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Many strand locations in Cable-in-Conduit conductor were successfully measured,
by using a developed 3 dimensional measurement instrument. Measured data shows
that many strands are deviated from the expected positions after the conductor
fabrication, and hence contacting points forming loops are also deformed from the
expected positions and magnetic flux linked with the loops are irregular. Changing
magnetic fields generated by a coil cause the irregular coupling losses in such
deformed loops, and the loss was quantitatively analyzed. After formulating an
algorism of strand mechanics, 3 dimensional strand locations in the conductor were
estimated.

SR TEHA
(BAEHAT - 1)
[ERESES LiEESES ¢ =
2007 B 6, 900, 000 2,070, 000 8,970, 000
2008 2,500, 000 750, 000 3, 250, 000
2009 £ 2, 500, 000 750, 000 3, 250, 000
2010 £ 2, 200, 000 660, 000 2, 860, 000
FE
ik 14,100, 000 4,230, 000 18, 330, 000

Mgy - L5
B OSEL - fH : EXRE LS - BH LY - BHEK - EXEE
F—U— R BRI — T 84 - B - I - Ao xvX—7d), BEGHKS

1. BRSO 5

REGBEEEIRIC AV D D B REER
IREAS Imm R O VB E FE AR A LR
RO B DEEHBAT L ABEICIM L T

—T e A arYy b (CIC) &MIEH
LR K7 BRI 2 D& &E FF>, 2D
CIC HAKTHRIE L 7-BRE o A VX BB
R F b ERERNEAEL, TRIFTHE



HWEFEE, A RICLTHD THND
FEWVWRFEBOBRENHEAET D, ZORVEE
BT E o A L OTEEL)N R A RE & 72 5 1
BRPENH 7= T, ZORKZHLMNTT 5,

2. WO HKY
WD L EWITEORIET 5,

W2 ADr—TAnaryy NNTH
60% D EHERIC/DETEMSND =D
(2, FBROBAHANCENT 0T, EBIERN
DK FERRDONLIE & 3R TTHNFHRIT 5 Hik
R LT, R By Fip EOEREIEN
T A =R LT 5,

(2) FRMNIEMRIZ T AT R
S DT, TOFEETIEE LT, BIEMNT
NMENSOE#E L TRBTE 28 )%
WCHEDSWEEHRERFET AV EH LRE
L, 3 RIcatHGE R CE O NN 010 &
S Y

AR AR 25 H T 5121%, 2102
o BN = A LD 3R TAINL
BCTHERRDOT, AT 70 7 Z 2L
% L CAS LRI 72 S A g o & 1E e LB 1
PR L CABAGEEAEEZ Y I 2L —v
a2 LT, @k CIC B AZIRET 5,

(QFFEEL D HLHE R b 70 DA ICHTI & R
DR EIRIEEEARE S 72 LIT K& KRTF
THDOT, T D EMEOERM OERRE
E IR PLOBIR 2 RIET D,

3. WFED ik
PLF D J7ETHIZED B & FERRT 5.,

(1) Z2EAOFEHRCTHR I CIC Hik%x
10 mm FEE O R SIS KWrm o B E
ZRE L, EERETH RIS cEfkE
IR T D, FHRENEDLOHTEL DT
HEEH S 2T A& BT 5,

(2) FROHEICIL, FFROEHT D mE
L, BRBOr — T VOHEREE Y A A M
v FORESE UTEHE LT, FBHE %K
W5, WIS, HRODFETNVELT, R
OO L L TARER LML,
BREROWR T 2L X — %2 i/MET 5,

(3) HHEBETHER SN DI L—TITHRZT D
A DS OINTEER OFEHT 21TV, AH
R 72 28tk 2 T N E RT3 5,

(4) FMNLE OHETEIIE, BIRO R &2 E
TOHEENEETHY, 2T, FHEH
DR ZEE L LT, FONME~5,

4. WFFERR R

D NN =AY AWl SN

(1) FBRLEO BB E 2B L, EEE
VW L7, SIRNOR RO 3Rt
EZ R THD TE D 2T L TX T,
ZO1HE LT, EEEO. 8mm D 486 KDHA
EEEREND TEXBERNDOKFZRO

X[mm]

BlE X % BRI R,

(2) BIRNDHK A — 7 ILVNOHERE %R Cizm
i 2 BRI TS 2 D CEBR OB 2 HE
ECTETZ, TOMEE BIHENT D720
DOFHENFETNVEMBELT, #HETLHZ
ERRRE L o T,

