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An IM Driving Power Electronic
System Simulation using DNT and Simulink
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I. Introduction

Computer-based simulation is an essential element
in the design process of industrial ac motor driving
power electronic system. Designers of the special
power electronic system use simulation techniques to
predict and analyze the system requirements using
various system parameters. Because real scale field
test of high power and large scale power electronic
systems such as electric train power converting
system or electric power distribution system is usually
very time and cost consuming, computer-based pre-
examinations or simulations are very effective in
view of time and cost saving.

The industrial ac motor driving power electronic
system, however, is a complex electromechanical
system which includes (bi-directional) converter,
VVVF inverter, ac motor vector controller, and many
electromechanical interface components. From this
complexity computer-based simulation of the entire
ac motor driving system is usually so difficult that
some approximations and pre-developed mathemati-
cally equivalent models are often used in simulation.
And this approximations and mathematical models
can degrade simulation reliability.

This paper addresses a simulation technique using
a topologically similar model for an induction motor
(IND driving power electronic system. The topolo-
gically similar model is derived by the Dynamic Node
Technique (DNDI1] and Simulink[2], and the model
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variable structure control scheme(VSCS), dynamic node

is graphically constructed and simulated on the
Simulink window. By the DNT and Simulink-based
modeling technique, elementary devices (such as
resistor, inductor, capacitor, diode and gate controlled
switching devices) can be independently modeled and
blocked into power electronic equipment models (such
as rectifier, 4 quadrant converter, VVVF inverter and
etc.). And this makes it very easy to arbitrarily
construct and change the system configuration
without any kinds of simulation program codings.

A power electronic system which is modeled with
DNT in this paper consists of a unity power factor
PWM converter[3][4], a VVVF inverter and an IM
indirect vector controller.[5] The PWM converter is
controlled by the Variable Structure Control Scheme
(VSCS)[6]-[8] and IM speed and current are
controlled by the conventional digital PID controllers.

From the simulation results, the proposed system
performance and high effectiveness of the simulation
technique were verified.

H. Dynamic node technique (DNT)[1]

In the DNT, it is assumed that an imaginary
parasitic capacitor is located at a dynamic node
which is produced by links of electric devices. This
capacitor charges input and output currents of the
node. In transient state the difference between the
input and output currents flows into the capacitor,
but in steady state these currents are balanced, then
capacitor current becomes zero, and the node voltage
becomes constant. (1) calculates this charging voltage
at a dynamic node and Fig. 1 shows its Simulink
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Fig. 1. Dynamic node (a), its Simulink block (b)
and Simulink model (c).

model.

Generally the imaginary parasitic capacitor is set
to be very small. However, to get simulation result
which is more close to real situation the imaginary
parasitic capacitor needs to be selected with consi—
deration of the actual electric parasitic charging
situation.

Fig. 2 shows an example of DNT model of a R-C
series circuit with a voltage source. Each passive
device (R and C) is equalized to a block which
produces current (il) into the node block or sinks
current (i2) from the node block according to the
voltage difference (V1-V2) between the node and
each device, while a node acts as an interface block
which charges these currents difference through the
parasitic capacitor. Like this way it becomes possible
to model simulation circuit topologically similar to the
real circuit

The switching device modeling process is as
follows: A switching device is equalized to two
parallel resistors (K,n and R which respectively
have the same values as on and off resistances of
the device. And one of these two resistors is selected
according to proper driving conditions.
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Fig. 2. Simulink model of a R-C series circuit.

Fig. 3 (a) shows an on-off resistors—equivalent
model for a power switching device which has an
additional anti-parallel diode. In consideration of the
combined switching logics of a switching device and
an anti-parallel diode, a power switching device can
be equivalent to Kon when gate signal is triggered or
V2 is larger than V1, and Ry when otherwise.
According to this combined switching logics Simulink
model of Fig. 3 (b) can be produced.
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(b) Simulink model of a power switching device
Fig. 3. On-off resistors-equivalent model and

Simulink model of a power switching
device.
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II1. Example of ac motor driving power electronic
system—-ac electric train power converting system
A general form of a power converting system of
an ac electric train is shown in Fig. 4. In this system
input ac power is collected from a pantograph and
filtered through a line ac filter. This filtered input
power is transformed through a main transformer,
then supplied to a 4 quadrant PWM converter. The
PWM converter and a output dc filter make filtered
dc link voltage with unity input power factor. After—
ward, a VVVF inverter inverts the dc link voltage
into ac 3phase sinusoidal voltages, then this voltages
drive IM. According to specifically demanded power
ratings this system consists of various number of
pantographs, converters, inverters and IMs.
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Fig. 4. AC electric train power converting system.

