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Abstract: This paper investigated the speed sensorless indirect field oriented control of a two-phase induction
motor to implement adjustable-speed drive for low-power appli-cations. The approach in this paper was based on the
model reference adaptive control observing the rotor flux, which estimate motor mechanical speed acquiring only
stator quantities, the stator currents and voltages. It was simulated and implemented on 150W laboratory drive,

where its ef-fectiveness was verified.
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1. INTRODUCTION

The single-phase or two-phase induction motors have
been widely used in the low or middle power level
fields, especially in households where a three-phase
supply is not available. Nowadays also, most of these
applications, especially those with low nominal power,
is used fixed-speed drives or conventional adjustable
speed drives by voltage control using triacs or thyris-
tors. Therefore, there are great potential for energy
savings if one manages to introduce energy efficient
speed adjustable vector control into these areas on
massive scale[1]-[2].

However, the problem lies in generally high cost for
speed adjustable vector control compared to fixed or
conventional adjustable speed drives, and difficulties
in mounting the speed sensors due to environmental or
mechanical restrictions.

In recent years, due to the advance of power electronic
technology and low-cost digital signal processor, ad-
justable speed drives are being broadly applied. And a
large amount of research effort has been spent in order
to develop a reliable, low-cost control strategy for
three-phase ac motor drives not needing speed sensors,
called “sensorless™ techniques.

Numerous methods of sensorless vector control of
three-phase induction motors are nowadays available.
The majority of methods in the process of speed esti-
mation rely on the utilization of the induction machine
model. One of the most frequently applied control ap-
proaches appears to be model reference adaptive con-
trol(MRAC), originally introduced in [3] and further
developed in [4], which is characterized by relatively
simple implementation requirements.

This paper investigate the speed sensorless technique
by the rotor flux based speed estimation of MRAC
type for two-phase induction motor, which uses the ob-
served rotor flux error signal as the input to a PI con-
troller which feeds back the estimated rotor speed. The
validity and performance of the proposed technique
was estimated by simulation and experimental results
on laboratory 150W two-phase induction motor drive
system.
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2. MATHEMATICAL MODELING OF THE
TWO-PHASE INDUCTION MACHINE

The two-phase induction motor is composed of two
symmetrical windings. That is, the number of windings
of d-axis is the same as that of the windings of g-axis,
and displaced 90 electrical degrees between these
windings[2]. Therefore, the mathematical model equa-
tions of two-phase induction motor may be equal to
that of three-phase induction motor.

2.1. Stationary Reference Frame Model

A mathematical model of the two-phase may be de-
scribed by the following set of ordinary differential
equations in the stationary reference frame(w =0 ):

vzs/: = R:ilslx + p)"flx (1)
s _ .5 s

vqs - R.\‘qu + p)\'(/s (2)

0=R, i, +pk, +o,A;, 3)

0=R,i, +pk;, —o,d, 4)

where, the stator and rotor flux linkage is described
with the following equations (5)~(8):

A’fl: = Ls l:l: + Lmirs/r (5)
}\'.:/s = Lsi;: + Lmi;r (6)
A‘flr = Lri{-;r + Llnijs (7)
A, = Ll + Lk (8)

Where, R, R,, L, L ,and L, are the stator resis-

tance, rotor resistance, stator inductance, rotor induc-
tance and mutual inductance, respectively. Subscripts d
and q denotes variables in the d,q-axis winding. Pa-
rameters and quantities with sub- or superscripts s and
r are those in the stator and in the rotor, respectively.
p denotes derivative operator. @, is rotor electrical

angular velocity.
The instantaneous electromagnetic torque produced by



the machine is then given by the equation:

driys gr"ds

T, = PLL—"'(x‘ 5, =25 0%) ©)
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where, P is the number of pole pairs. ~

2.2. Synchronously Rotating Reference Frame
Model

A mathematical model of the two-phase may be de-
scribed by the following set of ordinary differential
equations in the synchronously rotating reference
frame(ow =, ):

Vt‘;s = injs + p}\'zcls _mc}\’f;s (11)
v:x = Rsi;: + pk;: +mc}\'¢cls (12)
0=R,i; + phy, — (0, —0 A, (13)
0=R,i;, + pk;, +(0, ~©,)A;, (14)

where the superscript e denotes synchronously rotating
reference frame. The stator and rotor flux linkage is
described with the following equations:

