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Figure 2. Secondary electron image of the Mg
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Figure 1. Packing factor P and connectivity K as a function of heating
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Fig. 1 Schematic diagram of vertical furnace [1].
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Fig. 2 Transport J.-B curves at 4.2 K for all wires [1].
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Fig. 3 (a) A BF-STEM image of an MgO particle in the

malic acid-doped wire. (b) The FFT pattern coincides with

MgO in the [001] beam orientation. (c) EELS spectrum of

O K and Mg K edges, with the inset showing an

enlargement of the O K edge. [1].
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Fig. 1 Temperature dependences of the magnetization of the

MgB, thin films prepared at different tape temperatures (75).
X T, =200 °C, A T, =220 °C, A T, =250 °C, O T, =
280 °C, @ T,=300°C.
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Fig. 2 J.-B properties of MgB, thin films at 4.2 K and 20 K.
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Fig. 3 The surface pictures of MgB, thin films prepared at
different tape temperatures
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Fig.1 SEM images of the polished surface for the samples
made of SmF, and InF,.
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Fig. 1. Photograph of the sample of FeSeysTeys bulk
superconductor.
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Fig.1 Resistivity curve of a BaFe,(As, P), (x=0.4) film. The
inset shows the irreversibility field, 5,,, and the upper critical
field, B.,, measured for B,//c and B,//ab.
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Fig.2 Field dependence of J measured at 4.2 K for a
BaFe,(As, ,P.), (x=0.4, nominal) film.
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Fig.3 Field angular dependence of ./, measured at 4.2 K and 1
T for a BaFe,(As, ,P), (x=0.4, nominal) film.
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Fig. 2 Transport ./—H curves of the wire and tapes
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Study on delamination of PLD-GdBCO coated conductor and effect of laser scribing
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Fig.1 (a) Transverse tensile strength of PLD-GdBCO
coated conductor. (b) Weibull plot for (a).
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Fig.2 (a) Delaminated surface of the sample showed the
lowest strength (Hastelloy side). (b) Estimated tensile
strength as a function of defect size.
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Do ARHFGEILT A NID LRIABEEE S e BB R 7 ey
=7k ELTNEDO OFFEIZEVEMLIZH DO THD,
S & Xk
[1] N. Sakai et al. ; Abstracts of CSJ Conference, Vol.82
(2010) pp.15 and Vol.85 (2011) pp.138
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Flexible joint (Pin) +

(B) Glue
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SS: Stainless steel
Edge area| (A) Upper JIG

CA: Cu alloy

/)

-~
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(E) Superconducting filajhent

/ /

10 mm
(A’) Lower JIG

Fig.1 Test for c-axis strength

0.2~0.4mm
Wire thickness
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TR 113 m < ThH, LIRS )1 TE)NOREIL
BEICHEATL, BEBEMEN KON TWAIERHNES. Lo
T, ZORERDDBA OB ZHN UGN IR EDRT
172K, BT Tl T LRI Z AR B 2 T L, PR A
B HFEREERT, BIESHNUREL TR T ILERHD.
RBIOTFEREEL, M ~5 2 584, {bRFR%5%E

Tablel Fracture stress depending on glues or solders [MPa]

Ecobond Stycast Araldite In-Sn Sn-Pb Polyester
+catalyst | +catalyst | standard solder solder | resin
48+1.4 39+1.1 9.6+t1.4 54+4.1 43+£22 6.00.9

BZ, AT TIET ZVZ A ROBAEHTHBREwe T 7.

4. BIEFINLARIER
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B EET, WTHOLE)OBEE 7 4 TA M TRIST
Uz BIERINURBRIE, T ¢ BFIICREI/EET DL
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VR MR B IS LKA T 5. BV Ziilc ko a3
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SO FRLNHETOIRE L EFTDHILIT05.

