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Abstract—This paper investigates the vector control of a single-

phase induction motor drive to implement low-cost systems for -

low-power applications. The static power converter side is imple-

mented using a single-phase rectifier cascaded with a four-switch «’ rx £ —-’ A —’ 9,
2

inverter. The vector control is based upon field orientation concepts
that have been adapted for this type of machine. Simulation and ex-

perimental results are provided to illustrate the system operation. Ny é:::}
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|. INTRODUCTION
INGLE-PHASE machines are widely used for fractional

nd subfractional-horsepower applications, although, for
example, units of up to 12 hp can be found in rural applic#&yg. 1. Single-phase induction motor drive system.
tions. In general, the single-phase machine has both main and

auxiliary windings, which usually have different impedances, . .
. . n. asymmetrical two-phase machine. The approach presented
and a squirrel-cage rotor. Among the single-phase motors tRat

o . here can be applied to any single-phase machine that has two

have two windings, the most common types are the split-phase, . S : .

. i . . wihdings. However, emphasis is given for the case in which the
capacitor-start, capacitor-run, and capacitor-start capacitor-run.. . - . .

. o ..main and auxiliary windings have different impedances. There-

Only the split-phase motor does not use an auxiliary capacitpr

. : . te, the proposed approach is recommended for applications in

and when the auxiliary capacitor (startup capacitor) needsto be.” .~ . :
p ) : which it is required an improvement of the overall performance

cut out, this is done by a centrifugal switch.

The availability of low-cost static converters makes possibPéc a standard single-phase drive system when some physical or

the economic use of energv and improvement of the ual&'conomical constraint impose keeping the existing machine.
gy P d yThe proposed configuration provides bidirectional power

f the electromagnetic tor in single-ph in ion motor ;
gri\t/ei ([el]ec£t6§) agnetic torque in single-phase inductio OLﬁow and power-factor control. The input and output converters
i - . R an be implemented with a single six-switch device package
This paper investigates the use of the scheme in Fig. 1 tor ™ . . o
. . in. which one of the legs is used to implement the rectifier and
feeding a single-phase motor. The converter employed consists : . .
. . . . Lo € other two to implement the inverter. The computing power
of a single-phase rectifier in series with a four-switch inverter ~ = . . . .
) . . tequired to implement the techniques proposed fits quite well
(FSI) as was proposed in [7] and employed in [2] for a single- ;
. . . . or a general purpose microcontroller. The use of a reduced
phase induction motor drive. This paper employs the same con- . ; . .
number of power switches and a microcontroller while keeping

verter, but it investigates the use of the rotor-flux vector conr-1 - . . .
. : . the existing single-phase motor results in a low-cost drive
trol in more detail, as well as the design of current and volta%eStem

digital controllers for a single-phase motor drive. Note that the _. . .
. . . Simulation and experimental results are presented to demon-
scheme employed declines the use of capacitors, which are re- : . :
L strate the main characteristics of the proposed drive system and
moved when they exist in the motor. . ;

. . o — to validate the methodology and the modeling approach em-
Feeding of both main and auxiliary windings allows theIO ed in this work
single-phase machine to be treated as a two-phase maching’ '
However, the use of field orientation to control an unbalanced
single-phase machine requires special attention because the
mathematical model for this type of machine is similar to that of The equations that define the dynamic model for the single-

phase induction machine are
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de;. ' ion i ' ' '
0 =rpisy + —ord 4 b 3) This expression is equivalent to that of the symmetric machine

dt " in which the oscillating term does not exist in steady state.

s der, 5 Employing the current compensation given by (12) and (13),

O="rtpg + —7 ~wréra (4} a vector model can also be developed to define the control
s -5 .5 Strategy.

