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Ahstract

& 30 KVA  cdss  superconducting  symchronous
geterator  has  been  analyzed  Magnetic  field
distribution has been calcwlated by 3D finite eement
method(FEM)  and  analyticad  method at  no-load
condition.  And we studied the thermal distribution
usitg FEM at rated load Electromotive forceELIE)
of atmature cod is waried to the field coal
distribution,  we  examined the EMIF including
hatmonic analysis

1. Introduction

In this paper, 30kVA  class  superconducting
gynichronous  generator(350) was  studied  Since  the
field winding is the superconducting part of the
machine, it must be kept cold and so is carried on
atn  insilating  strachawe and  fed  with  cryogerdc
coclant. & 330 have dfferent struchwe so alr-gap
length becare larger than general generator.

The fho distribngion  waries  with  according o
z-direction because of field coil winds on air bobbin
atid have large air-gap length.

Thus 2D analysis can't give information of the field
disttibution consdering z-ditection so 3D analysis is
requited. Thiz paper compared the 2D resdts with
3D ones of electricmotive force according to field
coll width and presented temperabire distibution at
rated-load in stator using by 200 FELL

2. Machine Layout

& radiation shield is required to intercept infrared
tadiation from the ambient temperabwe parts of the
machine., This shield has a femperatore that is
irtertm ediate between that of the field winding and
ambient. The thermal radiation shield also serwves as
a shield for time-wvarying maghetic fher,  Flox
shidding iz required because AC  flelds would
producing dissipation in the cold space. The stator
have ait-duct to reduce inecteasing temperature in
stator.

Mlachine layout is showen in Fig 1.
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3. Electromagnetic field analysis
3.1 Analysis model

280 is simply modeled in 3D because it consist of
notnagnetic material except magnetic shield.

Table 1. ‘hrief specifications

PO et pole  rate speed freg field type

30kVA 4 1200[tpn] é0[Hz] FRacetrack

Analysis model is shown in Fig. 2. Governing
equation is gven as egquation (10 by using  field
vatiable with magnetic scalar potertial [17[3]

Vo (uvQ)=v-uH, (1)
VXH, = J.

Where o is the permeability in shield, £2 iz the
magnetic scalar potential



Applying the Gderkin method to the governing
equation, the following system equation is detiwved.

[S][L]-[F]=10 (2

“field coil

Fig, ¢ analysis model

Analysis model was classified tlree type according
to field coid widih as shown in Table 2.

Table 2 classification of rmodel it [tn ]
case 1 case 2 rase 3
field coil
) 2185 2685 3185
i

In 2D analysis, we applied the Biot-3awvart's law
atid ithage moethod.[2]

Jd L= R

dH =
iz| R

(3

3.2 Analysis result

In radial component of fluxr  density, the 2D
atialysis results was higher than 3D tounerical results
ifn all case Fig. 3 shows the analysiz results the
differenice betreen 2D and 3D weas 003 [T] in case
1, 0.02[T] itr case 2 and D.01[T] i case 3.

For an optitmal use of the superconductor and save
operationn  of the supercondocting coil  an exact
knowledge of the magnetic fleld and temperatiwe
disttibution within the superconductor is necessaty
Fig 4 represent magnetic fleld distribution at
middle plan  of  superconducting field  coil
(=25 63mm. In case 2, axial length of magnetic
shield iz Q&[mm], field coil twrns iz 531 and exdting
curtent iz 200[A] Dlavimown magritude of B owas
2.14[T] and placed at starting point of retum path
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Fig. 5 and & shown distribition of B, of the
case | and case 3 at z=%[mm]. Conparing case 1
with case 3, the B, of the case 3 was higher than
case 1. It will ditectly affect to the electromotive
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3.3 Electhomoivre Force

Armabwe coil was ¥V comection, double  layer
winding 7/ short piteh, 3 slots per pole per phase
The 2D resalts were higher than 3D remults by
% in case 1, 37% in case 2 and Z7% in case 3.



Fadial fluxr density distribution is shown in Fig 7.
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Induced wvoltage of the armabwe coil is showen Fig

2.

Fiaig CASE 3, 200 363 [¥]
- A
voa] Sa——t o CASE 3,30, 28 V]
100

= a

g ]
200
300
angi]

T EL Az s zan BIIﬂ =0
THETA
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If armature winding transfer full pitch, we will
expect higher EMF. 3lot harmomics are  ignored
because long ait-gap length and armoatore  structure
made by fiher reinforced plasticgFRP). The Case
which changed to full pitch anmature winding is

shown in Fig 9.

EMF[V]

400

A00

200

%

CASE 3, WT
g m

; f"—“ﬂ-\
W"'\-RY CASE 2, I73 [¥]
CASE 1,238 V] \ /

T T T T T T T T T T T T
¥ BEQ O 120 130 180 210 4D ZTO 30Q FO IED

THETA

Fig.  EMF (full Pitck)

£ T
= 5 -
™ -d"f-
= R et

o GhartPitch
wod . 5
.-"--
3m --""ﬁ

14 ™ 1] m 11

wriddth o T feld cod [

Fig 10 EMF according to width of field coil

EMF increased 20[W] in case 1, case 2 and
iwcreaged 30[V] inn case 3.
Harmonic  distortion  factor  of  the EMF was

examined. It was caloudated up to 100th order. The
results are shown in Table 3.

Tahle 3 distortion factor unit: %

rase 1 case 2 case 3

shott pitch 047 0.30 nsi1
full pitch ne4 0.52 047

d. Thermal Analysis

For thermal analysis of armature, we assame that
heat generated per wndt wolume per slot iz egqually
distributed in slots and same walue at rated load
Thus we applied the periodic boundasry condition on
hoth side.

2D goverming  equation iz (). If thermal
conductivity iz to he isotropic  imner space, it
becomes constant,
aT , 3°T N, =
Fe(— + —5 ) +g=1 4
FY 3;"}2 & G

Element matriz [k] and heat-transfer rate wector {f}
as follow.

_ ¢ AT Al L AT, Al
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Condition of thermal analyze for armabare represent
in Tahle 4.

Table 4 parameters for thermal analysis

H e 16 [Wim® =C ]
k41 204 [Whn °C ]
. 43 [Win *C ]
ky 0.5 [Wim =]
b 386 [Whin °C]
H g 40 [Wim* =0

Where k., is out of frame convection coff, kfﬁ
iz thermal conductivity at frame, &y, is thermal
cotwdhactivity at magnetic shield }ej iz thermal co-
nductivity at ammatwre, k. iz thermal conductivity
at coil, Kgs 15 comvection coff. at air-gap.

The generator have a cooling fan and generated
heat per wnit wolume was caleulated 85,594[‘1.??{1113].
In the results, maximum temperatuwe iz G257
atid mirdmum temperature 15 47 2[%].
distribution shown in Figll.
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5. Conclusion

In this papet, we studied the EMF and thermal
disttibution of A 30 kVA  calss  superconducting
grtichr otious generator. Dlagnetic field distibution has
been caledated by 3D findte element method and 2D
atialytical method at no-load condition. The thermal

digtribution was analyzed using FEM at rated load
EMF characteristic of atmature coil was performed
when the field cod distribution iz varied  and
harmoric analysis was carried ot
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