— 20
£ @ Sample with edge arca
= . O Sample without edge area
5 15 8
& o 8°
=
o / ° (D2 ]
E P - °,
£ 10 ,’ ® ° § °
£ ® & o
Z L °
<
g
g
=]
Z 0 1 1 1 1
H H HT-SS HT-CA
(JIG:40mm’) (JIG:20mm’) (J1G:40mm’)

Fig.2 Interrupt or fracture stress of c—axis strength test

5. F&H

AIFFETIL, BEBMICHVGLII AR IERED 1 DEAR
BETHZEAEEZ, 40mm® &) FEE A WV BRI A R E L,
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FL TS, ZLTIHAUCLDRERZ, IR UEE DK T
FREEL THURTHRELEZ TS, ZORBR Tzt
KLV GEE EEDN NSWARHEEZ ] WD D76, IR
BLSRENT S CTE)D T T AL NERIZ 2 2 B b ~C oD ) i Rl ek 1
FoZRD, TNEHDMERET DLERHDH. HDHVITHR
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R, S5 ERBRIEHESLOT- D DR AT TOET-V .
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INSL TR BIE %R I (R)ETEFE LTz, BSCCO 747 A M
T2 R R 2T _57-% Spring-8BL46XU Tl £z
{T-72, BSCCO @ (220) [0 #7 i (W BE B2 H IR TOE
(Agscco)Z Kb Tz, ERFER OB IEERFERZ R E SRR
JETHAT, 6!65»573@%73[1 CEVEESRETRDS 95%IZ F T
DUIZEEDIGE N E Ry LIEFR LT,
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400 | k|
350 [

300 |
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Fig.1 Change of yield stress as a function of pretention.
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HmEEbIZADKREIMELT0 D, ZHUTEHEED BFTE
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JEMEED IR E Asseco VEEVIIE H#INE LIS L,
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I 5L ED R ERVIEINT 5, 2L C R(relaxation
stress) Crr L7z 1 CHafn, HAW TR K L7225,

Fig.l TARLIEM ) R & Fig.2 TEFLIZEFIIG ) ROEIX
T —ETDHIERWABNEZR 5T, R, 1X BSCCO 74T AN
_ii“m“é)%'wf ST 4T A NOREBI I I0RRL -2 &%
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—O—885044 N
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Fig.2 Applied stress dependence of local strain exerted
on BSCCO filaments.
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Fig.3 Change of 95% Ic retention stress vs pretention.
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HIELT,

e SRR IR 2T ANV T T = RN =y ke
F o7 Biflra O T, IERI100 pm, BE, 91 mmO 7 VoY
TR U B MU 7155 W CEEEICTHIEL T,
SEHRE 1L, NIy AT AT — LR R Z — Foe—2—
WZ&Y, FEIcar b — L, RS ETRE O LT
uV/em &ELT,

3 ERHERLER

Fig.1 IZHMETH BT 5, (200), (02008 —20 X
[El/ 8% — %73, as—received DM DFNE N DE—
SR IZIRITHE L2272, L, O T HEIINT =—/1i2 kD
B — 7L — BN TN E N LT, B BREE T
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Fig.1. (200) and (020) reflections along the longitudinal
direction after the annealing under the strains in the
GdBCO coated conductors. Intensity was normalized by
that of the (020) refraction for comparison.
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Type 1, Type 2 ODINEEEEE /[, DEREZNEK 1,
2 \RT, AREHTIMNBM R Z LI LS DI LD T
BRI OZ 2 ROWPERERAE T oy LTz,
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Table 1 Specification of HTS samples

Number Type 1 Type 2
Material YBCO
AMSC SuperPower
Manufacturer 344 SCS4050
Superconductors 2G HTS
Process MOD/RABITS MOCVD/IBAD
Width 4.8 mm 4.0 mm
Length 100 mm 100 mm
Thickness 0.22 mm 0.1 mm
Lo 90 A 135 A

B DA DY 7 /AT LAT 272 XRD 20 Hr Dk
BT 2 1277, Typel, Type2 #:1Z ¢ iR IZ k&2 KiX
BT, Bk KABITERS Ve o7, 7ods, ARGt
WHE GEREIEE A) NI Lo 7o 227072,

1.20 ,
1.00 ;&
—A
0.80 -
E’:u,so
0.40
0.20
0 20 40 60
Time|m]
Fig. 1 Heating time vs. /L, of Sample 1
1.20 I I —— I T - T
1.00 1 1 7 I [ 1 [
h::th: A :.‘.".‘. .‘A:: i
080 e e e e
: A
30.60
0.40
0.20
0.00
0 10 20 30 40
Time[m]|
Fig. 2 Heating time vs. [/, of Sample 2
Table 2 XRD analysis results of YBCO tapes
Time Decrasing c—axis length
rate of Ic
PDF - 11.6997 A[2]
5min 0% 11.6800 A
Typel 10min 9.0% 11.6972 A
1h 100% 11.7101 A
0.5h 0% 11.6728 A
Type2 3h 5.7% 11.6930 A
36h 34.5% 11.6877 A
SE

