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Effects of an inserted bakelite rod in the 2nd stage regenerator of GM cryocooler (2)
— Comparison of two GM cryocoolers —
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Fig. 1 Schematic of the 2nd stage regenerator housing with Pb
spheres and a bakelite rod

Table 1 Specification of GM model, bakelite rod, and reduction rate
of Pb weight

Bakelite Bakelite Reduction
GM Regenerator 8
model type diameter length rate of Pb
(mm) (mm) weight (%)
GM-1 Bake 1 7 19
(1.3kW Bake 2 10 100 44
model) Bake 3 12 62
GM-2 Bake 4 15 21
(7.3kW Bake 5 20 140 a1
model) Bake 6 24 61
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Fig. 2 Cooling power results of GM-1 and GM-2 models
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Influence of fluid displacement and cycle frequency on AMR refrigeration cycle
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Fig.1 Schematic illustration of the experimental apparatus.

T I

---25%
%% TXX —+-50% |
= 50 —

E 40 %\\4—75%
=30

% AW

0 AN \\

15 20 25 30 35 40

ATspan (°C)

120 b) : ‘

100 -#-0.25Hz
E 80 \ -4-0.5Hz —
E 60 aN —+—10Hz __|
E 40 =

20

0

15 20 25 30
ATspan (°C)

35 40

Fig. 2 Relation between temperature span and heat road
for (a)various fluid displacement, (b)frequency.

~m-1mm

3mm

—4—5mm

7mm

—=—10mm

012 3 4586 7 8 910
Frequency (Hz)

Fig.3 Relation between temperature span and cycle
frequency in various fluid displacement.

AT 20134 AT T4 - EHEEA R



2P-p03

NN BB - RS o

4K /NLR A ERE(ZH 115 DC 70— sl i R

Investigation of Effects of DC Flow on a 4K Two-stage Pulse Tube Cryocooler

tR ¥,

iF AzE(EH)

TSUCHIYA Akihiro, Xu Mingyao (SHI);
E-mail: Akh_Tsuchiya@shi.co.jp

1. [ZC®HIZ

BT NA Ly MR 4 2L T TID 7OV AT 20— 7 iy ik
WZBWTEENE ., WL AEEMEER T2 DC 7r—EM:Th
DI AERLS I, MEIWEREIC K& EE 5.2 D2 L5
PRSI0

DC 7ua—iiiBE ki1 52E T OVAT 2 — 7 1 ik
DR N W EN RIAEND, ZNEFEH T D202/ VA
TR & AR O IR A A2 XA AL, 2V T2 KD
AP E RN DT A a B b ST HZET DC 77—
TEAFHEL | IR 1O A RAE LTz, FEREERIC OV
THET 5,

2. REME
A BIDFEBRTIL 2 BE GM XA 4K 7V A (3L
T o= Ny BERD AR LT,

DC Flow
Valve

Valve System
&
phase shifter

1% Pulse
Tube

T

Regenerator
2" Pulse
Tube

Fig.1 Schematic of a two-stage pulse tube cryocooler.
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Fig.2 Photo of valve unit with DC flow bypass line.

3. HERKER

L ElDOFRERTIL, @YD DC 7r— L7 BIEEIZRIL
T=—RA V7 OFEEZTV, TZE o DC 7r—r3b
TBRE COREMEREZ N, DC 7o— LT B I DG
B AIVEREC B O FIREMEZ A LT,

B RO HIVEREIL 1| BEAT—12 30 W, 2 BEAT—
(2 1.3 W OBVAEN N Z T2 E DL ERFOIREICIVFEmL
720 DC 70— A R2TA L EFHE T HEIOMAINEREE DC
Tua— VT ERER, TORER 1.2, 1.4, 1.6 |[ZFHFEELIZIRF
DOWEWERE% Table (-3, B 1.2 TlE=—R~1 L7
DOBRENRIRDECTOLERELZRT,

Table.1 Experimental evaluation of the effect of
DC flow on the cooling capacity

Opening of DC Flow T1 (K) with T2 (K) with
Valve 30 W 1.3 W
0 47.82 4.17
1.2 47.46 4.07
59.36 3.99
1.3 55.74 3.93
1.4 53.75 3.90
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Fig. 1 Concept of cooling system for HTS maglev.
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Pulse—tube Input Cooling COP
length power capacity
(mm]) (kW) (W @50K] )
240 5.62 107.9 0.019
270 5.63 109.7 0.019
300 5.58 117.0 0.021
300 7.45 146.4 0.020
300 X% 7.45 170.3 0.023
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Conduction cooling system for the cryogenic test of a large HTS coil

with GM cryo—cooler and liquid nitrogen
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KIM Hyung Jin, PARK Heui Joo, JOO Jin—-Hong, KIM Yeong—chun (Doosan Heavy Industries & Construction);
KWON Young-kil (KERI)
E-mail: hyungjin2.kim@doosan.com

