Mini-Workshop@LCS
Oct 5, 2010

Recent Progress in Coated Conductor
Development in Japan

[
> &
L=N

-
. >
o

__,_‘é

Noriko Chikumoto

Superconductivity Research Laboratory
International Superconductivity
Technology Center (ISTEC)

N ISTEC A& ¢




Contents

1. Short introduction of SRL-ISTEC
2.0utline of M-PACC project

3.Recent progress in R&D of
superconducting tape




S/ () ERBREERRETRL -

/% International Superconductivity Technology Center
http://www.istec.or.jp

ISTECRERBICHTIMEMR. BIRME. ARZAFE
t#gtwamm\n%ﬁmm\ﬁ,/"

i V , - ‘
S r‘i' x

ISTEC was established as a nonprofit foundation in January, 1988, with
the approval of the METI

The objectives of ISTEC

Contribute to the consistent advancement of superconductivity studies
and the sound development of superconductivity-related industries. To
meet these objectives, ISTEC actively promotes surveys, studies, basic

research and development, and a variety of international exchange
programs.
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' Solution for voltage

1. Stabilization of deviation and step-out of
power generator by
controlling active power

Electric Power System
SMES

Cooling Tower

BH

Cooling Deviﬁes

2. Superconducting|
DO @dﬂ— Cable

Duct retrofi

Transformer

3. Superconducting

Transformer Cu CV Cable SC Cable

500 MW/Clrcmt 1500 MWIClrcult
4 QM \; Weight:1/2 Area:2/3 N S amee\ 1| RN e
~. £ Loss:1/3 ,. #isvy Capacit 3 :3:n.w
Underground ¥4 +Fault Current Limiting P oam |  mata
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Estimation on the CO,-emission reduction effect

by the introduction of HTS cables

AC DC
Cabl t
abie System Current Cu Cable i ; HTS Cable
Transmission
Capaclty 1,500 MVA
Transmission
LoEsas 740kW/km » 200kW/km 20kW/km

3909-C02/kWh for Japan Depending on the Ratio of

Non-Fossil Fuel Generation;
5609g-CO./kWh for U.S.A. Renewables, Hydro &

8609g-CO./kWh for China Nuclear




Possible application of
superconducting tape

|i’1'aus"trial'-l\llld¥or -
QN .

-~

_Ship Motor




High-Tc superconducting tapes

1st Generation:
BSCCO Tape

BiZSrZCa2(2u3Oy

2"d Generation:
YBCO Tape
YBaZCu30y

Ag stabilizing layer

— (REBCO

=0z layer

\ 0 \ Mn‘\‘“\%n‘f Gd2Zr207 or MgO
N\ e buffer layer
\_fz ~ Hastelloy

Typical structure of YBCO tape
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R&D History of HTS Tapes@2008
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Advantages of YBCO

< Cost >

150

25\ YBCO

100

Bi2223

Cost S$/kAm (77K,sf)
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Year
< Mechanical Strength >
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1 -,b g - 2 = L
S 08 i YBCO
p Bi2223
\0.0.8
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0.2 (Tension test)
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Tensile stress [MPa)l

<Jc-B Property >

Trans Jmm

Y-system

@77K Bl c-axis -

2 3 4 5 6 7 8
Magnetic Field (T)

B//Surface

< Low AC Loss >
B_.Surface

Aspect ratio
Bi:Y=1:100

For scribing
Y : Layer structure=Easy

L L

1/100

Bi - Shea.thaPifficult
v

Possible to scribe
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5 Year NEDO-METI Japanese

National Project

“Materials & Power Applications
of Coated Conductors™

M-PACC Project (2008-2012)
SMES, Cable, Transformer & C.C.

