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Multi mass real systems
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Experimental system
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General system scheme
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Discrete control system
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Models of mechanical part
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Model of mechanical part – four-mass system
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Notch filter

2015-11-21 Dominik.Luczak@put.poznan.pl 14

 
2 2

2 2

 F
z

z
z

s
T s

s s
Q









 

2 NTFz   

NTF/ widthfQ 

NTF=320 Hz

f =60 Hzwidth



Filter delay
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Digital filter tuned for mechanical resonant

frequency reduction

Algorithm:

1. Identification of mechanical resonance

frequencies.

2. Tune digital filter to attenuate mechanical

resonance frequencies in command signal.

3. Calculate digital filter delay.

4. Tune speed controller depending on total

system delay.
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Identification of mechanical resonance
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Non-parametric Linear chirp
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Non-parametric PRBS

21/11/2015 Dominik.Luczak@put.poznan.pl 24



Non-parametric chirp – resonance finder
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i Fr,i Fstart Fstop Fmax Fwidth Frez

1 105 102.5 107.4 105 4.9 105

2 250 241.7 258.8 250.2 17.1 250.2

3 351 339.4 363.8 349.1 24.1 351.6



Filters Auto Tuning - Non-parametric identyfication
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i Fr,i Fstart Fstop Fmax Fwidt

h

Frez

1 105 102.5 107.4 105 4.9 105

2 250 241.7 258.8 250.2 17.1 250.2

3 351 339.4 363.8 349.1 24.1 351.6



Experimental results
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chirp PRBS



Filters Auto Tuning - Non-parametric identyfication
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Parametric identyfication
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Results

2015-11-21 Dominik.Luczak@put.poznan.pl 31

1

T

d

dt

K dt


ref 





maxqI

minqI

ref

qi

Current/Torque control loop

1,1( )H s

1,2 ( )H s

2,1( )H s

2,2 ( )H s

Speed 

calcualtion
Filter

df

1

s

Anti resonance 

filter

,ref f

qi

s

1
sam

cur

sTk
e

s





 

 

ref

M 

LT

MT

L

M M

1)

2)

3)



Results

2015-11-21 Dominik.Luczak@put.poznan.pl 34

1)

2)
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Fwidth=175 Q=const=3.33 Fwidth i, 

i={32, 75, 105} 
Tgr(0)=const



Plan of presentation

1. Motivation

2. Control system

3. Mechanical part of electric drive

4. Digital filter tuned for mechanical resonant

frequency reduction

5. Results

6. Conclusions

2015-11-21 Dominik.Luczak@put.poznan.pl 35



Conclusions
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1. Proper synthesis of speed controller requires:

1. Identification of mechanical resonance frequencies.

2. Tune digital filter to attenuate mechanical resonance

frequencies in command signal.

3. Calculate digital filter delay.

4. Tune speed controller according to total system 

delay.

2. The tests show that increasing the filter delay negatively

affects the dynamics of the control system. The delay

time should be short. However reducing the time delay

causes less attenuation of mechanical resonance band.

As a result filter with a very low delay is to narrow.
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