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Abstract. — The paper presents the circuital approach and
performance calculation for a shaded-pole single-sided linear
induction motor using symmetrical components for a two-phase
system. The physical model has been built. Results obtained
from the. circuital approach and experimental tests are
compared and discussed.
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i. Shaded-pole Motor

Shaded-pole motors are recognized to be among one of
the most robust and simple-to-design machines but difficult
to analyze when compared to other induction motors [1], [2].
The single-phase single-sided shaded-pole linear induction
motor with a rotating disc [3], [4] and a stationary primary
stack has salient poles with a main multi-turn winding with
concentrated parameters and slots accommodating auxiliary
single-turn shorted coils (auxiliary winding). Constructional
-details of this prototype machine are outlined in [3], [4].

Since the currents in the main and auxiliary windings are
shifted by an angle less than 90° and the space angle between
the two windings is also less than 90°, an elliptical travelling
magnetic field is produced in the airgap. The normal
component of the magnetic flux density distribution in the
airgap can be described by the following equation [5]:

b(x,t) = Z %;,e“"’"””v" + B;,ef“"-@”"ﬂ)] .......... (1)
v=]

where B, and B, are the peak values of the v space
harmonic waves travelling in the x-direction (along the pole

pitch), v =/, 3, 5 ... are the higher space harmonics, @, is

the angular frequency for the forward travelling field, @, is
the angular frequency for the backward travelling field,
B, =va/t, and 1 is the pole pitch. The peak values of
magnetic flux densities are:

B;y = O-S[Babm + Bbbme‘l(ﬂ—m)J
B .= {).5[35’?;!;m + Babwe_”ﬁ"“’]

where B,, By, are the normal components of the magnetic flux
density (rectangular distribution) in the symmetry axis of the
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phase a and b, respectively, b.,, by, are Fourier's coefficients,
f3<90° is the phase angle between the currents in phase a and
b, aris the angle between symmetry axes of phase a and b.

Fig.1.:General Assembly of Shaded-pole LIM

For v=1 the angular frequencies are: cu:v:, =27fs,

@, = 27f(2—5), where s is the slip. The slip relative to

the +ve and -ve sequence field is;

Pl . N S @)
@,

where ®; - synchronous speed (stator supply frequency) for

fundamental harmonic, w, - rotor speed.

The tested shaded-pole LIM has a rotor (secondary)
which is a double-layer disc made of aluminum and back-iron
plates. The motor is shown in Fig.] and the design data is
presented in Table 1. The construction has been described in
paper [4]. In the circuital approach to single-phase or two-
phase motors, symmetrical components for a 2-phase system
are usually used.
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; Table 1. LIM Design Data

A Quantity Value Unit
Length of primary stack L. =0.192 m
Width of primary stack Li =0.09 m
Number of pole pairs p=2
Number of turns per main phase N, =520
Resistance of main winding Re. =12.813 Q
for dc current
Primary winding factor kva =1
Pole pitch t=0.048 m
Air gap g=0.0015 m
Height of pole hep =0.048 m
Width of pole w, =0.016 m
Diameter of wire with insulation dy =0.00125 m
C.S.A of copper wire 1.227 x 10 m?
Height of shading ring slot hy =0.005 m
Width of shading pole slot w; =0.005 m
Conductivity of aluminum disc at 20°C 36x10* S/m
Conductivity of back iron at 20°C 5x 10 S/m

II. Equations for Phase Currents

For an angle a between phases @ and b, where a#90°, the
positive and negative sequence components are defined as;

I Lee
Sl WLy L U
2 2 2

where [; =1:€m,fb_ =1;€ﬁja

Jja
e

The current in phase a,

! (-
I, = _j[+ef“ -+e"»’“]............,......,(3)
sina sina '
For the phase b,
1" B
]b :J( g i ] ....................................... (4)
sin@ sSIna

IIL. Voltage Equations

The input voltage across the main phase terminals is
Veo=1,Z+ ;2 + ;27 +(I, +1,)Z,, ........ (5)
Similar equations can be written for the auxiliary phase
V,=0=1,Z,+1;Z" +1;Z" ;(fa +1,)Z,,..(6)

The impedances Z,,, Z,,, Z*and 7~ are explained in Sections
IV and VIIL

IV. Stator Winding Impedances

The winding impedances for the main and auxiliary phases
are

"k

A =R o i G E G R, BN T I S (7)

where Rj;, X)a - resistance and leakage reactance of main
stator winding, and Ry, X, - resistance and leakage
reactance of auxiliary winding.

The transformation factor, k,, i.e. turns ratio between the
primary and secondary system for the resistance and leakage
reactances, is

awla

p
where N, is the number of turns of the main phase, k,,, is the
winding factor of the main phase a for fundamental space
harmonic and p is the number of pole pairs.

v o AWk, )

tr

The primary winding resistance of the main phase is

_ Nalav
la =
UW AC!J
where the electric conductivity of copper o, should be
calculated for 75°C. The average length of turn l,, can be
found as in the case of any other winding with concentrated
parameters.

