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ABSTRACT 

A shaded-pole flat single-sided linear 
induction motor has been tested 
experimentally. A1 though the 
construction of such a motor is very 
simple, it has been found that the 
peformance characteristics are rather 
poor in comparison with a three phase 
rotary induction motor and a three 

Nevertheless, a shaded pole linear 
motor can be found in applications 
where a three phase power supply is not 
available and a simple and cheap drive 
is necessary. 

phase linear induction motor. 

INTRODUCTION 

Current trends in the design of 
electrical machines are oriented 
towards optimizing the construction and 
minimizing the cost of manufacturing. 

' The cheapest and most reliable 
electrical machine is an induction 
machine. Its construction can be 
simplified further by replacing the 
three-phase winding located in slots by 
a concentrated-parameter single-phase 
winding with auxiliary short-circuited 
coils. Further simplifications are: a 
flat stator with an open magnetic 
circuit , a disc-type rotor and 
elimination of gear- boxes. Such a 
single-phase linear induction motor 
(LIW) with shaded poles is very 
simple, reliable and cheap. 

Although thousands of research 
contributions to LIMs have been 
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Fig. 1. Shaded-pole flat single-sided 
a LIM: (a) general assembly; 

(b) structure 

1 - secondary back iron; 2 - aluminum 
cap; 3 - airgap; 4 - short-circuited 
coil, 5 - main winding, 6 - primary 

published so far, as far as the authors 
are aware, a shaded-pole LIM has never 
been considered. 

stack. 

404 



CONSTRUCTION 

Fig. 1 shows the basic construction of 
the shaded-pole LIM. It consists of two 
main parts: . a  flat magnetic core and a 
round conductive disc. 

The laminated core is made of a 
standard 0.5-mm, non-oriented silicon 
steel transformer laminations. The 
slots have to be open as this reduces 
the leakage fluxes of the main and 
auxiliary windings. Shaded-pole copper 
rings fit tightly into the slots. The 
copper rings have been soldered in a 
very clean environment with a silver 
solder. It is important to solder the 
seams with material that has a high 
melting point to prevent disintegration 
during extreme operating conditions. 
The main winding has then been wound. 
The complete primary stack is then 
placed into an oven and heated to 160 

C ,  so as to obtain a homogeneous 
temperature throughout the core. Then 
the core is dipped in a special 
transformer resin until all air bubbles 
disappeared. The high temperature of 

Table 1. Design data of the tested 
shaded-pole L I M  

diameter of aluminium and mild steel 0.52 (m) 
disk 

thickness of aluminium cap 3 (mm) 
thickness of mild steel disk 10 (mm) 

diameter of secondary rotor 0.52 (m) 
cross sectional area of shaded pole 0.0024 
ring (m2) 
pp 

Electrical parameters 
number of phases 

shaded pole copper soldered with silver 

the core ensures that the resin in the 
vicinity of the core becomes thinner 
and is able to fill up every air gap 
that exists between the laminations and 
the windings., Finally the primary 
stack is bakecl to dry and to harden the 
resin. 

INPUT VOLTAGE, V 
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INPUT VOLTAGE, V 

IC) 

INPUT VOLTAGE, V 

Fig. 2. No-load charactersitics: (a) 
input current; (b) input power: 
(c) power factor 
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Fig. 3. Locked-rotor characteristics: 
(a) input current: (b) input 
power; (c) torque: (d) power 
factor. 

The disc is much cheaper and easier to 
construct than its counterpart, the 
cage rotor. The disc has been made of a 
10-nm mild steel plate to which a 3-mm 
aluminium cap has been laminated. The 
moment of inertia of the disc is 13.653 
kgmZ . 
The primary and the disc are mounted on 
a supportive structure in such a way 
that,the airgap and the distance of the 
core from the centre of the disc to the 
edge of the disc can be changed. 

The design data of the experimental 
machine are shown in Table 1. 

TESTING 

No-load test 

The no-load characteristics, i.e. the 
input current, input power and power 
factor plotted against the input 
voltage are shown in Fig. 2. 

Locked-rotor test 

An adjustable scale has been connected 
to the disc. As the supply voltage is 
risen in small increments, readings of 
the input current (Fig. 3a), input 
power (Fig. 3b) and torque (Fig. 3c) 
have been taken. Then, the power 
factor (Fig. 3d) has been calculated. 

Load test 

A Prony's brake has been used to 
measure the shaft torque. The load 
characteristics versus speed are 
presented in Fig. 4 .  

Run-out time 

The LIM has been run up to rated speed, 
after which the input power has been 
cut and the speed measured every 5 s. 
The speed in rpm and linear velocity in 
m/s are plotted against time in Fig. 5 .  

CONCLUSIONS 

The performance characteristics show 
clearly that the disadvantages of a 
shaded-pole LIM are a low power factor, 
a small starting torque and a low 
efficiency. This is mainly due to a 
large airgap and the fact that the 
phase shift between the mai? and 
auxiliary winding is less than 90 . 

406 



z E 

SPEED, RPM 

SPEED, RPM 

SPEED, RPM 

current; (b) torque: (c) j.nput 
Fig .  4. Load characteristics: ( a )  input 

power: (d) output power; (e) 
efficiency: (f) power factor. 

t 

Fig. 5. Speed in rpm and linear 
velocity in m / s  versus time. 
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It has been found that the distance 
from the core to the centre of the 
disc plays an important part in the 
performance of the LIM. The braking 
component of the thrust (owing to the 
flat primary and the curvature of the 
secondary) is reduced as the distance 
between the two is increased. 

Although the efficiency, power factor 
and starting torque of this LIM are 
worse than those of an ordinary 
induction motor, such a LIM can find 
applications when a three-phase power 
supply is not available and the price 
and simplicity of the drive is 
important. 
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