é?l//ﬂ@///%ﬂﬂe/ﬁm TECQO @Westinghouse

A Furukawa Company
e
Power

== Solutions

HOUSTON TSl

=3
| n
=
HATEORAL REMEWABLE EMERGY LABORATORY

Testing of a sub-scale HTS coll
for wind turbine generator

Julien Leclerc, Philippe J. Masson
University of Houston and Texas Center for Superconductivity

. ‘ -::' -l
06/30/2015 — CEC-ICMC 2015, Tucson, AZ ‘-_i_l i )\i | =2 |
Advanced Research Projects Agency = ENERGY



HousToN Tl SuperAower. s TECO ®Westinghouse IINREL

A Furukawa Company e

ARPA-E funded program for High Performance Superconducting
Wires and Coils

« ARPA-E funded program

* UH-led program with SuperPower, TECO-Westinghouse’,
Tal Yang Research and NREL.

pRess ok 4 Technology Impact

Present-day superconducting wire constitutes more than
60% of the cost of a 10 MW superconducting wind
i generator. By quadrupling the superconducting wire
R performance at the generator operation temperature, the
amount of wire needed would be reduced by four which will
greatly enhance commercial viability and spur a
tremendous growth in wind energy production in the U.S.

High-power, Efficient
Wind Turbines

f Lower cost I:ﬁ

Generator colls

HTS film (1 pm)
Buffer film stack (total < 0.2 pym)

— . 4ximproved
T Wire
manufacturing

Quadrupling Superconductor Wire Performance for Commercialization of 10
MW Wind Generators
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HTS Generator Configuration

.~

« 10 MW, 8 RPM
« Designed with respect to LCOE

« Based on 4X tapes developed at
UH

« 30 K operation

1.04 s

1.03 s "

1.02- ¢ . *
E? 1 ° ® [ ] ° [ ] d . H
40.994 ! H lj {

. ! . i a ! H $|° Partially superconducting generator
°'98—l%. |1 ! i1 ,L; : « High number of poles
* “Ring” machine

0.97
5

8 26 29 32 35 3839
Number of Poles
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HTS Generator Configuration

10 MW, 8 RPM
Designed with respect to LCOE

Based on 4X tapes developed at
UH

30 K operation

1.0426
1.0354 .
2 1.0212 *
g 1.007 * b
3 ® o 0o ° . ®
E [ ]
£ 0.9929 ‘;‘.. | |
. Partially superconducting generator
he  High number of poles

15 17.5 20 225 25 * “Ring” maChine

HTS Length(km)
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HTS Coil #1 — Superpower Conductor
12 mm YBCO tapes
33 turns
Conduction cooled
159A @ 77 K

0.6

0.5 —HTS 1_TC1

0.4 —HTS1_TC2
0.3

0.2

V [mV]

0.1

-0.1

! 0 50 100 150
-3
¥ 2.84x10 Current [A]
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» Test facility Cryostat
* Top plate
* Vacuum pump*
— Cryocooler AL325
« Water chiller

— 2000A-10V DC
power supplies

* 400 V 3-phase
transformer

— Nano-voltmeter
— Hall probes
— Temperature control

06/30/2015 — CEC-ICMC 2015, Tucson, AZ
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—» Compressor

Copper current leads

Data connector(s)

LN2

——— —— Vacuum pump

i
/

T Cold head

G10 support
L —" structure
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» Test facility Cryostat
* Top plate
* Vacuum pump*
— Cryocooler AL325
« Water chiller

— 2000A-10V DC
power supplies

* 400 V 3-phase
transformer

— Nano-voltmeter
— Hall probes
— Temperature control ==
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Experimental apparatus overview:

-
LN2 external tank (for | Cryocooler cold head
copper current leads |
pre-cooling) & B

= !)
Zef
G10 threated rods . 4

to hold the caoll \ - . .
( D == Copper braids (for coil

conduction cooling)

. NG
I@.
Superconducting ll I"Z
racetrack coll I !
| Copper bars (hold forces on
uperconducting current leads

and help the conduction heat

transfer)
06/30/2015 — CEC-ICMC 2015, Tucson, AZ
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Custom cryostat top plate (machining by Cryofab):

6 DN40OCF vacuum flanges for electrical
feedthrough

« LNZ2 tank for high current leads pre-cooling

« AL325 cold head support

06/30/2015 — CEC-ICMC 2015, Tucson, AZ
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Cold Head temperature regulation:

« Copper part fastened on the cold head

« Resistive wire and Cernox temperature
sensor encapsulated in epoxy resin

Groove for resistive wire
Groove for temperature

sensor

Groove for temperature
sensor wires thermalisation

06/30/2015 — CEC-ICMC 2015, Tucson, AZ



UNIVERSITY of NN

HOUSTON TySUl

W= TECO @Westinghouse :ZNREL

Current leads:

Current leads, top part:

« 5YBCO tape (12mm) in parallel and thermally connected
to the cold head.