(3) FEMRM TR SN D L — IR DRk
WERNT L, SRS AR EZMmIT L, B
EBDOEWRDZNHD Z ENFhoT, &
DK% BN UIRE R, KBRS R
LHEBMEL —E LT,

(4) BANOZRMEZHEE CTE S L, BUYE
THRNCE < OO RS FRE & 72 %
DT, FOFMDOI-HDOFIEL LT, Hig
ol RS E S 2 HEM & i L
ToRER, B —%L, HREWFEETLOZR
MR SN,

5. FreREimE
(BFFEfFE . WFTE s K ONEEERF TR 1
=Ny

U0 Gt 6 1)

1.T. Hamajima, S. Teshima, Y. Shibata, T.
Yagai, M. Tsuda, K. Takahata, S.
Imagawa and T. Mito, “Conceptual
Design of Coaxial Multi-Layer Type CIC
for SC Magnet of FFHR”, IEEE
Transactions on Applied
Superconductivity, &:iH, Vol.20, NO.3,
560-563, 2010

2. Tsuyoshi Yagai, Yasuyuki Shibata, Jun
Ohmura, Makoto Tsuda, Takataro
Hamajima, Yoshihiko Nunoya, Kiyoshi
Okuno, Kazuya Takahata, “Flux linkage
areas of coupling current loops for
different shape cable-in-conduit
conductor”, Cryogenics, ##cA, Vol.50,
(2010) 200-203

3. WEEE AR, HEEHHE, RER, EE—h,
SINMELE, TH#ENZ)E Cable-in-Conduit &
BRNOERIAN A BRE LT ARG, &
RFRwmOEE B, Baeh, 129%, 115,
pp.1299-1304, 2009

4. 'T. Yagai, Y. Shibata, J. Ohmura, M.
Tsuda, T. Hamajima, Y. Nunoya, K.




Okuno, K. Takahata, “Irregular Flux
Linkage for Coupling Current Loops in
Different Type CIC Conductors”, IEEE
Transactions on Applied
Superconductivity, &t f, Vol.19, N0.2,
2387 — 2390, 2009

5. T. Yagai, Y. Nara, J. Ohmura, M. Tsuda,
T. Hamajima, Y. Nunoya, K. Okuno and
K. Takahata, “Investigation of a
Mechanism Forming Irregular Loops in
Large CIC Conductor,” IEEE
Transactions on Applied
Superconductivity, & #i A, Vol.18, No.2,
1123-1126, 2008

6. T. Yagai, H. Sato, Y. Nara, M. Tsuda, T.
Hamajima, Y. Nunoya, K. Okuno and K.
Takahata, “Investigation of Irregular
Strand Positions Causing Additional AC
Losses in CIC Conductor,” IEEE
Transactions on Applied
Superconductivity, #&#if, Vol.17, No.2,
2470-2473, 2007

(=sR] G190

1. S. Teshima, S. Nakazawa, M. Tsuda, T.
Hamajima, T. Yagai, Y. Nunoya, K.
Okuno, K. Takahata, “Analysis of Strand
Positions in CIC Conductor”, SAP-44,
23rd International Symposium on
Superconductivity, 2010411 H 1 H,
TARANSLE

2. T. Hamajima, “Coaxial Multi-Layer CIC
Conductor for Large-Scale
Superconducting Magnet”, JSPS-CAS
Core-University Program Seminar on
Superconducting Key Technology for
Advanced Fusion Device, 2010 4 10 A 18
H, Xian, China,

3. A, FEMAKRE, HHE, EEEKX
BB, wHEM, Ed—th o TEEE CIC HEiK
DY aAr MTORBILEICET 5%,
BRI 22 FEE S
2, 2J07, p310, Ak 22 48 A 27 H,
NP THERSY

4. FEAKES, A, BEHHE, EEEKN
BB, B Hll, AR, BEFE, sdm—t
RS CIC RO BMBLEIC X
LR ERAEOME), ERTRBEEL
J& 1 ) BE & 98 =, ASC-10-020,
ppl19-24, 201046 H 10 A, JulE

5. £ EM|, TEA, FEAKES, SLHEEE,
HHE, EEEAR, fifEE, REE,
E At TR RE S —T L - A -
oYy NEROBRY ELIL & B E R
PEDOFARE ) FRk 22 FFEXFEEERE,
5-118, 201043 A 19 H, WA K%

6. A HEHM|, FEAKA, L, HEEHEE,

B KRS, Rz, WIS, si—h
IR CIC EARDFRARIBIFHANC & 2 F
PRERE S HERICET 28, ERFaE
)5S ) B gt s, ASC-10-013,
pp. 57-62, 2010 4F 1 H 26 H, &4 EBEK¥

7. VB SRS, B, dEE, S,
ASNUELE - TRt E KRB R 2 g Al o —
TN A s aryy NERORE, B
81 [EIFK IR L7 - s P el A 24,
p53, 2009 4 11 H 18 H, [k

