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TOYOTA Freer Movement Control System

4Wheel independent drive
4wheel independent steering
4wheel independent braking
By ‘wheel-in-motor’ 
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TOYOTA Freer Movement Control System for Auto-Parking
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Autonomous Robot Vehicle
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Autonomous Robot Vehicle
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견마형 로봇 차량의 주행 제어 알고리즘
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BLDC Wheel-in-Motor of 6WD6WS Vehicle
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Sectional View of BLDC MotorSectional View of BLDC Motor
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Basic Elements

• Voltage : electromotive force needed to produce a flow of current in a wire [V]g p [ ]

• Current : the rate of flow of charge

dqi =
[coulomb] [ampere]=

• Current : the rate of flow of charge

dt
i [sec]

[ p ]

• Charge : (electric charge) the integral of current with respect to time [C]
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Basic Elements  - Resistance

• Resistance : the change in voltage required to make a unit change in current.

[ ]Ch i l V[ ] [ ( )]
[ ]

Change in voltage VR Ohm
Change in current A

= = = Ω

• Resistor R
R R

R

VV R i R
i

= ⋅ =

R+ −
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Basic Elements  - Capacitancep

• Capacitance: the change in the quantity of electric charge required• Capacitance: the change in the quantity of electric charge required 

to make a unit change in voltage.

[ ] [ ( )]
[ ]

CoulombC Farad F
V

= =

• Capacitor: two conductor separated by non-conducting medium. 

1/ , / ,c
c c

dei dq dt e q C i C de i dt
d C

= = → = =

e0

, ,

1( ) (0)

c c

t

c c

q q
dt C

e t i dt e
C

∴ = +∫
( )i t

C
ce ( )i t
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Basic Elements  - Inductance

• Inductance: An electromotive force induced in a circuit if the circuit lies in a time• Inductance: An electromotive force induced in a circuit, if the circuit lies in a time

-varying magnetic field.

[ ] [ ( )]
[ / sec]

VL Henry H
A

= =

di
• Inductor:   

1( ) (0)

L
L

t

die L
dt

i t e dt i

=

∴ = +∫
0

( ) (0)L L Li t e dt i
L

∴ = +∫

( )i t
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Series & Parallel Resistance

+R +R

• Series Resistance

−+ 1R −+ 2R

1e 2e

e

1 1 2 2,e iR e iR= =

)( 2121 RRieee +=+=

21 RR +

)( 2121 ieee

P ll l R i t
−+ 1R

1i

• Parallel Resistance

2121 0 eeee =⇒=+−

−+ 2R

i i

2i R
e

RR
e

R
e

R
e

iii =−=+=+= )11(21
21

2i

R

−+e

i
21

111
RRR

+=

RRRRR 2121
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Kirchhoff’s laws

+

1. The algebraic sum of the potential difference around a closed path equals zero.
           +          _

 
  +              1υ          + 
 
E υ

1 2 0Eυ υ− − + =

E                              2υ
  _                           _ 

2. The algebraic sum of the currents entering (or leaving) a nod is equal to zero.

i node i 0      1i       node      2i
 
 
 

0321 =−− iii

Current in = Current out
                   3i

1 2 3i i i→ = +
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Examples  of  Circuit Analysisp y
ex1)  R-L   Circuit

e(t)

LV

RVi

( ) 0

,

L R

L R

V V e t
diV L V iR
dt

− − + =

= =
i

( )diL Ri e t
dt
+ =

ex2)  R-L-C   Circuit
( ) 0

1
L R CV V V e t

di
− − − + =

∫
1, , ( )

1

L R c C

c

diV L V iR V i dt V t
dt C

dV i
dt C

= = = +

=

∫
e(t)

LV

RVi

( ) ( )C

dt C
diL Ri e t V t
dt
+ = −
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Examples  of  Circuit Analysisp y

ex3)  Multiple electric circuit

di

By Kirchhoff's voltage law

1
1 1 1

2
2 2 2

( ) 0

0

c

c

diR i L v e t
dt

diL R i v
dt

− − − + =

− − + =

1 2
1 ( )c

dt

dv i i
dt C

⎧
= −⎪

⎪

2R

1
1 1

1

1 ( ( ))