:ls 1 srdls 5 it i i i
P2 = ladlag + Morairy ©) From (3), (4), (7), and (8) it is possible to derive dynamic
oy =lsqiog + Msrglry (6) equations, which relate rotor fluxes to rotor currents, as

y 4 a g Ly Or, + —Mgraily (15)
vg = lrig + Margil, (8) dt Tr Tr
dd)f(l s 1 s .S
T, = P(migqil ity — morai®eity)  (9) el el UV i L (16)
dw,
P(T.-T,)=J + Fuw, (10) wherer,. = L./7,.

dt This model is not symmetricis,.q # msry) and is, there-
wherev;y, vy, i34, i3q, iray Tng) Poar Pagr Prg @Nd@7, are the fore, not suitable. However, by using (12) and (13), (15) and
dg-axes voltages, currents, and fluxes of the stator and rotor(i®) can be written as

the stator reference frame (superscsipt-.q4, 7., andr,. denote

the stator and rotor resistancés,, lsq, I, msra a_ndms,,q de- e’ _ —idﬁd o+ imsrdisdl (17)
note the stator, and the rotor self- and mutual inductanges, dt T o, s

T, andT,,are the machine speed, and the electromagnetic and dey, s 1 1 s

the load torque, ané?, J andF" are the machine pole pairs, the dt =Wrrg — 7, + T_Tmsrf“sql- (18)

inertia, and viscous friction coefficient.

This model was obtained using an approach similar to thatNow, a vector model can be defined. From (17) and (18),
used to obtain thég model for an unbalanced two-phase mathe rotor-flux model written for an arbitrary reference frame,
chine. It is written in the stator reference frame to eliminate tigienoted by the superscript is given by
terms that depend on the mechanical angle position [8]. i ) .

— = __¢i — Jj(wa — wr ¢;1 + _mm‘d":g (19)
Ill. ROTOR-FLUX MODEL dt Ty ( ) Tr !

Due to the asymmetry of the stator main and auxiliary windyhere
ings of the single-phase motor, the use of field-orientation prin-
ciples requirgs a special atten?iqr'\, unlike the symmetrice}l ma- G2 =gty + i, = (d8q + jdi,) eI
chine, there is no standard definition of the vector model in the o o Lo (is e ) o
case of an asymmetrical machine. The asymmetry is a result of s1 = Pedl T J%aql = \adl T J¥aq1

differentd- andg-axes parameters, which is very common Wm&ndwa — 48, /dt ands, are the speed and the position of the

i.tﬁ;t(.j:r?esr':]gf;Egaéslgcr::g;h;n?]Se't.?:gsr asngmsary E‘ausiz ar}:\ﬂﬁfrary reference frame viewed from the stator, respectively.
ctiating : . gneti que. tven w e The electromagnetic torque can be derived from (14), that is,
i5, have equal amplitudes and are phase shifted By &0 ac

term in the torque still exists. This can be observed in the torque P

equation (9), where different values of mutual inductances are I = 7-mapa (13100 — 15a1Prq) - (20)
present, but, as will be demonstrated, it is possible to eliminate "

the electromagnetic torque ac term by means of an appropriate

control of the stator currents. IV. ROTOR-FLUX-ORIENTED CONTROL

The mathematical expression of the electromagnetic torque ) , o
Based on the rotor-flux model derived previously, it is pos-

written in terms of the machine parameters and rotor fluxes can ) ) ! - .
be derived from (7)—(9) and is given by sible to use the field-orientation principles .for decoupl!ng the
control of the flux and torque as presented in the following.
T, = P (msrqizqd)id — msrd'iidd)iq) . (11) Equation (19), written in the rotor-flux reference frame (su-
I perscripte), can be decomposed into two equations
Assuming that the stator currents can be imposed as
Msrd e _ ¢_1 d¢1

ihg = o (12) - loal = - + p7 (21)
qu :klsql (13) msrdigql :wsl¢1‘ (22)

r

with k& = m,.q/msrq, then by substituting the variablés, and

i7q for the auxiliary variables;,;, andi;,; into (11), the torque whereg, is the rotor-flux amplitudey,; = w. — w; is the slip

can be expressed by frequency, and. = dé./dt andé, are the frequency and the
P position of the rotor-flux vector viewed from the stator, respec-