N =Ll + L., (15)
Ao =Ljig + L, (16)
Ay, = L5, +L,i5 17
As, =L +Li (18)

The electrical torque equation is

L
T, = P—Li"—()f Y (19)

drtys qr-ds
"

3. SENSORLESS INDIRECT FIELD
ORIENTED CONTROL TWO-PHASE
INDUCTON MOTOR

3.3. Structure of MRAC speed estimator

The MRAC is a very popular method to estimate rotor
speed using stator quantities. Specifically, only the
stator currents and stator voltages are measured. In
many cases, it is even acceptable for the voltage values
to come directly from the calculated values, which
eliminates the associated voltage measurements.

Basic structure of the sensorless indirect rotor flux ori-
ented two-phase induction motor is shown in Fig. I.
MRAC Speed estimator operates in the stationary ref-
erence frame and is described with the following equa-
tions[5]:

s Lr 5 .5
Phi ==V —(R + L,op)iz] (20

)\: Lr s L -5
P qr = T[vq: _(R: + :Gp)qu] (21)

m

AS Lm .5 1 AI A.\'
p)\'zlr = lels _-7'._)"111* CD,)\.(” (22)
PRy = —iny =K 0,1 (23)
g =AA0° —A5AS (24)

drqr qr'vdr

where T, is rotor time constant and ¢ is the mo-or

leakage coefficient(c =1- L7, /(L,L)).
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Fig. | Structure of MRAC system for speed estimation.

MRAC method uses two independent observes to esti-
mate the same quantities, the components of the rotor
flux vector: one reference model not involved
o, based on (20) and (21), and one adaptive moJel

involved o, based on (22) and (23).
The error from these two quantities is used to drive PI
controller that generates the estimate ¢, for the adap-

tive model. The estimated speed is used as feedback in
the closed loop.
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Fig.2 Block Diagram of MRAC speed estimator

In practice, the rotor flux by pure integration based on
(20) and (21) can pose significant problems, part cu-
larly at lot frequency, because of sensor noise, dc ff-
set, and parameter detuning effect.

Generally, to overcome these problems, high pass filter
is applied to (20), (21). And then rotor flux is ob-
served as follow:
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T L
X, =— [y (R, + L,op)i 25
dr 1+Tcp Lm [vlls ( K :Op)ldx] ( )
T L
Ay =———lv,, —~ (R, + L op)i,, ] (26)

" 1+ Tc P L m ¢
If the time constant 7. is small value, the influence of
voltage and current offset is decreased. Against, if T,

is increased, phase error of the observed rotor flux is
decreased. Therefore, this method is effective in me-
dium or high speed range rather than slow speed range.
In this paper, to improve the loss of performance due
to use the high pass filter, the low pass filtered refer-
ence rotor flux involved in reference model of MARC
as following equations and Fig. 2.

T L 1 .
Bo=—te Zrs (R 4 Lop)i ]+ ——— A cosf
(t 1+Tcp Lm[ ds ( 5 .\‘op){ls] 1+Tcp dr ¢
(27)
T. L . .
ﬂ.\ = [ r sy L ;s [ M
qr l+ T(p Lm [vqx (R\ + .vop)lll,r]+ ] + T,p A’dr' sin 0('
(28)

3.2. Indirect field oriented control using MRAC
speed estimator

Fig. 3 shows a configuration of the indirect field ori-
ented control system using the MRAC speed estimator,
which was implemented in the two-phase induction
motor drive. The estimated speeded &, was used as

feedback of the speed loop.

In the indirect field oriented control scheme shown in
Fig. 3, the slip frequency is calculated by following
equation:

A e
~ erqr R,- l([:

Wy =0, ~0, = ————=—=—— (29)
A L i

dr r Cds

where the superscript * indicates reference values. The
position of rotor flux is

6, = f (&, +w,)dt (30)

4. SIMULATION & EXPREMENTAL
RESULT

4.1. Experimental System Configuration

Fig. 3 and Fig. 4 show the proposed two-phase induc-
tion motor system using the MRAC speed estimation
algorithm.

The speed and current controllers were implemented
by PI controllers.

The current regulated four-switch voltage-fed
inverter[6] and 150W two-phase induction motor was
available for computer simulation and experimental
study. The parameter of are given in Table I.

