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ABSTRACT - A predictive current control technique for an
induction motor employing a resonant DC link inverter is
proposed to overcome the disadvantage of the current regu-
lated delta modulation (CRDM) which was employed to con-
trol the resonant DC link inverter. The discrete model of an
induction motor and estimation of back EMF are investi-
gated and a novel predictive current control technique is
newly developed based on this discrete model and estimated
back EMF. Using the proposed control technique, the mini-
mized current ripple with reduced offset can be obtained.
The usefulness of the proposed technique is verified through
the computer simulation.

L INTRODUCTION

Recently, a great deal of researches on the soft switching DC
link inverter has been studied due to increasing demands for the
high frequency and high efficiency operations of an induction
motor drive 'system [1-4]. Among them, the actively clamped
resonant DC link (ACRDCL) inverter offers a most practical
and reliable way of reducing commutation losses and eliminat-
ing individual snubbers, thus allowing high operating frequen-
cies and improved efficiency. The RDCL inverter employs the
resonant LC tank in the DC link side to achieve a zero-voltage
switching (ZVS) which allows much higher switching frequen-
cies.

However, there exist some inherent disadvantages such as the
relatively large current ripple and offset caused by a fixed inter-
vals of the control cycle. Therefore, a novel predictive current
control technique based on the space vector modulation is pro-
posed in this paper as a new effective way of overcoming the
disadvantages of the RDCL inverter based current control of an
induction motor. To control the motor current with reduced rip-
ple and offset, the information on the motor parameters should
be considered to choose the optimal vector. This implies that the

current prediction in the next time event can be obtained by us-
ing the exact discrete model of an induction motor. Based on

this current prediction, the optimal voltage vector minimizing
the present current error is analytically calculated to apply the
actual voltage vector. Using the proposed control technique,
near optimum inverter voltages with respect to the current ripple
are obtained. Furthermore, a current offset is also notably re-
duced. Thus, the current ripple can be minimized and the high
performance of the torque and speed controls can also be avail-

able by the precise motor current control. The proposed current
control technique is compared with other types of current con-
trol techniques.

1. INDUCTION MOTOR MODELING

Based on the reference-frame theory, the state space mode! of
a squirre! cage induction motor in a synchronous reference
frame can be expressed as follows [7]:
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Also, each element of the system matrix can be expressed as fol-
lows :
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L. ROTOR FLUX OBSERVER

The information on the rotor flux is required to get the field
oriented control. However, it is difficult to measure directly this
flux so that the observer is used. From (1), the estimated rotor
flux ¥, can be derived as
‘ilr =ails +ay't,

+Glig = (ayly +a72%, +bovy)]
=(ap-Gap) ¥

. 2
+(a3 -Gay)is~Gbyvy +Gig

é=(l22 —Gau)e (3)

where G is the observer gain and e="¥, -¥,. The block
diagram is shown in Fig. 1. In case of no parameter variations,
the dynamics of the estimation error can be represented as (3). If
the system given by (3) is observable, the observer poles can be
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assigned any desired locations by selecting the observer gain
G appropriately. The magnitude of the rotor flux 5., can be

given from the flux observer as

=@+ ). “@

IV. PROPOSED PREDICTIVE CURRENT CONTROL
SCHEME

It is considered that the desired control performance can be
obtained by selecting each voltage vector in such a way that the
present current error is reduced to be a minimum at the next
time event. The equivalent circuits of an induction motor is
shown in Fig. 5. In this figure, all parameters are converted into
the stator side and e,(f) denotes a counter EMF. From (1), the
voltage equation can be written in terms of d-q voltages and
counter EMF in a stationary frame as follows :
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It is desirable to use the estimated rotor flux ¥, because of
difficulty in measuring the rotor flux ‘¥, directly, Therefore,

the voltage equation of an induction motor can be written by us-
ing the estimated counter EMF as follows :

di,(l)
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where &)= —li"’;—‘%”- . The estimated values of counter EMF

(0 =180 £,(7 can be obtained using the rotor flux cal-
culated from the flux observer. Assuming the current () to

be constant during a sampling period, a discrete model of an in-
duction motor is obtained from (6) as
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where V.={Vy V17

At the next step (k+1), the required command voltages
¥,(k) making the current i,(k+1) be the command current
i:(k + I} can be derived from (7) as follows:
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where ¥5=[V, V17, ¢, is asampling time, and V,(k) and
i;(k +1) are the applied voltage and current command, respec-
tively. This predictive current control block is shown in Fig. 3.
If this optimal reference vector could be employed, the current
error would always be nullified at the next time event. Since
only the seven voltage vectors are available in practice in the
RDCL inverter system, the next step is to find one of these
nearest to the optimal reference vector as follows:
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Note that v, denotes the elements of the set of actual voltage
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vectors as V= {v;} = {V},V;,V3,V,, V5, V) and the subscript “j" is
defined as the ordering numbers indicating the elements of the
set V sequentially. V, is a zero vector, constant « is depend-
ent on the designer’s choice. If a large o is chosen, the motor
current response shows some phase delay because many zero
vectors are employed. In Fig. 4, the required command voltage

vector V, and y are calculated from V;, and V,, as follows:
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The overall block diagram of the speed control system em-
ploying the proposed current control technique is shown in Fig.
S. This proposed current control scheme is relatively simple
compared with the modulation methodologies adopted for other
current controlled inverter and can be easily realized with a full
digital based hardware.