1

c

dt C
di v R i e t
dt L
di

⎪
⎪

= − + −⎨
⎪
⎪

( )2
2 2

2

1
c

di R i v
dt L

⎪
= − +⎪

⎩
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Examples  of  Circuit Analysis

ex4)  Multiple electric circuit
lV

1 1, , c
L c

dvdiv L v i dt i
dt c dt c

= = =∫
+   L   -

2i

+ −+ 1R −+ 2R

1 1 2( ) ( ) 0 1)CR i i V e t− − − + =

2
2 2 3 1 2 1( ) ( ) 0 2)diL R i i R i i

dt
− − − − − =

3i1i

e(t)

-

1 2

−

+

3R
−

+
CcV

dt

2 3 2 3 3( ) 0 3)CR i i R i V− − − + =

1 ( ) 4)cdv i i1 3( ) 4)c i i
dt c

= −

3 2 2
13) ( ),ci v R i→ = + 1 2

11) ( ( ) )ci e t v i
R

→ = − +3 2 2
2 3

) ( ),cR R+ 1 2
1

) ( ( ) )cR

( ) ( )2
1 2 2 1 1 2 2 2 2

1 2 3

1 1 1( ) ( ) c c
di R R i R e t v R i R v R i
dt L R R R

⎡ ⎤
= − + + ⋅ + + + ⋅ +⎢ ⎥+⎣ ⎦1 2 3

2 3 2 32
2

2 3 2 3 2 3

21 1 1( ) ( )c c c

dt L R R R

R R R RRe t v v v i e t
L R R L R R R R L

+⎣ ⎦
⎛ ⎞ +

= + + = − +⎜ ⎟+ + +⎝ ⎠
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Examples  of  Circuit Analysis

21 1 1 1( )cdv Ri i
⎡ ⎤
⎢ ⎥

2
2 2

1 1 2 3 2 3

2 3
2

( )

21 1 1 1 1 ( )

c
c c

c

e t v i v i
dt C R R R R R R

R R i v e t
C R R C R R R CR

= + + − +⎢ ⎥+ +⎣ ⎦
⎛ ⎞+

= + − +⎜ ⎟+ +⎝ ⎠2 3 1 2 3 1C R R C R R R CR+ +⎝ ⎠

State space equation :

2 3 2 3

2 3 2 32 2

21 1

( )

R R R R
R R L R Ri id L e t

+⎡ ⎤ ⎡ ⎤−⎢ ⎥ ⎢ ⎥+ +⎡ ⎤ ⎡ ⎤⎢ ⎥ ⎢ ⎥= +⎢ ⎥ ⎢ ⎥⎢ ⎥⎛ ⎞2 3

12 3 1 2 3

( )121 1 1 1c c

e t
v vdt R R

CRC R R C R R R

⎢ ⎥+⎢ ⎥ ⎢ ⎥⎢ ⎥⎛ ⎞+ ⎢ ⎥⎣ ⎦ ⎣ ⎦−⎢ ⎥⎜ ⎟ ⎢ ⎥+ + ⎣ ⎦⎢ ⎥⎝ ⎠⎣ ⎦

23 3 2 3 3
0 3 3 2 2

2 3 2 3 2 3 2 3
c

c

iR R R R Ry v R i R i v
vR R R R R R R R

⎡ ⎤ ⎡ ⎤
= = = + = ⎢ ⎥ ⎢ ⎥+ + + + ⎣ ⎦⎣ ⎦
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Mathematical Modeling of Electrical Systemsg y

The switch S is closed at t=0

0di diE L Ri or L Ri E
dt dt

− − = + =

At the instant that switch S is closed, 
the current (0) 0i =

E[ ]( ) (0) ( ) EL sI s i RI s
s

− + =

(0) 0 ( ) ( ) Ei Ls R I s= → + =

Laplace Transformation :

( ) ( ) ( )
s

1 1( )
( ) ( / )

E EI s
s Ls R R s s R L

⎡ ⎤
= = −⎢ ⎥+ +⎣ ⎦( ) ( / )s Ls R R s s R L+ +⎣ ⎦

( / )( ) 1 R L tEi t e
R

−⎡ ⎤∴ = −⎣ ⎦
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State-Space Mathematical Modeling of Electrical Systemsp g y

By Kirchhoff's voltage law

1, ,c
c i o c

dvdiL Ri v e i e v
dt dt C
+ + = = =

y g

Assume, initial condition is 0,

1( ) ( ) ( ) ( ), ( ) ( )c i cLsI s RI s V s E s sV s I s
C

+ + = =

2

( ) 1. :
( ) 1

o

i

E sT F
E s LCs RCs

=
+ +
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State-Space Mathematical Modeling of Electrical Systems

1 1Re e e e+ + =&& &Differential equation :

