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The transfer functionThe transfer functionThe transfer functionThe transfer function

• A linear and invariant system is described by the equation:

• where:

• y is the output

• x is ithe input
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The transfer functionThe transfer functionThe transfer functionThe transfer function

• Zeros.

• Poles.
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Circuits with OA: basic structures

Inverting 

Non-inverting

Repeating
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Equivalent schematics 
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Equivalent schematics
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Equivalent schematic with OA
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Equivalent schematic with OA SI 
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Equivalent schematic with OA SII
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Equivalent schematic with OA
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Equivalent schematic with OA
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Equivalent schematic with OA
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Equivalent schematic with OA
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Equivalent schematic with OA
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Equivalent schematic with OA



First order system S-I
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First order system S-I: step input 
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for t > 0
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Second order system SSecond order system SSecond order system SSecond order system S----IIIIIIII
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Second order system response: step inputSecond order system response: step inputSecond order system response: step inputSecond order system response: step input

0,
-1

arctgsin
1

1

sin
1

cos1)(

2

2

2

≥













+

−
−=

=














−
+−= −

tt

ttetc

d

dd

tn

ξ

ξ
ω

ξ

ξ

ω
ξ

ξ
ωξω



Second order system response: step inputSecond order system response: step inputSecond order system response: step inputSecond order system response: step input



Transitory response: Transitory response: Transitory response: Transitory response: 

step inputstep inputstep inputstep input

-=- delay time

->- rise time

-?- peak time

-	- settling time

σ?- peak value



Determination of transient parametersDetermination of transient parametersDetermination of transient parametersDetermination of transient parameters

Rising timettttrrrr :
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Determination of transient parametersDetermination of transient parametersDetermination of transient parametersDetermination of transient parameters

Rising timettttrrrr :
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Determination of transient parametersDetermination of transient parametersDetermination of transient parametersDetermination of transient parameters

Overshooting time ttttpppp :

0=
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Determination of transient parametersDetermination of transient parametersDetermination of transient parametersDetermination of transient parameters

Overshooting time ttttpppp :

2
0 0

1
sin sinn

p

tn

d p d p

t t

dc
e t t

dt

−ξω

=

ω
= ω = => ω =

− ξ

0 2 3, , , , ...
d p
tω = π π π

d p
tω = π

p

d

t
π

=
ω



Determination of transient parametersDetermination of transient parametersDetermination of transient parametersDetermination of transient parameters

Overshooting value σσσσpppp :
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Determination of transient parametersDetermination of transient parametersDetermination of transient parametersDetermination of transient parameters

Overshooting value σσσσpppp :
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Determination of transient parametersDetermination of transient parametersDetermination of transient parametersDetermination of transient parameters

Settling time ttttssss :
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DC motor model
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DC motor model
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DC motor transfer function

( )
( )( ) fsJ

m

sLRfsJ

sKsUK

fsJ

m

sLR

sKsU

fsJ

K

fsJ

m
sI

fsJ

K
s

s

AA

A

s

AA

A

s
A

+
−

++

ΩΦ−Φ
=

=
+

−
+

ΦΩ−

+

Φ
=

=
+

−
+

Φ
=Ω

)()(
...

...
)()(

...

...)()(

2

( )
( )( )AA

A

sLRfsJ

sKsUK
s

++

ΩΦ−Φ
=Ω

)()(
)(

2

( )( ) ( )

( ) ( )
......

...
)(

)(

22

2

=
Φ++++

Φ
=

=
Φ+++

Φ
=

Ω

KfRJRfLsJLs

K

KsLRfsJ

K

sU

s

AAAA

AAA



DC motor transfer function
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DC motor dynamic parameters
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R-L circuit

• ω = 2πP

• QR = ωS = 9 tg φ

• WX�� = YX�� 9� + QR
�J

• φ = ωΔ-
�[\
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• Δ- – voltage and current 
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Example:





DC motor nominal data

DC nominal data

Data Value []

1 UA 200 V

2 IA 2,0 A

3 nn 1500 rot/min

Measured data

Data Value []

1 RA 15,8 Ω
2 LA 0,41 H



Transient behavior of the DC motor
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J and f determination
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Experimental data



DC motor block schematic



DC motor block schematic - electric



DC motor equivalent schematic 
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DC motor equivalent schematic 



DC motor block schematic - mechanic



DC motor equivalent schematic 
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DC motor equivalent schematic 



DC motor equivalent schematic 



Experimental data
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DC motor transient behavior 