Because major points of this paper are to show
not only system performance but also the effective-
ness of a DNT-based system modeling and simula-
tion, we constructed a small scale model with a
22kw IM. And input ac filter and output dc filter
were omitted for the purpose of simplification. And
winding ratio of the main transformer was set to be
one. System parameters are listed in the Table 2.

The overall control system is modeled and blocked
in the Simulink Window as shown in Fig. 5 which
consists of 3 main blocks, ie PANTO block
(Pantograph), PWM CON block (unity power factor 4
quadrant PWM converter control system) and
VSI&IM block (Voltage Source Inverter and Induction
Motor control system).

r

PANTO . ldck
PWM CON VSi & IM

A

Pantograph

.

vy

PWM Converter  Voltage Source Inverter
and Induction Motor

Fig. 5. Overall control system which is modeled
and blocked on the Simulink window.

By a click of each block on the Simulink Window,
internal block diagram for the cach block can be

displayed as shown in Fig. 6-Fig. 10. Fig. 7 repre-
sents PWM CONYV block in the Fig. 6. In the PWM
CONV  block, S1-S4 represent power switching
devices modeled as Fig. 3. Fig. 7 clearly shows a
topologically similar simulation model for a full
bridge single phase PWM converter circuit.
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Fig. 6. Simulink model of a PWM converter
control system.
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Fig. 7. Simulink model of a PWM converter
(PWM CONV in Fig. 6).

1. Modeling a unity power factor PWM converter con-
trolled with VSCS

VSCS is a kind of robust control method realized
by discontinuous control input.[6] With VSCS robust-
ness against parameters and disturbances can be
obtained by the sliding mode on the switching
surface along which state vectors converge toward a
stable equilibrium point.

But bearing in mind that VSCS control has a
high-frequency discontinuous component (switching)
we should consider the problem of correspondence
between simulated ideal sliding mode and real-life
processes at the presence of unmodeled dynamics in
plant models, sensors, actuators.[7] Unlike continuous
control the switching in sliding mode control can
excite the unmodeled dynamics which is not
considered in simulation model and lead to
oscillations (chatterings) in the state vectors of the
real-life processes. So, to obtain reliable VSCS
simulation results, it’s very important to model the
system dynamics as exactly as possible.
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In this paper, because the dominant sub-systems,
PWM converter and inverter, are modeled similarly to
the topology of real processes, reliable simulation
results can be obtained compared with any other
mathematically approximated model-based simulations.

For the unity power factor control, converter input
current ( 7;) must be same phase with input voltage
(v, = V,sin(wt+¢)). Therefore, for both unity power
factor and dc-link voltage ( V. ) regulation, converter

input current reference (i) was determined as (2).

i = Kt (Ve = v+
@

K . 2 Va'i
[ & =Kt =N V'~ Vi) + =5 ]

In (2) the first term of the right side is for
regulating dcjlink voltage to its reference ( V) with
a PI regulator. And the second term of the right side
is for load current (i;) compensation. (As being
shown from Fig. 4, VVVEF inverter and IM acts as a
load of converter and its input current becomes a
load current for the converter side.)

The load current compensating term in (2) can be
obtained as follows. : If unity power factor and ideal
dc-link voltage regulation are implemented in steady
state and power dissipation of converter is very
small compared with load power dissipation, then
converter input power is approximated to be equal to
load power, namely inverter input power. Thus, (3)
can be obtained.

ysrmsl.srmsg V:iciL (3)

Vems - IMS converter input voltage
toms - 'MS converter input current
Vi : dc-link voltage reference
(converter output voltage)
i, : converter load current
From (3), amplitude of converter input current can
be determined as (4).

~ 2 V;cl.L

I,= —V?,,_ Vo (4)

V,, : amplitude of converter input voltage(V2uv,,,)

I, : amplitude of converter input current (V2i,,)

Bearing in mind that converter input voltage and

Input current have same phase (5) can be obtained

from (4). And this result is the same as the last
term of (2)

i, =1, sin(wt+ ¢)

)

~ 2‘V;ciL
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vs - instantaneous converter input voltage
7, . instantaneous converter input current
With the current reference of (2) (i), the first
step of VSCS is to determine switching surface ( o).
In this paper ¢ is set to be the simple form of (6).
The second step of VSCS is to make control inputs
which satisfy the sliding mode existence condition of
(7.
o=1i,— 1 6)
_da
9 dt
Considering (7) we can find that following con-
ditions between ¢, and di/dt should be satisfied.