1. = stv‘d (iqud)id - i§d1¢iq) . (14) tively.
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dq voltage components, as has been done for the current com-

(pr* ] i‘j;] i‘§;1 = ii; ponents [see (12) and (13)]. An approximate voltage-compen-
- - R sating factor can be found by analyzing (24) and (25). At high
speede? , ande?  dominate the other terms in the voltage equa-
Msed L, de2, andez, d te the other t the volt
6153 tions and thend(vs,)/ A(vi,) 2 msra/msrg = k. The term
- i *1 ii;z ii* A(z) represents an operator that extracts the amplitude of the
T * _Ie__l’_ uk LI : k S sinusoidal waveform:. Thus, the compensated components of
e * . .
P mra®; the voltage and counter electromotive forces can be defined as
i A Y Var = Vga s Usql = kv, elqy = eiqandef ; = kfzgq. Intro-
* ducing these compensated voltage components in (24) and (25),
~e* O)Sl . . .
Mrd Lsq1 i . / the followingdq model can be written for an arbitrary reference
Tr ¢ . frame:
@, m2 . di?
s = (rea b 2 Y it + o " 4
rotor flux — le— stator ” (26)
coordinates coordinates 2 die
qul = <7)5d + ngd> igql + O—sdlsd#ql + @gql + 19(;(11
Fig. 2. Block diagram of the proposed field-oriented controller. i (27)
The expression for the torque in terms of #haxis current Where
and the rotor-flux amplitude can be derived from (20) " -
Vsd1 + jvsql
T, = Pm;"d Bri,1- (23) = (vig +Jvsg) e
" Coar T JC%q1
From these results, itis possible to adoptthe indirectfield-ori- = [¢34; + jel 1 + jwaosalsa (i2gy + Jil)] €77
ented control scheme, as illustrated in Fig. 2, whEfeand¢;; 9%, + 0%,
represent the reference torque and the reference flux, respec-s > di® )
tively. The blocke’®s performs signal transformations from the =j | (KPrsq — 7sa) i5g1 + (Flsg — Lsa) c;tql ¢ 9%

synchronous frame to the stator frame. Furthermgfeandi;;

represent the reference currents to be supplied to the machifge model given by (26) and (27) is almost symmetric when the
machine unbalancing is only due to the difference in the number
of turns of the main and auxiliary windings. In this casé,=
m2,q/m?2, = lsa/lsq @and, consequently?l,, —l.q = 0. Then,

The rotor-flux control strategy presented here requires §%Cept in the low-speed range whé#€r., — r.4)iZ,, is more
internal loop for current control. The models employed fdfPortant, the residual voltages due to unbalancing represented

designing the stationary current controllers are obtained frd® Y54 @nd¥dg,, are very small. _
(1)-(8) and are given by The simplest way to implement the current control loop is to

use standard hysteresis controllers, as shown in Fig. 3(a), and

V. CURRENT CONTROL

. m2 .\ . di?, . which are particularly suitable for analog implementation.
. ST " El . . .
Vg = <7sd + ) i+ 0salsa— " +eia (24)  n this paper, the current control loop implemented by using
. . discrete-time proportional plus integral (Pl) controllers is inves-
03y = | Toq + srq i, + Oagleg di3, +el, (25 tiggteo_l in d_etail. Due to the machine _asymmetry, thg easiest so-
Trly dt lution is to implement the controller in stator coordinates. Im-

plementing PI controllers in stator coordinates can be done as
whereoyy = 1 —m?2 ,/(l.l,4) ando,, = 1 — mgm (I.lsy). shown in Fig. 3(b), which is meant to complement Fig. 2. In
The terms:2, ande?, are the counter electromotive forces anthis diagram, blocksz; and i} represent the Pl controllers and
are given by block PWM+FSH-IM represent the pulsewidth modulator, in-

verter, and motor.

