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and: 

or: 

and: 

and: 

-- - -  . . -- ---.- 

and: 

ac due to the armature phase currents i~ or i~ flowing in the ae 
turns each, thus giving an ac excitation magnitude of: 

mA(t) = N i A ( t )  = m w s ( w t + O ) ,  

rnB (t) = N ie (t)  = m sin(w t t 8); 

where: w = 2a/T, with T = 2p/u; hence: w = r u / p .  

Using Fig.4 and denoting ml, mz, ma and to be the resultant 
around sub-poles 1, 2, 3 and 4 respectively of motor-A, with posit 
forcing flux to leave the sub-pole, then: 

rnl(t) = -1% - m ~ ( t )  = -rn~(t ) ,  

~ ( t )  = -MD + m ~ ( t )  = -ma(t). 

appr-ations are given by: 

Al(t) = A3(t) = ( A / 2 )  11 + W S ( W ~ ) ] ,  
- . 

m4 are found to be: 

&(t) = /.47 A2 ma/Z, 

h(t)  = -h(t)c .1 

densities as.  

FORCE FOR a;r 
exert a lift force, F,, , in or 

energized *-gap, 2. This lifi 

K,( t )  =&At@ +m!* - 

exert a lift force, F,, , w6id 

===A[@D +m% 

Ilft force, F,, of ZLSMf 

F % ( t )  4-F,,(t) = &A12 

4 0 '  



3ts iA or i~ flowing in the an: c 
ion magnitude of: 

5 )  = mwa(wt + B ) ,  

( 4 2 )  [I - ms(w t)]. 

subpolar flux densities aa: 

Bzlt) = 1r0 w / Z ,  

B3 ft) = - Bl (t), 

FORCE FOR a S M P  
d m4 to be the resultant mmf exert a liR forcej F,,, in order to minimize its reluctance by m- 
ely of motor-A, with positive ergized air-gap, 2. This ZifE force is c o m ~  of several parts and 

4 
n ~ ( t )  = -ms(t), Fv, (t) = x - Ai B: 

rl 2P.o 

n ~ ( t )  = -mr(t). 
and (7) for AI, A2, A3 and Aq; eqs.(l2), (13), (14) and (15) for BI, 

t4 respectively; and simplifying with the aid of eqs.(2) and (3) for m~ 
a F, may be found as: 

LS FOR MOTORA 
F,, ( t )  = A + m:, + 2 Mo r n ~  ms(w t ) ] / Z 2 .  

re, then these areas are assum 
(16) 

m of zero. The equations descri exert a lift force, F,,, which c m  be similarly found to be: 

F, (t) = A [MD + m i  + 2 MJJ mg ein(u t)]/z2. (171 

a1 lift force, F,, of ZLSMP is given as: 

t) = F,,,(t) + F,,(t) = A 12 + m 2  + 2 MD m w8(9)]/Z2, . (18) 

be steady to support tbe boggie weight, W, at constant gap 
ES FOR MOTORA . The puisating component at twice the synchronous frequency 

expressions of 17,, and F,, has been cancelled due to the ciever 
4, 431, 432, hr 434, 641, 4 ~ 2 ,  

znce, each of ml, %, rn eld excitation, MR(6,m), ~t any ac exdtatioc parnetem of 6 and m 
imilar to that shown in Fig.6. 
flax- 4l(t) ,  Mt), 4dt) w = A [2 na2D + m2 + 2 MD W ~ ( ~ ) ] / Z ~ .  
ectively due to all mmfs of rnl, 

(19) 

431 - 441 = Pa A1 fia*/Z, 

h A2 m / Z ,  

= -4l(t), 

= -&(t). 
401  
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This is found to be: 

EA(t) = -2 N MD A w sin(w t)/Z. 

Similarly, Ea can be iound to be: 

MACN3ETIC THRUST FORCE FOR Z L S W  

The ZLSMP thntet force, Fk, can be obtained using the energy 
ing ideal conversion, then, the mechsnicd power is equated to t 
and hence: 

Fhu = EAiA + E B ~ ~ .  

This is found to be: 
that, can be measmed using tb  

Hence; the thrust force, F', is composed of only one steady uency band, and: 
ac second harmonic wmponent of motor-A cancelled that of m 
clever connection of both motors. 

Eq.(22) s h m s  that the 
(0, ?r) and brake within 
lags. The ZLSMP can 
to kinetic power or for brsking with kinetic power conve 
values, namely: 0 and r, the ZLSMP is exerting virtuall 'LP itlf three signals BRer appr 

with the predetermined char: 

MAXIMUM TRRUST OF ZLSMP 

The maximum of Fh(B, m) for a given 9 occurs at ~ ( 9 ) .  This co 
eqs.(l9) and (22) to give: - 

-?d,(9) = E(B)/&; 

where: 
variable i r k  this respect 8pa 

rnl (t) = --ME - 
On the other hand, the maximum of Fh(8) occures at 8. This co 
eqa.(l9) and (22) to be: - 

0 = f 135". 
r = m/& 

This gives the following maximum thrust: 
thrusting force indicated i 

Fh, = s W Z / p .  
T = fi. 

4 0 2  407  



R ZLSMP 

4 + EB i ~ .  

D m sin (Q)/p/Z. 

A cancelled that of motor-B db 

. when the current phase angle 
to the mechanical and electd 

motoring with electric power 
c power converted to electric. 
erting virtually zero force. 

"VB at =(a). This could be fo 

w 

~ m e s  at 8. This could be 

;5". 

v&abls in this rt"bpect wa?r f'ouad to b the rmb.poIar d 
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This violates both conditions trusted to the lift system. TO ac c 

Fh = 2 T AT M; sin(0)lp/2. 

But MD relates to W using eq.(19) as: 

Hence: 
2 7 ~ r  W Zsin(6') 

Fh(e) = p 12 + r2 + 2 r wa(8)I ' 
This is maximum at 6, given by: 

The resulting thrust force is: 

For the Linearia4 liR madel to represent the actual ZLSMP Iift 
of r must be &I9 s m d .  Hence: 

cw r (aZ/p). 

This ehow that the msJdmum thrust relative to 

derating a from its d u e  when ZLSMP is passively supported. 

CONCLUSION 

This paper shows that the representablity of the lin&Rd model 
a controller for atable aative suapenaion of ZLSMP +em, 
maximum thrust of the heZLSMP that can be achieved when -4 
say by wheels. Suspending ZLSMP actively using the oontrofief 
has the price of dating the maximum thtltst from its d u e  wfi 
otherwiee. The demting factor equ& the acceptable le~el of perturb 
to the operational level of subpolar mmf excitation. This can be 8s 

Il] West, A. N. (1982). The. Z i a g  Li- Homopolar Synchronous 
Thesis, Elect. Eng. Dept., Manchester University. 



2 system. To correct for t& 
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