Journal of International Conference on Electrical Machines and Systems, Vol.1, No.2, pp.53~57, 2012 53

A Study on Nonlinear Control Strategy for Three-phase Voltage
Source PWM DC/AC Inverter based on the PCH Model

Xiaobin Mu*, Jiuhe Wang*, and Xueyu Bao*

Abstract —The mathematical model of a three-phase voltage source pulse-width modulation
(PWM) DC/AC inverter is non-linear, and in view of the traditional linear control strategy it
can not meet the requirements of designing a high-performance inverter. What’s more, when
the loads are not pure resistive loads, the inverter further requires that the controller possess
high-performance. This paper proposes a nonlinear control strategy for the inverter called
Passivity-based Control. We can alter the inverter model in three-phase abc coordinate to
two-phase synchronous rotating dgq coordinate for establishing the port-control Hamiltonian
(PCH) model for this system. We can control the distribution of energy in the system to
achieve the control aim. Simulation results show that the passivity-based control method can
make this system possess a level of high-performance that is both robust and dynamic.
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1. Introduction

With the mature development of power electronics te
chnology, DC/AC inverters increasingly play an import
ant role in the electrical field, in areas such as UPS,
Wind and Photovoltaic Power Generation, Static Var C
ompensators, Active Power Filters, etc. Application to

these projects requires good dynamic performance and

strong robustness of the inverter etc. In view of the
mathematical model in which the inverter is non-linea
r, a nonlinear control strategy from the nonlinear struct
ure of the system could make the system achieve bette
r performance. Passivity control theory is an important
means for studying a nonlinear system. The overridin
g idea is to make the controller redistribute reasonable

energy of the system's output, and we can use this a
pproach to improve system performance [1]. The passi
vity control algorithm is calculated from the PCH mat
hematical model based on passivity [2].

The paper is organized as follows. In Section II the
DC/AC inverter model is set up. Section III attends to
passivity based controller design. The simulation results are
shown in Section IV. Finally, Section V states our

conclusions.
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2. The DC/AC Inverter Model

2.1 The Topology of Three-phase Voltage PWM DC/AC
Inverter Systems
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Fig. 1. The topology of the three-phase voltage PWM
DC/AC inverter system

The topology of Three-phase Voltage PWM DC/AC
inverter systems is showed in the Figure 1. Assuming the
resistance of the output reactor and the internal resistance of
the system are seen asR,, R,andR,, L, L,andL,are the
reactors. The impedances Z is the three-phase load. i, , i,
and i are the phase current of the inverter output.i,,,
i, and i, are the current that go into the capacitor. i,
i,and i are the current that go into the loads, u, is the
DC voltage, i, is the DC current provided by the DC
voltage source. T1-T6 are for the IGBT switches. S,, S,
and S are the drive signals for the up-bridge switches, EH ,

5,

and §L are the drive signals for the down-bridge
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switches, u,, u, and u, are the phase voltages of the

a?’

inverter output, u,, u, and u, are the phase voltages

ea ?

of the filter output.

2.2 The Mathematical Model of the DC/AC Inverter

Assuming L, =L, =L,=L , R=R =R =R ,
C,=C,=C;=C . From Fig.l, we can obtain the

mathematical model of the DC/AC inverter in three-phase
abc coordinate that is

p
LS =ity (5, =5 X S, =Ri, -,

J ea
Jj=a,b,c

di ) 1 .
L?::_th +udc(Sh _g z Sj)_ueh :_th_ueh+uh

e (D
di 1
LEe = Ri, +u, (S, —= Y S))=u, =—Ri, —u, +u,
dt 3,57
d d d
e i O = ), O
dt dt dt

WhereS,, S,andS_ are the switching functions of this
inverter, WhenS;(j =a,b,c)=1, the up-bridge is closed,
the down-bridge is opened, S ;=1 for the down-bridge is

closed and the up-bridge is opend.

As existing time-varying signal of the voltage and the
current in the three-phase coordinates to the mathematical
model of the system, so we can transform it to a two-phase
synchronous rotating coordinate for convenient calculation
as follows

di
d _ . . _ . .
L—=-Ri, +La)zq +u, —u,, =—Ri, +La)zq +8,u, —u

dt “

di
L7: =—Ri, - Lwi, +u, —u,, =—Ri, — Loi, +S,u, —u, o

du . .
C —d“' =i, +Cou,, +i,
t
ducq . .
C_d ==, —Cau,, +i,
t

Where, S, , S, are the switching functions in the

d — q axis.
2.3 The PCH Model of DC/AC Inverter

Letx, = Li,,x, = Li ,x; = Cu,,,x, = Cu,,. (2) can be exp

ressed as

dx; . . X, X
—L =—Ri,+Lwi, +u,-u, =—-R-L+wx,+Su, ——=
q a ed a dc

dt L

dx. . . X X,
—2=—Ri, ~Lwi, +u,~u, =-R->—ox +Su, ——*
dt L

dx . . . X

—> =i, +Cou,, +i, =i, +Ox,++

dt L

dx . . . X

—t =i, —Cou, +i, =i, —ox,+—=

dt L

3)