s Mspd . 5 The synchronous controller in rotor-flux vector coordinates
Cod =TT wWrrg + T is based on (26) and (27) by makifig = §. and replacing the
m s superscript: by ¢ in the variables. In this case, the expressions
5 srq s rq .
Csqg = 7 <wr¢1d - ) for the counter electromotive forces are

. . €y = — Mura®r /(LT — WeToql it
To implement the stator current control in synchronous co- sdl snatr/(ln7y) ePediadlsql
ordinates, a suitable model must be obtained. To derive s

a model, it is necessary to find a compensation factor for the Coql = MegpqwrPp [l + WeOsalsqis -
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(b)

PWM

FSI

IM

rotor flux coordinates —3| | stator coordinates
©

Fig. 3. Current controller block diagrams. (a) Hysteresis. (b) Stationary. (c) Synchronous.

The current control diagram is shown in Fig. 3(c). In this didrom the continuous-time controllers using Tustin approxima-
gram, blocksk¢ represent the Pl controllers, the referenggs,  tion.

ice; @andé; are obtained from the diagram in Fig. 2, and Inthis paper, the counter electromotive forces and the residual
voltages due to unbalancing are considered as disturbances. In
i5q1 = 1oq1 €OS(87) + 15,1 sin(6;) this case, the voltage decoupling [10] is achieved in a feedfor-

ward way at the output of the current controllers, as presented
in Fig. 3(b) and (c). The influence of the disturbances compen-
sation is discussed in Section VII.

and

i5g1 = ~lsa1 sin(6%) + Qg1 cos(67).

The continuous-time PI controllers are designed to compen-
sate the time constants VI. INVERTER PULSEWIDTH MODULATION (PWM) CONTROL

The current control strategy presented in the previous section

2 . . . .
Usdlsd/<7’sd + msrd) needs the machine voltage control, which is obtained here by
Tl using a modified space-vector PWM technique. Assume that the
and conduction state of the power switches in the inverter of Fig. 1 is
: ) m2,., associated to the binary variablgsto q4; binary “1” indicates
Tsqtaq Toq T+ il a closed switch and binary “0” an open switch. The pairsss
andqg.—q4 are complementary and, as a consequepce, 1—¢;
for the stationary controllers, and andgy = 1-go.
Using the two-phase machine with the converter in Fig. 1, the
m2 dg voltages are given by
asdlsd Tsd + ﬁ
mr E E E
| o= (nf-wy)=Cu-15 @
for the synchronous controllers, and also to provide the 2 2 2

v 925 — Qo

closed-loop performance according to the optimum damping s E EY 9 1 E 29
criteria [9], [10]. The discrete-time controllers were obtained 5¢ 2 2 /) (2¢2 = )5' (29)
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Sector|l11

Sector IV Sector 1l ¢

y
T, (Nm)

Sector I

V] vZ . .
0 0.01 0.02 0.03 0.04
. . ti
Fig. 4. \oltage vectors in théq plane. ime (s)
(a)
TABLE | 3.5
SECTORSGROUPING BY THESIGN OF t13
3
Sectors | Vectors | Condition 2.5
-~
LIV | vevive | t13>0 g,
ILIII t 0 5\';)
<
y VaV3Vy 13 1.5
1
TABLE 1l 0.5 . " .
SECTORSGROUPING BY THE SIGN OF t24 0 0.01 0.02 0.03 0.04
time (s)
Sectors | Vectors | Condition (b)

I,II ViVaVs tos >0

Fig. 5. Electromagnetic torque of the machine for (a) balanced voltages and

LIV | vivey. s <0 (b) for compensated currents.
) 1V4V3 24

with the time weights, -, t3, andt, restricted to

The combination of the states of the switches originates four

. : T =t +1to+1t3+14. 32
different vectors in the plandy b (32)