The control system was implemented with the 32-bit
digital processor TMS320VC33 operating with a clock
frequency of 100 MHz and sampling interval is 125
for current control and speed estimation loop.
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A sinusoidal PWM algorithm was “ised. Because the
experimental target system is for a low power house-
hold appliance which seriously .onsidered about en-
ergy efficiency, the PWM switching frequency of im-
plemented system is 4 kHz with a dead time of 6
considering the switching loss,.

1.

L

Fig.3 The block diagram of the simulation and field ori-
ented control for two-phase induction machine drive system
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Fig.4 System hardware configuration.

Table 1 Parameter of Two-phase Induction Motor(75 )

Rated output 150
(W]

Rated voltage 220

' Vvl

Rated main/aux winding current 1.63

(A

Stator main/aux winding resistor 19.0

(€]

Rotor resistor 133

Q]

Main/aux winging inductance 347
[mH]

Rotor inductance 29.2
[mH]
Mutual inductance 3714
[mH]

Pole 4

The dc link can be supplied from a single-phase ac
source by inserting a diode rectifier.

The pulse width of four-switch inverter in the Fig. 4
can be calculated directly from the reference voltages
of each phase.



The pulse width 7, and 1, of the switch g, and ¢,
at ON mode are determined by:

T T »
TI :_2——+—Z-vr/x (31)
T, =~Z~+—Z—v; (32)

4.2. Simulation Results

A detailed computer simulation was developed on
MATLAB/SIMULINK. The validity of the MRAC
speed estimation for two-phase induction motor is veri-
fied by the simulation results under no-load condition
and the results are given in Fig. 5, 6 and 7 at trapezoi-
dal reference(167.6 rad/s to -167.6rad/s, 800rpm to -
800rpm). Fig. 6, zoomed waveform of Fig.5 shows the
start-up response. Fig. 7 shows the transition waveform
at the forward to reverse operation.
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Fig.5 Simulation result : Response to trapezoidal reference.
(Speed reference: 0 - 167.6 - -167.6 rad/s)
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Fig.6 Simulation result : Zoomed waveform of start-up
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Fig.7 Simulation result : Zoomed waveform of forward to
reverse operation

4.3. Experimental Results

Experiments on the target system were achieved in tte
same process as computer simulations for two-phase
induction motor under no-load condition, and the re-
sults are given in Fig. 8, 9 and 10 at trapezoidal refe -
ence(167.6 rad/s to -167.6rad/s, 800rpm to -800rpm)
and start-up reference(0 to 800rpm).

In practical aspects, because the target system is a lo'w
power system with very low stator current, the follow-
ing points were considered.
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First, speed, current PI controller and adaptive rule
gain of MRAC must be well tuned for each other.

Second, LPFs(low pass filters) was used at sensing in-
put stage shown Fig. 4 and estimated speed output
stage of MRAC. In the implementation, the cutoff fre-
quency is 1.57 kHz and 10Hz for each. When the filter
cutoff frequency was higher, the closed loop system
suffered from excessive noise and oscillations.

Third, input voltages of MRAC was used the calcu-
lated reference voltages instead of the measured ones.
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Fig.8 Experimental result - response to trapezoidal reference.
(Speed reference: 0~ 167.6 - -167.6 rad/s)
(a) Ch.1~2: speed response, Ch.3~4: stator current(1A/1V)
(b) Ch.1~2: sync. frame d-, g-axis current(0.5A/1V)
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Fig.9 Experimental result — Start-up (a) speed response
(b) Ch. 1: estimated theta, Ch. 2: estimated d-axis rotor
flux, Ch.3~4 : stator current(1A/1V)
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Fig. 10 Experimental result - forward to reverse operation.
(a) Ch. 1: estimated speed, Ch. 2: i, 0.5A/1V,
Ch. 3 ~ 4:measured stator current(1A/1V )
(b) Ch. I: estimated theta, Ch. 2 — estimated d-axis rotor
flux, Ch. 3 ~ 4: measured stator current(1A/1V )

5. CONCLUSION

The computer simulation and experiments was carried
out for the speed adjustable sensorless indirect field
oriented control of two-phase induction motor drive
using model reference adaptive speed estimator.



The validity and performance of the proposed system
was proved by simulation and experimental results.

From the experimental results of the speed, current
waveform and rotor flux waveform at zero speed area
by the ramp type command, it is verified that the pro-
posed control method was performed the adjustable
speed control with good result.
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