Current leads, bottom part:

« Made with 2 YBCO tapes (12 mm) in parallel.
« Mechanically attached to the copper supports bars.

Pressed electrical contacts:

» A copper piece is place between
the superconducting tapes and
the coill.

» The copper piece is bypassed by
3 YBCO tapes in the second j>

version of the experiment.

06/30/2015 — CEC-ICMC 2015, Tucson, AZ
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Superconducting current leads critical current calculation (bottom part):

« 2X12mm wide YBCCO tape from Superpower.

« Maximum self-field of two tapes: 0.148 T

* 1c>2,000A at 35K (maximum current leads temperature) and 1.7T // c-axis [1]
« Superconducting tape 4mm away from coil => |B|<1.45T (Comsol computation).

« Even if self-field and external field are collinear |B|<1.7T => 1c>2000 A

1.408e-001 : >1.482e-001
1.334e-001 : 1.408e-001
1.260e-001 : 1.334e-001
1.186e-001 : 1.260e-001
1.112e-001 : 1.186e-001
1.038e-001 : 1.112e-001
9.645e-002 : 1.038e-001
8.907e-002 : 9.645e-002
8.168e-002 : 8.907e-002
7.429e-002 : 8.168e-002
6.690e-002 : 7.429e-002
5.952e-002 : 6.690e-002
5.213e-002 : 5.952e-002
4.474e-002 : 5.213e-002
3.735e-002 : 4.474e-002
2.997e-002 : 3.735e-002
2.258e-002 : 2.997e-002
1.519e-002 : 2.258e-002
7.804e-003 : 1.519e-002
<4.161e-004 : 7.804e-003

Density Plot: |B|, Tesla

/)

Self-field computation at
2,000 A

[1]: Value evaluated from superpower documentation (http://www.superpower-
inc.com/system/files/SP_2G+Wire+Spec+Sheet 2014 web_v1.pdf).
Lifting factor evaluated at 5.5 by interpolation between data at 30K and 40K.
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Mechanical stress calculation on copper bar supports

* Yield stress of annealed copper: 88-90 Mpa [1]
« Ultimate stress of annealed copper : 360-418 Mpa [1]

Surface: von Mises stress (N/m*

">

e e ey e —
| A 4.39x10’
x 107
6
I
0.4 2 Picture correspond to
| 1. the first version of the
experiment
| 13
-O.?"‘ 4 2
1
0.2
\ A¢)

[1]: Helium Cryogenics, Steven W. Van Scive, Chapter 2: Low-Temperature Materials Properties
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Coil cooling simulation using Comsol: Stationary study

Heater power = 0 W Heater power = 107 W
Surface: Temperature (K) Surface: Temperature (K)
11 I —T1 Tnia A 293
o | A 293 v 1 ‘
| ‘ — 32
— 20 |
31.5
119.5
L 131
| L {305
! 118.5 | ==
i 118 L {295
4 17.5 - 4 29
17 28.5
16.5 28
27.5
| 2 15
0.F il 2 o0 b 2 27
Ol 0 ] Vv 15.8 o v 2856

_ Average coil temperature = 30.15 K
Average colil temperature = 17.26 K Maximum coil temperature = 30.25 K

Minimum coil temperature = 29.97 K
06/30/2015 — CEC-ICMC 2015, Tucson, AZ 14
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Measurements results

800 ¢

700 7‘
600 /
500 -

400; ° o ..*/

300 ¢

Voltage (uV)

200 ¢ /
100

-100
0 200 400 600

Current (A)
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+ Measured voltage
Fit voltage
Coil top temperature

® Coil hottom temperature

Coil critical current = 682.8 A
(Ec=0.1 pV/cm)
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Summary

A HTS coill test rig was developed

Coils can be tested up to 2000 A at temperature in the range 20-77 K
A 1.5 m cryostat is available for long coll testing

A 2"d cryocooler is available if more cooling power is required

Next step (ongoing work)

— Test colls developed as part of the ARPA-e REACT project with
advanced conductors (1.5X, 2X)

— Integrate a quench detection/protection system (developed by E2P
Solutions)

06/30/2015 — CEC-ICMC 2015, Tucson, AZ
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