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peak d u e  of ac mmf excitation of m y  phase per sub-pole 
;oPttmum tn d u e  for martimum tarqua 
ac mmf excitation of phasei annature winding per sub-pole 
,=&ant mmf excitation around subpole j of driver-A 
.umber of turns of ac coil around any sub-pole 
number of turns of dc coil around any pole 

of rail cycle within rotor 
driver steady puU force against the rotor 

p h e  angle of ac excitation of driver-A 
optimum phase angle at maximum torque 

ed field current through dc .time period t o  complete one cycle in TLSM, TRShl 
b, 2. Each of the maim pales 
inverter-fed a*: CO& distorting 
obtained. time starting zero when rail completely links subpoles 1 and 3 of driver-A 

weed of rotor-rail relative to driver 
is a two-phase machine with coil gngular frequency in TLSM, TRSM 
d i n e  can give a maximum pro 
where p is the pole-pitch sh 

cycles within the rotor, 
magnet to  lift the rotor weight, 

elations to obtain the corregpon 
sub-polar mmf excitatione, 

open circuit voltages, torque and .of Z is ignored in cornparision with the rotor diameter, D., 
The energized area per pole is composed of t ~ o  por'tions. Each portion 
belongs to one of the two adjacent subpoles within the main pole, and is 
w e d  to vary sinusoidally between zero and A. 
ne rotor, w d  rigid, has fixed axis of rotation witb no a d  motion. 
Tfie frequency of rotation is also m e d  constant with time. 

ied below: The driver force is composed of two components only in the plane normal 
to rotational axis. Although some force component along rotational axis is 

I driver-A ' exerted, it will be ignored. 
. driver-A Flux linkage for any ac coil varies sinu~oidally between a rubhum of zero 

when its sub-pole is fully uncoupled to rail and a maximum when its subpole 
is fully coupled t o  r d .  

3 that leaves subpole JC in driver- 
>tor 

coils 
: o h  of drivePA 

winding per pole 
torque T=Q/u& u=au /Zp .  
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For TRSM; T and st are related to  f and Np by: 

T ' = I / f = T N p &  ~ ' = 2 ~ f = w / ~ ~ .  

Hence. u and ; a m  substituted 8s: 

u = - I p f N p &  w = 2 r f N p .  

L he rU,:Gr diameter. D. is related to IVp as: 

D = 4 p N p / a .  

SIAGTETIC SUB-POL AIL EXCITATIONS 

\.her l i e  r d  of TLSZ\I mows in the direction indicated in Fig. 

3ence. xith: 
MD = hr

D I D .  

n : , ( t ) = S i ~ ( t ) = m c o s ( s t + @ ) &  m s ( t ) = N i s ( t ) = m  

a d  a v - a i n g  positive sense when forcing flux to leave the subpol 

-. 
Lnese relations hold true for each TRSM driver. 

ENERGIZED SUB-POLAR AREAS 

- 
tor TLSM UI well as TRSM, the energized areas are approximat 

A1 ( T I  = (A/2) 11 + ms(w t  + s/4) , A2(t) = (A /2 )  11 - 029 

A3 (r = (A /2 )  [I + ms(w t - r / 4 ) ]  & A(t) = (A /2 )  [I - cos 

U G m C  SUB-POL- 

For TLSM, the fluxes are given 131, using superposition, as: 

&(t)  =   MA^ 1 2 ~ ~ + 2 n a ~  +msin(2wt+B-. ir /4)]  
&(t) = -CLO A2 (2Mg - 2 m ~  -I- msin(2wt  + 0 - */4)]  
~ ( t )  = + ~ A J [ ~ M D + ~ ~ B  -namn(2wt + B -  ~ / 4 ) 1  
44(t) = + M J ~ P M D - ~ ~ B  - m s i n ( 2 w t  + B - T / Q ) ]  

These relations hold true for each TRSM driver. 
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i 

th TLSM and TRSM. the abwe equati 

composed of two components: 
. one steady. and can be tot& ca 

between driver-A and driver-B wa: 
2. one at four times the SJ 

-. canceled by that of driver-B if, add 
driver-33 was kept at an integral n 

e-shii is obtained by  placing driver 
seen to give half-cycle timeshift foi 

e other hand, the 0-shift is obtained 
-B to the tw~phase  inverter supply. 

the driver-B pull force, F,,, is obi 

RShl pull force, F,,, of driver-A is da 

,A ( t )  = p+ A [8 .l.fk + 3 rn' + 8 MD rn co: q. 

pull force, P, of either driver wain 

P = ~ A [ ~ M A + ~ ~ ~ + I  

CIRCUIT VOLTAGES 

U M  and TRSM, the open cicuit 
r in Fig.5 can be found to be: 

iM TORQUE 
i .  
bin TRSM drivers ~roduce opposite 
-the machine torque, T,; which can 

T, = (EA i~ + EB i ~ ) / ( . i r  f) = II 

4 2 :  



f and Np by: 

p &  w'=27r f  = w / n i p .  

( t )  = 41 ( t ) / A l  ( t )  = -pa 12 Mo + 2 m A  + m Jin(2 w t + 6 - ~ / 4 ) ] / 2 Z ,  

( t )  = & ~ ( t ) / A ~ ( t )  = -h 12 hfo - 2  r n ~  + rn ein(2w t + 0  - a / 4 ) ] / 2 Z ,  
)& w - % s f & ,  ( t )  = da( t ) /A3 ( t )  = +h (2  MD + 2 mB - m sin(2  w  t  + 6 - s / 4 ) ] / 2 Z  & 

iVp w: ( t )  = &(t ) /A; ( t )  = +po (2  1% - 2 m D  - m s i n ( 2 w  t + B - ~ / 4 ) ] / 2 2 .  - dpNr/a. 

2X~-TIQNS 

&ls per liwqptt la-p 
%rmhp iane phase. T%is 
ibpd~ ';l'hia illusfratw 

of driver-B if, additionally, the t-shii between driver-A and 

& = & I D ,  

3) & mp(r) = M i&(t) = $B St is obtained by placing driver-A opposite to driver-B as shown in Fig.1. 
to give half-cycle timeshift for dfiver-B. 

the f?+hift is obtained by carefully connecting the two phases of 
-3 , m6cq = -MD + %(a), phase inverter supply. This explaines the connections shown in 
:) k Z: +MD - rtast). 

BM c.Mwr. 

s&G! ~ = ~ ~ I 8 ~ ~ + 3 m ~ + 8 ~ ~ r n c o s ( @ - n / 4 ) ] / 8 2 ~ .  

1 7  A2(t) = ( A / 2 )  11- -8(u 

I] & &(t) = ( A / 2 )  [I - WU(U and TRSM, the open cicuit induced voltages at ac terminals of either 
ig.5 can be found to be: 

l.xEf5 EA ( t )  = -h w  A AD N sin(w t + 7r/4)/Z & 

ratng superposition, as: EB(t) = -k w  A MD N sin(wt - a / 4 ) / Z .  

! r n ~  + m sin(2 w  t + B - ~ / 4 ) ] / 2  

! m A  + m sin(2  w t + f? - n / 4 ) ] / 2  

! m B  - m m n ( 2 w t + 0 - r / 4 ) ] / 2  drivers produce oppasitely-dhctd aqurrl driving forces. This couple 

! r n ~  - m sin(2  w t + 6 - r / 4 ) ] / 2  e torque, T,; which can be obtained using the energy principle as: 

3SM driver. = (EA i~ + EB ~ B ) / ( ? T  f) = w lr A D MD m &(0 - r / 4 ) / ( 2p  2) . ( 2 )  
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