1. Introduction

Since  the development of high temperature
superconductor (HTS) wire and the demands for the compact
and high capacity electric machine, the superconductor
application with large HTS coils is proposed as a future
electric machine. In general, the HTS coil is cooled down by
immersing liquid nitrogen, at 77 K, for figuring out the
characteristic of the HTS coil before mounting the HTS coil
on the electric machine. However, as a matter of fact, the
HTS coil operates below 30 — 40 K. The measurement of the
HTS coil at 77 K is not enough to estimate the characteristic
of the HTS coil at 30 K, the actual operating temperature.

To find out the characteristic of the HTS coil at the
actual operating temperature, we have fabricated and tested
the conduction cooling system with GM cryo—coolers and
liquid nitrogen. The conduction cooling system has the
advantage to be easy to install the HTS coil and operate the
cooling system. In the conduction cooling system with only
GM cryo—cooler, however, the cool-down upon operating
temperature takes very long time. To reduce the cool-down
time, the cryogen is circulated in the cryostat. This paper
describes the cool down time of cooled down with only GM
cryo—coolers and with not only GM cryo—cooler but also
precooling by liquid nitrogen.

2. Experimental apparatus

Fig. 1 shows a schematic of the conduction cooling
system for the large HTS coil. The conduction cooling system
consists of two GM cryo—coolers, a copper table as a heat
exchanger, two flexible copper plates connected between cold
head and the copper table, and a pair of current lead made by
flexible copper braid. The cooling capacity of GM cryo—cooler
(RSC30T, ULVAC) is 70 W at 29.8 K (supplied by
manufacturer). The HTS coil is put on and fixed to the
copper table. The copper table has four holes drilled on the
copper table’s side for the circulation of liquid nitrogen.

Table 1 shows the heat loss of the conduction cooling
system at 30 K. A ten—sheet multi-layer insulation (MLI) was
wrapped all exposed surface for preventing heat leak by
radiation. During the cool down of the HTS coil, vacuum
pressure in the vessel kept below 107 torr. The system has
two 32 pin electric feed—though for temperature sensors and
voltage taps. When current doesn’t flow through the current
leads, total heat loss of the conduction cooling system is 38.9
W. The total cooling mass of the copper table, the flexible
copper plates and the HTS coil is 420 kg.

3. Results and discussions

The cool down times from room temperature to 30 K,
operated temperature are drawn in Fig. 2. In case of only
using GM cryo—cooler, the large HTS coil took 19.6 hours to
reach at 30 K. The cool down time is 9.5 hours with the
precooling. We noticed that the cold heads reached about 18
K and HTS coil about 20 K in each case, finally.

Despite the loss of the advantage of simple fabrication of
the conduction cooling system with GM cryo—cooler, in the
conduction cooling system applied precooling by the cryogen,
the cool-down time reduce dramatically.
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f: Thermal anchor

LN return
a: Cold head
b: Flexible copper plates
c: Copper Table
d: HTS coil
e: LN circulation tube
Fig. 1 Schematic of the conduction cooling system

g: Current lead (1 pair)
h: G-10 support

T1,T2,T3,T4: Temperature sensor

Table 1 Heat transfer of the conduction cooling system
from 300 K to 30 K

Radiation (MLI blanket 10 sheet) 27T W
Conduction
G-10 supports 2 W
SS tubes for liquid nitrogen 0.4 W
Electric feed through for signal 0.2 W
Current Lead (flexible copper braid optimized 120A)
I=0A 9.3 W
(I=120 A) (18.6 W)
38.9 W
Total (48.2 W)
300 T T T T

LN, precooling
—e—T1 (cold head 1) ]

——T2

100

——T3

Q —e— T2 (cold head 2)

= Lok \\ —4—T3 (end of coil) |
o A —s— T4 (middle of coil)
=}

R 1s0f W/oLN,
5 —=—T1

o

IS

()

|_

—v—T4

50 [LN, supply ]

Time (hour)
Fig. 2 Comparison of cool-down time of the large HTS coil

with or without liquid nitrogen precooling.
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Performance Evaluation Test of Cryocooled Helium Thermosyphon Loop
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1.4 &

BEE~ 73y hOBEANTHW D~ 7 LMk O &
BERIh TS [1], ~U U AHBEEZRET 2 ke
LTI X A EEREANH LN, BER 2mEE L 5K
FULEE C I3 EEE N E OWR AR O M HN B D sk s
VBT  BRRED T = ax MEINERE S
%o & ZCARIIETIE, WA BLE NICE LA T BARE
RIETAY UV AHEREMZ DL —T Y —EH 17
2] E it Lic, ZOHETIHERT 2B~ EUR
# & RACBNTRUE O ERN R BMRE=R (LT, ERhEVRE
) M LEEE N ORE AR A METE 5, AR T
fZE 300mm & 7 2 /NERUEAE S TS O EZHEMA S CRR
BRI & W o T I AWERE 2 3l L 72 R 2 s 2.

