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Modulation of 3-phase converters
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3 – phase converters

-

- -
uca                                     +

+

-

+

-

+

idc

sa va

+Udc/2

Udc/2

sb vb sc vc

uab +            ubc

ua ub uc

-vo

• In AC motor drives
• In grid connected converters
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The generic 3-phase load
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Vectors in 3-phase systems

ai

bi

ci

α

β

3
4πj

e

3
2πj

e

1

ββαα iuiuiuiuiutp ccbbaa ⋅+⋅=⋅+⋅+⋅=)(
Effekt-invarians

e
dt
diLiRu

e
dt

di
LiRue

e
dt

di
LiRue

e
dt

di
LiRu

c
a

cc
j

b
a

bb
j

a
a

aa

rrr
+⋅+⋅=







 +⋅+⋅=⋅⋅+








 +⋅+⋅=⋅⋅







 +⋅+⋅=

3
4

3
2

3
2

3
2

3
2

π

π



2

© Mats Alaküla L5 – 3-phase modulation

In
du

st
ria

lE
le

ct
ric

al
 E

ng
in

ee
rin

g 
an

d 
A

ut
om

at
io

n
Symmetric emf
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Example, grid voltage vector
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Rotating reference frame
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Voltage equation in the (d,q)-frame
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Active power ...
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Stationarity:
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3-phase converters – 8 switch states
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3-phase converters  - sinusoidal references

***

***

**

6
1

2
1

6
1

2
1
3
2

αβ

αβ

α

uuu

uuu

uu

c

b

a

−−=

−=

=

( ) ***** )sin()cos( βα
ω ωω ujutjtueuu tj ⋅+=⋅+⋅=⋅=r

)
3

4cos(
3
2

)
3

2cos(
3
2

)cos(
3
2

**

**

**

πω

πω

ω

−⋅=

−⋅=

⋅=

tuu

tuu

tuu

c

b

a

© Mats Alaküla L5 – 3-phase modulation

In
du

st
ria

lE
le

ct
ric

al
 E

ng
in

ee
rin

g 
an

d 
A

ut
om

at
io

n

3-phase converters modulation
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Simplest with sinusoidal references... 

... but the DC link voltage is badly utilized.
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3-phase converters – symmetrization

3 phase potentials, only 2 vector components. One degree of 
freedom to be used for other purposes.
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3-phase symmetrized modulation
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Maximum phase voltage with sinusoidal modulation : Udc/2
Maximum phase-to phase voltage with symmetrized modulation : Udc -> Phase 
voltage Udc/sqrt(3), i.e. 2/sqrt(3)=1.15 times larger than with sinusoidal 
modulation.
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3-phase minimum switching modulation
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One phase is not switching for 2 60 degree intervals ...
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Modulation sequence vs. ripple
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Modulation sequence vs. ripple
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