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Abstract

An experimental study of a four pole, low speed, 21 ¢m long double-sided |lnear induction
motor (DSLIM) is presented in this paper . Lxperiments are carried out using = rolary
type test lacility with {lat stator cores and an aluminium rotating disg. Attention s concens
trated on the braking ol such type of DSLIM, especially when he two stator sides are
connected In parallel or in series. The performance testing are reported for both constant
Current and constant voltage operations. Measurements of the air-gap [flux density over
the stator leigth are carried out under both the no-load and braking conditions, The megsured
vesulty compared an four different cases: single sided stator withour back iron, sngle
tided stator with back iron, double-sided stator connected in parallel, and double-siced
stator connected in cascade. A phase shift of zero or 120 electrical degrees s taken while
testing the last case. The study aims to increase the understanding of the DSLIM behaviour
uncer both load and braking conditions. The results recommend the caseade (oo e
with rero phase snift as the best connection of the DSLIM; due to the high thrust and
the low braking time.

I, Introduction

In the pecent vesars, considerable interest has developed In the use ot linesr nducticn
motors in the building of the prosulsion for the fuera hisk . o e, @ Zub -
linear induction motor {DSLIM) provides a simple, rigid structure. Because of the struc'uhl
advantages, this motor is being considered as a suitable type of rropulsion motor for
both high speed and low speed trains. However, this application requires a good techmgue
for speed control and elecirical braking due to frequent stops. Fresent information on
electrical braking of DSLIM is nor sufficient. Therefore, detailed laboratory iesis and
more theortical analyses are required. The general aim of this paper is 10 spot the light
on detailed jsboratory tests of DSLIM, according 0 the numerical data given in relference
[ 11, under both 1ne ne-load and the htahtng conditions.

The tests are carried out for the iollowing cases:
a. Single sided excited stater without back irom.
b. Single sided excited siator with back unexcited stator.
. Double-sided excited stators with parailel connecrion.

d. I?::hte-—!lded exCited stators wiih cascade connsction, with phase shift zero clecrrical
ree

€. l:;h!e-sidud excited siators with cascade connection, with phase shift 120 electrical
ees.
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2. Description of Motor Model

& laboratory motor model was constructed to enable the detailed exper-
imental studies. The modal conaists of two parts : & double-sided stator as
the primary part and an aluminius rotating disc aa tne secondary part. The
disc is of 7 o= thickness ond fixed on an axle which iz free to rotate
batuean two bearinga. Each stator sids is wound for four poles and Cittecd
in Miat, 21 ca Iong , laminated core. Soth stator-gides are symeetrically
mountad arcund ibe aluminium disc. The sotor waa fed from 3-phase 50 Mz con-
stant current supply ( 3 Anperes ) or constant voltage supply ( )0 Volts ).
Either of the constant current source or the congtant voltage source ia
obtained by . three edjustable single phase tranaformers,

Each stator is mounted in a rigid yoke assenobly, and supported %o A
trapezoidal mild steel freme through two aluminium pieces ; to alnimlze
the magnetic leakage [rom the stator core to the frase, The centre line of
each stator iz at a radius ol 21 cm [rom the disc axis, Each stator connists
of § ca stack of 0.35 mm silfcon steel laminations with an inorganic inter=
lasminar coating, These laminaticns are supported togother with two mil3 ateel
plates of 5 mm thick, ome at each side. Twelve open siots are cut by o mill-
ing nmachine into the face of the assesmbled core. Each slot nas 1.5 cn gepih,
1.25 cm widtn. The windings are single layer with one slot per pole per prage,
and 150 turns per codil.

The facility of adjusting the air-gap length had been conaldered. It is
taken toa be 14 mo between the two stators sides inclusive tha tnicknesg of
an aluminium disc .

Tha rotor diac dianster la chosen to be large compared witn Lthe stators
wigth . Accordingly the perphiral speed of the disc is determined by the disc
peripbery tangential Lo the stator centee Line.

The synchroonous speed is 5.3 a / sec. at the centre of Lnhe atator, which
corresponds to a pole pitch of 5.3 om . Low aynchroncus speed results lo low
efficiency but it is deairable for the laboratory measuremanta,

Supplementry coaling is provided for all parts of the motor model by
directing the cooling air at the trailing odge of the dilsg.

t ). Experimental Results
3.1 Magnetic Flux Density Distribution Along The Stator Surface.

To weasure the [lux density along the otalor core, a searen coll
conaists of 5 turns L5 wound and it is fixed at the Lop of each Looth.

A woltage proportional to the Tlux denaity is induced, and it can be msasured
at the search coll remminals across &n oscilloscope.

Flgures (1-a) ,(1-4), (1=¢} , (1=d), and {)-8) show the [lux density
along the siotor surface at zero alip ,The [igures {(2-a), (2-=b), [2-c),(2-d),
and (2-2) ghow the {lux density along the stator surface at unity alip. It
will ba noticed from the T{igures that the flux density Ls weaked at the entry-

‘ end due to the entry-end effects [ 2,3,4 ] then it is bullt up gradually. There
are dips and sharp rises, due to the discrete distribution of the amper-turna
in the slots and the reflected exit-end Wave.