2. EBAE

AR (Fig. 1) 1 AKGM 45 F (£ A 154 RDK-408D2)
THAN LT Eiee & B 16mm O FREEES., &4 10 o
LR, F LT R & BRI A B SACEREE D D
RSN D, NARIZ M4m0 E 72> T 0 | HEEAN S~
U LT AER 25008648 LIEILT 2 LRI 2 2 &2
AHETH D, ERFAKICITe — 2TV v o RS
B ARE L, b — & AZLEITIS U7 il O R B AL O
BACI B ENBMREREZFM LTz, £/, e —Z N H 05
G T RET IS TR FEAE L7220 K 9 AR KOV
BT EVEER OGN R T 2 L R THRERR L. AL LIS T
{RE RO F O IERE R E TRERR L 72, BBRCTIXE AT 2~
T ADEEEE LT, ENETNOFEHEREREJIE LT,
3. HERHER LR

IR EEER L MANSG LT 2IRE 4~ KOXIK _FH
WA BRI ST BRO EZEMAE T 0. TW F TDAZ
FEPA TR 11000W/mK F T2 L 7= (Fig. 2(a)), Z OfElE
[i5) W 1 FE D MEE i SRR D BRI R (4K T 1000 W/mK [3]) &
BB LCTHR 1L 5 &2 oCRY, EENOIRE AL %58
WHOK /11 TEDLZ L E2RBELTND, 0.6WLLET
D FENBYLBER DA T IL, BREEAUCE LEENDOA~Y 7
ANETRILLIEHR(FIA T U MR LEX TN D,

EIRBEEREZ MG & T HIEE 10~30K D HIEAT
A % H ARG ER S H T BR O TR EMRE R IT AW E TO ABG
B CHe K 2269 W/mK (222 L7z (Fig. 2(b)), Z OEEFFIE
L7z~ U T B ADOBREZR 0. 02~0. 03 W/mK [3]X 0 K
NI ENS ERT BN U AT ASOBMBREIC X B4
REHERT 2, 2236, T O FEZHEMAE LT MR SR H O fE (20
KT 2000 W/mK [3]) &IZIXRZELED, EEOBRKEZ K
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LT H R ENHEERmDHIRF T ETEDEHE XD,
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PH CHEERSSESH DR 11 510 L, #%# TIE 40 £ ToOABG
P C AR FE 4R & [FZ5E 0> 2269 W/mK £ CEIFE L, Zhizk
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HERENPENLL EIZIZ D Z EBHEERICR D,
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(1] PRHE . {KIE T Vol. 48, No.2, P25
[2] J.C. Lottin, et al., Advances in Cryogenic Engineering,

Vol. 43

[3] IR L7 WHatm, B - R T K7y 27,1993
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DICBMR A B Z /NS TE DA HEE R RE L, L
BB L DR AN B E G 5,
2. AR—H1EE

(1) BRI RAR—T Ot

ARG TAMVE & NE L & IRIRIL T b R E o6 21X
AU A I FEIEROE S ~E e mOBEE N, SV
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EWRATIRET D &

A=0U=8)"1; (2)

R QX A % (1) XD ICE X THEER
Iha,
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INELTEDRDBIRFTE B,

film outside tube 6outer ring
N A inner ring
WV
vacuum $pac /
inner tube 2R2R2R, 2R,
= ¢
TI
T
-/

Fig. 1 The structure of the film type spacer
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Fig. 2 Structure of the sponge type spacer

Table 1 Parameters of the film type spacer in numerical

estimation
Term Th T R, R, R R t As
Unit K K mm mm mm mm um W/(m-K)
Value 300 77.4 15 12 8 5 75 0.29

Table 2 Parameters of the sponge type spacer in numerical

estimation
Term T. T R. R. R R L B A.
Unit K K mm mm mm mm  mm = W/ (m-K)
Value 300 774 15 14 6 5 10 0.98 0.0058
SE 3

