Arranging in Routh Array: 

 
For the system to be unstable: 

 

 



 
 

 
The system is stable at:  

 
 

(ii)  For two imaginary roots: 

 
Values of complex roots are: 

 
 

(iii) 

 

To find other two roots: 
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Where s1 = +i and s2 = -i 

Solving and comparing the coefficients of both the sides for s3 and s4 : 

iss  2-, 43  

Q4a. Root locus for the open loop transfer function: 
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Q5a The Bode plot for 
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Step2:  K= 20 

1 pole at origin 
s
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Simple pole 
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, τ1  =2, wc1 = 1/ τ1  = 0.5 

 

Simple pole 
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, τ1  =0.1, wc1 = 1/ τ1  = 10 

Step3:Magnitude plot analysis 

i) For K=20, 20 log K= 26.02dB 

ii) For 1 pole at origin, straight line with slope  -20 dB/decade will pass through w=1 

and 20log K=26.02 dB line 

iii) Overall magnitude plot will continue with slope -20 dB/decade till wc1 =0.5. Now 

from wc1 =0.5 onwards as simple pole is occurring, slope is going to change by -20 

dB/decade hence resultant will have slope -40 dB/decade representing addition of K, 

1/s and 1/(1+2s). This will continue wc2 = 10 

iv) At wc2 = 10 again simple pole is ocuuring and hence slope will further change by -20 

dB/decade. So resultant will have slope of -60 dB/decade and continue as no further 

terms exist. 

Step 4 

 
 



 
 

 
Bode Plot: 
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