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Shanghai Superconductor

I | Production Line o~ L8
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® From fabrication of sputtering targets to repair and maintenance

® The first 2G HTS wires production line in China
® Capable of mass-producing high quality 2G HTS wires
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I | Simulation for equipment design"* %

Casel:
Optimization of the setup
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fluid mechanics electromagnetism

Design of the door for the chamber:
Total weight in the previous design: 580 Kg
Low stability and poor operability
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I | Simulation for equipment design"* %

Casel:
Optimization of the setup
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fluid mechanics electromagnetism

Design of the door for the chamber:
Total weight in the new design: 330 Kg
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Casell :

Enhance homogeneity of the
heating zone
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Upgrade of the facilities:
e . Reduced temperature variation: <60°C;
. e Errors to target temperatures: from =2.6% to =0.9%

8130402

Temperature variation 78°C 9



Simulation for HTS wind generator’ - -

uperconductor
Parameter Value Stator
teeth
Rated power 2500 kW
Frequency 2.9 Hz
Phase number 3
Slot number 144
Pole number 24
2.5MW HTS wind generator
F —
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3 800 - 1.4e+6 -
5 | 600 1.2+6 -
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3 , , , , , , -800 : : : : 0.0 : : : ; ,
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angle (~) time (s) time (s)
(a) Radial magnetic flux density (b) Back EMF of phase A (c) torque
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deposition planarization
process
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Stacked-Square (3S) HTS &)
Wire

2G HTS tape 4~12 mm 30 critical 1o self-field

3S HTS wire, 200 mm, 77 K Sample 1,1.~170 A, 77K

currentsz .: AC loss

= 107

25 | Six narrow tapes

Narrowing 25 g
process S i =107
E Sample 1, 4
g I=170 A, Sample 2, =
) N =154 Q na
= n-value=24 1=255 A, =10
2G HTS narrow tape | mm S0 " 2 50 Hz
2 100 Hz
5 =10 200 Hz
| 2 i
Soldering and i - : 10 s TR
50 100 150 200 250 100

stacking process
Current (A) Peak transport current (A)

Fabrication 2~ bending 1 tensile

3S HTS wire, 400 mm, 77 K 3S HTS wire, 250 mm, 77 K
ProCeSSES Solder } diameter_ force
layer 510 0.951, 510
Imm 8 3 0.951,
Solder 3 Bending strain, 1.7% : I'ensile stress, 350 MPa "‘\
| layer ZO08F ZE08 \
o S
B B
/— £ e sumples
£ = 0.6 - —&— Sample 4 =4 06 -
Solder £ e " [ —a— sample s S L Sample 8
b =z —o— Sample 6 4 z +— Sample 9
©— Sample 7 = Sample 10
04 1 1 1 I 04 " 1 L 1 L
100 80 60 40 20 0 100 200 300 400 500 600
Bending diameter (mm) Tensile force (N)

Z.Y. Li, etal, IEEE Trans. Appl. Supercond., Vol. 26, No. 4, 8201104, 2016.
Z.Y. Li, et.al, IEEE Trans. Appl. Supercond., Vol. 27, No. 4, 6600904, 2017.
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long-length ZG HTS tape Shanghai Superconductor
400 -
300
—_ 10 mm wide tapes
<< 200
~° ]
] slitting & lamination
100 ; Serth oo UL M, e o g e A . . : :
0:
o 50 100 150 200 250 300
Position(m)

13



Performance of 2G HTS wires /L’EEE‘”

—n— SSTC-standard-?).Smm‘

1800

I n '\
Excellent High Field = N

Performance at Low Swl L
Temperatures Fed e
@4.2K, 12T, L exceed o7
1000A/cm(width) Applied Field (1)
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- B - —m— - -
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Current (A)

Measured by: Institute of plasma physics Chinese
academy of sciences




Performance of 2G HTS wires /L’ﬁﬁg

I

Excellent High Field
Performance at Low
Temperatures

450 : . . . T 18
B (T) 3 ad0 |- 'k"“‘"‘"*\\.\ 17.04T
. @LHe -
Inner D(mm 30 _ <
( ) < w0t B: 14+3T . ey =
Outer D(mm) 57 g - 1 428A " 428A 163
Length(m) ~50 © 420
Layers 45 " —m— Current 415
T = Field
Turns total 360
I 100 400 112 I 1I3 I 1l4 1
(A@77K) Background Field, T