2 2 2
Let H(x)=-L 42245
2L 2L 2C

of the DC/AC inverter [3]. Equation (3) can be expressed as

2
+2% denote the total energy
2C

oH
x=(J-%) (x)+g(x)u (4)
ox
0 Lo 1 0 u,
Lo 0 0 1 u,
Where J = ,u=
-1 0 0 —Cw 0
0 -1 Co O 0
R 0 0 0 S, 0 00
e 0 R 0 0 () 0§ 00
= , X)) =
00 iju, o [¥ 0 0 00
0 0 0 izq/ueq 0 0 00

(4) is the PCH model of the DC/AC inverter. With a
skew symmetric matrix J expresses the interconnection
structure of the system, ie.J=-J", and a symmetric
positive semi-definite matrix $# expresses the dissipation of
the system.

2.4 Design Procedure of the Controller

We derive a PDE parameterized by the chosen matrices
whose solutions characterize all the energy functions that
can be assigned. Finally, from this family of solutions we
choose one that satisfies the minimum requirement and
compute the control. More precisely, the final objective is
to find a static state-feedback control #= f(x) such that

the closed-loop dynamics is a PCH system with dissipation
of the form [4]

0H ,(x)

x=(J,(x)- %, (x))T

©)

Where the new energy function A, (x)has a strict local

minimum at the desired equilibrium x*,J,(x)=-J, (x)
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and $#,(x)=%R,(x)>0are some desired interconnection

and damping matrices, respectively.
Given J, #, H, g and the desired equilibrium to be

stabilized x*€R", we can assume that we can find the
functions B(x),J,(x), %, (x) and a vector function K(x)

satisfying
[J(x, B(x)+J,(x)— (R (x)+ R (x)) | K(x)

©)
[ () -9, (x)]Z—Z(ng(x,ﬂ(x))

and such that [5]
(1)  (Structure preservation)

J (%) = J(x, B(x) +J,(x) =—[J (x, B(x) +J,(x)]
R,(x) = R(x)+R,(x) =[R(x)+ R, (0] =0

(i)  (Integrability) K(x)is the gradient of a scalar
function. That is

OK(x) [GK(x) JT
ax ox

(iii)  (Equilibrium assignment) K(x), at x*, verifies

_HE)

K(x')= ™

(iv) (Lyapunov stability) The Jacobian of K(x), at x*,

satisfies the bound

OK(x') | FH()
ox ox?

Under these conditions, the closed-loop system
u=PB(x), will be a PCH system with dissipation of the

form(5), where H, (x) = H(x) + H,(x),0H ,(x)/ox = K(x)
Furthermore, x* will be a locally stable equilibrium of th
e closed-loop.

3. Controller Design

According to (4) S, and S, are achieved to realize
x" =argmin H,(x) under conditions (i), (ii), (iii) and (iv).

The matching objective is achieved if and only if

0H,(x)
ax

(1,0-90,00) T 41, (0-92,0) T —gu=0 (7
where J,(x)=J(x)+J (x) , R,(x)=RH(x)+R (x) ,

H,=H(x)+H,(x).Defining

K(x)=[k(x) L) k) k®]

)
=(6H,/ox, OH,/éx, oH,[ox, OH,[ox,)

and fixing the interconnection and damping
matrices J,(x)=J(x) and R, (x)=HR(x) , that is
J,(x)=0 and# (x)=0.Equation (7) simplifies to

(J(x)-F(x))oH,(x)/ox—gu=0 )

From (9), we obtain the equation expressing S, and S, as

follows

{Sd = (k,Lo—k,~kR)/uy, (10)

Sq = (_lew - k4 - kZR)/udc

In order to simply the design of the controller, we can
take k =k (x,),k, =k,(x,),k, =k, (x,),k, =k, (x;) , and
fromii, we get k, =4, ,k, =4, under the integrability
condition (ii),and 4, and 4, are constants [6].

