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, A NEW SYNCHRONOUS MOTOR FOR MAG-LEV TRAIN WITH INTEGRATED LIFT 

AND THRUST USING A TRAPIZOIDAL RAIL 

ineow motion Ir obtained. 

2. TheoriUcal J.haly,ls: 

hereas two-phase pain ZZLHSM 
A sub-pole surface area 

ng fmqusacy in TRLHSM inverter dropc to half that of induced emf at terminair 
Inverter for r a m  motor rpeed. F magnet thrurt force 

X, peak flux linkage per ac coil 

Ow0 the ZZLHSM magnet, in whicb the main polen are A1 flux llnknge of ac coil 'around sub-pole 1 

by dc coils with a net mf of MJ. Eaeh of the A, flux linkage of sc coil around rub.polr 2 
that are mmunded by ac collr, 

of ac toil around rub.pole J 

of ac coil around sub-pole 1 

l2xcltatlnn of field winding 

excitation of a n a t u r e  winding 

pf ac around any rub-po~e 

two motom dlsplrced p/2 p pole pitch 
the h p h a u e  ZZLHSM 

T tlme perlod to comptete one cycle 

67 



t time 

a rpeed of rall relatlve to mapet  

w angular frequency of ac rupply 

Z energired J r  gap 

The following asrumptions were made in the andyeb to come: 
r All rub-poler have mme rurface area, A. 
r AC colb around rub-poles are Identlcal. 
r Width of rlot In the main polw Is negllglble. 

' D Fringing Is negllglble. 
m leakage I# negllglble. 
r Steel losr ts negllglble. 
D Copper lor8 11 negligible. 
a Air gap Is homogeneou~ over the rub-pole#. 
r S p e d  of motor relatlve to  tnck Is constant. 
a Field mmf excltatlon, Mdl Is constant. 
D Flax linkage for each of the four ac coil8 d e s  s i n ~ l d a l b  be- 
k e n  a mudmum of A, ( when lts sub-pole la fully coupled to the 
rail 1 dven by: 

and a minimum of rero ( when Its rub-pole b f d y  uncoupled to 
nil ). 
0 Power factor seen by ac supply circuft in unity. 

ax. lMEw d 'nrM M y &  a f  1E.lrt- 

Hence: 

Nota that I = 0 when sub-poles l&3 nre linked by rail. Hence, 
induced emf at cornblned ac coil termlndr b $van by: 

Hence, Input ac power, Pz, for unlty power factor, Ir given b: 

which, by uelog Eq.1, gives: 

Thin electrical ac power, Pal h therefore directly converted lnto 
mechanical power via mapet  tbrurt force, Fz. Hence: 
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a& ~ ~ = e s - t h = ~ ~ e Q 1 ( o r f - 4 5 ' ~ ~  

f ~ d T f u # S M ~ ~ +  

'k = p1 

with the duratlon to complete one TRLHSM cycle, 

2; = 2. 

r U * = -  
Z P  

Nota that f = 0 w b u  aubpolea l&3 are Hnkad by mil. 
induced emf voltrgn at comblned ac coil tanninah for both 
u e  glm by: 

CA = -X,w sin[wrt-t45') 

and: 

Hence: 



.r)uanrmo:, pne a~ueqqssi alqanp slq zoj 4~ .: 
-pn qy~npqv BUIH jo ~naulvadep Bul~eauPua Ia:,l.lqqe eqq Ir . 
lpeqs-nqv 'S 03 equeq1 ~lq e~a~dxa 03 all1 plnofi Joqqna eu I 

*- . i 
pat rd qndul rapam1 Iuo1;eqlaxa awes Buldaal lauo pplog . 
-1derlol pal@ a[ ~@r MSHqZZ JO edege aql naqd XDnanbq BU~ 
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-PJ~IMI J~AWI a )e eqe~ado 01 pue ~leqe jlae aralqw oq alqpuod 11 q 