1. H. Ogata: J. Cryo. Soc. Jpn, Vol.19, No.4 (1984)
p. 258-263
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Fabrication and superconducting properties of ex situ processed carbon—substituted MgB, tapes
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AR & R RA Mg - B : C= 1.1 : 1.95 : 0.05 DR Fig. 1. XRD patterns of various boron powders.
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Fig. 1. Surface SEM images for disk shape MgB, bulk samples
(20 mm¢X 10 mm’) heated at 700°C for 3 h (a), 850°C for 3 h
(b) and 1000°C for 3 h (c).
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Fig. 2. Surface trapped magnetic field as a function of

temperature for disk shape MgB, bulk samples (20 mm¢X 10

mm’) heated at 650- 1000°C for 3 h.
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Temperature scaling of AC loss of REBCO coated superconducting tapes
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Effect of minute doping of BHO on superconducting properties of YBCO films
deposited on IBAD-MgO substrates in low magnetic fields
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Development of Next Generation HTS cyclotron:
Evaluation on Winding Accuracy of YBCO Double Pancake Coil
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Innner Diameter (mm) 100.0 100.0 1. Ueda, et al: Conceptual Design of Next Generation HTS
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Number of Turn 103 103 2. Ishiyama, et al: Abstracts of CSS] Conference Vol.86
Height of Coil (mm) 5 5 (2012) p.123
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MICHITSUJI Kenta, WANG Tao, WANG Xudong,
Table 1 Specifications of DP model coil

Coill Coil2
Innner Diameter (mm) 100.0 100.0
Outer Diameter (mm) 151.7 150.0

Number of Turn 103 103

Height of Coil (mm) 5 5

Omm  50mm

|

|
53.5mm (£0.5mm)
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o 550 A iy
< 500 e AN
= 4 AN
-‘E 450 / Experiments \
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o
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Fig.3 Magnetic field
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400kVA REBCO B{zE X XD ERKBRERICH T HEFFIEDREMR
Analysis of response of 400kVA REBCO superconducting transformers
when short circuit current flows

REE RN B, Ve st A A s OUMN R, T 2625, 6k F5 320U BB D),
B FCE L), KR BB TS Fil RS S F(STEC)

OTSUBO Yuhei, MATSUO Masaaki, SATO Seiki, IWAKUMA Masataka (Kyushu-Univ.); GOSHO Yoshihiro, HAYASHI Hidemi
(Kyushu Electric Power Co.); TOMIOKA Akira (Fuji Electric Co. Ltd.); OKUMA Takeshi, TAGOMORI Akihiko, [ZUMI Teruo,
SHIOHARA Yuh(ISTEC)

E-mail: otsuboy@sc.kyushu—u.ac.jp
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WIZ, Fig 2 SRS 0.2 BB BN BIRE, 23 el B
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EL7=b D TH D,

— 123 — AT 20134 AT T4 - EHEEA R



2P-p20

Y REBILER

&
20
=
gE

ﬂ%_gwﬁﬁgﬁg*ﬁ(:ié aX n‘l’*ﬁ n-.l-

Numerical design study of a REBCO superconducting synchronous motor

IR R KRB R E

1. [XL®IZ

AR ARERBEA WA B L, BHEE SRR O BRI A i
DHITND, 5 ETOBMBERKIFOFIZIB VT Bi2223
B I DRMEE D 21T He HABHNCIVIRE~— %
LT RREO, MERBVER LA LIS L > T D,
WTAECIE, Bi B A AR BB SR LT Y
RABAREAA DI FES I CUND, E 2 TARFZED H
BIIE, Y SREBERAL O BB RO
Y RABARIEREA 2 - 2285 00 & ME RSB R L [ B B i L -
DWW/ E B IELTZR G EIT-729 2 T, B HE
KAWL, BB BB O - B3 O 1Pk E R
THZLETHD,

2. 200kW Y RBEERYE—F2DILH

Table.1 (2T 58S T — X DMHREE R T, A
WAEFH L2 Y REBIRERA 1L, JES 100 p mONATBAT—
TR T HE Smm, BREEE 1.2y m, $REE 10um
T EACE A2 INZ 22D 200 p mEOLOEMELT,
ZORFERBER 1, OWE | MEEES L, BER RS T
v \5%51%%23% ZLTHEY, WAER 126A@77K 0T THDHA
T AVD IBAD(GZO)-PLD(GABCO)MM 4B E LT,
ST — S R A Fig.1 IR 7,

3. fRWAE

Fig.2 |2 B —4OWia X &~ d, A RRFLI-ET Vs
BDORIRDE TN —FRa )V b {AfEE LT-ZE W
W& THY | B T BHR O FA LI & Uz, BRI T
IR D FBREGIRNTY 7 & Ansys & T 2 IRCERESFRNT 24T
oz, FERE Fig 3 1R T, TTHLEHTZVOEEMED H )
EARNTL . 7] 200kW LI M B el B4R H U=, I
[Blfis - 2B A SAUVD 45 28 Bhh BB s BB S F8 R

