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Table.1 Specifications of Type H and New Type H.

Wire Type Type H New Type H
Width 4.3 mm 4.3 mm
Thickness 0.23 mm 0.20 mm
1. (77 K, Self-Field) 170 ~ 200 A
Jo (TT K, Self-Field) 200 A/mm” ()|230 A/mm” (%)
Critical Tensile Stress (77 K) 130 MPa 130 MPa

(%) in case of [, = 200 A wire
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Fig.1 [, & N—value distributions. This figure shows example
of 2 lots (@ 77 K).

Table.2 Specifications of laminated wires.

Wire Type Type HT-SS | Type HT-CA| Type HT-XX
Width 4.5 mm 4.5 mm 4.5 mm
Thickness 0.30 mm 0.36 mm 0.28 mm
1. (17 K, Self-Field) 170 ~ 200 A
[ (4.2 K, 177T) 300 A (%)
Jo. (42K, 177T) 220 A/mm”*(#)[180 A/mm”(*)[235 A/mm” ()
Critical Tensile Stress (77 K) 270 MPa 250 MPa 500 MPa

(*) in case of [ = 200 A wire
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Fig. 1 Experimental results on the distributions of
(a) experienced magnetic fields and
(b) critical sheet current density in a Bi-2223 tape.
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Characteristic evaluation method of AC current distributions in HTS tapes

using self-magnetic field waveform measured by a pickup coil array
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(b) Vector diagram of current and magnetic field

Fig. 1 Measurement model and vector diagram
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Fig. 2 Calculated results of (a) magnetic field distributions and
(b) current distributions

SEH
1. M. Mizuno, et al.: Abstracts of CSJ Conference, Vol. 88
(2013) p.188

A8l 20144F AT T4 - il HE AR



3B-a04

HTS Hbt 5P

FYA 2 LT= REBCO I—ME#MIZH1T5 T, & J DV T KM

Applied strain dependence of 7 and J, for detwinned REBCO coated conductors

gk I, WK A, NE SR, 0 Tk CGRAER)
Takumi Suzuki, Satoshi Awaji, Hidetoshi Oguro, Kazuo Watanabe (Tohoku Univ.)
E-mail: takumi—s@imr.tohoku.ac.jp

1. [ZL®IZ

Fr TR S EMIREE REBa,Cu,0,(REBCO) T = — M
MEMEIND T — 7RO ELTHOWBIND, 2—METIE
WG ThmEm W R ERE EE R, BIZ, BEEO&R
FEWE D2 DD, BWIRIS J RS E D, ZORHEN D
IR - B~ 7 Ry h~DIS ARSI TV D, Lo,
<7 Fy MNERICBWTEELZRDZ O AEFHEIIRTZICH
DNETRS TR, ZOJFIRE L THEIZEEA 2 #hidrm L <
WAZENRZFEITHNA, B O T ABEIINESND844 DR F
FHENZIE, a BhEFF> A KA L bfiliaEF> B RALU I
TR UEIE R EFEL TVD, ZhiZk), REBCO =
— MM OELRIL, B ORS F TREROIELEE VL
RS, BES TG & B IRV O 5 1T — 2 &R
Tp B O B A A R T[], ZHUDIX REBCO Hifkdh
T, T, OESNEN atihd pHTHORFEERTZEITER
LTWAETHEINTNS,

HET, atihd pEIOEHD [ OOTIRIFMEER 31T
BZDHIEIZEY HERAL O OT AR FEE RIS T 5ET
VTR AT TWNBI2], ZDXIZREET D723 | EEREY
BB O IMEIFEZ B SN T BT LR D HILTND,
Fx i, a—MEM B TOTHREAML T =—/1 95
LI LB O B RIS CE AT AT AL
723, RFEY SR C 2 BIRREOHIEICEE o T3], 22
T AR TCIZOT AT =— itk B2z . EiETf
TOZDOHFBIRVICEY, =M OT Y AR LT,
AWE T, TVALUI2a—M O, T, & | OOT B 4&TF
MDD, K RAL L DOOT BN RIZ DN TR T Do
2. MHEBETE LURBRAZE

FBHRA 1T SuperPower #8100 MOCVD(Metal Organic
Chemical Vapor Deposition)iEZd> CTYERL7-(Y, Gd)BCO
a—NMNEME AWz, ZOREHIH LT, KR H T 300°CIcH-
BL TS, ARV OT RENIML, BEOTH KL
DR AL DIRFESY 1T MoKoia Fl VT ilikic Lol
Tl

LOOT BRIFIENL 77 K, SNBSS 0-3 T 128\ T4 52
i1 OV 2 B S B A T TRIE LTz, B SR
W E T A NIV T 74— N =y by T 7 Hiffi %
W, BER 100 um, BeE, F9 1 mm TV PTARITINLIL
E TRV B2 A O Cl BRI THIE L, BRI
luV/em U7z, HUINONT BiE, OF AT —2% W CHIE
1177,

