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THE PERFORMANCE  OF  INDUCTION  LEVITATORS 

J F  Eastham  and D Rodger 

Abstract  Induction  levitators  are  devices  which 
produce  repulsion  as  a  result of the  interaction 
between  excited  coils  and  the  eddy  currents  which  they 
induce  in  some  other  conducting  member.  Machines  such 
as this  have  been  proposed  as  the  levitation  mechanism 
for  contactless  transport  systems (MAGLEV)[1,2]. or as 
magnetic  bearings [3]. In this  paper  we  present 
studies of small  lalmratory  models  of  induction 
levitators  (Fig 1). Measurements  are  compkred  with 
calculated  values  obtained by a finite  element 
analysis.  The  secondary  consists  of a conducting 
plate  which  could  be  backed  by  iron if required,  and 
detailed  measurements  and  calculations  are  presented 
which  illustrate  the  effects  of  the  shape  and  size of 
the  secondary  on  the  forces  (lift  and  lateral)  and  the 
power factor. A  levitation  system  for  a 50 tonne 
"V vehicle is then  investigated  computationally. 

INTRODUCTION 

A small  model (38 cm long)  of an  induction  levitator 
is  shown  in  Fig 1. The  armature  consists  of  a 
laminated  'u'  shaped  iron  yoke,  around  the limbs of 
which  are  wound  the  two  primary  excitation  coils 
carrying  single  phase 50Hz current.  Eddy  current6  are 
induced  in  the  conducting  secondary  which  produce  a 
force of repulsion  between  secondary  and  yoke.  A 
lateral  stabilising  force  can  also be produced.  Those 
two  forces  depend  not  only  on  the  configuration of  the 
yoke,  but  also  on  such  secondary  parameters  as  the 
width,  thickness of conducting  plate  and  whether  or 
not  the  plate is  backed  by  iron. 

An investigation  into  the  nature  of  those  forces  is 
described  here,  A 2-D finite  element  program was 
verified  using  the  small  models,  and  then  used  in  a 
design  study  of  a  levitation  system  for  a 50 tonne 
MAGLEV vehicle. 

FINITE  ELEMENT  MODEL 

In  all  the  experiments  described  the  iron  flux 
density w a s  kept  low, so that  magnetic  linearity  is 
applicable. 

A  mathematical  model  of  the  machine  was  adopted  in 
which  all  the  current  flow  is  in  the z direction 
(Fig 1). This  idealisation  would be correct  for  an 
infinitely  long  machine  and  was  found to be  reasonable 
in  the  present  case as measurements  obtained  from 
locm, 38cm and  cylindrical  (radius l@cm, representing 
the  infinitely  long case) machines  were  very  similar. 
Fields  can  therefore be described  in  terms of the 
magnetic  vector  potential  A=: 
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+ - - =  u j a ,  - Js . . . (1) 
in  which Js is the  excitation  current  density  and u is 
the  conductivity  of  the  secondary  plate. 

This  equation  is  solved  in  the  usual  way,  by 
discretizing  the  problem  region  into  finite  elements 
and  applying  the  Galerkin  weighted  residual  technique 
~ 4 1 .  

EXPERIMENTAL AND CALCULATED RESULTS 

A  computer  drawn  flux  plot  for  the  levitator  at  one 
instant  in  time  is  shown  in  Fig 2. Typical  results 
for  normal  and  lateral  forces as well as power  factor 
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versus  secondary  displacement  are  shown  in  Fig 3 and 
are  summarised  in  Table  1.  Generally,  it  may  be 
observed  that  thicker  conducting  plates  improve  lift 
and  reduce  lateral  stability,  while  secondary  backing 
iron  improves  power  factor. 

17.5J, 4 1 . 2  
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Dimensions m 
76 .2  

A. 

2000A tu rns  

S i n g l e   p h a s e   l e v i t a t o r   d e t a i l s  

P x  Contours of A at one   ins tant   in   t ime  

t r a c k  track 
cross- aluminium iron 

track maximum lift force power 

section dimensions dimensions force equilibrium equilibrium 
lateral at   factor at 

(run) (mm 1 (N) (N) 

r 6.35~117.~ none 10 38 . 27  

e 12.7x117.5 none 6 54 .27 

r"L7 6.35x117.5 6.35x79.4 17 22 .37 

12.7x117.5 6.35x79.4 8 58 .29 

6.35x117.5  6.35x79.4  18  29 .44 

6.35x117.5 1~35~117.5 25 32 .49 

Table 1 Series connected single phase levitator 
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Cross-sections  of  the t w o  machines are shown in   F ig  
4. s t a t o r  A has a lamination 'window' height t o  width 
r a t i o  of 7cm : 22m. Stator B, by comparison, is wiae 
and low, the corresponding ratio being 5cm : 36m. 

Different stator cross-sections  were tried i n  t h i s  
way i n   o r d e r   t o  assess whether s t a t o r  leakage  flux 
(apparent i n  Fig 2 ) w a s  reduced by lowering th i s  
r a t i o .  The stator cur ren t   dens i t ies  were fixed at 
6A/mmz, w h i c h  was thought t o  be a reasonable  value  for 
forced air cooling. 

In  Fig 5 is shown the l i f t  against  displacement 
curves for the two machines a t  constant  current and 
2cm airgap.  Fig 6 displays the corresponding  curve 
for lateral force.  