HRFR R E RAED o7,

4. BHEREER

BAEARAT OFE R, FRHT U 7= BB O NI IR O A5
FBEMEDOARFED B KL SR L7p o7z, [RliRICEIINE U
DRIGEBOIREIIIEFIT/ NS, B IIL IW BLFEH
INTHRL TR TELREEThH o2, M2y T L 1%
JE L7 BRECIR I A CE A LS NG, S RITEE T
KA R LU T L ED BT T,

Table.1 Specification of REBCO Superconducting motor

b IREEZE LoD,

pashy 200kW
BB I 60Hz
iiiee 4
FRGEEARER 230A
BRI E 45K
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Fig. 1 Critical current of REBCO Superconducting tape@45K
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Fig.3 Magnetic field distribution in the field winding
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Characteristic analysis of linear switched reluctance motor with YBCO tape conductors

SEL A, EIN AR, T BOE (RS0
HIRAYAMA Tadashi, ASAKAWA Shinichiro, KAWABATA Shuma (Kagoshima University)
E-mail: hirayama@eee.kagoshima—u.ac.jp
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%nm\é BFOIL, BRI AT IR ARA A T
W2, ZNHOBHFEA~OBE AN TELV =T ALy F N Z
75 AE—4 (LSRM) OBZ% B 5L, FRECEMR I & IR
REREERLZ KRS, @), 2N EE72 LSRM
EHRERUIZ[1], AT TIE, BIBSERRIZ YBCO T — 7 #4f
ZHW e LSRM 122\ T, A MREFREE FW R IC
FOHED R EDR HEIT, ZOFFEIC OV CEHIIL 72,

2. LSRM O EAEE LENERE
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3. BT A EBLUBT &Y
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Fig. 2 Magnetic field depend- Fig.
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Experiments on Magnetic Field Generated by Screening Current
in YBCO Double Pancake Coil
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1. H.Ueda, et al.:, “Spatial and Temporal Behavior of
Magneic Filed Distribution Due to Sheilding Current in
HTS Coil for Cyclotron Application”, IEEE Trans., Vol.
23, Issue: 3, Part: 2, (2013), 4100805

2. H.Ueda, et al.: Abstracts of CSJ Conference, Vol. 87
(2013), 1A-p05

Table 1 Specifications of DP Coil and YBCO Tape

Construction | DP Coil Type CVD-(Gd,Y)BCO-IBAD
Inner Width of
. 219 mm YBCO 5 mm
Diameter
Tape
Out. Thickness
ouer 240 mm | of YBCO 300 pm
Diameter
Tape
Thickness 10 mm Ic (Exp.) 278 A@7TK
Turns 34 . n-Value 35-40
turns/coil

Table 2 Coil Constant at Measurement Positions

Point ® @) ® @
k 3.852 5.883 5.990 5.506
100 um Cu

2.4 umYBCO
0.53 u m Buffer
100 ¢ m Hastroy -

Fig. 1

(a)
(a) Configuration of YBCO Tape and (b) DP Coil.
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(b)
Fig.2 Experimental Setup for Magnetic Field Measurement: (a) Wave
Pattern of Coil’s Input Current, (b) Position of Hall Probes.
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Fig.3 Screening Current traces in YBCO DP Coil: (a) Result at
Position (D, (b) Result at Position @), (c) Result at Position (), (d)

Result at Position
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Analysis on Normal Transition and Current Redistribution of YBCO Model Coil for the Application

of SMES
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ZIT g BRANT—RT UL, o ER, R BT
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Fig.1 The model of simulation
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Tablel. Specifications of YBCO tape

Thickness 317 um
Width 1.0 pum
Insulator 50 um
Cu 100 u m
Hastelly 100 u m
Buffer 495 um
YBCO 875 um
Ag 16 um
3. FRITHER

SMES S HZAHEL, b i — EEIREELIE., AL
WE R A @BL., 1 f(tapel)?> YBCO FHTb—4—(0.6
WYDBIEEL A ETF 5718 2em (AR OEHROTE
TEOREFH S A2 2 Fig.2, Fig3 (IR,

120

] 10 20 30 40 50 60 70 £
Timels]

Fig.2 Results of Simulation of each strand current, when the
heater (0.60 W) is applied to tape 1(standby current).