<0 (7

a;z; > i;; when i{i, ana
(8)
3 d.: . e
%( al’t when 1.1,

Making control inputs which satisfy above con-
dition can be simply realized by proper driving of
converter four switches (S;-S,). VSCS-based driving
patterns of the four switches can be tabulated as
Table 1.[4]

Table 1. VSCS control law for unity power factor
PWM converter control.

i< kv 1> kv
S off on
Sy on off
S3 on off
Sy off on

2. Modeling an IM vector control system

IM has various merits of maintenance free, high
rating and high speed with brushless structure.
Especially, because high quality adaptation capability
to torque variation can be obtained with vector
control method, IM can improve braking and adhesion
characteristic of electric trains.

IM vector control system is constructed with IM,
VVVF inverter and vector controller(5]. In this paper
a VVVFE inverter which has switching devices and
anti—parallel diodes is modeled with DNT. And PID
controllers for decoupling current control and IM
speed control are used. A sinusoidal PWM method is
used for inverter voltage modulation. IM is repre-
sented on the stationary reference frame (Fig. 10).
Fig. 8 shows entire IM vector control system
modeled on the Simulink window and Fig. 9 is the
internal block diagram of the Voltage Source Inverter
block (VSI in the Fig. 8).
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Fig. 8 Simulink model of an IM vector control
system.
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Fig. 10. Simulink model of IM in Fig. 8

1V. Simulation

With speed reference of 1000 rpm, between 0-0.6
sec IM is set to be driven in powering mode with no
load, and between 0.6-0.7sec in regenerating mode
with negative full load of -14Nm. Fig. 11 shows
speed variation during these time durations. After
0.6sec TM slightly speeds up to 1100 rpm, from this
time IM acts as a generator because of the negative
load. Fig. 12 shows VSCS current control response
where ¢} is the converter input current reference and
i; is the converter input current. From this figure
we can find that the current controlling VSCS is
nicely realized. Fig. 13 and Fig. 14 show input
voltage( v;), input current reference (7;) and input

current (7;) of a PWM converter on the same figure.

From these figures it can be shown that unity power
factor correction is realized desirably during both
powering mode (Fig. 13) and regenerating mode (Fig.
14). Fig. 15. (a) shows dc-link voltage. Dc-link
voltage is maintained within +5% of the reference
voltage besides little overshoot in the transient state.
The magnified figures of Fig. 15. (a), Fig. 15. (b)
and Fig. 15. (¢), show characteristic ripple frequency
of 120Hz which is inherently induced from the single
phase full bridge converter logic. The high ripple
voltage is included in the dc link voltage owing to
the converter switching action, but this voltage is
expected to be effectively removed by the output dc
filter. Fig. 16 shows converter input PWM voltage
and Fig. 17 shows inverter A-phase current which
becomes reverse phase in regenerating mode com-—
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pared with the case of powering mode. IM and
control system parameters are shown in the Table 2.

Table 2. System parameters.

Converter control system

Input voltage 1¢,100V, 60Hz
DC-link voltage ref. 200V

Control period 100 #s

dc-link voltage control gains Kp=0.05, Ki=0.15

BWs of dc-link voltage filter 86Hz

BWs of load current filter 8.6Hz
Input inductance/resistance 2.5mH/0.20
dc-link capacitance 4000 4 F

IM vector control system

Ratings : 2.2kW, 3@, 60Hz, 220V, 14Nm, 1500rpm

Stator and Rotor resistance 0.3452/0.342.0
Stator and Rotor inductance 0.0325H/0.0324H
Magnetizing inductance 0.03132H
Inertia 0.0088kgm”
Control period 100 us
Speed ref. 1000rpm
Load : -14N at 0.6sec (Regeneration)
Speed control PI gains Kp=3 Ki=1
Current control PI gains Kp=5Ki=1
PWM carrier frequency 2kHz
DNT parameters
Parasitic capacitance 10nF
R, Ry 0.1(on)/1M(off) Q
[rpm]
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Fig. 15. Inverter dc-link voltage.
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Fig. 16. Converter input PWM voltage.

V. Conclusion

(2]

(31

In this paper an induction motor driving power

electronic system is modeled and simulated by the

(4]

DNT and the Simulink. The simulated system con-
sists of a unity power factor PWM converter, VVVF

inverter and IM indirect vector controller.

With
simulation results the desirable performances of the

(5]

proposed control system could be verified. And it can

be proved that DNT and Simulink based simulation

(6]

technique can be effectively applied to complex power

electronic control system. Probably,

more accurate

simulation results could be obtained if more actual
electric charging conditions are considered in the
modeling process. Hereafter, research efforts will be
concentrated on the simulation of the real scale electric

power converting system which has unabbre-

viated system configurations.
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