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Passivity-based control for current of input side in matrix convertor
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Abstract: Because there is no DC loop in the matrix converter, a matrix convert is sensitive to the disturbance in the grid

voltage and the disturbance of the load. To deal with this problem, we develop a passivity-based controller in the input side,

and introduce an appropriate damping to the control loop to improve the characteristics of the matrix converter. Besides, the

structure of the control system is simplified by reducing the model-order, facilitating the implementation of the controller.

Simulation results show that the input current maintains the sinusoidal waveform under the disturbances in input voltage

and from the load, thus causing no pollution to the grids.
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2 (Equ-

ivalent circuit and model of input side for ma-

trix convertor)
1 ,

, 2

, .

1

Fig. 1 The equivalent topology of matrix convertor

2

Fig. 2 The equivalent topology of input side for

matrix convertor

,

, ,

.

1.

1 abc dq0
Table 1 Symbol of current and voltage in abc and

dq0 coordinate system

abc dq0

ua, ub, uc uid, uiq

ia, ib, ic iid, iiq

u′
a, u′

b, u′
c u′

id, u′
iq

i′a, i′b, i′c i′id, i′iq
i′′a , i′′b, i′′c i′′id, i′′iq

r1, L1, C.

(1) (2):⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

ua = r1ia + L
dia
dt

+ u′
a,

ub = r1ib + L
dib
dt

+ u′
b,

uc = r1ic + L
dic
dt

+ u′
c,

(1)

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

i′′a = ia − i′a = C
du′

a

dt
,

i′′b = ib − i′b = C
du′

b

dt
,

i′′c = ic − i′c = C
du′

c

dt
.

(2)
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(1) (2) PARK :⎡
⎢⎣

diid
dt
diiq
dt

⎤
⎥⎦=−

⎡
⎣

r1

L1

0

0
r1

L 1

⎤
⎦
[

iid
iiq

]
+

[
0 ωi

−ωi 0

][
iid
iiq

]
+

1
L1

[
uid

uiq

]
− 1

L1

[
u′

id

u′
iq

]
, (3)

⎡
⎢⎣

du′
id

dt
du′

iq

dt

⎤
⎥⎦=

[
0 ωi

−ωi 0

][
u′

id

u′
iq

]
+

1
C

[
iid
iiq

]
−1

C

[
i′id
i′iq

]
.

(4)

(3) (4),

, 3 .

3

Fig. 3 Link diagram of subsystem

Σ1 (3) , Σ1 :[
u′

id

u′
iq

]
�→

[
iid
iiq

]
. Σ2 (4)

, Σ2 :

[
i′id
i′iq

]
�→

[
u′

id

u′
iq

]
.

Σ1, x1 = [L1iid L1iiq ]T

Σ2, x2 = [Cu′
id Cu′

iq ]T,

:

ẋ1 + R1x1 + B1x1 = u1 + ξ1, (5)

ẋ2 + B2x2 = u2 + ξ2 (6)

:

R1 =

[
r1/L1 0

0 r1/L1

]
, B1 =

[
0 −ωi

ωi 0

]
,

u1 =

[
−u′

id

−u′
iq

]
, ξ1 =

[
uid

uiq

]
, B2 =

[
0 −ωi

ωi 0

]
,

u2 =

[
−i′id
−i′iq

]
, ξ2 =

[
iid
iiq

]
.

Σ1 ,

, , . Σ2

, Σ1 Σ2

.

Σ1, u′
1 =

[
−u′

id + r2iid
−u′

iq + r2iiq

]
, :

ẋ1 + R′
1x1 + B1x1 = u′

1 + ξ1, (7)

R′
1 =

[
(r1 + r2)/L1

0
0 (r1 + r2)/L1

]
.

Σ2, u′
2 =

[
−i′id + r3u

′
id

−i′iq + r3u
′
iq

]
, :

ẋ2 + R′
2x2 + B2x2 = u′

2 + ξ2, (8)

R′
2 =

[
r3/C 0
0 r3/C

]
.

3 (Passivity

control strategy for input rectifier side)
,

Σ1( (7)) Σ2

( (8)), Σ1 Σ2 ,

, Σ1 Σ2

[20].