V. Stator Leakage Reactance
For main stator phase a the leakage reactance is [6],

AR SR |

where linkage factor, y = 0.6 ... 0.9, and o, = 1.1 ... 1.16, is
leakage factor of main winding. For auxiliary phase b,

K =008l Lesivssaimutoaabi 1) (11)

where A3, is the specific leakage permeance.

The impedance of the auxiliary phase referred to the main
phase is

2

. k

Xy = (k‘ﬂNmJ B o et e miossssransinori o) (12)
wlh

where k1, =1, k= Sin(%“p— %) and by, is width of shading
ring edge and b, is the width of pole.

MMFs of both two phases balance each other, i.e.
I,N,k,, =1,N,k,, where N is number of turns of the

respective winding and &, is winding factor. Refer shading
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ring winding to main gtator winding side by similar
Ib = Ib/kab » Where kab = Na wla/kwlb :

transformation;

VI. Impedance of Vertical Branch

The mutual reactance referred to the main phase a is [5]

X Ho (N )2

M e wcecxs oy R ) (13)

5 7“'- ‘ p(g F dAl’ )kmr
where g is the airgap (mechanical clearance) dy is the
thickness of the aluminum layer, k., is the saturation factor of
magnetic circuit and L, is the effective width of the primary
stack. It is convenient to replace the parallel connection of
Rr. and X,, by series connection

p }. -y
Z, =Ry + jX, = —2—=» (14)
RFe = JXm

where Ry, is the resistance representing core losses.

VII. Mutual Reactance Between Main

and Auxiliary Phases

The mutual reactance is
L% K g 5 JOUME o ooty is irasitiy st dearidic (15)

where X, is mutual reactance between main phase a and
auxiliary phase b[7]. In practical calculations,

where @, is the angle representing the width of shading ring
and «, is the angle representing the width of the main pole,
and X, is according to equation (14).

VIII. Rotor (Seconddry) Impedance

The impedances of aluminum cap Z ,(s) and solid back

iron Z, (S) for the fundamental space harmonic v =1 have

been found on the basis of [5]. The secondary circuit
impedances referred to the primary system for the
fundamental harmonic is,

IX. Total Impedance of LIM

Total impedance as seen from the-input terminals of the’
equivalent circuit,

Z: " Z |l-e’* %
A “”(_ )+Z ................... (19)
sin & Simna
Z, e’ Z \l-e’° _
Z =j— —J ""(. )+Z esmmonsorm ok 20)
sing sinx
The impedances of the vertical and secondary branch are
B ZoZy _ g-_ Zoly @1

Z,+Z)’ Zy+Zy
X. Electromagnetic Torque

The phase currents /), I can be found on the basis of

equations (5) and (6). The symmetrical components of the
secondary currents referred to the main winding as obtained
from the equivalent circuits are;

£ ; Z

| ﬂl e l 0]

3ty “Lg

L' =1

where, Z," and Z, are forward and backward impedances of

the secondary referred to the main stator winding turns.
The electromagnetic torque components for the forward
and backward sequences are,

o ALV RG) o ALV R(2-s)
YL @ (R=g)p

(23)

where [ ;, I '2— are the secondary currents referred to the

stator main winding, and R,", R, are the referred rotor

resistances. These components are referred to the secondary
side by the transformation factor between the stator and rotor,

k=2m(Nk,,}/p.
The difference between
sequence torques is the resultant torque 7' =T" —=T".

the positive and negative

Zr =2Z,(s)= Ml
2 ) AT (S)+ 7’ (S) S iiadi sy W (17 XI. Comparison of Results
Al ke
, , Figs 2 and 3 show the shaft torque T = F,r against velocity
2y =il (2 =2 5) b ?'4’ (2 — S)ZFﬁ (2 - s) 1 (1)  at constant frequency. The agreement between computation
A (2 — S)+ .0 (2 — .5') =5 and measurements is satisfactory. The measured. efficiency
curves are shown in Fig.4.
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Fig.3. Torque against linear velocity at $F=40Hz$:
| - measurements, 2 - symmetrical components.
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Fig.4. Efficiency vs Speed (f=40 to 75Hz)

XIL Conclusion

The performance. calculatioh of the single-phase-single-
sided shaded-pole LIM using the method of symmetrical
components of two-phase systems has been presented. The
results compared with experimental tests are satisfactory.
With a large air gap of 1.5 mm, the magnetizing currént in the
LIM increases significantly and consequently the power loss
1°R in the shading coil (auxiliary winding), thereby redueing
the efficiency and power factor cos 8. The efficiency of the
shaded-pole LIM is very low at power frequency. Howew;r,/ir,
has been found that the efficiency increases with the input
frequency as shown in Fig.4.

The shaded-pole LIM is a robust and simple-to-des:
machine, though difficult to analyze when compared to other
induction motors. It can find applications in turntables uséd in
industry. It also finds ready use in small mechanisms where a
three-phase power supply is not available or the price and
simplicity of drive is important. In countries like Nigeria,
India, South Africa and Australia, these motors can be used in
rural areas with simple single-phase reticulation systems.
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