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AN EXPERIMENTAL INVESTIGATION OF A LOW SPEED 
LONG LINEAR INDUCTION MOTOR DIVIDED INTO 

SEVERAL STATORS CONNECTED IN SERIES 
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ABSTRACT 
An experiment.d study of a lineat' induction motor whose stator is divided into short 

stators thM are connected in series is presented. The investigation includes a comparison of 
this motor with another moto.' having undivided st~jtor. The present investig:ltioll is 
concerned with no-load and full-load conditions. the thrust, the Ilower factol' .Hld the 
efficiency are .'eported under both conshmt cUI'rent and voltage operiHions. ~'lellsul'ements of 
:lil' gab flllx over the length of the long stator :md the three short divided stators nre al50 
IlresentecJ. The Cllsc:lde connection of three divided shol't stators fOl' diiTerent distribution of 
phase DI,IIl.f.: namely the same 110hlrity distribution (N-S-N-S-N-S) and opposite pohlril,v 
distribution is llI'Csented. 
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The e.xp.erilllleflt.a.l result.s reeoaaended t.he cascade connect.ion .n. t.h t.he 
same dist.ribulian •• Ill. t. and a atinimum dist.ahce bet.ween" t.he st.at.orS t.o 
yield tree bOYelDeht. a.nd reduce t.he ent.ry and exi t. endS power loss. The 
experiment.al st.udy aims t.o demonst.rat.e t.he divided short. st.at.or and t.o 
solve t.he problem· regarding t.he suspension o~ long st.at.or on t.he t.rain
t.o cope wit.h st.eep slope and irregularit.ies or t.he t.rack. 

1. IHTROOUCTION : 

Considerable int.erest. has been developed in recent. years in t.he use 
of linear induct.ion mot.or as t.he propulsion f"or f"ut.ure high speed 
t.rains. The linear induct.ion mot.or LIM provides simple and rigid 
st.ruct.ure. Because of t.he st.ruct.ural advant.ages. t.he LIM is considered 
a.s a sui t.abl e t. ype of" pr opul 5i on mot.or for bolh hi gh and low speed 
·~ra.ins [1-01. However. t.his applicat.ion requires a good t.echnique for 
speed cont.rol and elect.rical braking due lo frequenl slops. In addit.ion 
t.o some problems regarding t.he suspension or long primary on t.he t.rain 
and difficult.y t.o cope ...,it.h st.eep slope and irregularit.ies of" t.he 
t.rack. To solve the above problems a long st.alor LIM. divided int.o some 
short. st.at.ors connect.ed in series. is built. in elect.rical engineering 
laborat.ory of" El-Mansoura Universit.y • see figure (1) and pIct.ure (1). 
Expel" i ment.al invesligat.ion is concenlrat.ed on the perf"orma.nce. t.he 
t.hrust.. t.he efficiency, and t.he power-fact.or under const.ant. current. and 
volt.age operalions. Measurement.s of air-gap flux densily over the 
lengt.h of slat.or under. no-load is also presenled. Also. t.he lhrust. is 
measured and compared in the t.wo dif"f"erences :t.he long st.at.or divided 
int.o shorl ones. connect.ing in series. and long slalor which is 
undi vi ded (LI M-A) • The expel" i men tal I" esul l s ar e used t.o under s t.andi ng 
the LIM of long st.at.or divided int.o short. ones connecled in series 
under load f"or dirferenl dist.ribut.ion of phase m.m.f .• eit.her in t.he 
same polarit.y dislribulion (N-S-N-SJ. (LIM-B) • or in opposit.e polarit.y 
dislribut.ion of phase m.m.f. (N-S-S-N), (LIM-C) 

2. DESCRIPTION OF THE PROTOTYP£ MOTOR : 

A labor3t.ory prolotype mot.or is const.ruct.ed t.o enable lhe det.ailed 
experimen~al st.udies. The model consist.s of ~wo part.s • see Fig.(1) ; a 
double-sided st.alor as t.he primary part. ~ and an aluminum rot.at.ing dIsc 
as lhe secondary part.. The disc is made of 7 mm lhickness and fixed on 
an axle which is free t.o rolat.e between ~wo bearin~s. One st.at.or side 
is wound for sIx poles and filled in f"lat., 60 cm long. laminat.ed core. 
The ot.her side of s~at.or is divided in~o 3 several Ones fit~ed in flat. 