In order to obtain the extremum of H , (x) at

*

x = (xl* X, X, X, )T , the equilibrium condition is
OH,(x) _, X [L+k =0 x,/L+k,=0 an
ox X /C+4,=0 x;/C+4,=0

Withx; = LI, ,,x, =0,x; =CU,,,x, =0, from (9) and
(11), k, .k, ,k,andk, are expressed as

{kii :A3 :_x;/C:_Uref U i
ref “zd

b=d=mijeso =m0
ky +k,Cor— iy fu,, =0 k=-U,Co
k,~k,Co—k,i, [u, =0 ‘

(12) satisfies condition (iii) based on power

conservationU,, =/, R, atx* From (12) and (8) H,(x) is

ref

Ha (x) = _(Urefizd /ued )xl - Uref waZ - Urefx3 (13)
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In order to guarantee that //,(x) has a minimum at x¥, th

2

. 0
e Hessian of 4, (x) has to obey 3

H
: |x:xx >0. From (13) a

2
X
nd (7) we can obtain that
1/L 0 0 0
2
FH, _| 0 UL 0 0 (14)
ox? 1= 0 0 1/C 0
0 0 0 1/C

It is always a positive definite matrix, so the minimum
condition is satisfied. Substituting (12) into (10), we can
obtain the control laws

) S;) ((-U,Co’L+U,, +U, i ,R/u,)|u,
X)= =
S, ) \WU,yiyLoju, +U,CoR)/u, (15)
So we can obtain the inverter structure diagram based on

a microcomputer with passivity control as Figure 2.
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Fig. 2. Inverter structure diagram based on microcomputer
4. Simulation of System

We simulate the system by using SIMULINK tools in
MATALAB and assume the DC voltage as 600V, the
resistance of the output reactor and the internal resistance of
the system R as 0.2Q, output reactor L as 10mH , and the
capacitor as 2200 uF .

We set the desired voltage in the d-axis and g-axis of
three-phase output phase voltage with 311V and 0V, and
when the load alters from 20Q2 to 10Q at 0.02 seconds, from
10Q to 20Q at 0.04 seconds, the waveforms are shown in
Figure 3. The voltage waveforms of three-phase output
phase voltage, which under the conditions of Figure 3, are
shown in Figure 4. From Figure 3 and Figure 4, we can see
that the system transition time is very short and the tracking
effect ideal. When the load alters from 20Q to 10€Q/2H at
0.02 seconds, from 10Q/2H to 20Q at 0.04 seconds, the
voltage waveforms in the d-axis and g-axis are shown in
Figure 5, the voltage waveforms of three-phase output
phase voltage are shown in Figure 6. When the DC voltage
is disturbed by random noise and the load alters from 20Q
to 10Q/2H at 0.02 seconds and from 10€/2H to 20Q at 0.04
seconds, the voltage waveforms in the d-axis and g-axis are

shown in Figure 7. The voltage waveforms of three-phase
output phase voltage, which under the conditions of Figure
7, are shown in Figure 8. From Figure 7 and Figure 8, we
can see that the system possesses a level of high-
performance that is both robustness and dynamic.
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Fig. 3. The voltage waveforms in the d-axis and g-axis of

three-phase output phase voltage When the load
alters from 20Q to 10Q at 0.02 seconds, and from
10€Q2 to 20Q at 0.04 seconds.

Fig. 4. The voltage waveforms of three-phase output
phase voltage when the load alters from 20 to 10Q
at 0.02 seconds, and from 10Q to 20Q at 0.04
seconds.
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Fig. 5. The voltage waveforms in the d-axis and g-axis of
three-phase output phase voltage when the load
alters from 20Q to 10Q/2H at 0.02 seconds, and
from 10€Q/2H to 202 at 0.04 seconds.
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Fig. 6. The voltage waveforms of three-phase output
phase voltage When the load alters from 20Q to
10Q/2H at 0.02 seconds, and from 10€)/2H to 20Q at

0.04 seconds.
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Fig. 7. The voltage waveforms with the DC voltage is
disturbed by random noise and the load alters from
20Q to 10€)/2H at 0.02 seconds and from 10€/2H to
209 at 0.04 seconds.

Fig. 8. The voltage waveforms with the DC voltage is
disturbed by random noise and the load alters from
20Q to 10€)/2H at 0.02 seconds and from 10€/2H to
20Q at 0.04 seconds.

5. Conclusions

Designing a passivity controller is simple, it has few
adjustable parameters, and it’s control effect is better. From
the simulation effect, the passivity controller can make the
system possess the high-performance that is both robustness
and dynamic. This study on passive control theory applied
in the DC/AC inverter system has important guiding
significance for the specific design.
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