State Space Mathematical Modeling of Electrical Systems

o o o ie e e e
L LC LC

+ + =

1 2x e x e= = &State variable :

Differential equation  :

1 2,o ox e x eState variable :

1,i ou e y e x= = =Input and output  :p p

State-space equation :

[ ]1 1 1
0 1 0

1 01 1
x x x

u yR
⎡ ⎤ ⎡ ⎤⎡ ⎤ ⎡ ⎤ ⎡ ⎤⎢ ⎥ ⎢ ⎥+⎢ ⎥ ⎢ ⎥ ⎢ ⎥

&

State space equation  :

[ ]
2 2 2

, 1 01 1 u yRx x x
LC L LC

⎢ ⎥ ⎢ ⎥= + =⎢ ⎥ ⎢ ⎥ ⎢ ⎥⎢ ⎥ ⎢ ⎥− −⎣ ⎦ ⎣ ⎦ ⎣ ⎦⎣ ⎦ ⎣ ⎦
&
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Transfer Function of Series Elements

1 ( )i i dt R i e− + =∫ 1 2 1 1
1

( ) ii i dt R i e
C

− + =∫

2 1 2 2 2
1 1( ) 0i i dt R i i dt
C C

− + + =∫ ∫
1 2C C∫ ∫

2
2

1
oi dt e

C
=∫

Laplace Transformation :

2C

[ ] [ ]1 1 1 1( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) 0 ( ) ( )I I R I E I I R I I I E

( ) 1 1. : oE sT F = =

[ ] [ ]1 2 1 1 2 1 2 2 2 2
1 1 2 2

( ) ( ) ( ) ( ), ( ) ( ) ( ) ( ) 0, ( ) ( )i oI s I s R I s E s I s I s R I s I s I s E s
C s C s C s C s

− + = − + + = =

2
1 1 2 2 1 2 1 1 2 2 1 1 2 2 1 2

. :
( ) ( 1)( 1) ( ) 1i

T F
E s R C s R C s R C s R C R C s R C R C R C s+ + + + + + +

1 2R C s term means intersection of the two RC circuits 
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Operational Amplifiersp p
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Operational Amplifiersp p
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Operational Amplifiers

1e
K ( )

p p

2e

oe
0 2 1K ( )e e e= −

5 6K 10 ~ 10=i) for dc signals and ac of less than 10 Hz frequency.

ii)            for ac 1 MHz  ~ 50MHz

iii)  Ideal CP amps

K 1=

K = ∞-

- no current flow into the input terminals

- the output voltage is not affected by the load connected to the output 

terminal
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Examples of Operational Amplifiers

2R

1R 2ie′ 1 2i) i oe e e ei i
′ ′− −

= =

ex1)

p p p

oeie 1i
2e −

+

1 2
1 2

)
R R

1 2
1 2

i i) 0, , i o
op

e e e ei i i
R R

′ ′− −
= = =

1 2R R

2

(0 ), 1, 0o

i o
i

since e K e K K e
e e Re e

′ ′= − ≥ ≈ ∞ ⇒ ≈
−

= ⇒ = −

iii)

1 2 1
o ie e

R R R
⇒

( )e e K′ ≈ ∞Qex2)

2ie′ −

( )ie e K= ≈ ∞Q

1 2
1 2 1 2 1

1 1 1, i o i
i o

e e ei i e e
R R R R R

⎛ ⎞−
= = ⇒ + =⎜ ⎟

⎝ ⎠

ex2)

1i oeie
+

1 2 2

1 1

1o i i
R R Re e e

R R

⎝ ⎠
⎛ ⎞+

⇒ = = +⎜ ⎟
⎝ ⎠
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Examples of Operational Amplifiers

− ie e′ = o i ie e ei
R R
−

= =
Equivalent circuit

p p p

ie 0e
1R

2R

e′
+ 2 1R R

21o i
Re e
R

⎛ ⎞
⇒ = +⎜ ⎟

⎝ ⎠2R
1R⎝ ⎠

2i
−+C 1 2 30,e i i i′ = = +

1 ,iei = 2
1c odv dei ⎛ ⎞= = −⎜ ⎟

ex)

ie e

3i 2R1i
e′

1R −
+

1
1

,i
R 2

( )c o o

i
dt c dt

v e e e

⎜ ⎟
⎝ ⎠

′= − = −
ie 0e

3
2 2

o oe e ei
R R
′ −

= = −
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Examples of Operational Amplifiers

