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Manufacturing of Superconducting Wiggler Coil

*
Masayuki KONNO , Kiyoshi YOSHIDA, Takaaki ISONO, Makoto SUGIMOTO
+ %
Sigemi SASAKI and Tateo KUMAGAT

Department of Thermonuclear Fusion Research
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute

Naka-machi, Naka-gun, Ibaraki-ken
{Received April 5, 1990}

The superconducting wiggler coil system was manufactured and charged
up successfully., The race track shape coil has training quench to reach
rated field at its virgin running. The design and manufacturing of wind-
ing method was studied in order to reduce number of training quenches.

The fellowing manufacturing methods were studied before real coil
manufacturing.

(1) the resin material,
(2) press during curing of winding pack,
(3) accuracy of coil case.

The various resin materials were evaluated concerning to adhesive
strength, training of coils and easiness of winding. A small coil was
manufactured and charged up in order to verify the manufacturing technique.

This superconducting wiggler coll system was achieved to rated current
at only after one training, and its quench current was reached the critical

current of superconducting wire at the fourth charging in this experiment.

Keywords: Superconductivity, High Energy, Wiggler
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* On leave from Fuji Electric Co., Ltd.
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Fig.2.3 Calculated magnetic field distribution on beam axis

B (T)

i

3.5 .
3.4 MAIN COIL
3.3 s
321 ' -
34 -

23F .

2.2 7
AUXILIARY COIL

2.1 i
2.0 7
1.9 )
(.8 7
| ] ] I i lj

0 5 10 13 20 25 30

Z (mml

Fig.2.4 Calculated magnetic field distribution
on vertical line to beam axis



JAERI-M 90-077

3. BEEYT4T7T7— - aANDORIE

31 oA NEHEAEDKRE

T 7= 34 NVEETRIZD, FORMMNIITIEEZL TG,

(1) D4 F—saf4 G v—2 Ty 7« 34 THLIH, BEEDOEM TN 5 E{
hEMAZZFEE LT, —F8iCiE, ERFBVLNE, TOEROCE, <i@dia 4ol
FHIFCESHOESR T L7, ARERSRATBFESND D, L, BRa4vid, &
LRI RAERETEEHESL LT, SHEBICAY B THRIES BB 8 5%k%E
ERL .

(2) BaA VEBOSTEBEL LAY, —HBAD oA VERIC, 6D 4 vEHLAL
CEELt, —RO o 4 LESRE, MMINTickn, TOTEEEE L5 EAHHER
fodh, A VREBECHET A THEREE L AT ENTE S,

Fhn, A VERIEERTABICERA T 28M8%, TOT LM VEHICRTTARES L
foo 0¥, A VERHIESRE, BRDOATHENLL, 24 VOERAUBENEE
i, TEMEESHBEENTE S,

(3) 24 VEGOTEHEEGH L2, BROBOBERSOESAE VRIS
MWEREIL - T,

BRI O O A PHAKEEIC 52 528 % Table3. 1 iT/Rd,

$i, BEEBSOERE, 7z vFOREKSEO MRSV, £0T, 34 VRRERD,
B A LT i, BIESEOE, Fig 3 LITndERE>BCT, 2427V 2BET
BT EE LT, T, A VEBTHMT BRI, 2RO EEAOT, 24 vOBRPRFE
i ARSIl [ W ful

32 HEMBORE

SERICAVARBIEMERL, SHNCLZ2EROFEAIEWAEAFHAE LT, T0E
FEODAIRE>TH, 24 VORI SEE S,

BIEVEIDER T, BEWRS, BRREH, FEEC SO TEEREMEERICRA L.
1) EEmS
BHEMEIOBEERIICHVTIE, v VY Pt L 3EHET -7, ZO—#i% Table 3.2 i€
N

Table3.2 14, T3 =9 L0WRAEY ¥ 7 VOMIEMBECEEREEL, 7 =2 Lfl%
W 551ED, MIERE O3RNSR LRE LD TH L, Slsthehd, £0FEED
PICTLIFHDT 7 —WBRASRTVAEDE, A-TWRVED (LI, 7 45—
LHEE) b B (AFAF 2 A MERT 4 5 —AD). —BWK, 7 17— AD ORI