The flux density in case of single sided stacer backed by the other
stator part, unexcited, is greater than the [flux density in case of single
aided witnout back iron due to the reduction of the magnetit reluctance.
The amplitude of the flux density 4in case of the double-sided cascade conn-
ection with zero phase shift is greater than that the double-sided parallel
connection, In case of the cascade connectlon with 120 electricul dograes phase
sndft, the [lux densily iz too sam=ll.
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with rerd phase shilt (s greater than that developed n cuse of Gouble sided

F‘-I‘lllll connection by about 195 tlimes.
LI P: maximum thrust developed In case ol double sded paraliel connection

greatst than developed in case of single sided excited stalor, Dacked oy

by wnestited statof i greater than that developed in case al mingle sided
FRriied STAT0r By Aboud LAT Limed
il i it developed @ case of double mded cascade Conbection

() The maximum theust developed in case of dowble sided Cascade connection
with zero phase shilt i greater than developed in case ol deubile tided cascade
connection with 120 elecirical degroes by 3.8 times.

1.3 Elticsency
““I:WHFMKWMWMH‘:WIwummL
P AN . liowing oServations can feparted about e
m--n sy of the elficescy, stich are alw given i Tabie |1,
Linger corilam curfent operation T

{a} The mamimum efficiency in case of double sided cascade comrecTion iy greater
than thal mwasered (3 Case ol the double sided pasallel Conmwction &y (o3
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zero phase shift is greater than that obtained in case of double sided cascade
connection with phase shift 120 electrical degrees by about 4,|7 tmes
13.3.2 Under censtant voltage operation :

[a) The maximum efficiency in case of double sided with cascade connection
is greater than that obtained in case of double sided parallel connection by
about .32 times _

b} The maximum efficiency 1.32 in case of double sided parallel connection is
greater than that measured in case of single sided backed with an unexcited
stator by .30 times

{c) The maximum etficiency in case of single sided backed with an unexcited

stator is greater than that obtained in case of single sided excited stator
by 2 rtimes.

{d) The maximum efficiency in case of double sided cascade connection with
ztro phase shift is greater than that measured in case of double sided with
cascade connection with 120 electrical degrees phase shift by about Four

times.
Generally, the measurements pointed out that the efficiency s so bad due

o the existence of both the entry and exit ends power loss and the large air-

gap.

Hraking Time

In order to brake the medel, the phase sequence had been reversed in any

Side of the twe stators. Figure (j-a) shows the thrust versus the braking time
during constant current operation. 1t is shown from the ligure that the developed
thrust by the double sided cascade connection with zero phase shift 1S greater
than the braking thrust develeped by the double sided with parallel connection
bv 1.35 times and both of them cause complete braking at the same time.
The figure also shows that the double sided cascade connection with zerg phasce
shift developed braking thrust greater than that developed by the double sided
cascade connection with 120 electrical degrees phase shift by 278 tmes and
both of them cause complete braking time at the same time.

Figure (5-b) shows the braking thrust versus the braking time during constant
voltage operation. It is shown from the figure that the double sided cascade
with phase shift zero develops braking thrust greater than that developed by
double sided parallel connection by l.l times and both of them cause complete
braking at the same time. Also with the double sided cascade connection with
zero phase shift develops braking thrust greater than that developed by the double
sided cascade connection with 120 electrical degrees phase shift by 2.2 times
and both of them cause complete braking at the same time.

Supply currents, in case of voltage operation

Figures {6-a), (6-b), (6-c), (6-d), and (6-e) show the supply Current measurements
at constant voltage. The measured currents reveal that , the phase winding which
is near the entry -end draws more current from the supply than the windings
of the phases located farther from the entry-end. Accordingly, more copper
losses is expecied in this phase, which causes a non-uniform electromagnetic
force of the primary windings. _

The supply current measurements in case of double sided cascade connection
with phase shift 120 =lectrical degrees is more unbalanced than that for any
connection. This may be due to higher unbalanced irmpedances
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The primary currents are almost constant over a wide slip in this DSLIM.
But in the ordinary induction motors, the primary currents decrease 3s the shp
approaches zero, and at this slip only the exciting current flows in the primary
windings.

3.6 Supply voltages, in case of constant current operation

In order to overcome the above mentioned unbalance in the primary electro-
magnetic force, the constant voltage source is replaced by constant current
source, Figures (7-a), {7-b), (7-c), (7-d), and (7-¢) show the mcasured supply voltages.
It is shown rhat the applied supply voliage to the phase winding near the exit.
end js greater than that applied to the phase winding near the entry-ena

4 Conclusions

The building and testing of double sided Linear induction motor DSLIM as
a test model have resulted in a deep understanding of the overall behaviour
and characterstics of the machine under no load , load and braking conditions.
By use of the model , the thrust, efficiency, braking time and the air-gap flux
density along the stator have been investigated under constant current and constan:
voltage operation conditions. The laboratory model s sutficiently flexible to
examine the best connection for such type of linear induction motor. This connection
is found to be the cascade connection with zero electrical degree phase shilt.
It develogs hign braking thrust at tne same braking time ana gwves high normal

thrust. These two advantages are essential for practical application .

The results show that the primary currents are almost constant over a wide
slip range in the test model .But in the ordinary induction motor, the primary
currents decreases as the slip approaches zerc, and a1 this slip enly the exciting
current flows in the primary windings.

The experimental tests pointed out that high thrust can be obtained under
constant current operation than under constant voltage operation. Generally,
the elficiency is too bad due to the large air-gap and the existence of the eniry
and exit ends power loss,
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Case of the Test a b < d e
) ’Comtam
maximum 90 137 175 333 80
Current
Thrust
NJm Constant | g6 | 147 | 170 | 300 | 78
Voltage
Constant
maxirnurn
Cuerent 9 1.7 | 16.5 27 73
Elficiency .
Comstant | . |z | 15 | 255 6
% Voltage

_ |
Tablel: The maximum thrust aed maximum efficieny measured
in the different cases of rhe test.
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