- Timel[s]
Fig.3 Results of Simulation of each strand current, when the
heater (0.60 W) is applied to tape 1(load compensating
current).
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10ADHERFUR T 1687370 2O LE DA OIREIT89K
THYVHINRE DTTKOH12KOIESE L H-Tho72,

Fig3kh, b= ADTRRZITH EEDFAL . tapel D
BRI, tape 2, 3, 4ADEIRITENENIINT B L%
R TEIZ, 10ADERRZ BT 2D120.68073030, ZD&x
ORI DL IT8IK THY AL DTTKAS 12K DI E -
FThoTo, PRI T, AmABMER S HH08%6
HI0ADERTRE RN LT EDIRE ERIZ12KFRE CTh o7z,

TR L TEALI AT OW T Y AR E T D,

S E XAk
1. H. Ohnishi, et al.: “Quench Detection Method for

Cryocooler—-Cooled YBCO Pancake Coil for SMES”, IEEE
Trans. Appl. Supercond, vol. 23, no. 3, 4701404.
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Experiments on Detection of Normal Transition in YBCO Model Coil for SMES Application
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1. [XC®HIZ Table.1 Specifications
Y SR VL I - B BT B EE B R Inner radius 0.2m
%OO FOH, Y ;‘%%ﬁ*ﬁ@jﬁﬁ% SMES Jits Z')‘)/Eﬁﬁ%?:éj’[,‘f Outer radius 0.242 m
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Fig.2 Experimental results of current
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Systematic investigation on the mechanism of degradation in the REBCO coil
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BRI LY ANV DORHEETART1%, 3 IRoeT VX VBSEE
(F—x 2B Z VOB B m a2 B,

3. EEBREBERLER

Fig. 1(a)lZ<3" Coil-A 13 R¥F 3 5% (R B R IH
B LT, ZDaANDERERD iz aA V7 ) HE]
BT Rk T% Fig. 10IIRT, 8 S F—r &85 6 Z— DD
TIARFUN, JH T DT> T T I TR D 2T 73~ T
W5, FT25 6 24— OIS > T AD
MR D, ZOEAED 3 IRILIEIRE Fig. 1R, TRF
(ZHN—SITZ 5 6 X — DS TEA DHIEHL < B
STWD, — T, H6F— L 74— DRI NI
LTW5, ZNHDFREFRITLL T O IR T 52 L kD,
FP 6 X — EOTRX LR EAM S ~Z BRI EY
WrZdd 2, ZHIUCIVAELT- DT NG AIZE T, # 6l
72— O ARF T NIERFESNEEL T 5, F2. 55/ F 64
— VDRI DIT NI NEDBBO & &7
"REMEL B D, BlG ., 2V EUEIC B8 Fv D3 E L
VORI BLEE S Mt B CRBAE 8 DO RIBEA A58 L |
ZHNERNCETHEERL . oA /LR 2 IR b ST AT hE
PENEETER (Fig. 1()BR) . ZOFEDOHI DML (343
ALEIBERFEDBURIT OV TS TR,

Coil-B (Fig. 2(a)Z&R) 1T RF L ERICEDEERNEDS
(BIX RSN o1, ZOaA L DEREE A Coil-A LFIEEIZ 3
Wt T VXNV CRIEL LT, Fig2(b) 1”391
I HES NI ARV AINEAE ZER TR F b FEH (<50
um H5) LCWD, ZHUTZARF L IEOBE 5SS EEL | £
) TR R E NS~ 72| ZHBEL T2 72D Th b, £,
Fig. 2(c)Fig.1 CIAERICEUNHEICLD AL i AR U7z 2L

— 129 —

7797 (~5 um B§) THDHMN, 77 73R 2> CRY
\ZIEAE DRV AINBE RN B2 5, 7707 1%— R O%
SHMNCHEATZ R RVAIREZRCIEED, ZOLERVAIR
JE L R L 73 FIBEL CmRSe L i 8B E Fig. 2(c) DL
Rz ALOEHERIS D, ZORE RN BB R ED L EA
MHSNEDIE, QEEOFRF >R 777 T ANIED
DWEREL . (b) L R L N HIBEL 5 <. ZOFIBEIC LR
MITAELABNE I IMEES DL 2 SDOBEHIZEAZ LN
Hessno,

Peeled copper
N\

(;omp ressed epoxy

Epoxy
Copper
Hastelloy

Buffer
and
YBCO

Peeled copper Compressed epoxy'

Propagation
of delamination

#6 #1

Epoxy crack YBCO conductr
Fig. 1. (a) A double pancake coil wound by a bare
REBCO-coated conductor, impregnated with epoxy. (b) The
top coil surface measured by a digital microscope. (¢) 3D
surface imaging of the inset of Fig. 4(b). (d) The schematic
representation of the deformation process.

