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Current Control with 2 and 4-quadrant 
converters 
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Modulation ...

... or, how to convert a voltage reference into
a pulse with modulated voltage
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Next step
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Current control ...

... or, how to convert a current reference into
voltage references, or maybe a PWM pattern directly ...
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Problems and means to control current

• Problem:
– Current dynamics are extremely fast

• Means
– Analogue controllers

• Fast, but prone to drift
• Difficult to implement non linear control laws

– Digital controllers
• Not as fast, but exact
• Easy to implement non linear control laws
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Computer speed
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Fast:

Slow:

Continuous:
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Generic Load

R L e

u

i

e
dt
di

LiRu +⋅+⋅=
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Current controller with fast computer - I

)1,(
)()1(

)1,()1,(

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

++−+⋅++⋅=+=

=

⋅+⋅⋅+⋅⋅

=

⋅ ∫∫∫∫
+

⋅

+

⋅

+

⋅

+

⋅

kke
T

kiki
LkkiRkku

T

dtedt
dt
di

LdtiR

T

dtu

s

s

Tk

Tk

Tk

Tk

Tk

Tk

s

Tk

Tk

s

s

s

s

s

s

s

s

( ) )()()(*)(

)()()1,(

)(
2

)()(*
)1,(

)()(*)1(

)()(*)1,(

1

0

eniniki

dkekke

c
kiki

kki

bkiki

akukku

kn

n
∑

−=

=
−=

=+

+=+

=+
=+



3

© Mats Alaküla L3 – Current Control (DC)

In
du

st
ria

lE
le

ct
ric

al
 E

ng
in

ee
rin

g 
an

d 
A

ut
om

at
io

n
Current Controller with a fast computer – II
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Compensation for a slow computer
- the Smith predictor

• Use a ”dummy” system that simulates the current response 
to voltage references. 

• Let the dummy system be purely Resistive-Inductive, i.e. 
NO EMF!

R L

usmith

ismith

dt

di
LiRu smith

smith ⋅+⋅=
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The Smith Predictor : II

• The SP will have the same dynamics as the real 
system, but not the same statics.

• Think like this:
– Assume stationarity -> nominator of the current derivative = 0
– A voltage (u) change gives the same derivative in both cases.

L

iReu

dt

di
R

eu
i

L

iRu

dt

di
R

u
i

smithreal
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smithsmith
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The Smith Predictor : III
• Calculate the current of the next sampling instant as the 

sum of:
– The current measured at the last sampling instant
– The change of the current based on the voltage reference at 

the last sampling instant.
– i.e.:
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The Smith Predictor : IV
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Current Control with a slow computer – II
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Example – 2-quadrant
These are the current controller and the 

modulator. The current control ler can
emulate several types of control lers.The most

didactic is the "fast" but the most realistic is the
"slow" and the "slow with Smith Predictor".

This is a dead band controller. It emulates
the finite time between two sample time

instants, and a dead band.

This block is an ideal  2-level switch,
switching between 0 and Udc
according to the input signal  .

This block is a resistive-
inductive load with a back emf.

These blocks leaves a vector
in Workspace, with time in the

fist column, and the current
in the second. Use th file "Playsound"

to listen to the sound of the
converter, IF you have a sound card

in your computer.

Ref

Act

u*

Sampled Current Control ler

u

i

 e

RLE-ci rcuit
Ref

Act

s

Hysteresis Current Control ler

snd

For your
ears only

Current Control

Current
reference

Udc

Clock

Udc

s

v

2Q 2 level inverter2

Udc

v a*

sa

um

1 phase 2 level
modulator

• Look at:
– Step responce fast computer
– Step response slow computer (with ”fast” parameters”)
– Step response adjusted parameters
– Step response with the Smith Predictor

– Parameter sensitivity

© Mats Alaküla L3 – Current Control (DC)

In
du

st
ria

lE
le

ct
ric

al
 E

ng
in

ee
rin

g 
an

d 
A

ut
om

at
io

n

Current control with a 4-quadrant converter

• Basicly the same situation as with 2-quadrant, BUT 
negative voltage references are allowed since the amplifier 
can provide them to the load.

These are the current controller and the 
modulator. The current controller can

emulate several  types of controllers.The most
didactic is the "fast" but the most real istic is the

"slow" and the "slow wi th Smith Predictor".

This is a dead band controller. It emulates
the fin ite time between two sample time

instants, and a dead band.

This block is an ideal  2-level swi tch,
swi tching between 0 and Udc
according to the input signal  .

This block is a resistive-
inductive load with a back emf.

These blocks leaves a vector
in Workspace, with time in the

fist column, and the current
in the second. Use th fi le "Playsound"

to l isten to the sound of the
converter, IF you have a sound card

in your computer. Type:
>>playsound(snd(:,1),snd(:,2))

Ref

Act

u*

Sampled Current Controller

u

i

 e

RLE-ci rcui t

snd

For your
ears only

Current Control

Current
reference

Udc

Clock

i*

i

sa,b

state

4Q, Hysteresis
Current Control ler

Udc

sa,b

v a

v b

a b

4Q 2 level  inverter

udc

u*

sa,b

v a*

v b*

um

2 phase 2 level
modulator
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Direct Current Control

• Switch state only a function of current 
error

• No intermediate current control or 
modulation
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2-Quadrant Direct Current 
Controller
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Example
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4-Quadrant Direct Current 
Controller

• More tricky:
– 4 states ( [-1,-1] , [1,1] , [1,-1] & [-1,1] ), but
– Only 3 output voltages ( -Udc, 0, Udc)

• One solution:

∆i

in cre a se

re st

d ec rea se

[1 , -1 ]

[1 ,1 ]  o r  [ -1 , -1 ]

[-1 ,1 ]

[ sa ,  sb ]

iii −=∆ *
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Example

These are the current control ler and the 
modulator. The current control ler can

emulate several types of control lers.The most
didactic is the "fast" but the most real istic is the

"slow" and the "slow with Smith Predictor".

This is a dead band control ler. It emulates
the finite time between two sample time

instants, and a dead band.

This block is an ideal 2-level switch,
switching between 0 and Udc
according to the input signal .

This block is a resistive-
inductive load with a back emf.

These blocks leaves a vector
in Workspace, with time in the

fist column, and the current
in the second. Use th fi le "Playsound"

to l isten to the sound of the
converter, IF you have a sound card

in your computer. Type:
>>playsound(snd(:,1),snd(:,2))

Ref

Act
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u
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 e
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snd

For your
ears only
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Udc
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Udc

sa,b

va

vb

a b

4Q 2 level inverter

udc
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v a*

v b*

um

2 phase 2 level
modulator