E The problem is how to find the values of the time weights
1 =0, =0] = vy =—=c = (14 )= give_n by_vj andZ?’. In order to simplify the algebraic manip-

V2 ulation, introduces, = v; = —v3 = —E/2 — jE/2 and
vy, = v2 = —vy = E/2 — jE/2. Replacing the vectors,

E .
[1=1¢=0—v="7rc/"*=(1-j) , :
V2 andw, into (31) results in

E
=1, g2 =1] = w3 =/ = (14)) .
\/E ‘UST = Umtlg + 1)th4 (33)

E j3w/4 . E
[ql =0,qp= 1] — Uy = EGJ /4 — (—1 +J)§ (30) With #13 = #; — 3 andtay = to — 4.
From (31), one determingss andt,4 as follows:

Vectors of same amplitude are phase shiftedrppg from each

other. Using the above vector definitions, one may divideithe tiz = _% (via +v2r) (34)
plane into four (I-1V) sectors, as shown in Fig. 4. T
Letw? (v = vZ; + jus;) represent the reference voltage to tra =% (v2i — %) (35)
be synthesized by the inverter within one cycle time of length
T'. According to the space-vector technique Computation of the values of the time weights is an undeter-

mined problem. To overcome this, assume that only three of the
Uil = vty + vats + vsts + vats (31) four vectors will be employed. In this case, one of the four time
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150 , : : , : 1.4
140t
- 4 1.2¢
w 130t
3
& 120t Ir
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110t
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time (s)

(c)

Fig. 6. (a) Machine speed, (b) electromagnetic torque, and (c) rotor flux for the proposed field-oriented control.

weights must be set equal to zero, which serves to notonly solvy = V;sinw.t and 2) current source with compensation,

the undetermined problem, but reduce the switching frequengy = I, cos w.t, i5g = klssinwet.

of the inverter as well. In Fig. 5, the torque waveforms for these two ideal sources
For each one of the sectors of Fig. 4 there exist two groupee presented. It can be seen that the current compensation

of three vectors that can be employed to compose the refereatews a continuous (nonoscillating) steady-state torque

voltage, as shown in Tables | and Il. As the vectors have tffeig. 5(b)], compared to the voltage-source excitation where

same amplitude, the utilization of Tables | and Il produces sirterque ripple is produced [Fig. 5(a)].

ilar effects. Using the test conditions given in Tables | or Il and The simulation results obtained with the proposed field-ori-

equations (32), (34), and (35) one may compute time weighasted control strategy, using current sources obtained by hys-

t1, ta, t3, andty. teresis controllers, are shown in Fig. 6; here, the reference flux
One should observe that, due to the asymmetry between th&ept constant at 0.4 Wb, while the reference torque is sub-

stator windings, balanced operation of the single-phase machimiéted to the step changes

requires different modulation indexes per phase. TF —04N-m, for0 <t < 0.5

5 =12N-m, for0.5s<t<1.5s
VII. SIMULATION RESULTS 5 =0.1N-m, forl.5s<t<25s

K = N
Flux, torque, and current control were investigated with the 1e =0.5N-m, for <t<30s.

help of a simulation program. It can be seen that the flux and torque control are fairly appro-
The effect of the current compensation may be observed prate.

comparing the results obtained by feeding the machine withFig. 7 illustrates the influence of counter electromotive forces

two different sources: 1) voltage soura€,, = V;cosw.t, inthe performance of the current controller in four different sit-
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Error (A)
Error (A)
i