V. SIMULATION RESULTS

The proposed scheme is applied to the ficld oriented speed con-
trol system of a three phase induction machine. The proposed
predictive ¢ control technique, CRDM, and synchronized
CRDM with hysteresis band are simulated as shown in Figs. 6
through 10, with full foad T, o4p =15.0 [N.m]. Assuming that
the resonant DC link appears constant clamped sinusoidal wave-
forms with a period of 50 [usec] and zero voltage for 10{usec],
and only one voltage pulse can be applied to the inverter for a
sampling instant. The system parameters used in the simulation
of the resonant DC link inverter driving an induction motor are
shown as follows :

Induction Motor
Rated power : 5 hp, P =4 :pole number
J =0.02 [kg. cm}, L =L, =0.112[H]
L, = 0.167 [H], R=R =0943[0Q]
Resonant DC link frequency : 20 {KHz], 600(V 1}

L4

As shown in Fig. 6, the conventional CRDM shows a high
current ripple and offset current for a-phase current and current
error under the full load are shown. As can be seen in this figure,
when the CRDM current control without hysteresis band is used,
much larger current ripple and offset current are appeared and
there exists large current errors especially in the neighborhood
of the positive and negative peaks of the current command. Fig.
7 shows the results of the synchronized CRDM with a hysteresis
band of h=+ 0.5[A]. Although a better control performance in
view of the current ripple can be obtained using the synchro-
nized CRDM technique with hy! is band based on the space
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vector PWM, the large current ripple is still exists. For the pre-
dictive current control, the current command, feedback current
with a =01V, are shown in Fig. 8 as well as the current error.

As can be seen in this figure, the proposed control technique
shows a nearly optimized response in view of the current ripple
and offset. It can be therefore considered that the proposed pre-
dictive current control technigue is very useful for a high per-
formance induction motor control system based on an RDCL
inverter. As can be seen in Figs. 9-10, torque and current tran-
sient responses show the reduced ripple and offset under the
load torque variation. Under the variation of the load, the
SCRDM shows less current ripple than the conventional CRDM
for all ranges of load as shown in Fig. 11. The offset current of
CRDM is increased as the load is increased and that of SCRDM
is rather decreased as the load is increased as shown in Fig. 12.
It is however shown in this figure that the proposed predictive
current control is independent of the load change. The offset
current and ripple of the predictive current control are greatly
reduced than those of SCRDM and CRDM.

VI. CONCLUSION

A novel predictive current control technique is proposed in
this paper as a new effective way of overcoming the disadvan-
* tages of the RDCL inverter based current control of an induc-
tion motor. Based on the discrete induction motor model, the op-
timal voltage vector minimizing the present current error is ana-
lytically calculated to apply the actual voltage vector. Using the
proposed control technique, nearly optimum inverter voltages
with respect to current ripple are obtained. Furthermore, the cur-
rent offset is also notably reduced. Thus, the current ripple can
be minimized and high performance of the torque and speed
controls can also be available by the precise motor current con-
trol. The proposed current control technique is very useful for a
high performance induction motor control system based on
RDCL inverter.

NOMENCLATURE

R, ,R, : Stator and rotor resistance
L, , L, : Stator and rotor inductance

L,  :mutual inductance

2

leakage coefficient

®, ,®, : rotor and electrical angular speeds

L L .
T, = E- T, =—" : stator and rotor time constant
s

r

Fig. 1. Rotor flux observer.

Fig. 2. Equivalent circuit of an induction motor.

Voltage Vector
Selection Vo

Fig. 3. Predictive current control block in discrete form.
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Fig. 4. Space voltage vectors in d-q frame.
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Fig. 5. Overall system control block diagram.
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Fig. 6. Current command, feedback waveforms, and current er-
ror by the control of conventional CRDM inverter
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Fig. 7. Currem command, feedback waveforms, and current er-
ror by the control of synchronized RLDC inverter with hystere-
sisband h= +0.5[A).
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Fig. 8. Current command, feedback waveforms, and current
error by the predictive current control using resonant link in-
verter.
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Fig. 9. i, i,,load torque command, and developed torque

transient curves by using the predictive current control.
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Fig. 10. i,, i, current trajectories in d-q frame for the load

torque change from 5[N.m] to 15 {N.m].
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Fig. 11. Current ripple characteristics with load change for pre-
dictive current control technique (PCCT), CRDM, syn-

chronized CRDM.
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Fig. 12. Current offset characteristics with load change for

predictive current control technique (PCCT), CRDM, synchro-

nized CRDM.,
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