each 20 cm 101"19 and is wound ror t.wo poles. laminat.ed core. Each 
slat.or is mount.ed i I"l a rigid yoke assembly and support.ed t.o a 
trapezoidal mild st.eel ~rame t.hrough t.wo aluminum pieces : t.o minimize 
~he magnetic leakage from the slalor core t.o t.he frame. The cent.re line 
::;:,f each st.at.Or is at. radi us or ao em f"rom t.he di sc aXi s. Each st.at.or 
consist.s of 12 CM st.ack of 0.3S mm silicon st.eel laminat.iofts ..... it.h an 
.lnorganic int.erlamJ.nar coat.lng. These laminalions are support.ed 
loget.her wit.h t.wo mild st.eel plat.es of S mm t.hick. one at. each side. 
The t.hree short. divided st.at.ors C~ each has 16 open slot.s are cu~ by 
a ndlling machine int.o t.he f"ace of the assembled core. While t.he long 
st.alor (LSJ has 40 open slot.s. The windings for bot.h SOS and LS are 
double layer wit.h t.wo slot.s per pole per phase. 

The facilit.y of adjust.ing t.he air-gap lengt.h had been considered. It. 
is t.aken lo be 14 DUD. bet..ea-n t.he t.wo $t.a~Or sides (50S and Ls) 
inclUSive t.he t.hickness or an aluminum disc. The rot.or disc diamet.er is 
chosen t.o be large compared wit.h st.at.or widt.h. Accordingly. t.h~ 
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peripheral speed of the disc is determined by disc periphery tangential 
to the stator centre line. The synchronous speed is 10 rn/sec at the 
centre of the stator, which corresponds to a pole pitch of 10 cm. 

,Numerical design exaJ]lple of long stator (5]. an~ 3 divideq, short 
ones is shown in Table (1). LIM A is designed in a long stator 
st.ructure C6-poles). LIM B and LIM C consists of 2-poles st.at.or 
respect.ively. which are divided LIM A wit.h 6-poles into three. The 
t.hree divided short. stat.ors LIM B are connected in series and arranged 
in t.he same dist.ribut.ion of phase m.m.f. type CN-S-N-S-N-s). While the 
t.hree divided short stat.orS LIM Care connect.ed in series and arranged 
in opposite polarity distribut.ion of phase m.m.f. t.ype CN-S-S-N-N-s). 

3. EXPERI ME NT Al.... RESUL TS : 

The t.ests for measuring the magnet.ic flux distribut.ion along the 
3-divided short stators for both m.m.f. arrangement. (N-S-N-s) and 
(N-S-S-N) and t.he long stator are carried out under no load condit.ion. 
Also t.he t.hrust ~ t.he efficiency and the power factor are measured 
under load condition in case of constant. volt.age and current operations 
for the "!'I.bove stators. 

3.1. Magnet.ic Distribution Along The Stat.or Surface: 

To measure t.he core flux along, a search coil of 10 t.urns is W'Ound 
and fixed at the t.op of each tooth. The ends of t.he search coil are 
connect.ed to the oscilloscope and t.he induced volt.age can be measured. 
So. t.he flux which proportional to t.he induced volt.age can be 
calculat.ed. Figure CZ) shows t.he flux dist.ribut.ion along t.he t.hree 
short. divided st.ators with t.he same polarit.y dist.ribut.ion of phase 
m. m. f. (LIM B) Figure (3) shows t.he flux dist.ribut.ion along t.he 
undivided st.at.or (Long one LIM A). Figure (4) shows t.he flux 
di st.r i but.i on wi t.h t.he opposi t.e pol ar it. Y di s t.r i but.i on of phase m. m. f. 
(LIM C) It. can be not.iced from t.he figures that. t.he flux is weakened 
at. t.he entry ends due t.o the ent.ry end effects t.hen i t. bu~ 1 t. up 
gradually. There are dips and sharp rises due t.o t.he discreet. 
di st.r i but.l on of amper e t.ur ns in t.he slot.s and ref 1 ec t.ed exi t. -end \tIa ve. 
So. due t.o several ent.ry and exit. ends, t.he average flux dist.ribut.ion 
in case of t.hree divided short st.at.or wit.h t.he same polarity 
distribution of phase m.m.f. is smaller than t.he average flux 
distribution in case of long stator and greater than the average flux 
distribution in case of three divided short stator with opposite 
polarity distribution of phase m.m.f .. 