JAERI-M 80-077

@,/V745—K%ﬁbf,%®%%ﬁéﬁﬁwoﬁb,747*%%@?%&%?%0
%@#&@4m~%umﬁ&éoj4w®Mﬁﬁﬁ%ﬁb<%ﬁ-ﬂW¢%mu,%%@%
00 L AR E BRENRH Db, /YT 0 7 - ERAT AT ENEE L, #27, /
o4 5 —ORIEEERBEL, 71 7 - AD ORI E & FREOES EHxEH2b0%E
PEBLT & & L,
(2) WhEIRHE
ﬁ%ﬂﬂ@ﬁVK;%%M%HQEM%ﬁ%?éh%,%Eﬁ%ﬁﬂ%mwfz4w%%
Wb,mwiﬁ%ﬁﬂkoFg&zm,Eﬁﬂ4w®MMﬁﬁ%%¢oM,@¢®%j4w
i3, IR T TEES NI DT H B, '
@ EE 200 A
&ROANWAR 25T
5 — ¥ 2300
¥ é 202.5 mm
7 — 751 0 416 Kgf/mm?®
AN 1T 4 5 AN ER LD THD, 34 N2/ YT T - D
g EAER LD TH S,
74§fkbﬁﬁﬁﬂ%ﬁmbtj4wﬁ»ﬁﬂ,%ﬁﬁw%ﬁ@ﬁ%%ﬁthwéo
Cnﬁ,745“#Eﬁ$H~T%5ﬁb,%%%®#%77ﬁﬁﬁﬂwﬂoti&ﬁﬁ@
LTWbEEZ SN %o
(3) ek
VRN DT B &, BHSMEOMIEER, HEREREUAPROEV, 77, A
@45 — e 2 TN TIE, BIEMEE é%%mn&@@ﬁétm,%®mﬁﬁﬁm%
CEELL S,
ML@SQEQ@ﬂ%%b%,/V74%f@ﬁﬁﬁﬂf,%ﬁ@mﬁétt&ﬁ&%ﬁmﬁ
BT EELTS

3.3 HEJIAINEER

& 3 A VBUERTIC, FTEOGHR AT - EED A VERELT, BE RO R AT

=7

StiED A uid, AT A4 VDR A v ER CIERTERIEL, BIXG, A4 VAOEBBEERE

AL .

e DiEARED & LTE, 4K £TH sEle A & WL ABERD 3 A VICERIINE S

Il kAEEE, MEABETAIECEIDHEL

(1) REFHE
ﬁ%ﬁ%&tfﬁ,ﬁWS4W%W%?%C&K;@,%H%%&UWE%#%%E%%
B E L LT,
ﬁg&SKﬁWz4w®D_Fﬁ4V&ﬁﬁﬁ%i%ﬁﬁo@@@D,ﬁﬁﬂ4W®W%



JAERI-M 80 -077

3, 2B THRMOBREREZ THRYT T EB8TE,
(2) BFEERE

Fig. 3. 4 /WillE 2 1 wOWEBE AR T,

ERHEORRTCHE, BRICHETOBXEANGEYL LML, BISOMIREIHED by
o7 FEV, IR BESHEREATR L OB 2w, AaA v TCHRE USRI AR ¢
5T EEL

BL, BBRIEEN, SBEiaskI onkd, FEHERZHRE LT

Table 3.1 The difference of magnetic field on center of maln coil and
auxiliary coll In the case stralght part of coil bulges.

Bulge 0.5mm{0One Side)| 1.0mm{One Side)
Main Coil 1.25% 1.58%
Auxiliary Coil 1.85% 2.50%

Table 3.2 Short lap test for measurement of shear stress

400
350f X*
300}
2501
200|- |
150}
100}
50}

0
TYPE OF

235 174 243 {81 199 169

HH
H
[

}_._
Hi
'.—_._
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SHEARING STRESS (kgf/cm?)

FILLER NON FILLER

S| RT ° o
§§-180°C o o
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Fig.3.1 The tool for pressing the coil
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Fig.3.2 Training of the coils
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Fig.3.3 Load line of dummy coil
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Fig.3.4 Cross-section of dummy coil
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FETEEAIREELD, 4DETEAOEABRIEE TRT CEDPTEI,

Tabled. 3T, EHRERICH T LH 34 VOHARERREATT,

Table 4.1 Magnetic field on center of coils

iUnit:Gauss]

Auxiliary Coil(l) Main Coil Auxlliary Coil(Z2}
Measured Value -73.1 125.4 ~-72.8
Calculated Value -77.5 127.1 -77.5
Difference 4.4(5.8%) 1.7(1.4%) 4.7(6.1%)

Table 4.2 Measured magnetic field on following points

fUnit:Gauss]

Auxiliary Coil(l) Main Coil Auxiliary Coil(2)
Center of Coils

on Beam Axlis -73.1 125.4 -72.8
-10mm -73.0 125.2 -72.7
- 5mm ~-73.2 125.3 -73.1

Z Axis
5mm -72.8 125.0 ~72.6
10mm -71.8 124.3 =-71.6
- 6mm -74.6 127.4 -76.0
~ 3mm -73.4 125.9 -73.9

Y Axis
Jmm -74.2 125.9 -73.5
omm -76.8 128.2 -75.2

Table 4.3 Measured magnetic field on center of coils

[Unit:Teslal

Current Auxiliary Coil(1l) Main Coil Auxiliary Coil(2)
264 .6A — 3.36 -
276.8A -2.13 - -2.17
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Fig.4.2 Magnetic field distribution on beam axis



JAERI-M 90-077

S[I00 AJRITIXN® JO PTa1j Oljoulem poinseay v -y I1.4

01

fwwy 7
0

G-

Ol-

I

b

0L
b
¢l
€l
174
Gl

el
£
17
GL
9.
Ll
B.