2 1

1 1o
o i

de e e
dt CR CR

⇒ = − −
1 2 2

1 1i c o
o o

e dv deC e C e
R dt R dt R

⇒ = − = −

p p p

2 1dt CR CR

Laplace Transform :
2 1

1 1( ) ( )o iE s s E s
CR CR

⎛ ⎞
+ = −⎜ ⎟

⎝ ⎠

1 2 2R dt R dt R

( )oe t⎝ ⎠

2

1 1 2

( ) 1 1 1. 1( ) 1
o

i

E s RT F
E s CR R R Css

CR

= = − ⋅ = − ⋅
++

2T R C=

t

Step input response :
1 01( ) , ( )
0 0i i

t
E s e t

ts
≥⎧

= = ⎨ <⎩

2CR

2

1

R
R

−
⎩

2

1 2

1( ) ( )
1

1 1 1 1

o i
RE s E s
R R Cs
R R

= − ⋅
+

⎛ ⎞ ( )R
2 2

1 2 1 2

1 1 1 1
1 (1/ )

R R
R R Cs s R s s R C

⎛ ⎞
= − ⋅ = − −⎜ ⎟+ +⎝ ⎠

( )2( 1/ )2

1

( ) 1 R C t
o

Re t e
R

−= − −
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Complex  Impedance

i

p p

Z(s)
+ −

e

)(
)()(

Z
sEsI = )()()( sIsZsE =
)(sZ

Z(s) : complex impedanceZ(s) : complex impedance
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Complex  Impedancep p

The complex impedance Z(s) of a two-terminal circuit is : the ratio of E(s) to I(s)

i

The complex impedance Z(s) of a two terminal circuit is : the ratio of E(s) to I(s)

( )( ) ( ) ( ) ( )E sZ E Z I
1( )Z s 2 ( )Z s

1e 2e

( )( ) , ( ) ( ) ( )
( )

Z s E s Z s I s
I s

= =

( ) ( ) ( ) ( ) ( ) ( )E Z I E Z I
e

1 1 2 2

1 2

( ) ( ) ( ), ( ) ( ) ( )

( ) ( ) ( )

E s Z s I s E s Z s I s

E s E s E s

= =

= +

( )
1 2

1 2

( ) ( ) ( ) ( )

( ) ( ) ( )

Z s I s Z s I s

Z s Z s I s

= +

= +

Direct derivation of transfer function, 

without writing differential equations first.
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Complex  Impedance

R

i , ( ) ( )e Ri E s R I s= =Resistance :

p p

R

e
( )Z s R=

i
+ -
-

C

e`

1

1 1( ) ( ) ( ) ( )

de i
dt C

E I E I

=Capacitance :

1 1( ) ( ) ( ) ( )

1( )

sE s I s E s I s
C Cs

Z s
C

= → =

∴ =

i L
+ -
-

, ( ) ( )die L E s L s I s
dt

= =

Cs

Inductance :

e
dt

LssZ =∴ )(

Seoul National Univ.
School of Mechanical                           
and Aerospace Engineering

Spring 2008



Examples  of  Complex  Impedance

i
R
+

L C
+

ex1)

p p p

+ - + - + -

eR eL eC

1, , C
R L

dedie iR e L i
dt dt C

= = =

)()()()( EEEE
CLR eeee ++=

)()()()( sEsEsEsE CLR ++=

1( ) ( ) ( )RI s LsI s I s
cS

= + +

( )

)(1 sI
Cs

LsR ⎟
⎠
⎞

⎜
⎝
⎛ ++=

Z(s)

E(s)

)()()(1)( sZsZsZ
Cs

LsRsZ CLR ++=++=∴
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Examples  of  Complex  Impedance

+

i
ex2)

( ) ( ) ( )L R Ci i i i E s Z s I s= + + =

p p p

ii i

+

L CRe

( ) ( ) ( ) ( )

( ) ( ) ( )

L R CI s I s I s I s

E s E s E s

= + +

+ +

-

( ) ( ) ( )
( ) ( ) ( )

1 1 1 ( )
( ) ( ) ( )

L R CZ s Z s Z s

E s
Z Z Z

= + +

⎛ ⎞
= + +⎜ ⎟
⎝ ⎠( ) ( ) ( )

1 ( )
( )

L R CZ s Z s Z s

E s
Z s

⎝ ⎠

=

1 1( ) 1 1 1 1 1
( ) ( ) ( )

Z s
Cs

Z Z Z L R

∴ = =
+ + + +

Z(s)

( ) ( ) ( )R L CZ s Z s Z s Ls R
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Examples  of  Complex  Impedancep p p

Deriving transfer functions of Electrical circuits by the use of complex impedances.