3.1 Σ1 (Passivity control for

subsystemΣ1)
Σ1,

e1 = x1 − x∗
1, (9)

: x∗
1 = [L1i

∗
id L1i

∗
iq ] .

u′
1 iid,

iiq i′id, i′iq,

lim
t→∞

x1 = x∗
1.

(7) (9),

ė1 + (B1 + R′
1)e1 = ψ1, (10)

ψ1 = u′
1 − {ẋ∗

1 + (B1 + R′
1)x

∗
1} + ξ1.

(10), :

H1 =
1
2
eT
1 e1. (11)

(10) ,

Ḣ1 = eT
1 ė1 = −eT

1 (B1 + R′
1)e1 + eT

1 ψ. (12)

B1 , BT
1 = −B1, eTB1e

Σ1 , ,

eT
1 B1e1 = 0, , (12)

Ḣ1 = −eT
1 R′

1e1 + eT
1 ψ1. (13)

R′
1 , u′

1,

ψ1 = 0, Σ1
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,

, r2 ,

.

ψ1 Σ1{
u′

id =uid−L1i̇
∗
id+r2iid−(r1+r2)i∗id+ωiL1i

∗
iq,

u′
iq =uiq−L1i̇

∗
iq+r2iiq−ωiL1i

∗
id−(r1+r2)i∗iq.

(14)

3.2 Σ2 (Passivity control for

subsystemΣ2)
Σ2,

e2 = x2 − x∗
2, (15)

x∗
2 = [Cu′∗

id Cu′∗
iq ] .

Σ2 :

ė2 + (B2 + R′
2)e2 = ψ2, (16)

ψ2 = u′
2 − {ẋ∗

2 + (B2 + R′
2)x

∗
2} + ξ2.

Σ1

Σ2{
i′id = iid − Cu̇′∗

id + r3u
′
id − r3u

′∗
id + ωiCu′∗

iq,

i′iq = iiq − Cu̇′∗
iq + r3u

′
iq − ωiCu′∗

id − r3u
′∗
iq.

(17)

,

PWM i′id i′iq. i′id i′iq
,

,

, 1, ,

.

,

, .

,

.

3.3 (Calculation of referenced

commands)
,

3
2
I∗
imUim cos ϕi +

3
2
I∗2
imr1 = Pout, (18)

: Uim , ϕi ,

Pout .

1. d ,

, d . :{
ud = Uim,

uq = 0,

{
i∗id = I∗

im,

i∗iq = 0.
(19)

(18) (19), cos ϕi = 1:

i∗id = I∗
im = −Uim

2r1

+

√
U2

im

4r2
1

+
2Pout

3r1

. (20)

(20), (3) (4)

, {
u′∗

id = uid − r1i
∗
id + ωiL1i

∗
iq,

u′∗
iq = uiq − r1i

∗
iq − ωiL1i

∗
id.

(21)

4 (Simulation for verification)
,

MATLAB/simulink .

:

: 311 V

: 50 Hz

: 25 Hz

: Pout = 2 kW

: ϕ = 0◦

: mv =1

: L1 = 15 mH

: r1 = 0.4 Ω
: C = 5 μF

: 0.0001 s

: r2 = 4.7 Ω, r3 = 5.2 Ω.

.

4.1 (Situation under asymmetri-

cal input)
31.1 V

, :

R = 10 Ω, L = 10 mH, 4∼6 .

4

Fig. 4 Current waveforms under asymmetrical input voltage
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5 a

Fig. 5 Phase a current spectrum under asymmetrical

input voltage

6

Fig. 6 Input power waveforms under asymmetrical

input voltage

4 . ,

, , ,

. 5 a

, a 4.01%,

. 6 , 2000 W,

0, 1,

. , ,

, ,

.

4.2 (Situation under asymmetri-

cal output)
: Ra = Rb = 15 Ω,

Rc = 10 Ω, La = Lb = 12 mH, Lc = 10 mH.

7∼9 . ,

, , 1.

a 3.38%, .

, .

, ,

. ,

, ,

, .

7

Fig. 7 Current waveforms under asymmetrical output load

8 a

Fig. 8 Phase a current spectrum under asymmetrical

output load
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9

Fig. 9 Input power waveforms under asymmetrical

output load

5 (Conclusion)

.

, ,

,

, ,

. ,

.

, , .
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