3. REAfERLER

Fig.11Z as—received EONT AHINT =— L &24T o727 EL D
MR T M SR IR S, (200), (02008 —2 D X HE]
P88 — et , D=0 88 130200 — 27 DE TH
BALLTHD, OFT AHIMT =—iZLoTE— I\ E LR
ENENENLEAL LT, As—received Tl 2 DO —JiRE
MEFERBELROICKL, OFTHEMT =— 1 &21T 73
BFCIXEFHMIT13020), B45 MICIZQ00)E —27 0 H35%
D, BI—FHOE—IMIFHE KL, ZORRPLBME T
TN b, BT EHCIE a DM TV A N REE 722D
ZENDIoT,

Fig.2 127 VA LIz NI B 5 R T 5 1 (bl 5 1) O
DOOPTIMELFME RS, ZNETHWESN TVEREFOD

— 159 —

1.2 ——as-received '
——detwined (longitudinal direction)
1L ——detwined (transverse direction) |
e
£ 08t ]
£
— 0.6 - 1
z
&é
g 04¢f 1
=}
=
0.2 1
O e P et L —aa |
20.5 21 21.5 22

26 (deg.)
Fig.1 (200) and (020) reflections along the longitudinal
and transverse direction after the annealing under the
strains in the (Y,Gd)BCO coated conductors.
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Fig.2 Strain dependence of J / ./ (0% in the
detwinned (Y, Gd)BCO coated conductors.
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Fig. 1 Enlarged stress versus strain curve for the tape “D”

and mechanical properties, which shall be determined for the
present RRT.

— 160 —

FNZHOWN TR VB AR E AT S(RSU) 27w 93], RSU
FROIDNTERSNOMET B THD,

RSU(%) =20 (<> @
YTCES\T NVoD

Table 1 Total average of the modulus of elasticity and their
relative standard uncertainty, where /N is the total number of

experiments
Sample N 2N £
<> RSU | <5 RSU
(GPa) %) (GPa) %)
A 35 143.0 1.28 155.5 0.70
B 35 142.3 2.23 142.4 0.92
C 35 130.2 0.72 133.6 0.83
D 35 109.2 0.91 112.9 0.78
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1. Introduction

In February 2008, the Hosono group discovered
superconductivity at 26 K in the oxypnictide LaFeAsO;_F,,
representing a new class of high-7, superconductors [1]. There
has been a flurry of work on these and related pnictide
superconductors since then and the critical temperature has
been raised to 55 K. These materials are particularly interesting
to the applied superconductivity community because they
appear to have superconducting properties that may make them
suitable for practical applications. Current research results
indicate that the global critical current is limited by intergrain
currents across grain boundaries in iron based superconductors.
In this work, we found that the transport J.-H values of Bal22
tapes were greatly improved by cold mechanical deformation.

2. Samples and experiments

The precursors were prepared from the Ba filings, K plates,
Fe powder and As pieces. These element materials were mixed
with the nominal composition of ((Bag¢Kg.44)Fe,As, 1 in an Ar
atmosphere using a ball milling machine and put into a Nb tube
of 6 mm outer diameter and 5 mm inner diameter for the heat
treatment. The Nb tube was put into a stainless steel tube,
whose both ends were pressed and sealed by arc welding in Ar
atmosphere. The heat treatment was carried out at
900°C~950°C for 10 h followed by furnace cooling in a box
furnace. The precursor was then ground into powder using an
agate mortar in a glove box filled with a high purity argon gas.
Bal22 tapes were fabricated by an ex-situ powder-in-tube
(PIT) process. The details of fabrication process were
described elsewhere [2]. The transport current 7, at 4.2 K and
its magnetic field dependence were evaluated by standard
four-probe method. Magnetic fields up to 12 T were applied
parallel to the tape surface. We also carried out the I,
measurement in a 28 T hybrid magnet of the Tsukuba Magnet
Laboratory (TML) of the National Institute of Materials
Science (NIMS). Transport critical current density, J,, was
estimated by dividing the /. by the cross sectional area of the
Bal22 core. We carried out mechanical polishing using emery
paper and lapping paper, and then Ar ion polishing by cross
section polisher to observe the surface morphologies of the
tapes precisely. After the polishing, we performed scanning
electron microscopy (SEM) observations using a SU-70
(Hitachi Co. Ltd.).

3. Experimental results and discussion
Large transport J. is essential for high magnetic field
applications. Figure 1 shows the transport J. measured as a

function of applied magnetic fields for rolled and pressed tapes.