1. S.Yazaki, A.lshiyama, et al: The papers of techinaical
meeting on application of superconductivity , IEE] ,
ASC-12-015

2. K. Egawa, T.Umemura, et al.: Journal of Cryogenics and
Superconductivity Society of Japan, vol. 25(1990)p.106
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1. Introduction
For accelerator magnets, high 7, superconductors (HTS) are
a remarkable option comparing with low 7, superconductors

(LTS), since they possess several distinctive characteristics, e.g.

good thermal stability and high cooling efficiency. However,
on the other side, HTSs have strong mechanical restriction
which makes them hard to bend and wind. In this paper, a
detailed method is presented to apply coated conductors (tapes)
into the design of a combined-function accelerator magnet,
specifically a magnet involving both dipole and quadrupole
magnetic field components, which is named 2+4 pole magnet
in this paper. This method takes electromagnetic characteristics
of the tapes into account, and it is capable of solving their
mechanical restriction issues. Both 2D cross-sectional design
for the straight section and 3D design for coil ends considering
bending and torsion tolerances of tapes were carried out.

2. Design method

The main target is to design a 2+4 pole magnet with the
properties listed in Tab. 1. This magnet can realize multiple
functions simultaneously involving bending by dipole
component and focusing/defocusing by quadrupole component.

Table 1. Properties of 2+4 pole magnet

Magnet Value Tape Value
Dipole 2.88T Width 5 mm
Quadrupole 9.0 T/m Thickness 0.2 mm

Beam length I m SC thickness 2 pm
Bore radius 50 mm Operation Current 200 A

Effective area 35 mm Temperature 20K

First, based on the magnetic strength and gradient to
generate, the current distribution versus angle around the
mandrel can be calculated, as shown in Fig. 1. Instead of using
conventional centered pulse PWM to locate superconductors,
the trailing edge modulation PWM is applied for the first time
in designing accelerator magnets. The new method has been
proved efficient by using less turns of tapes to generate the
same magnetic fields. By applying this method an 8-layer 2+4
pole magnet has been designed as shown in Fig. 2, with each
layer adjustable to optimize the magnetic fields in order to
achieve the field uniformity in the order of 10,

To carry out the 3D design for coil ends, both bending and
torsion restrictions of HTS should be considered. The winding
of a tape in 3D differential geometry [1-2] is shown in Fig. 3.
The vectors can be described in Frenet-Serret formulas as (1).

dT/ds = xun - b, dn/ds =, T + tb, db/ds = x,T—n (1)

where T is the tangent of base curve on the mandrel surface, n
is perpendicular to the tape surface and b is orthogonal to T
and n, with x,, K,, and 7 as surface bending, edge bending and
torsion curvature. When designing a coil end, the base curve is
determined beforehand assuming that «, is zero. Then a new
set of parameters can be derived using additional torsion 67
obtained by the cubic spline function [2]. Since the accelerator
magnet is asymmetric, the design of coil ends is more
complicated as end-spacers are asymmetric too and some block
needs more end-spacers in order to connect to different blocks.
For practical fabrication, coil ends are designed using the least
end-spacers, which means that tapes are not separated but
aligned into groups. The magnetic field along beam width in
the designed magnet is shown in Fig. 4, with both dipole and
quadrupole components meeting the target values.

3. Conclusion

Results show that using this method, combined-function
accelerator magnets wound with coated conductors can be
successfully designed to meet the requirements.
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Fig. 1 Coil shape of coil-dominated magnet

Return yoke

—
Field clamp
(a) Top view (b) Side view
Field clamp Return yoke

Return yoke

Field clamp
(c) Bird's-eye view (d) Cross-sectional view

Fig. 2 Return yoke and field clamps together with coil
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Fig. 3 Effect of return yoke and field clamps
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Measurement of magnetic field in dipole magnet which comprises four racetrack coils wound with
coated conductors in liquid nitrogen
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Table 1 Multipole components of magnetic field when 50 A
excitation and residual magnetic flux density

Residual magnetic
flux density (mT)

Normal Magnetic field when
pole 50 A excitation (mT)

2 87.788 0.533

4 -0.166 0.007

6 -1.834 0.137

8 0.346 0.035
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Fig. 1 Temporal evolutions of 2—pole coefficients after ramping
up.
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Fig. 2 Temporal evolutions of 6—pole coefficients after ramping
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