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1. All sub-poles have the same surfate m a ,  1. 
2. AC cailri atwrud st~bpokro are idwneirul. 
3. Width of slot in the niain poles Is negligible. 
4. Fringing aud leakage art! negligible. 
5. 9teel and copper losses arp negligiblr. 
6. XI* gap, i, id ho~~~ugeueuua over the sub-poied. 
7. The energized air-gap faces equal areas both at rail 

surface above it arid a t  Ilagnrt pule surface below 
it throughol~t motion. This is justifled in view of 
aaauttiptiou 3 above. 

8. The energized area per pole is compwed of two pol-- 
tions. Each portion belongs to one of the two adja- 
cent sub-polw within the main pole and is assumed 
to valy aiuusoidally betweeu aeru aud .I. 

9. Speed of motor relative to track, q, is constant. 
10. Field umif excitatiow are co~wtaats. 
11. Flr~x linkage for any ar roil varies s inu~idal ly b e  

tween a il~ininuln of aero when ita sub-pole is fully 
uncoupled to rail and a maximum when its sub-pole 
b fully coupled to rail. 

I?. AC roils are fed with sini~oidal ar  current phase- 
locked to rail. 

13. Windagr. friction and other drag forces are ignnreri. 

TNEORITICAL AN.iLYSIS OF TRLSM INDUCT.4PfCES 

Coil Connections for TIUS11 
When the rail of TRLdXI ~lrwea ia the direction indicacd 

in Pig.?b. BILK linkages of ac coils \\,ill assume linear segments 
aud can be approximated to si~luaoidal variaciou aa shown in 
Fig.3a. Note that & 1: vary in-pha~e with each another 
and that .W & also vary in-phase wirh each anocher bur in 
quadrature lag with \ I  k !; variations. The period of these 
variarioua is given by: 

with angular frequency. ;, @%-en by: 

H P ~ C P .  to obtain maxirn~~m variation in flux linkaqe per 
phaae. the ae coils are  couuected a3 showu in Fig.la. Note 
that phas.. -4 leads B by a quarter of a cyclr?, and that the 
dc cuils are conuected w as to build coustructive BILV COIII- 

pcsnents. 

bln~net ic  S u b - ~ o h r  Excitations for TRLbhf 
Each of the sub-pole:, in Fig.la could be considered es- 

cited with two conlponents: 
1- dc due to the Eeld current lo flowing in the dc coil of .Y5 
turns. thus giving a dc exeitation magnitude ot': 

and: 
2- ar due to the armature phase currents i.4 or i , ~  ffcrwing tn 
the ac coil of S turns. thud giving an ac excitaiiou luaguitude 

or: 
~r.,!t~ = . ~ r ' f ~ ( t )  = z i x ( , . t  +?:. (5; 

Uaing Fig.la and denoting rtlt, tn?, r ~ i ,  and / t i4 to be the 
rwaltant mmf excitatfons around sub-poles 1, 2. 3 and 4 r+ 
spwtivcly, with positive dewe u - b n  forcing Eux: to leave the 
sub-pole, then: 

,)iIiii = -.\I5 - /siAi~i, i S i  

hernia& Sub-oolar b a s  for T u  
R'Sth -41, -42, .i$ and -4, detlned aa ?bob-e; than the- u e a  

vary trapisoidally ae shown in Fig.3a during the rail motion 
indicated in Fig.?b, Note that the sum of any two adjacent 
a r e a  Is constant and equals .i. 

For sin~plicit)-, these tlrpizoldal ~ai-iations are arsilllled 
sinusoids between a ma;xinlurn of .i and a mininrunl ot  zero w 
shown by the dotted lines in Fig.&. The equations describing 
these approximations are: 

for 
Let be the flux due to rn, that leaves sub-poIe i to 

sub-pole j. Hence. each of mt!. m?. ni- and mt mnffs b driving 
an wsociated magnetic c h u l t  similar to that shown in Fig.5. 
Hence. using the equations above for .-14, then: 

Hence. applying superpoeition t h e o m  to Eind the Eux 
ill?) leaving sub-pole 1 due to ,all mmfe of n;, , m2, ?r.3 and 
rn?: then: 

:':ti = :lX- 5:;  - ?jL - $*I .  

Usiug (14) di (15) for &I!, $21, $31 di $41 respectively aud 
rearranging, then: 

Using (6). (7). (8) & (9) for mi. mz, rn, & m4 and rear- 
ranging then: 

Using (11). 112) k (13) for A?. As dc A+ and simpiifyinq. 
then: 

Similariy: B?. rn, di 04 can be found to be: 
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