Courtesy by: Institute of plasma physics Chinese @

academy of sciences
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Performance of 2G HTS wires
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Shanghai Superconductor

H 0.018 -
e < 0.016—- . Dry
Advanced lamination .« Wet *
technique > oot o
B 0.010 - )

v'Superior delamination & o s
resi n o 0006~ on
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v [ loss after epoxy _—

. . . 0.000 —
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case, no deterioration in most 20 0 20 40 60 8 100 120 140 160
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Shanghai Superconductor

IT

Advanced lamination » :
technique Critical tensile stress (77K)
q >500 MPa

v'Superior delamination - _ _
resistance Critical bending diameter (77K)

<50 mm

v I loss after epoxy

impregnation 10% in the worst  2sof ¥
case, no deterioration in most -0 | = \

] at which value /.= 95%I 200 atwhich-valus =
CaseS ?fn 150 \ 95%I0 \\

~ L * 150 \

= 100} I\ \\

. < I \‘ 100}
v Enhanced electro- mechanical = «| L Wl \
performance of Vo
(Il 1 (I)O 2(l)0 3(130 460 5(I)0 600 1 60 910 8‘0 7‘0 6‘0 5‘0 4‘0 3‘0
Yield strength (Mpa) Diameter (mm)
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Shanghai Superconductor

Performance of 2G HTS wire

I

Various techniques developed for
joints

Based on lamination technique

v'Superior performance of the joint 2f 2 e g
(resistance <2.3 nQ) § S Y
v'Adjustable of joint resistance i /
v'"No reduction of critical tension strength g
Current (A)

Joint length
Joints overlaps 22 32 51 103 200 | 300 | 400 800
(cm)

Joints
resistance ( nQ)

150.30 77.73 5001 3649 1619 881 6.13 455 291
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Various techniques developed for
joints
Based on diffusion technique

v'small joint resistance 1-3 nQ
v'Less overlap length (around 10 cm)
v'Applicable for closed-loop

Tape A to be jointed Joint area

Tape B to be jointed

Length 2-10 cm
Thickness< 0.2 mm

Thickness 0.06 mm Thickness 0.06 mm

2.5x10°

2.0x10° |

1.5x10° [

V(V)

1.0x10°

5.0x10° [

0.0 -4

Joint Resistance (n)

Performance of 2G HTS wires 7 /%25

Shanghai Superconductor
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2G HTS wires in SSTC

Product Specifications (As of Apr. 2016)

v LiEBe

Shanghai Superconductor

ST-04-E Series|ST-05-L Series|ST-05-E Series|ST-06-L Series| ST-10-E Series |ST-12-L Series
- Copper : « | Copper : + | Copper :

Wire Structure Electroplated Laminated Electroplated Laminated Electroplated Laminated*
Width 4 mm 4.8 mm 4.8 mm 58 mm 10 mm 12 mm
Critical Current 80-200 A 80-200 A 80-200 A 80-200 A 200-300 A 200-300 A
Thickness 60-130 pm 170-350 pm 60-130 um 170-350 pm 60-130 pm 170-350 pm
%‘g‘scl@' ro— >600 Mpa | >400 Mpa | >600 Mpa | >400 Mpa | >600Mpa | >400 Mpa
Critical o & 5 oF 5 o
Tens”e Sfroin 04 /o 04 To 04 /o 04 7o 04 /o 04 To
Sg{ffr”r;”y +15 % +15 % +15 % +15 % +15 % +15 %
’[\)Aig‘rin”;‘féfe”di”g 11-15 mm 15-20 mm 11-15 mm 15-20 mm 11-15 mm 15-20 mm

*Choice of Materials: Copper, Brass or Stainless Steel ( welding material being PbSn )

For details please visit our homepage
http://www.shsctec.com/
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@ Performance of 2G HTS wires in SSTC :
O Strong R&D backup from the university
O Homogeneity for the tapes up to 500 m ;

O High performance at low temperature high
magnetic field ;

O Advanced lamination processes ;
O Various of joint techniques

¢ Outlooks :
Higher Performance
Lower Price

www.shsctec.com 21
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Shanghai Superconductor

Thanks for your
attention !
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