The inset is the cross-section of the tapes. The transport J.-H
curve shows extremely small magnetic field dependence and
maintains a high value of 4.3x10* A/cm? in 28 T at 4.2 K for
cold uniaxial pressed sample as shown in Figure 1. More
interestingly, even the as rolled tape still sustains J, of 3.2x10*
A/em® in 28 T. This is the highest value reported so far for
iron-based superconducting wires without pressing. These
results indicate that our process is very promising for
fabricating long 122 wires for high field magnet, i.e. above 20
T. J.-H curves of commercial NbTi, Nb;Sn and MgB, wires
are also included in Fig. 1 for comparison. It can be seen that
the J, values of Bal22 tapes exceeded the values of MgB, and
NbTi conductors in the magnetic fields of higher than 8 T.

— 164 —

Furthermore, the J.-H curve crosses that of Nb3Sn wire at
magnetic field around 16 T. These indicate that the 122
superconducting wires can be competitive with MgB, and well
established Nb based conductors for high field generation.
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Fig.1 The transport /, values obtained in this experiment
plotted as a function of applied magnetic field.

In order to investigate the effects of cold mechanical
process on the tapes, we studied the difference in
microstructures for as rolled and pressed tapes. The
observation was carried out on the tape plane of the tapes (Fig.
2). It can be seen that although the rolling can reduce the voids
and improve the density of Bal22 core [3], the microstructures
are still porous and quite inhomogeneous. In contrast, the
pressed tape shows a dense and uniform microstructure, which
may be the primary reason for improved J, values.

Fig.2 The SEM surface images of as rolled tape (a), and
pressed tape (b).
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Fig. 1 Layout of final beam focusing superconducting
magnets for the HL-LHC. Horizontal axis indicates the
distance from the beam collision point (IP).

Table 1 Main design parameters of a large—single aperture
superconducting dipole magnet (D1) for the HL-LHC.

FE Oy Ak 35 Tm
ERENESS Y — Y 560T/6.71T
oAV A 150 mm
WA MR 570 mm
SEILIRITNE Y 1.9 K (HelD)
FRFENE S (2 IR 50 mm) <10

AL~ DFRE, NEE:

(A2 —s Zie) 20 MGy, < 2 mW/cm?

Fig. 2 Cut view of a large single—aperture superconducting
dipole magnet (D1).
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Fig. 1 2D model of D1 magnet used for ROXIE simulation.
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—Constructions of the superconducting quadrupole magnets for beam final focusing—
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Fig. 1. QCIRP coils and collars before collaring process, and
QCI1LP magnet after collaring process.
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Fig. 2. The quadrupole magnets after collaring processes.
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Fig. 3. Differences from design value for coil length, L (left plot)
and thickness, ¢ (right plot) after cure processes. Definitions of L
and ¢ are shown in the upper figure.

l% et ﬁiiﬁ:ﬂ“ &

BhI=0 v IIMEERICN—FEZy 7 af L EHBTE—
LTINS RE 5 & N SRR Ay % E U 72, REFE TR 38 s
%F@ﬁl%OFMTT%%IOAu RE L 72,

AKX =12k 2h 7= v 7RBICHIE SN B D 6 FEER
41K, Mt 4 M normal KD K E X % 10000
LD 6 T DOKREZT, HRVORONN—IZZNZFN
skew K47, Inormal IR % b LT\ %, TXTOERAICE
L CHAME (=10) LT & %o 7z,

I I
0 a3

5 W b3 —

Sextupole components
L]
|
I
|
[
]
|

5 2 84 2 3 2 3 ¢
S % o g 9 o 8 8
¥ & & 38 & & & &

Fig. 4. Measured sextupole components for each magnet. These
values are reduced at 7o and they are scaled so that normal com-
ponents of the quadrupole are 10000.

SE X

1. Y. Ohnishi, et al.: Prog. Theor. Exp. Phys. , (2013) p.03A011

2. Y. Arimoto, et. al.: Abstracts of CSSJ Conference, Vol. 86,
(2012) p.121.

3. N. Ohuchi, et. al.: Proceedings of North American Particle
Accelerator Conference, (2013) p. WEODAI.

A8l 20144F AT T4 - il HE AR



3B-p04
20MW FRAFARAE—42%1EE

HTS J&H

LI-BEERE N BETILAMILOEFFE

Development of one—pole superconducting field model coil for a 20MW HTS ship propulsion motor
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Appearance of HTS field coil

Table 1 Specification of one-pole HTS field model coil

Type of DI-BSCCO wire TypeHT(SS)i + Type Hi

Ic of DI-BSCCO wire (77K, s.f.) about 180 A

Number of stack 4

Total length 12,880 m(=3,220m X 4)

Total number of turns 4,000(=1,000 turns X 4)

Maximum perpendicular magnetic field 30T
Maximum parallel magnetic field 57T
Expansion force 150ton,33MPa
Inductance 15H
Stored energy 300 kJ at 200 A
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Fig.2  Appearance of one-pole HTS field model coil
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time constant 10s