[(ssnDg] 18|

(ssneol 18t

110D uTem Jo par) OT12usew paJanseay g F 314

[wwy 7
0

ml

0i-

T

T

1

I

1

I

I

|

£el
124}
Gel
9¢!
L)

vl
Gel
9¢l
L)
8¢l
6!
0¢l

i1

[SsND9 )

[ssnog] 141



JAERI-M 90-077

i1

ler co

.5 Wigg

4

ig.

F



JAERI-M 90077

1100 JOT[891M Jo Suyutred] ., %314

HININO 40 dIBANN

001

—-100¢

-100¢

—00%

| | L | 00¢

1N344N2

{V)

1102 JOTS3TH JO OUTT PROT 9 p 814

(1) 07314 JIL3NOVW

B l 9 ¢ 174 ¢ 2 1
T | 1 T I B T ]
710D NIVA
0D AHYIIXNY
(V9'+92) |
do] ————o “-— __ o~ (¥B9L)
7100 NIVW doy
109 AVINIXNAY
P4
¢

Vel :
VZiibv
| V08¢ :
Y0Ge :

— N M) ST

001

00¢

00¢

$10)7

00¢

009

0L

008

006

IN385¥ND

(V)



JAERI-M 90-077

5. % & &

WHOEKTHD b L— = v SOOI CEABEY 75—« 24 VOBRBICEI LT, v
w2 b5y sS4 e EACEFIBEIC G, 2NETERSAE TEBTREL LY, 4AH
THEKOEASRET TERBAETH 2 &, BENLI LTSS,

EBAOERBRAT TEST AT EANETH - &k, S0 I 4 VEGTHITE D &R, &
BEpo 4 VEIEREI BV, BROHERBRICHTABHICEELGATNHANLLE LY
%o ChE, o4 ABMEICEBO TR LS L 74 VBREE, oA vliElid, silai
ElORBELEOERY, FNTHIRMIMEAE LI L85,

AMERERIC LD, ML —2 5y 7 FRERD 4 T 2 8IERII HONCEB SN

aat i3

EHRFICH D, HISETES $ L HAE T AT Feimdmaif s BAmERT, EEE5H
AMREZECEBOSHRICHEEZLL T T,

% & LR

1) SElE o vw .y s —RUBHEFL—¥ -7, BETRHITGATIEFARERS $2005
(1979)
N H =y (EFHE IEF 421 S (1888)



JAERI-M 90-077

5. % & &

WHOEKTHD b L— = v SOOI CEABEY 75—« 24 VOBRBICEI LT, v
w2 b5y sS4 e EACEFIBEIC G, 2NETERSAE TEBTREL LY, 4AH
THEKOEASRET TERBAETH 2 &, BENLI LTSS,

EBAOERBRAT TEST AT EANETH - &k, S0 I 4 VEGTHITE D &R, &
BEpo 4 VEIEREI BV, BROHERBRICHTABHICEELGATNHANLLE LY
%o ChE, o4 ABMEICEBO TR LS L 74 VBREE, oA vliElid, silai
ElORBELEOERY, FNTHIRMIMEAE LI L85,

AMERERIC LD, ML —2 5y 7 FRERD 4 T 2 8IERII HONCEB SN

aat i3

EHRFICH D, HISETES $ L HAE T AT Feimdmaif s BAmERT, EEE5H
AMREZECEBOSHRICHEEZLL T T,

% & LR

1) SElE o vw .y s —RUBHEFL—¥ -7, BETRHITGATIEFARERS $2005
(1979)
N H =y (EFHE IEF 421 S (1888)



JAERI-M 90-077

5. % & &

WHOEKTHD b L— = v SOOI CEABEY 75—« 24 VOBRBICEI LT, v
w2 b5y sS4 e EACEFIBEIC G, 2NETERSAE TEBTREL LY, 4AH
THEKOEASRET TERBAETH 2 &, BENLI LTSS,

EBAOERBRAT TEST AT EANETH - &k, S0 I 4 VEGTHITE D &R, &
BEpo 4 VEIEREI BV, BROHERBRICHTABHICEELGATNHANLLE LY
%o ChE, o4 ABMEICEBO TR LS L 74 VBREE, oA vliElid, silai
ElORBELEOERY, FNTHIRMIMEAE LI L85,

AMERERIC LD, ML —2 5y 7 FRERD 4 T 2 8IERII HONCEB SN

aat i3

EHRFICH D, HISETES $ L HAE T AT Feimdmaif s BAmERT, EEE5H
AMREZECEBOSHRICHEEZLL T T,

% & LR

1) SElE o vw .y s —RUBHEFL—¥ -7, BETRHITGATIEFARERS $2005
(1979)
N H =y (EFHE IEF 421 S (1888)



