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Fig. 2 Contour map of magnetic flux density that is
vertical to the winding (analysis result)
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Fig. 3 Calculated and measured voltage—current
characteristics of HTS stator winding
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Table I Specifications of 10 kW class HTS-ISM

Stator Rotor
Pole number 4 -
Slot number 36 44
Outer diameter 157 mm 99.4 mm
Inner diameter 100 mm 31.0 mm
Length 88.0 mm 88.0 mm
Turn number 30 - (b) 7= 65 K

Fig. 3 Analysis results of magnetic flux density contours in
HTS-ISM (1= 250 V, £ 40 Hz, s= 0.005, A= 1194 rpm)
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Table I Specifications of 50 kW class HTS-ISM

[tem Value

Pole number 4

Slot number of stator 12

Number of rotor bars 34
Stator’s outer diameter 285 mm

Stator’s inner diameter 160.6 mm

Rotor’s outer diameter 160 mm
Rotor’s inner diameter 50 mm
Gap length 0.3 mm
Stator’ s length 100 mm

LTkY,

Fig. 1 Analysis model of 50 kW class fully
superconducting HTS-ISM
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Fig. 2 Analysis results of magnetic flux density contours
for 50 kW class HTS-ISM

Table Il Analysis results of maximum output (300 rpm)

Torque Output power
Without HTS shield body 1569 Nm 49.3 kW
With HTS shield body 1631 Nm 51.2 kW
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1. Introduction

Recently, we successfully developed the Fe-sheathed
superconducting  SrosKo4Fe2As: tape with the critical
temperature of 32.5 K and fairly high critical current density of
1.5x10% A/m?> at 10 T and 4.2 K.[1] The critical current
characteristic is considered as one of the most important factors
for the applications of superconducting materials. Therefore,
precise estimation of temperature and magnetic field
dependence of critical current density (Jc) is necessary. In this
study, the Je in the temperature range of 20 K to 30 K and in the
magnetic field of up to 7 T were measured by using an
inductive method (Campbell’s method). Furthermore, basing on
the experimental results of the penetrating ac magnetic flux
profile and the feature of ac magnetic field dependence of
penetration depth, the flux pinning mechanism of the sample
within 20 K and 30 K was discussed.

2. Sample preparation and measurement

Fe-clad SrocKosFe2As: tapes were fabricated by the ex situ
PIT method. Sr fillings, K pieces, and Fe and As powder with a
ratio of Sr: K: Fe: As = 0.6: 0.4: 2: 2 were mixed for 15h by the
ball-milling method. 5% excess As and 10-20% excess K were
also added to compensate for the loss during fabrication. The
precursors were added 5 wt% Sn by hand with an agate mortar.
The milled powders were packed into Nb tubes and then
sintered at 900°C for 20-35 h. Then the fine powders were
packed into Fe tubes, sealed and then cold worked into tapes by
swaging, drawing and flat rolling. Finally, the tapes were cut
into short samples and sintered at 850-900°C for 1-60 min.[1]

The measurement was carried out by the means of
Campbell’s method. An external dc magnetic field ( B ) and a
small ac magnetic field ( bac ) were applied parallel to the long
axis of a superconducting slab. By measuring the ac flux
moving into and out of the sample, ac magnetic field
dependence of penetrated ac flux can be obtained. And,
according to the Bean-London model, the slope of increasing
part of A’ vs. bac gives Jo  in sample as

or 1
Obye MoJc

(M

Where i is space permeability.[2] And the displacement of
flux lines ( u ) and their restoring force density ( F: ) are
derived as

[0] Bb,

u=— F:—'
2Bw r #OA'

respectively. The Labusch parameter (or) is determined from
the slope of F: vs. u curve in small displacement region, i.e., in
the regime of reversible fluxoid motion.

3. Result and discussion

Fig.1 shows dc magnetic field dependence of J. measured at
different temperatures. As we can see in Fig.1, J. denoted by
the solid lines presents a sharp drop of critical current density
when a small dc magnetic field below 0.5 T is applied,
followed by gradually flat decrease when dc magnetic field
increases continually from 0.5 T to 7 T. The results we obtained
match well up with the previous data measured by the standard
four-probe method at the temperature of 4.2 K as shown in

Fig.1 by dotted line. It turned out that J: values of Fe-sheathed
superconducting Sro.cKo.4Fe2As> tapes are fairly high during 20
K to 30 K. Our results indicate that the flux pinning mechanism
of the sample in the temperature range of 20 K to 30 K is
similar to that in 4.2K. Besides, the dash-dot lines presented in
Fig.2 are the approximations of each experimentally obtained
ar with the relationship of aroc B¥? which can be considered as
an evidence that he flux pinning behavior in the sample can be
explained with conventional flux pinning theory.

109 = 19.5k =l 22 4k
e 244K e 26 8K

OO TN g LK

Jo (A/m?)