The resulks of ca lcu la t ions  on  heave damping [SI 
appear t o   i n d i c a t e  that ac t ive   cont ro l  of the height 

-8.00 -4.00 .oo 4.00 8 .oo of a veh ic l e   l ev i t a t ed   i n  this  way is e s s e n t i a l  on t h e  

Of ver t ica l   mt ion   be ing   apparent .  It  is therefore  
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P O Y E R   F A C T O R   * I O €  -1 F m  Cross-sections of machines for 50 tonne  vehicle 

aSsmed that the input  current is con t ro l l ed   t o  
maintain a constant  airgap, and that the required 
maximum lateral restoring force w i l l  be around 40% of 

of Fig 5 have t o  be scaled t o  produce a constant l i f t  
at  constant  airgap, for each displacement  position. 

COIL e 
Since this is carried out by changing the machine 
input  current,  the lateral forces at each posit ion 
W i l l  a l so  be scaled by the same factors, r e su l t i ng   i n  
the curves of Fig 7 .  

4.00 - the vehicle  weight. This means that the l i f t  curves 

3-00 

I x 2.00  
0 0  COIL . A  Table 2 sununarises a number of important 

characteristics for t h e  machines. The reac t ive  power 
requirement  for  both the central   posi t ion and t h e  
posit ion at which the lateral force is equal to  40% of 
t h e  weight of t h e  vehicle is shown. The reac t ive  
Power requirement at the latter xis i t ion,   of  maximum 

1.00 - 

.oo c 8iSplaCeIient, is h ighe r   t han   t he   r eac t ive  power 
-8.00 -4.00 .oo 4.00 8.00 required at  the central   posi t ion,  so th$s power demand 
D I S P L A C E M E N T  ( C M S )  0 sets the size of  synchronous capacitor which would be - M E A S U R E D  
0 C A L C U L A T E D  

r-3 6.35x117.5 needed to raise the power factor of t h e  device to 
unity.  The weight  of  synchronous capacitors is 

Characteristics of a mall levitator (first 
on Table 1) 

assumed t o  be 2.4 tonne per MVAr, so that those 
Weights are also given  on the table. 

DESIGN STUDY OF IWI) SINGLE PfikSE W I T A T O R S  FOR 50 m a l  m a l  Mvll Weight of Stator 

for parer (tonne ) 
factor - TONNE VEHICLES 

length hvAr 
OC 

stator 

excluding Stator I'R EYnch cap !might 
loss _ _ _ _  

The f i n i t e  element model which w a s  ver i f ied  using 
(Ip) Track  Track  at  Track  Track at IMX l.O(tonne) 

central lhax lateral  central diaplac-nt 

the small laboratory machines w a s  used t o  design two displacement 

d i f f e ren t   s ing le  phase l e v i t a t o r s ,   i n  order t o  assess A 20 1'1 

the usefulness   of   magnet ic   r iver   devices   in   levi ta t ing *' 13" 21'' 
17.2 3.3 7 . 2  10.4 

a 50 tonne  vehicle. Charaoterlstics of the so tonne Vehicle 
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P- Lateral  force/m length  versus  track  diaplace-  
ment a t   cons tant   current  

Also  shown  is  the maximum real  power  required  by  the 
devices.  In  order to keep  the  designs  fairly  general, 
this  excludes  stator IrR losses.  The  weight  of  the 
respective  stators  is  also  shown, so that  the  amount 
of  weight  remaining  from  the 50 tonne  total  is  32.4 
and  32.7  tonne  for A and B respectively.  A  catamaran 
configuration  is  required to eliminate  possible  roll 
instability  123. 

Although  the  results  shown  in  Table 2 only  apply  at 
standstill,  at  least  some  likely  benchmarks  for the 
performance  of  large MAGLEV vehicles  have  been 
established.  Drawbacks  of  the  system  which  are 
obvious  from  Table  2  are  the  high  values  of  kW  per 
tonne  lift.  The  weight  of  the  machines  is  also  a 
large  fraction  of  the  total  vehicle  weight.  The  high 
power  requirement  of  the  machine  raises  doubts  about 
the  feasibility  of  collecting  megawatts  of  trackside 
power  from  a  moving  vehicle. 
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Lateral force/m l e n g t h   a t  a constant  2 cm 
c learance  

CONCLUSIONS 

An induction  levitator  has  been  tested  with  a 
variety  of  different  secondaries.  It  has  been  shown 
that  useful  lateral  stability, as well  as  levitation, 
can be provided by such  devices. A low  value.of  power 
factor  is  inherent  in  all  those  machines.  This  is  not 
likely to be very  important  in  low  power  applications, 
such  as  in  small  magnetic  bearings  or  in  instruments, 
but  is  an  overwhelming  disadvantage  in  applications 
such as MAGLEV. 

REFERENCES 

El]  Eastham, J F and  Laithwaite, E R:  "Linear 
induction  motors as electromagnetic  rivers",  Proc. 
rm, 121, ~0.10, oct.1973. 

[2]  Eastham, J F and  Williamson, S: "Experiments  on 
the  lateral  stabilisation  and  levitation  of  linear 
induction  motors", Trans. IEEE , vol . UAG-~O, NO. 3, 
pp.470-473,  sept.1974, 

[3] Bolton, H: "An electromagnetic  bearing",  Conf.  on 
Linear  Electrical  Machines,  IEE  Conf.  Pub.  N0.120, 
1974. 

[4]  Zienkiewicz, 0 C:  'The  finite  element  method  in 
engineering  science',  McGraw-Hill,  3rd  Ed.,  1976. 

[5] Rodger, D and  Eastham, J P: "Dynamic  behaviour  of 
linear  induction  machines  in  the  heave  mode",  IEEE 
Trans.  veh.  Tech.,  vol.VT-31,  No.2,  p.100,  May 
1982. 


