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Torque Control of

Induction Machines ...

… as compared to PMSM
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Mechanical design of IM

• Stator same as PMSM
• Rotor:

Cast aluminum Wound copper /Slip ring
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Slip ring rotor

 
The rotor can be:
1 Short circuited
2 Given an external rotor 

resistance
3 Fed by power electronics
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Mathematical model

• Stator

• Rotor
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How does it work?

1 A magnetizing stator 
current is stationary vs. 
the rotor.

2 The current is 
instantly moved 
and increased.

3 The rotor conserves 
the (rotor-)flux and 
thus the stator flux

Imagine the following sequence :
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Torque

Rotor flux orientation

Stator flux orientation
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Vector control of Induction motors

• Flux estimation (rotor- or stator- the most 
difficult part)
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Rotor flux estimation 1

rψ
si

rθ

s lθ

α

β

x

y

sθ

dq

dψrd
dt

 = Lm
τr

⋅ isd - 1
τr

⋅ ψrd

 
dθsl
dt

 = 
Lm⋅ isq

τr⋅ ψrd
 
disd
dt

 = usd - Rs⋅ isd - Lm
Lr

⋅
dψrd
dt

 + ωs⋅σ⋅ Ls⋅ isq ⋅ 1
σ⋅ Ls

 
disq
dt

 = usq - Rs⋅ isq -  ωs⋅ σ⋅ Ls⋅ isd + Lm
Lr

⋅ ψrd ⋅ 1
σ⋅ Ls

• 2 vector equations -> 4 equations.
• Rewriting a lot gives:
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Rotor flux estimation 2
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Full Flux Observer 1

4444444444 34444444444 21

r

r

r

r

r

rr

r
rr

rrr

ψΩψ
⋅++⋅=









⋅








⋅−

+







+












⋅








=









⇓

⋅⋅−+⋅=

+⋅=

dt
diRu

r

s

rr

s

r

s

r

ss

rr
r

rr

s
sss

jdt
d

i
i

R
Ru

j
dt

d
iR

dt
d

iRu

ψ
ψ

ωψ
ψ

ψω
ψ

ψ

0
00

0
0

0

0

© Namn Namn Föredragstitel

In
du

st
ria

lE
le

ct
ric

al
 E

ng
in

ee
rin

g 
an

d 
A

ut
om

at
io

n

Full Flux Observer 2
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Voltage measurement

• Estimation by software
– Error prone at low speeds

• Analogue filtering and sampling
– slow

• Direct integration
– Needs galvanic isolation
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Split equation solving
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Direct integration implemented
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Stator Flux Oriented Vector Control of 
Torque and Flux

• 3 advantages:
– In a synchronously rotating reference frame, 

there are no stationary errors since all 
reference values are constant in stationarity

– The stator flux vector can in most cases be 
observed with high accuracy and low 
parameter sensitivity

– Direct flux control can be applied
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Equations, again ...

dψsd
dt

=
Ls
τr

⋅isd −
1
τr

⋅ψsd + σ ⋅Ls ⋅
disd
dt

−ωsl ⋅σ ⋅Ls ⋅isq
 
 

 
 

= usd −Rs ⋅ isd

dθsl
dt

=
Ls ⋅isq +σ ⋅Ls ⋅ τr ⋅

disq
dt

τr ⋅ψsd −σ ⋅Ls ⋅ τr ⋅isd
=

usq −Rs ⋅ isq
ψsd

−ωr

• 2 vector equation, i.e. 4 scalar equations, 
rewritten gives :
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Direct Flux Vector Control
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Control  of the Torque producing 
current component : 1

usq = Rs⋅ isq + ωr⋅ ψsd + 
Ls⋅ isq + σ⋅ Ls⋅ τr⋅

disq
dt

τr⋅ ψsd - σ⋅ Ls⋅ τr⋅ isd
⋅ ψsd

sdr
sq

rssqrs

sdr
sq

ssqrssq

dt

di
LLiRR

dt

di
LiRRu

ψω

ψωσ

λλ ⋅+⋅++⋅+≈
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• The remaining two rewritten scalar equations:
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Control  of the Torque producing 
current component : 2
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Use generic 1-phase load ...
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Vector Control System
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ysdref

Rough rotor speed replacement

�  ws

1

us*

Demux

Ü>P isd &P isq_old

Ü> isq_ref

Demux

Ü> isd & isq

�  delta

rect
mod

angle

rec_to_pol

old psis

old angle

v ect

angle

Out

alfa/beta Ü> d/q1

v ect

angle
Out

alfa/beta Ü> d/q

1

10e-3s+1
Transfer Fcn

ref
act

e

y

PIE

Torque control

ref
act

e

y

PIE

Stator flux control

Scope1

Scope
Saturation

Mux

Mux1

Ground

1/Ts

2/p

-1

v ect

angle

Out

 d/q > alfa/beta

4

Tref

3

is

2

PsiR

1

Psiref



6

© Namn Namn Föredragstitel

In
du

st
ria

lE
le

ct
ric

al
 E

ng
in

ee
rin

g 
an

d 
A

ut
om

at
io

n

DTC

• Compare to DCC.
• Replace        with
• Replace        with T

sdi sdψ

sqi
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DTC system
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Simplified Stator Flux Model 1

si

rθ

slθ

α

β

x

y

sθ

dq

sψ

us = R⋅ is + 
dψs
dt

 = R⋅ is-is0  + R⋅ is0  + 
dψs
dt

 

dψs
dt

 = - R⋅ is0  + us - R⋅ is-is0  = 
no load running

is = is0 = 
ψs0
Ls

 = - R⋅
ψs0
Ls

 + us = - 
ψs0
τs

 + us
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Simplified Stator flux model 2
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+
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Simplified Stator Flux Model 3

dψsd
dt

=
Ls
τr

⋅ isd −
1
τr

⋅ψsd + σ ⋅ Ls ⋅
disd
dt

− ωsl ⋅ σ ⋅Ls ⋅ isq
 
 

 
 

= usd − R s ⋅ isd

dθsl
dt

=
Ls ⋅ isq + σ ⋅ Ls ⋅ τr ⋅

disq
dt

τ r ⋅ ψsd − σ ⋅ Ls ⋅ τr ⋅ isd
=

usq − R s ⋅ isq
ψsd

− ωr
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Simplified estimation error
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Relation iq/id in stator flux frame
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Full Flux Observer 3

ˆ ψ (k +1) = Fobs ⋅ ˆ ψ (k ) + Gobs ⋅ u (k, k + 1) + K obs ⋅ i s(k,k +1)

Fobs = eAobs ⋅Ts = e−(R⋅L−1 +Ω+R⋅k⋅C)⋅Ts ≈

≈ e−Ω⋅Ts /2 ⋅ e−(R⋅L−1+ R⋅k⋅C)⋅Ts ⋅ e−Ω⋅Ts / 2 =

=
0 0
0 e j⋅ω r ⋅Ts / 2

 
  

 
  ⋅ Fobs,ω r =0 ⋅

0 0
0 ej⋅ω r⋅Ts / 2

 
  

 
  

Fobs = I − Aobs ⋅
Ts
2

 
 

 
 

−1
⋅ I + A obs ⋅

Ts
2

 
 

 
 

≈ I + Aobs ⋅
Ts
2

 
 

 
 

2


