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12. f ?.e mcitor !.lYce is co~riposed of two conlponent~ only, narnely,along gravity lin 
dong direction of motlo~i.Although some force eoniponeut in the third directi 
exliet.ted,it will be ignored. 

m ~ ( t )  = -Mu - mA(1; 

i3. Field nmf excitatione are eotistanbs. nrz(f) = - A ~ D  + nrA(f: 

14, Fl~ix linkage far any ar c ~ i l  varies ginugoidalfy b e f ~ e e a  a minimu~n of per0 nis(1) = MD + nm(t) 

eab-pole is fully uncoepled to rail and a niaxiini~m wlieo its wb-pole ie fully m,(t) = MD - rrlo(t) 
to rail. 

15. AC roils are fed with ,Pinusoidal ac current phase-locked to rail. 

16. \Vlndage,frictIon and other drag forces are ignored. 

THEORITICAL ANALMS OF TRLHSlll PERFOW-.4MCE 

lea? trapizoidal variatio. 11s are ass1 
- ~ o i l : : e c c i o n a  fcr T B m  

When the rail of TISLHSM mwes ia the direction iridicated in F 
ac coils wiil aos1in;e iinear segments and can be approximated to 
~rtlwan in Fig. 4a.Note that II & A? vary in-phase with each another A 1 ( i )  = (A!?) [ I  + COS(W i - 
vary in-phas~ wiih each another but in qaadrahrs lag with 11 6t A2 Az(t) = (A/2)  11 - COS(W t - 
cf these variations is given by: 

T,!? 
Aa(f) = (A/2)  [I + cos(w t - 

I: = (,4/2) [I - cos(w f - 
with angular freqiiency;a,given by: 

*u 
w = -  

2 P 

Henc~.to obtain maximum variation in flux linkage per ~hase,the ac coik are 
~ho+vn in Fig, 5a.Note that phase A leads B by 2 quarter of a eycle.md th 
3re connected so as to build coiistructive flux components. 

Magnetic Stib - polar Excitations for TRLHSM 

Each of the ~ t l b - p ~ i o g  in Fig. 5a could be considered excited with two Corn 
),,(,) = 110 AI (A;'+ A B .  

2.42 
M D  = Nn l o  

mA(t)  = N i A ( t )  = 711 cos(w 1 + 0 )  dis(t) = ~ ~ " 1  T - 4 3  
2 A  z 

,no(t) = Nin( l )  = ?r$sin(wf -I-0) 91,(1) = 110.41 ml n, 
214 z 

397 



:w 1 + 0 )  

(wt + 0 )  

. 5a and dcnoting rnl,nlz,ms and m4 to be the resultant mmf cxcftatione ammd 
1,2,3 and 4 re~pectively.with po~itive eense when forcing flu to Ieave tlie euh- 

ntI ( 1 )  = -Mu - mA ( 1 )  (5) 

tn2(l) = -MD + n ~ ~ ( t )  (8) 

ni3(t) = MD + ntn ( l )  (7) 

mr(1) = MD - t t t a ( t )  (8) 

?anent@ only, rlamey,alon 
force eoniponent In fL 

dally between a miaimurn of $ao 

t p b 1 o t h d  to rail. 

e @ored. 
en these arear vary trapizoidaily ag ~ l ~ o w n  in 
Fig. 2b.Note that tlie Furn of any two adjacent 

ErnORa5ANGE 

e assumed sir!risoids between a tnaxi~num of ..l 
ted tines ill Pig. 2b.Thc equations describing 

ection iiidicated in Fi 
be approximated to sinruoidal 
ase with each another A ~ ( t )  = (A/2)  [I + cos(w i + n/4) ]  (9) 
iti~re lag with 11 8 13 V? Az(t) = (A/2)  [ I  - cos(w i + n/4) ]  (10) 

A3( t )  = ( A / 2 )  [ I  + cos(w t - n / l ) ]  (111 
A*(€)  = (;9/2) [l - cos(w 1 - a / l ) ]  

(12) 

viation error at trapiroidai corners of &out 
orticne of adjacent eub-poles ia still ron?;tant. 

kap per phase,the ac coils are conn 
~y a quarter of a cycle.and that the 
components. 

+ s ~  ,++z 4+4~t$44.41 d2, 9m4 be fis defilled 
is driving rn a~sociabed magnetic circuit 

M - 
.idered excited with two cor~tpooente dd.d 

110 AI rill Az 
dil?(l) = Z A z  

113 AI ml A3 
613(t) = 2 A  

d14(t) = 1'o AI ml A4 
2 A z  

337 
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2~ ?"=- 
I1 

$th anpilar freqnency,wl,given by: 
* 11 

I i w f = -  
P 

bce,to obtain rnaxirnrinl variation in flax linhge per ~~hase,the ac coils are cnnnectrd 
$Puwn iit Fig. 5b. 

=aetic Sub - polar Excitatiotls for ZZLHSM 

Oh treatment siniilar to that of TRLHSM,t!ten the snb-poles excitations in Pig. 5b roidd 
Yen a5: 

,tr',(t) = -rn;(l) = -Alb - inLjl) (38) 
I 

in;(t) = -m\(t] = - h4b i 1:<~(1)  (39) 

?re mi ( f ) is given by: 
I mL(l)  = N i> (1) = nr' ros(wl f + d') (40) 

accderatioti pnlsatiorr,n,,,.tb~ ~vors! of 
3&32 for l&m,tijis gives: 

tIon is half that of gravity in ~ ~ i a g l l i t ~ t d ~  
icy. 

acceleratioa, Ohp .is sero.Hence: 

11 indicated in Fig. 2a,flux l i n k n g ~ ~  of 
pproxiniated to sinuccoidal variatioi~ as 
given by: 

n;(i) = A;([)  = (nf2) [I + COS[W' t ) !  (41) 

A;(t)  = 11:(1) = (AJ2)  [I - ws(wl  t)] (42) 

is approxiination will give a ~ t u x i ~ ~ ~ u t n  deviation error liear corners of aboat 21%. 

h pi~ililar tnatnient to that of TRLHSM, then tltese flilxes are given by: 

-110 A', ( M b  + ,n;) 4',(1) = - 4 3 t )  = 
z 

I -110 A; (Afh - in:,) 
4;(1) = -4i(t) = 

few are "" by: 
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ij'. . , 
iuu ia equal t o  that of gfavjb b $; 
eucy. 

aiagnitude of t11r11st acceleratiou 

(60) 

atio~i ia over 1.1 that of gravity in 
eecy, 

ZZLHSM AND TRLHSM '.,; 

:. . :starting linear machine.lts m&r. 

reqrency with &orst value relat*? 
3t directio~i. " I . 

4. 

- > 
,# ',? 

~ ~ c o a d  hamonir in ZZLHSM a+;- 
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Fig. 1 (a) ZZLHSM magnet and (b) velliclc boggie 

- - - -  - - -  
iltljaceut sub-poles 

slot 

rail l a i ~ ~ i i ~ a t i o ~ ~ s  

Pig. 3 Overlap area between rail atld ZZLHSM s~thpoles 
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