Polyimide
coating

Epoxy

Fig. 2. (a)An epoxy impregnated double pancake coil wound
with the polyimide electrodeposited REBCO conductor.
(b)Thermal stress strips off a part of epoxy from polyimide
coating. (c)A thermal crack runs only through the epoxy
surface layer but does not penetrate into the polyimide coating.
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Use of thermal grid method to prevent damage on REBCO coils due to thermal runaway
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i £ DRFSE[2] THEEE L - B MR FiEE VW T —~ 1
TV RBBHAEGE . 72V EAICE1T5 REBCO A /LD EGRE
FEMTZAT o7z, PIFE 30 mm, #1441 mm, &4 50 © REBCO
TN — R G L CESN B LA v 2
EFEE Lz, IANVDE A Z 7H AL 1 H, (RERHIE 1
Q. EIRIRE L 7T KEEE Lz, A H0a L (F—<i7 Uy
R722U) 13, 7807 —F 112 0.5 mm JED FRP DY —h ek A
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TN —< VT Uy RES L CaA VST R A~PEBL, (i) 58
B ARG AL BB Do & —Fa AL
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Fig.1 Numerical simulation results of coil current, resistive voltage and
maximum temperature in the coil for heater induced normal transition of
a REBCO coil without/with thermal grid.
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Fig.1 Joint resistance as a function of temperature.

600 prrrrrerrrrrrrr e
e NIFS ]
500 Fooo Db = Tokyo Univ. -
o ) N Expected time constant | ]
+= 400
c
3 [
2 300 F
o
1) -
o
£ 200
I— -
100

0 ]
0O 10 20 30 40 &0 60 70 80
Temperature (K)
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2. YT WAV RUERBEAE
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0 um O SUS 7—7 DRI B L T B STV D, 211
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—J, Rla LV HAlEEEE RO TRl 7o 7 rads
TR HIERIR I LA R ERO L L ih#R (LT curve)
M 3T, WIERERDE DL, IANVOIRE DR
DI TN DR A BRI HNZHE ML T, L
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Table.1 Specification of the sample coil

No. of Length of Thickness of
turn HTS wire (m) Coil (mm)
1% layer 40 107 14.5
2™ Jayer 126 337 43.8
Total 166 444
L 1,160mm ‘
£ |
E R50mm 131mm
o
o
1,260mm |

Fig.1 Geometry of inner side in the sample coil
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Fig.2 Critical current of the sample coil (@77.4K, LN,)
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Development of 1kA-class HTS current lead prepared by YBCO coated conductor
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Tablel Specifications of 1kA-class HTS current lead.

Parameters Values
Rated current (A) 1000
HTS current lead length (mm) 340
Length between electrode (mm) 200
Quantity of YBCO tapes 30
Operating Temperature range (K) 77-4.2
Applied magnetic field (T) 0.5
Heat leakage from 77K to 4.2K (W) =03

Fig.1 The appearance of 1kA-class HTS current lead.
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Fig.2 Transport current performance of 1 kA-class HTS current
lead (@77 K, s. f.).

Table2 Heat leakage and length of HTS current lead.

QW) Total length (mm)
Ttems (77K-4.2K) (Q=0.3W)
YBCO tapes 0.41 450
REBCO with APC 0.27 340
SE X
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Fig. 1 Shape factor dependence of the heat leak through PCL.

— 134 —

W% L/ACWEL TEZZ LS THE L, Z0, BEE
WX 1 kA LT, 2. 25 LLT 7, =300 K, 7, =77 K D
St TR Z AT o728 — R (CCL)DIRE Sy Fit i 5L

el R e U=, ZOIRE S VT CCL @ﬁ{xi\yﬁx

BN DD L/A X, il L a—L2 Y% L AL
L& TRROERQ@LVELNHMEE A [4],
L 1 A ¢! TL 2)
A Ir
3. FTEHER

FRCRHR RIS X 3RMED L/ ACDIZ DN T Qs
QD THRTF A RO T, Fig. LIZHBERREZR T, Q. &
L, T BRELLRDI _Ohfi%bﬂffé{tﬁﬁ%’:ﬂ?bf:o 1

L/A(Cu)@’jrﬂﬁ VZKRET DRREEDNREDSTZDITH L, Qg 1T
L/ACWDZEAGITH L TEIUTE REREAITRB O HIRH
-7,

—747.CCL @ 1 kA WERIZIITHEYE AR HEIE
41.3 W &7po7-, ZOfEE PCL OEME A RA T 2L 4
EOFHBEDOH NI TIL 7,78 380K £T ERELEBAT
t,. PCL OEVE A EITH K 36.9W THY, CCL Lhh/ a7
DLRER LI oT,

