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Control of three-phase voltage pulse-width-modulation inverters
by back-stepping design approach

DONG Feng-bin, ZHONG Yan-ru
(College of Automation and Information Engineering, Xi’an University of Technology, Shaanxi Xi’an 710048, China)

Abstract:The three-phase voltage pulse-width-modulation (PWM) inverter is a time-varying, multi-modal nonlinear
system, for which we build the mathematical model with a switching function. By introducing the average switching-
period operator, we transform the discrete-time system to a continuous-time system with a second order nonlinear model
and a strict parameter feedback. By using back-stepping design approach, we select step by step the virtual control variable
and Lyapunov function; so that each state variable has the appropriate asymptotic features and the whole system under a
large disturbance has a global asymptotic stability. After the general expression of the feedback control law is determined,
the specific feedback control law of the three-phase voltage source PWM inverter system is obtained by putting parameters
into this expression. The effectiveness of the control method is validated by simulation experiments.

Key words: three-phase voltage PWM inverter; nonlinear system; back-stepping design approach; Lyapunov function

1 (Introduction)
( )

Kokotovic 1991 ,
,

[1–4].
, ,

, ,
.

,
.

,
,

[5–9].

,
, PWM

Buck [10–12].
PWM .

PWM
. ,

.
,

,
Lyapunov ,

,
.

.

2 PWM
(Modeling and analysis of three-phase volt-
age PWM inverter)

1 PWM , sij

, : i ∈ {a, b, c}, j ∈ {p, n}; R, Lf , Cf

: 2011−06−28; : 2012−03−07.
: (09JK374, 2010JK468).



7 : 929

.
. ,

. ,
,

. si(i∈
{a, b, c}), si = 1 si = 0, p

n .

1 PWM
Fig. 1 Circuit diagram of three-phase voltage source

PWM inverter

:

iab = ia − ib, ibc = ib − ic, ica = ic − ia;

:

sab = sa − sb, sbc = sb − sc, sca = sc − sa.
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ẏ = F1(y) + G1(y)x,

ẋ = F2(y,x) + G2(y,x)u,
(4)
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y = [y1 y2 y3] = [uAB uBC uCA],

x = [x1 x2 x3] = [iab ibc ica],

u = [u1 u2 u3] = [dab dbc dca].
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tem)

,
,

,
Lyapunov ,

. (4) , 2,
.

1 xref .

,
E1

E1 =

⎡
⎢⎣ey1

ey2

ey3

⎤
⎥⎦ =

⎡
⎢⎣y1ref

y2ref

y3ref

⎤
⎥⎦ −

⎡
⎢⎣y1

y2

y3

⎤
⎥⎦ = yref − y, (5)

yref . (5)
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Ė1 =−β(ẏref ,y)−G1(y)xref +G1(y)E2. (9)

, xref

xref = G−1
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2 PWM

Fig. 2 Control graph of three-phase voltage PWM inverter

5 (Research on simulation)
5.1 (Simulation parameters of sys-

tem)
,

PSIM . :
udc = 300V,

200V, 250 Hz, Ts =0.1ms,
R = 20 Ω, Lf = 5 mH,

Cf =5uF. : k11 =k12 =k13 =2000, k21 =
k22 = k23 = 4000, R ,

.

5.2 (Simulation waveforms of sys-
tem)
3 ,

, 1 ms ,
. , ,

THD 0.35%, ; ,
.
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Fig. 3 Start-up behavior of output voltage and inductor current

4 , R =
20Ω R=10 Ω, R=10 Ω R=
20Ω.
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Fig. 4 Dynamic response of load variation
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5

Fig. 5 Dynamic response of DC voltage variation

6 (Conclusion)
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