-2 =2r
-4 -4
-6 ) ) ) ) ) ] -6 ) ) ) . )
0 0.5 1 1.5 2 - 2.5 3 0 0.5 1 1.5 2 2.5 3
time (s) time (s)
(a) (b)
6 o
‘ |
4 4r i H“: “‘ SEE \;113
x‘i!‘H‘ 0 f}i;w,i I
@ 2f @ 2+ !
Y ¥ l
8 0 i };:: 0
-2 -2t il
IN‘:W‘ | ' ‘ l}tl
-4t -4 ‘ ‘\[“ "W:iis ”‘“Jiwf!‘j
-6 ) ) ) ) ) -6 . ) ) X )
0 0.5 1 1.5 2 2.5 3 4] 0.5 1 1.5 2 2.5 3
time (s) time (s)

{0 (d)

Fig. 7. g-axis current errors obtained for the synchronous and stationary controllers with and without compensation. (a) Synchronous with compgnsation. (b
Synchronous without compensation. (c) Stationary with compensation. (d) Stationary without compensation.

uations with two different control schemes. The control schemeser, the performance obtained with the stationary controller with
are presented in Fig. 3(b) and (c) and have been used to immglempensation is worse than that obtained with the synchronous
ment the field-oriented strategy. In all four cases, the referenoentroller with or without compensation. Although results for
profiles used for the rotor-flux and electromagnetic torque are tthe d-axis current error are not presented, the same conclusions
same as used to obtain the waveforms of Fig. 6. Fig. 7(a) and &g obtained by observing the waveforms for the current error in
presents the current error for theaxis ¢;;—i;,) obtained with thed axis. Good performance of the current control loop in syn-
the current controllerimplemented in the synchronous referencigonous coordinates, without compensatingefgy andeg ;,
frame with [Fig. 7(a)] and without [Fig. 7(b)] compensating fois expected because, in this case, the disturbances are continuous
the electromotive forces,;; ande;,; . Fig. 7(c) and (d) presents quantities and, consequently, the integrating term of the Pl con-
the current error for theaxis obtained with the current controllertroller can cancel their effects. The effect of compensating for the
implementedinthe stationary reference frame with [Fig. 7(c)]amdsidual voltages due to unbalancing is negligible, although not
without[Fig. 7(d)] compensating for the electromotive foregs shown in this paper.

ande;, . Theg-axis currenterrorsin Fig. 7(a) and (b) are less than
3% of the amplitude of the reference current. However, the errors
observed in Fig. 7(c) and (d) reach up to 9% and 50%, respecThe laboratory implementation of the control strategies dis-
tively. Fromthese results, we can conclude that compensatingéassed previously was carried out with the scheme sketched in
the electromotive forces,, ande;,, has a pronounced impactinFig. 1. The drive system is composed of a static power con-
the improvement of the stationary controller performance. Howerter, a 0.5-hp single-phase induction machine and a micro-
ever, the improvement obtained by compensating:fgr and computer PC-Pentiun). The generation of the command sig-
egq1 Inthe synchronous controller was not so impressive. Moraals for the converter, data acquisition, and the control law tasks

VIIl. EXPERIMENTAL RESULTS
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Currents and error (A)
Currents and error (A)

0 0.02 0.04 0.06 0.08 0.1
time (s)

(a)

< <
g g
] )

T
% &

[ivf
2 2
:
: :
3 3

-3t
0 0.05 01 0.15 7.2 0 0.02 0.04 0.06 0.08 0.1

time (s) time (s)

(b) (b)

Fig. 8. Stator currents and current errors for the stationary controller at 20 I—ﬁg 9. Stator currents and current errorsiaixis for the controllers at 40 Hz.
(@) d axis. (b)q axis. (a) Stationary. (b) Synchronous.

are implemented around the microcomputer-based platform h@feret, . is the total time of the experimental test and the
is equipped with appropriate plug-in boards and sensors. TQ& ent amplitude is in amperes.

angular speed is obtained from the absolute position encode

Fig. 8(a) and (b) presents the actual and reference stator cur-
that has a 9-b resolution. The stator currents are filtered b¥ 9. 8(a) ®)p

second-order anti-aliasing filter and sampled at eac De éhts and their respective errors, with the current controllers
9 P h&0De., of Fig. 3(b) at 20 Hz. One should observe that the controllers

g :t'l 00 pis. Ehe qsy(;n ;r;et_;;;}constahlfgr thefstlrr]l glg-\/p\)/flw\;l':lse It? ﬁgesent a maximum steady-state error of 22%. The results for
uction machine 1s ©.7>. 1he generation of the VI PAUETRS, controller implemented with synchronous coordinates are
was obtained using the technique presented in Section VI.

