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 Procedure

 Design torque loop (fastest) first 

 Design speed loop assuming torque loop to be ideal

 Design position loop (slowest) assuming speed loop to be ideal

Controller Design
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Design of the Torque (Current) Loop
Simplifying assumptions

 Interleaved 
loops redrawn
as nested loops

 Assuming J
high enough, inner 
loop can
be ignored
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closed loopopen loop
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 Select zero of PI to cancel motor pole ;

 Choose     to achieve desired cross‐over frequency
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Design of the Torque (Current) Loop
Selecting Parameters
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Design of the Speed Loop
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 Assume current loop to be ideal; represent by unity
 Choose crossover frequency        an order of magnitude lower than 
 Choose a reasonable phase margin 

C CI

,PM 

10-1 100 101 102 103 104 105
-50

0

50

100

150

Frequency (Hz)

M
ag

ni
tu

de
 (d

B
)

10-1 100 101 102 103 104 105
-200

-150

-100

-50

Frequency (Hz)

P
ha

se
 (d

eg
)

10-1 100 101 102 103 104 105
-60

-40

-20

0

20

Frequency (Hz)

M
ag

ni
tu

de
 (d

B
)

10-1 100 101 102 103 104 105
-100

-50

0

Frequency (Hz)

P
ha

se
 (d

eg
)

closed loopopen loop

4



© Copyright Ned Mohan 2010

Design of the Position Loop

 Assume speed loop to be ideal
 Proportional gain (     ) alone is adequate  due to presence of pure integratorPk 
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closed loopopen loop
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 Feed‐forward: To improve dynamic response

 Effect of limits
‐ nonlinearity

 Anti‐windup integration
‐ suspend integration  
when output saturates
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Further Issues
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Controller Design
 Procedure

 Design torque loop (fastest) first 

 Design speed loop assuming torque loop to be ideal

 Design position loop (slowest) assuming speed loop to be ideal

Summary