B(T)
Fig.1 Dc magnetic field dependence of critical current
density at different temperatures

1018
/,
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IS - mEF
; - % *19.5K
1016 — -
~ & B I
£ ‘/ = T m22.4K
Z - £
< 108 /:X’ X
= P -7
3 Pate ~y 24.4K
&7 XK
T s ) 26.8K
X29.4K
1018 T
0.1 1 10
B (T)
Fig2 Dc magnetic field dependence of Labusch
parameter at different temperatures
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concentration x = 0.20—-0.45.
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Fig. 1 J—H curves for the Ag—5at%Sn/Ba-122 tapes heat
treated at different temperatures.

Fig. 2 Grain structures observed by SEM on the fractured
cross sections of a) Ag/Ba—122 and b) Ag—5at%Sn/Ba—122
tapes.
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1. Introduction

The iron-based superconductors with very high upper
critical field (H,,) and small anisotropy have been regarded as
a potential candidate material for high field applications [1].
Recently, the transport J,. of Ag sheathed Ba(Sr)122 wires were
greatly improved [2-4]. However, a drawback of using pure Ag
as the sheathing material is that the mechanical properties are
quite weak. It is crucial to fabricate mechanically strong
conductors for high-field superconducting magnet. In this work,
we propose a new sheath architecture of stainless steel
(SUS)/Ag double sheath. The composite sheath consists of a
SUS external layer and a protective Ag layer situated between
the superconducting ceramic core and the SS layer. We found
that the use of a double sheath is effective for improving the
J.~H performance.

2. Samples and experiments

The precursors of Bay¢Kg4Fe,As, | were prepared from Ba
filings, K pieces, Fe powder and As pieces [3]. In order to
compensate for loss of elements, the starting mixture contained
10-20% excess K. Bal22 tapes were fabricated by an ex-situ
powder-in-tube (PIT) process. The details of fabrication
process were described elsewhere [4]. The transport critical
current /. at 4.2 K and its magnetic field dependence were
evaluated by the standard four-probe method, with a criterion
of 1 uV/ecm. The transport critical current density, J., was
calculated by dividing /. by the cross sectional area of the
Bal22 core. Magnetic fields up to 12 T were applied parallel to
the tape surface. We also carried out /. measurement in a 28 T
hybrid magnet of the Tsukuba Magnet Laboratory (TML) of
National Institute for Materials Science. 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

Figure 1 shows the in-field transport J. performance of
SUS/Ag double sheathed Ba-122 tapes along with reported
values of conventional Nb based superconducting wires and
PIT processed MgB,. The J.-H curves for rolled and pressed
tapes both show extremely small magnetic field dependence
and exceed 3x10%°A/cm? under 28 T, which are much higher
than those of low-temperature superconductors. Very recently,
further improvement of J,. values were achieved by optimizing
the wire fabrication technology. At 4.2 K, the J. reaches to the
practical level of 10° A/em? in magnetic fields up to 10 T for
pressed tapes by intermediate annealing process. Even for the
as-rolled tape a high J, value of 8.6x10* A/cm® at 10 T was
obtained after using the small size SUS pipe.

Figure 2 exhibits the typical SEM images of the fracture
and polished surface for the rolled and pressed tapes. Both
SUS/Ag double-sheathed tapes display a denser and more
textured microstructure than the tape with Ag sheath. High
strength and Young’s modulus of SUS result in higher
compression stress during cold rolling and heat treatment
processes. Thus, the density and texture in the SUS/Ag double

sheathed tapes were improved comparing with the Ag single
sheathed samples [3].

In conclusion, excellent transport J. values under high
magnetic field up to 28 T were achieved in SS/Ag double
sheathed Ba; K ,Fe,As, tapes. The well textured
superconducting grains and high core density are responsible
for this high J. performance. We believe that this simple and
scalable process is very promising for fabricating long length
Bal22 wires for high field magnets.
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Fig. 1 Transport J. values plotted as a function of applied
magnetic field. J,. of Bal22 tapes are compared to commercial
NbTi, Nby;Sn and MgB, wires.

Fig. 2 Typical TEM images of fracture surfaces for rolled (a)
and pressed (c) tapes and polished surfaces for rolled (b) and
pressed (d) tapes, respectively.
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Fig. 1 Temperature (7) dependence of resistivity (o) of
Sr,CrFeAsO,_,[ 6 = 0.025, 0.090, 0.120, 0.180 and 0.20].
The solid lines (red) indicate observed values during the
heating. The downward red arrows indicate temperatures of an
anomalous kink in the p -7 curve(7,,). The upward blue
arrows indicate minimum value(7 ).
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Fig. 2 Temperature (7) dependence of observed M, of
Sr,CrFeAsO, s[ 6 = 0.18]. The plots indicate observed
values. The blue arrow and the red arrow indicate minimum
value (7], .. and maximum value (7 ), respectively. The

black arrow indicated the temperature under which 7,
oceurs.
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