Q1 L/ACWHDEEEH ISR DIE RO DTz,
PCL OIZIRERFHZITOBRICIX, BRIy Qp BT
L/ACW)D s, FESND TG E T Lo ek st%
TTHOMERHDHEE ZHND,

4. FLoH

Lola], RATF T BRI D S E & DT BT I
O IRESAREBROEMEF E A2 EE L=, 2k, 2
NF =T EHEM OB ERE ICLDEEM ~OBR AL,
%?Eﬁll&:%%&éhém*ﬂg%j‘z&)é ERTE, bk
ERE LB S MR E T A LTI, 1 kA & PCL @
R ANB% CCL I/ ha< kDT Mz% LA
“o S HRITELNIZRE AT PCL @iztf”ﬁéﬂﬂﬁ%ﬁéﬁau j:
E; PCL @DX u+$(£%ﬁ@ib(b‘<%ﬂi(§)5

SE K

1. S. Yamaguchi et al; Physica C Vol. 471 (2010) p.1300
2. H. Sugane et al; ISS 2012 (2012) SAP-83

3. K. Sato et al; Cryogenics Vol. 41 (2001) p.497

4. H. Ogihara; Teionkougakugairon (1999)

8710 201 34E AT 15~

Y

s
=y



2P-p31

I A VALS

Performance test and analysis on the compact unit of brass leads with HTS wire
o G, RN OFEA, LR EE, B1OER, Ui R, AR 5 KEK);, HY 7 (EEEHEC AT A - ) miE Ak
(AT T b AB=2 R)

ZONG Zhanguo, OHUCHI Norihito, TSUCHIYA Kiyosumi, HIGASHI Norio, YAMAOKA Hiroshi, ARIMOTO Yasushi (KEK);

TANAKA Manabu (Mitsubishi System Service Co., Ltd.);

Endo Tomonari (Hitachi Plant Mechanics Co., Ltd.)

E-mail: zhanguo.zong@kek.jp

1. Abstract

For the 40 superconducting (SC) correction coils in the
SuperKEKB interaction region (IR) magnet system, the
compact unit to integrate 8 brass leads of 50 A with helium
vapor cooling was designed and studied numerically and
experimentally. To further reduce lead heat leaks to the liquid
helium (LHe), the 2nd generation (2G) high temperature SC
(HTS) wire was proposed to be soldered to the cold ends of
the leads. This paper will present the cryogenic experiments
and analysis on the lead unit with HTS wire.

2. Introduction

For the SC corrector coils of the SuperKEKB IR magnet
system, the compact unit of 8 leads was optimally designed [1].
The cryogenic experiments were carried out and the results
agreed well with the numerical calculation. The simulation had
been performed on the proposal to solder the 2G HTS wire
(Minimum /=80 A at 77 K, SCS4050 [2]) on the lead body and
the optimum length of about 200 mm was concluded [3]. The
HTS lead unit has been fabricated and tested. This paper will
present the benefit with HTS wire.

G10/Al
holder

A
dN G10

Brass
Lead

Fig.1 Cross section of the compact unit of 8 leads
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: | . )
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Current (A)

Fig.2 Measured helium vapor flow rates and calculated leaks

| Brass Lead=690mm

3. Lead structures and cryogenic experiments

To reduce the complexity and the required space, 8
individual leads, designated for 50 A, are held in the G10 bar
by G10 or aluminum holders, as shown in Fig.l. The Al
holders have the effect of thermal balance. In the cryogenic
experiments, the LHe to cool the leads was immersed in
another LHe vessel and was vaporized just by the heat leaks
of the leads, holding parts and instrument wire. The helium
vapor flow rates were measured by the precise thermal flow
meter. Without HTS wire, the flow rates increase with the
applied currents and the trend is the same with the optimum
designs for each specific current [4], as shown in Fig.2. The
dimensions of the HTS wire soldered on the lead are showed in
Fig.3 and the flow rates do not vary with the currents.
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40 L

o
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Length to the lead end (mm)
Fig.4 Temperature profiles, currents and voltage drops
measured and calculated

4. Discussion and conclusion

In the tests, the voltage drops and the temperatures of
some points were measured, which agreed well with the
simulation, as presented by Fig. 4. According to the curve
profile, the top temperature of the 235 mm HTS wire (shown in
Fig. 3) is about 77 K and all the HTS wire is at the SC state.
Without HTS wire on the lead, the voltage drops are about 80
mV and the present of the HTS wire reduces the voltage drops
to about 53 mV. Due to the heating absence at the cold end,
the temperature gradients are close to zero and do not change
much despite of the increased currents, so that the heat leaks
to the LHe are almost constant as shown in Fig. 2.
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Fig. 1 Schematic view of two helical thin conductors, (a)

coaxial, (b) parallel axis.

Fig. 2 Two coaxial cylindrical conductors with a helical thin
slit.
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