1 2 2( ) ( ) ( ) ( ) ( ) , ( ) ( ) ( )i oE s Z s I s Z s I s E s Z s I s= + =

E0Ei

Z1(s)

Z2(s)
I(s) I(s)

2( ) ( )E s Z s2

1 2

( ) ( )
( ) ( ) ( )

o

i

E s Z s
E s Z s Z s

=
+

L R

+
2( ) ( )

( ) ( ) ( )
oE s Z s

E s Z s Z s
=

+

ex)

C e0ei

1 2( ) ( ) ( )iE s Z s Z s+

1 2
1( ) , ( )Z s L s R Z s

Cs
= + =

-

2

1
( ) 1

1( ) 1
o

i

E s Cs
E s LCs RCsLs R

Cs

= =
+ ++ +
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Examples  of  Complex  Impedance

Z2(s)

p p p

EE (s)

Z1(s)

I(s)
-

+

I(s)

E (s)

+

E0Ei (s) E0(s)

-

1 2( ) ( ) ( ), ( ) ( ) ( )i oE s Z s I s E s Z s I s= =

2

1

( ) ( )
( ) ( )

o

i

E s Z s
E s Z s

= −
1i
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Examples  of  Complex  Impedancep p p

ex)

C 1 1( )Z s R=

1 R
1R 2R

i

( )e s ( )e s

2
2

2

2

1( ) 1 1
RZ s

R CsCs
R

= =
++

( )ie s ( )oe s

2 2

1 1 2

( ) ( ) 1
( ) ( ) 1

o

i

E s Z s R
E s Z s R R C s

= − = −
+2

1( ) ( ) ( )I s Cs E s E s
R

= ⋅ +
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Transfer Functions of Non-loading Cascade Elementsg

Consider two RC circuitsConsider two RC circuits 

1C 2C
1i 2i1ie 1oe 2ie 2oe

1
1

( ) 1 ( )
( ) 1

oE s G s
E s R C s

= =
+

2
2

2 2 2

( ) 1 ( )
( ) 1

o

i

E s G s
E s R C s

= =
+

1 1 1( ) 1iE s R C s + 2 2 2( ) 1iE s R C s +
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Transfer Functions of Non-loading Cascade Elementsg

1 1 1 1

( ) 1 1E s

[ ] [ ]1 2 1 1 2 1 2 2 2 2
1 1 2 2

1 1 1 1( ) ( ) ( ) ( ), ( ) ( ) ( ) ( ) 0, ( ) ( )i oI s I s R I s E s I s I s R I s I s I s E s
C s C s C s C s

− + = − + + = =

1 1 2 2 1 2 1 1 2 2

1 2

( ) 1 1. :
( ) ( 1)( 1) ( 1)( 1)

( ) ( ) ( )

o

i

E sT F
E s R C s R C s R C s R C s R C s

E s E s E s

= ≠
+ + + + +

L di ff1 2

1 2

( ) ( ) ( )
( ) ( ) ( )

o o o

i i i

E s E s E s
E s E s E s

∴ ≠ ⋅ Loading effect 
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Transfer Functions of Non-loading Cascade Elementsg

( )G s ( )G
1( )X s 2 ( )X s 3( )X s

1( )G s
2 ( )G s

( ) ( )( )X s X sX s3 32
1 2

1 1 2

( ) ( )( )( ) ( ) ( )
( ) ( ) ( )

X s X sX sG s G s G s
X s X s X s

= = ⋅ =

If the "input Impedance" of the second element is infinite, the output of the first

element is not affected by connecting it to the second element.y g

Then, 1 2( ) ( ) ( )G s G s G s=
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Transfer Functions of Non-loading Cascade Elements

I l ti

1R 2R

g

Isolating
Amplifier
( gain K ) 

1C
2Cie oe

This circuit has a very high input impedance 

1 1 2 2 1 1 2 2

( ) 1 1. :
( ) 1 1 ( 1)( 1)

o

i

E s KT F K
E s R C s R C s R C s R C s

⎛ ⎞ ⎛ ⎞
= ⋅ ⋅ =⎜ ⎟ ⎜ ⎟+ + + +⎝ ⎠ ⎝ ⎠

When we derive the T.F. for an isolated circuit, we implicitly assume that the 
output is "unloaded ". In other word, the load impedance is assumed to be 
Infinite.        