40
30 [€— DP#4

20

10
—DP#1

DP#2

0
—DP#3
-10 —DP#4

-20

Voltage [V]

-30
20  -10 0 10 20 30 40 50
Time [s]
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1. Abstract

The service cryostats of the final focus superconducting
(SC) magnets at the SuperKEKB interaction region (IR) will be
equipped with 110 current leads in total. The 22 leads of the
SC quadrupole magnets and solenoids, rated at 450 A, 1.0 kA,
1.35 kA, 1.8 kA and 2.0 kA, are conventional leads and

cold ends was developed. A prototype had been fabricated and
the benefit of the HTS tape presence had been demonstrated
by the cryogenic tests [3]. This year, a pre—production unit
with the HTS tape (FYSC-SCO05 [4]) was fabricated and tested.
The thermal and electrical performances are confirmed again,
which are reported in this paper.

commercially supplied. The other leads for the SC correctors, 30 : 1.84  -1200
with the design currents of about 70 A, are incorporated with S 2 s Current-1OKA ot 1153 liooo
a HTS section and have been developed at KEK. Considering E > Flowl for Leadl | ' 1
1 I I —~
the large number of the 70 A leads and the strong space 2 g 20 3 : ! oy 12351800
wn - SN ~—
constraints imposed by the configurations of the cryostats, 2 é 15‘ Flow2 for Lead2 0.927% 1600 E
. o
every 8 leads are assembled into a same cooling channel. The % 8 ——— i ]
cryogenic tests of all the types of the leads are being carried [ % 10 """ ] 0.61 T | 4000
X i i . . 2 o Cold end temperatures |
out at KEK prior to integration into the service cryostats. § < S5 Flow3-Bypass line ; ; 031 4200
This paper describes the thermal and electrical specifications © 0 Y s 3 s 0.00
2014-4-317:00  2014-4-318:00  2014-4-3 19:00  2014-4-330:00

of the leads and presents the cryogenic test results.

2. Introduction

The final focus SC magnet system of the SuperKEKB
interaction region consists of 8 main quadrupole magnets, 4
compensation solenoids, 35 corrector coils and 8 cancel coils
to the leakage magnetic fields of QC1LP/RP [1]. Table 1 lists
the design currents and the total numbers of the magnets or
coils. To energize these magnets, totally 110 current leads will
be equipped in the two service cryostats.

The leads for the main quadrupoles and solenoids are the
conventional type of the helium vapor cooled current lead and
commercially supplied. When the leads were being fabricated
by the manufacture, the qualification program had been
planned as the cryogenic acceptance test at KEK. The test is
scheduled to ensure that each lead performance reaches the
thermal and electrical requirements under the nominal current
operation. The test is with a vertical cryostat of double LHe
vessels, which is used for our previous experiments [2]. The
purpose—built cryostat can exclude the other heat leaks
except from the leads into the LHe and allow the leads to run
with self cooling mode. The test progess and results are
presented in this paper.

To address the small currents (<70 A) and the large
number of the correction/cancel coil leads, the compact unit
of 8 brass leads with the 2nd generation (2G) HTS tape at the

Fig. 1 Some results during the 1.0 kA lead measurement

3. Measurement set—up and results

The measurement setup consists of the cryostat with
double LHe vessels, flow monitor/control system, data
acquisition system and current source. The lead cold ends are
connected with the LTS cables and immersed in the LHe of
the inner vessel. As the inner LHe vessel is immersed in the
LHe of the outer vessel, the inner LHe is just vaporized by
the lead heat leaks. The mass flow rates through each lead are
monitored and recorded to calculate the heat leaks. As a
typical example, Fig. 1 shows some measured results with time
during the 1.0 kA lead measurement. All the results (except of
1.8&2.0 kA leads: not tested) are summarized in Table 1,
which verify the expected performance of the leads with some
indicators, such as the mass flow rates of helium vapor and
cold end temperatures.
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Table 1 Magnet currents, lead types and performance for the SuperKEKB final focus SC magnets

Items Unit Solenoid QC2P QC2E QCI1P QCIE Corrector/cancel coil
Current kA 0.45 1.0 1.35 1.8 2.0 <0.070
Magnet
NO. - 4 2 2 2 2 35/8
Lead type - Helium vapor cooled current lead (VCCL) VCCLA+HTS tape
Design w <0.72 <1.6 <2.16 <2.16 <24 <0.58 (Ref. [5])
Heat leak
Meas. W <0.63 <1.35 <1.84 - - <0.55/8-lead
Desi g/s 0.031 0.068 0.089 0.106 0.117 0.027
i esign
Helium £ SLPM 10 229 29.9 35.6 39.3 9
vapor
Meas. SLPM <10 <22.0 <25 - - <10
LHe consumption L/h <0.86 <1.88 <2.14 - - <0.77
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