Budget: ~$30M/year x S5years
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R&D Roadmap of C.C. Applications

for Electric Power Devices

2006 | ’07

08 ’09 ’10 11 ’12

SMES Project

| Materials & Power Applications of

Coated Conductors, MI-PACC Project

SMES using
LTS Metal

Super- 2MJ SMES Model Y e
/' conductors for >20MJ SMES o m
Coated m
Conductors 2MVA Transformer . P
‘ Project for 20MVA Transformer 'u
YBCO ——
Tapes & 66kV-5kA, T m
%‘j{#“ 275kV-3kKA Ty P ) ; e
Cables ) bl
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Preliminary
Works for
Applications

Coated Conductors
for Mass-Production (10-20km)

High Yields, High Production Rate




Goals of Coated Conductor R&D

Themes

Interim Goals (2010)

Final Goals (2012)

(1)Degradation of
Properties

eEndurance Test
Conditions for Cable

e Evaluations for
Other Applications

¢30A/cm-w @77K,3T-50m
«300A/cm-w
@65K,0.02T-50m

e50A/cm-w @77K,3T-200m
¢400A/cm-w
@65K,0.1T-100m

(3)Low AC Loss

«2mm-width & 300A/cm-w
@77K,0T-50m
e5mm-width & 5 filaments
AC Loss Reduction to 1/5

«2mm-width & 500A/cm-w
@77K,0T-200m

e5mm-width & 10 filaments
AC Loss Reduction to 1/10

(4) High Strength
& High Je

e300 A/lcm-w -1 GPa
@77K,0T-50m
eJe=30KA/cm2 — 200m

500 A/lcm-w -1 GPa
@77K,0T-50m
eJe=50KA/cm2 — 200m

(5)Low Cost &
High Yield

el ower Production Cost than
3 Yen/Am

e Low Production Cost toward
1 Yen/Am
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High Ic under Magnetic Field

< Qutline >

High Ic Tapes under Magnetic Field for SMES & Transformer

Interim
(2010)

30A/cm-width
@77K,3T-50m

300A/cm-width
@65K,0.02T-50m

10‘.‘. N
| < Goals > | \—-—x SMES -
. (© B —r P
Final _ TON 4 2 450.0K
(2012) Ng . " 60.0K
< 10 65.0K
50A/cm-width - N +70.0K
@77K,3T-200m Transformelj\ " 75.0K
S0U.UK 77.3K
. 10’ \
400A/cm-width 0 2 4 6 8 10 12
@65K,0.1T-100m Magnetic Field, B [T]

< Approaches >

(a) Introduction of APC (b) High Birr Materials
—->BZ0, RE-mixture efc.

—>Design & Synthesis

ISTEC




< Outline >
Low AC Loss Tapes for Cable & Transformer

< Goals >

Interim (2010)

Final (2012)

2mm-w & 300A/cm-w
@77K,0T-50m

5mm-w & 5 filaments

Loss Reduction to 1/5

2mm-w & 500A/cm-w
@77K,0T-200m

5mm-w & 10 filaments

Loss Reduction to 1/10

< Approaches >

(a) Process Development for

Uniform Tapes

- Plume Control, Coating
Technique eftc.

(b) Cutting & Scribing
—>Laser Cut, Chemical
Etching, Mechanical

Scribing etfc.
ISTEC  £&'¢



Low Cost & High Yield

< Outline >
Realization of Low Cost Requirements from All Applications
for “Field Test” & “Market” Stages

< Goals >
] Interim (2010) Final (2012)
Lower Cost than 3 Yen/Am Low Cost toward 1 Yen/Am
L < Approaches > J

(b) High Rate & High Ic for Lower Cost || (c) Joining and
- In-plume PLD, Multi-turn MOD etc. Repairing




Recent progress in CC R&D




Architecture of Coated Conductors

4= Stabilizing Layer: 25~100 um
(Cu and/or Ag etc.)

Superconducting Layer: 1~5um
(YBCO and/or GdBCO etc.)




Coated Conductor Processing
(o)

lon Beam (YorGd)123

Assisted Deposition PLD-CeO,
 Deposition Area [ IBAD-GZO

Hastelloy

C-276

Assisting
Ton Source




Examples of properties of CC

Production speed 10m/h Production speed 30m/h
@Fujikura @ISTEC
600 PLD-GABCO{&#f (30m/h)
__500
3
£ 400
(%)
3300
=’ 200
100
0 © 10 20 30 40 50
Length (m) 0 10 20 30 40 50 60

R R (m)

Maximum length ~500m (PLD method)

Almost ready to provide for application test!!
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Development of Coated conductors
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Cable

250MVA 500MV, 1000MVA  1500MVA
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This work was supported by the New Energy and

Industrial Technology Development Organization.
Special thanks to Dr. T. 1zumi, ISTEC-SRL for providing ppt files.
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