No power is being withdrawn at the output.  
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Constitution of DC Servomotor SystemConstitution of DC Servomotor System

Motor drive system :

Controller
Motor
drive

Motor
Mechanical

system
u v T
5V± 250V± y5V± 250V±

3 phase BLDC motor driver :

PWM1

Q1 Q3 Q5

PWM3 PWM5

DC+

p

Q2 Q4 Q6

PWM2 PWM4 PWM6

v

w

u

N
S N

SH3

H1

H2R

Hall sensor output

Current sensing
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Constitution of DC Servomotor System

M t

DC servo motor : ex)   Elevator structure :

Constitution of DC Servomotor System

Motor
Controller

Guide rail
e
+

-

J

pe rm anen t m agne t

Elevator cage

E lec tr ic  E ne rg y  M echan ic a l ene rg y

l dTail code

Counter weight

Shock absorber

Seoul National Univ.
School of Mechanical                           
and Aerospace Engineering

Spring 2008



Armature Control of DC Servomotors

Variables :

Armature Control of DC Servomotors

: armature resistance,
: armature inductance, H

a

a

R
L

Ω

Variables :

fi constant=

: armature current , A
: field current , A
: applied armature voltage, V

a

f

a

i
i
e pp g

: back emf , V
: angular displacement of the motor shaft, rad
: torque developed by the motor, N- m

a

be

T
θ

: equivJ
2

alent moment of inertia of the motor
and load referred to the motor shaft, kg- m

: equivalent viscous- friction coefficient of the motorb : equivalent viscous friction coefficient of the motor
and load referred to the motor shaft, N- m/rad/s

b
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Armature Control of DC Servomotors

fi constant=

:aT Ki K motor torque constant= −The torque of motor :

f

:b b b
de K K back emf constant
dt
θ

=For a constant flux, the induced voltage :

a
a a a b a

diL R i e e
dt

+ + =Armature circuit D.E :

2

2 a
d dJ b T K i
dt dt
θ θ
+ = =Inertia and friction :
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Armature Control of DC Servomotors

Laplace transforms of equations :

( ) ( )

( ) ( ) ( ) ( )

b bK s s E s

L R I E E

Θ =b b
de K
dt
θ

=

adiL R i

2

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

a a a b a

a

L s R I s E s E s

Js bs s T s KI s

+ + =

+ Θ = =

a
a a a b aL R i e e

dt
+ + =

2

2 a
d dJ b T K i
dt dt
θ θ
+ = =

( ) a

K
R Js KT F Θ

= = =
⎛ ⎞

dt dt

.
( ) ( )a a a b a b

a

m

T F
E s s R Js R b K K R b K Ks s

R J
K

+ + ⎛ ⎞+
+⎜ ⎟

⎝ ⎠

( 1)
m

ms T s
=

+ / ( )
/ ( )

m a b

m a a b

K K R b K K motor gain constant
T R J R b K K motor time constant

= + =
= + =
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Example of a DC Servomotor System

ex)  servo-motor system

iR Ω

1Gear

: armature resistance,
: armature current , A
: field current , A

a

a

f

R
i
i

Ω

1

: applied armature voltage, V
: back emf , V
: angular displacement of the motor shaft, rad

a

b

e
e
θ

constant
2Gear

1

2

g p ,
: angular displacement of the load shaft, rad
: torque developed by tT

θ
he motor, N- m

2: equivalent moment of inertia of the motor kg- mJ1
2

2

: equivalent moment of inertia of the motor, kg m
: equivalent moment of inertia of the load, kg- m

J
J

T Ki=The torque of motor : aT Ki

:b b b
de K K back emf constant
dt
θ

=

The torque of motor :

For a constant flux, the induced voltage :
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Example of a DC Servomotor System

2
n⎛ ⎞

a a b aR i e e+ = 1
1 1 2

2
eq

nJ J J
n

⎛ ⎞
= + ⎜ ⎟

⎝ ⎠
Armature circuit D.E : Inertia and friction :

Laplace transforms of these equations :

2( ) ( ), ( ) ( ) ( ) ( ), ( ) ( ) ( ) ( )b b a a a b a aK s s E s L s R I s E s E s Js bs s T s KI sΘ = + + = + Θ = =

K

Laplace transforms of these equations :

( ).
( ) ( )

a

a a a b a b

K
R Js KT F

E s s R Js R b K K R b K Ks s
R J

Θ
= = =

+ + ⎛ ⎞+
+⎜ ⎟

⎝ ⎠

( 1)

a

m

m

R J
K

s T s

⎜ ⎟
⎝ ⎠

=
+
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