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CHARACTERISTICS OF A PAIR OF TRAPIZOIDAL 

AR SYNCHRONOUS MOTORS AS COMPARED TO A ZIGZAG 

PAIR VERSION FOR MAGLEV APPLICATIONS 

S. M. Al-Kasimi* 

Assittmt prof., Eldrical and Computer Eng. Dept., 
Umm-Ul-Qura University, P.O.Box 6112, Makka, Saudi Arabia. 

Motor, ZLSM, is a machine that provides a corn- 
vehicles. A maglev vehicle is a vehicle that is 
between eontrolled electromagnets fixed to its 
The wet of ZLSM is U-sbped and acts aa 
pole is split into two sub-poles. Each subpole 

reludnnce, hence propulsion is obtained. 

itself at -me standstill paeitions. Thia 
M quarter of a cycle apart whereby each 

the shape of the rail to a trapemidal 
Spnchronoua Motor, TLkSM. Al- 







them fed with ainwidal  ac current phase1~~:ked to & 

2.  Width of slot in the main poles is negligible, and Wd 
of dc coils around them are wnstmts. 

,#,(t) = - ~ A I  [ ~ M D  + 27% + 
3. Ehging, leakages, steel and copper losses, windage, &(t) = - M A ~ [ ~ M D  

drag forcea are ignored. ~ $ . & ) = + ~ O A S ( ~ M D + ~ ~ B -  

4. Air gap, Z, ia homogeneous ate 44(t) = +Pa& [ ~ M D  - 2 m ~  - 
at railadace above it and at above equtionrr, the siibpolar 1 
motion. 

=+,(tj/A,ft) - -Ma [2ME+ 2 

= h( t j /Aa ( i )  = -h j2 MR - 2 

wmmed to vary s i n ~ ~ ~ i d a l l y  between zero and A. = & jt)/.43(t) = f [2 MD C 2 
= cj4(t)/P.4(t) = +/.La p ME - 2 

6. The motor does no ratation and it has constant speed, u 
track; which is assumed rigid. A lift Cjrze, F,,, i4 given 151 k 

.!-3mZ+8&rnccr 

in t+ third direction ia 

four titnea the sgncSr<rmm 
can be ne~tralizzd by that of m 

T H E O ~ C A L  ANALYSIS OF TLSW PERFORMANCB 
o neutr&lng the 1: 

When the rail of TLSMP maves in the &&n indicated in the 3ynciironuus freqllency. 
[4,5] found that the flux W a g e  of ac coils per magnet wry in- 

d. the @-iihift, is obtained 
wu-ph- irrverter suppl 
must be qumer of a cy< 

liR force, F*,, is ob 
connected so as to inzild conrrtntdive flux components. Hm-, 

= & 1 ! , A f 8 ~ j - t 3 n ~ + 8 ~ ~ m (  
MD = N D ~ D ,  

SMP lift force, F,, of the 1 
e weight: W ?  actively by fi 

and atmmhg positive senee w 
then: -&.+(t) + F,,jt) t: W = C(B A(3l 

m l ( t ) = - M D - m h ( t ) ,  m z ( t ) = - M ~ + m n ( t ) r  
uced voltages at ax 

ma@) = +AdD + me( t )  & ~ ( t )  = +MD - m ~ ( t )  - 
'J!he energized areas of motor-A are approximated to: E A ( ~ )  = - / . q j~Alk i~  

Al(t) = ( A / 2 )  11 t coa(w t  + a / 4 ) ,  A2(t) = ( A / 2 )  [I - a8(a$ 
F g ( t )  == - ~n w AMi: 

As&} = ( A / 2 )  fl + ws(w t - r / d ) ]  & &(tf = (A/2)  [I - m((~? M-A :l.ra,: force, Fh,. c m  be 

4, - + E b i g ) / u  - 
L 3 E  



m01pmrm aty La pauprqo war .aja;.~ a p ~a-dnb aq lsnm gqss-# rn 
%rp~slnA aqq B~~~nan 103 h@dda~ :al.lahq weqd-nm~ aq2 0% 8-4 

jo SX8qd aql ~)SUUW 6pj3m3 LO pwlip @ xq*-@ $F: 'ymIRq DqIO Q 



Likewh, the T t S M - 3  thtust faroe, Fk., can be found using the above shifts 

FhB = w s A MJ) m sirr(b + s/4)/(2p Z) . 
Hence, the TLSW. t W  force, 4, of the twin pair is: 

Fh = Fh, + FA. = T A MD m d/(&p~). 

The steady thrusting acc&ration, ab, relative to gravity could, hence, be obt 
as: -ANALYSIS OF Z~SMP PER 

~ ~ ( 9 . m )  = M u o ~ ~ D ( ~ , n ) r n s i n 8 / ( & p ~  2); 

where MD(8, m) is an implicit fuaction of B and m givm in eq. (2). 

The maximum of ab(B,m) for a given 8 occures at z ~ ( 6 )  and m(9). This 
be found using eqs (2) and (4) to give: 

&(a) = MD(B,TE(B)) = ~ % 3 5  ~ ( 8 )  , h treatment similar to that of TfSN 
obtained for ZLSMf: 

Z(8) = Z G(3 :>m*@) & 

sir& 
a*(*) = Z/PJ - 

(Jj + eosB) 
. 

On the other hand; the maximum d n e ,  ah, of ab(e) cmures at 3, found 
- 
B = ib - ~ o e - ~ m ] .  

= = z m ,  - 
MD = Z d0.375 W/(& A) & 

C% the Z W - A  lift force is given ! 
a& =I ah.(zJ) I= (71 Zip) 40.125 - 

REVIEW ANALYSIS OF TLSM PERFORMmCE 

Two echemes of TLSM perform- are possible for compsrison: 
one TLSM-A lifts the whole weight; and scheme-3 where two 

of two co~ppoilens: 

whole weight or equivdautly one TLSM-A lifta half the weight. 

The expressione for F' and Fh in both schema are identical by pa operly Mi 
(1) snd (3) for F., end Fhl reepecti~ely. Hence, in e similar t 
WMF, both scheme have identied expressions for madrnum 
wxel(%r&tioxn at any given 6. This occurse at the seme ratio 
between Mo(0) and K(6). The value of 6 that gives 
acceleration wes found to be. 

8 = ~ / 4  f [X - ~ 0 8 - I  m/G 
mb(t) = N G ( I  

a,,,, = (r Z/p)  a. 
e*laim the ZLSMP connections 

G 4 G 

This would give: 

giving a maximum of: 
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