. a7 PR not presented here, but they have been shown to have a max-
Figs. 8-10 present the actud (, ;) and referenceif}, i3, P y

. ) ; imum steady-state error less than 4%.
stator currents, which are superimposed, as well as their respec-,

tive errors {3}, — <,, i55—;,) obtained with the current con- Fig. Q(a) and (b) shows t.he actual .stator currents and their
trollers of Fig. 3(b) and (c) for three different values of stator frd ESPECtive errors for the main phadewith the stationary con-
quencyf., i.e., 20, 40, and 60 Hz. Only the controllers withouVO"ers and synchronous controllers at 40 Hz. One should ob-

compensation were considered. The reference currents are g%rﬁ(e th.at the maximum current error fo.r the synch.ronous con-
by trollers is smaller than that obtained with the stationary con-

trollers.

it =3 cos(2m f*1) f Fir?. 10(a)hand (b) shows ITimilarr:est results at 60 Hz, but only

: . or the synchronous controllers. The maximum current error in-
i%* =2.25 * < . A .
LZZ 2.25 Sm(zjfe 2 for 0 < # < fmax/2 creases with respect to those observed in Fig. 9(b), but remains
isa =2cos(2mf7) within acceptable margins<@%). The stationary controllers

i, =1.5sin(27 f1), for tmax/2 <t < timax present a maximum current error greater than 80%.
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Hz, the controller implemented by using synchronous reference
frame coordinates provides acceptable performance, whereas
the stationary one does not. The performance degradation seen
for the stationary controller confirms the results in the simula-
tion study.

Fig. 11 presents the machine speed when operating under
field orientation with the current control being implemented in
synchronous frame coordinates and without feedforward com-
pensation. For these results, the reference amplitude of the rotor
flux was kept constant and the reference torque was submitted
to step changes similar to those used in the simulation test of
Fig. 6. By observing the speed evolution, one can conclude that
the torque control is satisfactory.

IX. CONCLUSION

The rotor-flux-oriented control of a single-phase motor was
implemented and experimentally tested in the laboratory. It was
shown that it is necessary to supply the main and auxiliary ma-
chine windings with unbalanced currents to eliminate the ac
term of the electromagnetic torque. Furthermore, this unbal-
anced control is necessary to realize a balanced rotor-flux model
which enables vector control to be applied to the single-phase
motor.

The asymmetry of the single-phase machine also has an im-
portant impact on the design of the stator current control loop.
The use of digital current controllers in both the stationary and
synchronous reference frames has been investigated and has
shown satisfactory closed-loop behavior, but, as expected, the
synchronous controller provides the best performance at high
frequency.

The proposed PWM technique was adapted from the standard
space-vector modulation and is relatively simple to implement.

This paper has shown that is possible to implement high-per-

Fig. 10. Stator currents and current errors for the synchronous controlleratf%mance ac drive systems with a single-phase motor for low-

Hz. (a)d axis. (b)q axis.
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Fig. 11. Machine speed for the proposed field-oriented control scheme.

The results presented in Figs. 8—10 show that the current error
increases when the frequency of the reference waveforms in-
creases, particularly with the stationary controllers. Even at 60

power applications. A prospective application of the proposed
approach is its use as an emergency scheme for the drive system
when a symmetric machine becomes asymmetric because of
some winding failure.
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