8. T. Yagai, S. Teshima, Y. Shibata, M.
Tsuda, T. Hamajima, Y. Nunoya, K.
Okuno, K. Takahata, “Investigation of
the Effect of Twist Pitches and Strand
Displacement on Forming Coupling
Current Loops in Large Scale CIC
Conductor”, The 21th International
conference on Magnet Technology,
4BP-07, H1[E, HJE, 2009 410 H 22 H

9. T. Hamajima, S. Teshima, Y. Shibata, T.
Yagai, M. Tsuda, K. Takahata, S.
Imagawa, T. Mito, “Conceptual Design of
Coaxial Multi-Layer Type CIC for SC
Magnet of FFHR”, The  21th
International conference on Magnet
Technology, 4BP-24, H1[H, &JE, 2009 4=
10 H 22 H

10. FEAIKER, S, 2 B, Hm L,
B E AR, S, SJIEE, =%
17 TREZ BT CIC ERD E oA & i
HERFHREEREN), E]rSEEEN
FHEE Issrse 2, ASC-09-22, ppll-15,
2009456 A 11 H, HFHLKF

11, FEFRES, el & 5, JmEe,
R EAR, ml—t, 5J)IE1E, =7H
17: TR Z g 1 CIC AR D B A e,
5% 80 [RIFRZFXIR L7 - MEE 7
AE p212, 200945 H 15 H, FREHK
o)

12. REM, femfd, KFE, HtHEE, &
EE AR, fAsE, WENE, s
IR CIC EARDIR Y v F & it K
Wik 21 AEERTFREE KRS, 57139, p215,
2009 4= 3 H 17 H, dt¥giE K%

13. SeHEE, FEAKES, KAE, 2 ERI
EHEE, EEEAR, finsmE, REE,
E— L TR Y By F O B2 % 2FED CIC
BRI T 2R MHEKOWPER R BT
SHBEE)S HE I asts, ASC-09-4,
pp. 13-16, 2009 4F 1 H 19 H, mKEKZ

14. SemEd, KBRS, KME, fER|,
EHEE, EEEAR, finsmE, REE,
B TR CIC AN IR AT D
AHREDOIARFFEICET 5552 Fk 20
EEXFREN - m VX - RS,
pp.85-86, 2008 4F-9 H 24 H, LK%

15. T. Yagai, Y. Shibata, J. Ohmura, M.




Tsuda, T. Hamajima, Y. Nunoya, K.
Okuno, K. Takahata, “Irregular Flux
Linkage for Coupling Current Loops in
Different Type CIC Conductors”, Applied
Superconductivity Conference, K[EH,
J1 =, 200848 H 19 H

16. KAHE, LHEE, RERES, & E],
HHEE, EEEAR, MANEE, R,
A TR —T e f e a Y
v MEROFEGHRRLOIRMKA M), HE
S E IR ste, ASC-08-21, pp.
13-18, 200846 H 12 H, HiEkKY

17. R EW|, SeHEEE, KM, HEEE, &
B KRR, AN, BB, mEi—h
M2 DR D CIC ERIZRIT Dk
BB — T DEEHZEEDOEL ],
5% 78 [EIRFMRIE LY - M S P
F4E p195, 200845 H 26 H, HEZ K

18. ZREMERT, ArPE, A, HEEE, &
B RER, AN, REE, it
SRR D Brp 2 KA EE CIC kD
SERREIR OO LA ZE |, 55 77 [RIRK IR T
5 WSS, p134, 2007
£ 11 H 21 B, el

19. R HW|, KEE, ZRERERS, BB, &
B RER, AN, REE, it
IR CIC AR B R4 /1 % I
U7z & & DRBEZENL O] AL 19
FEIFRES) - =RV F MRS, 209,
pp. 7-8, 2007 /£ 9 A 12 A, \JF LK

6. WFIEi

(D) W iERE

BE  EOKER (HAMAJIMA TAKATARO)
WAL KT « KEPE T2 2eRt - #dz
iffge 4 %5 : 00314815

WAUE e

HtH  FE (TSUDA MAKOTO)

BALKZ « KEPE TR 9eR - a2
W78 5 10267411

itk

4 H W (YAGAI TSUYOSHI)
R - FTEAE - HEHHR
9e4& %5 60361127

(I)EEEHF TR

ity F% (NUNOYA YOSHIHIKO)

H AR - 77 BHRS B A - BB IF 50 BA 30
fq - B =T B

WgeE %5 - 30354632

HEENF ST
EH —H (TAKAHATA KAZUYA)
KR AR AR TEAT « REUA~Y B VAFIEER -

Hixz

Wrses &5 : 10216773