3.2 Thrust and Efficiency: 

Measurements of the thrust is carried out. by using a calibrated 
spring on one side of an attached wheel to the axle of the disc rot.or 
and balanced wi th weights on the other s~de of the wheel. Figure (5) 
shows t.he measured thrust per meter under constant current for long 
st.ator (LIM A), 3 $OS (LIM B) and 3 $OS (LIM C). Figure (6) shows the 
measured thrust per meter under constant voltage for (LIM A) • (LIM B) 
and (LIM C). It can be noticed that from the figures the maximum 
thrust developed in case of CLIM B) three diVided short stator wit.h 
the same polarity dist.ribut.ion of phase m.m.f. is smaller than the 
J'I'I2:Lximum t.hrust. developed in case of" (LIM A) and greater than the 
maxi mum thr us t. developed incase of (LI M C) the opposi te pol ar i t Y 
distribution Generally the maximum thrust developed in case of 
current. source is higher than the maximum thrust developed in case of 
vol t.age source. 
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CONCLUSION: 

Building and t.est.ing of" bot.h long st.at.or LIM Cft.) wit.h 6 poles and. 
three short. stators Ceach has 2-poles) has resulted in an under 
st.anding the overall behaviour and characterist.ics under no-load and 
load condit.ions. By use o£ this facility, t.he thrust. • e££iciency and 
air-gap £lux along long st.ator and three divided short st.ators were ~ 

investigat.ed under constant current and voltage operat.ions. 

The laborat.ory prototype motor is sufficient.ly £lexible t.o examine 
the cascade connection o£ lhe three divided short st.at.ors £or di£f"erent 
arrangement dist.ribution o£ phase m.m.£., either in the same polarity 
dist.ribution CH-S-N-S-N-S') or in opposit.e polarity distribution o£ 
phase m.m.£. CN-S-S-N-N-$). 

The results sho"", that undivl.ded st.at.or CLong St.at.or) gives high 
normal t.hrust by about lOY. rather than the divided one. But the problem 
regarding lhe suspension o£ long stator on the train pushing the 
designers o£ such t.ype o£ LIM pre£er the undivided short stator 
regarding t.he reduct.ion o£ t.he thrust by about 10% t.han t.he long 
stat.or. Attention must be considered on cascade connect.ion o£ several 
shorl stators. because lhe experimental results give high thrust. by 10~ 
in case o£ the same polarity distribution rat.her lhan lhe opposite 
polarity distribution. 

The experimental t.ests point.ed out that high thrust can be obtained 
under constant current operation than under constant voltage operat.ion. 
Generally t.he e££iciency is too bad in case o£ several divided short 
stators due to several exist.ence o£ entry and exi tends po""'er less. 
rather t.han o£ long stalor. 

The advantage o£ suspension o£ several short stalors on the lrain lo· 
cope "",i t h steep slope 
practical application 
efficiency by lOY.. 

and irregularitl.es of" lrack is essenlial f"or 
regardless the reduct.ion o£ lhe thrust or 

The reasonable distance bet"",een shorl stators 
continues free movemenl and lo reduce lhe enlry and 
loss is not to increase by about hal£ the pole pitch. 
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Pic'l~e (1) The Labo~alo~y LIM Pro'lo'lype Mo'lor. 
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