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Superconductors for energy applications
High Temperature Superconductor Wire Manufacturing

Enhanced HTS Wire for Wind Energy and other
Applications

Path Forward: High-yield Manufacturing of High
Performance Superconductors
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Two-thirds of primary energy is lost In
electricity generation/use

Estimated U.S. Energy Consumption in 2015: 97.5 Quads M Lawrence Livermore

National Laboratory
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High temperature superconductors : Unique
materials with great potential

Resistance High Temperature
Superconductor (HTS)

Low Temperature
Superconductor (LTS)

Conductor e.g. Copper

Zero resistance !

| | T Temperature
Liquid helium (4 K) Liquid nitrogen (77 K) RoomTemperature (300 K)

Current carrying capability of copper ~ 100 A/cm?2

Current carrying capability of superconductor ~ 5,000,000 A/cm?

ToSUA :
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Low Temperature Superconductors are
widely used in medical applications

Medical Devices: MRI

MRI Scanner Cutaway

http://www.magnet.fsu.edu/education/tutorials/magnetacademy/mri/index.htrr

MRI is a $ 3B industry enabled by superconductors.

T
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Low Temperature Superconductors enable==

Maglev transportation

JR-Maglev since 1969 pushed forward,
records at 580 km/h, nominal 500 km/h

From Tokyo via Nagoya (in 2027) to
Osaka (in 2045) in 1h (now 2h25)
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Superconducting powerlines for long
distance transmission of renewable energy

* 5to 10 times more capacity than comparable conventional cables
» Can be used in existing underground conduits - saves trenching costs

 Much reduced right of way (25 ft for 5 GW, 200 kV compared to 400 feet for
5 GW, 765 kV for conventional overhead lines)

1,000-Mile, 5 Gigawatt Power Equivalents

5GW, 765kV Overhead Power Lines
400° Wide ROW ‘

5GW, 200kV Superconductor Electricity Pipeline
3' Diameter Pipe (25' ROW)
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12,000 miles of new transmission lines
needed for 20% Wind Energy

Figure 4-10. Conceptual new transmission line scenario by WinDS region

(by WinD 5 region)
Existing Transmission |,
Moltage
230~ 240
— 241 - 360
—— 361 - 450
. 451 = 500
— 501 - 1000

MNew Transmission

=12,650

203 lotal between region ansfers == 100 MW (all power classes, onshore and offshare),
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Significant opportunities for CO, reductions
by wind energy
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Large and high power wind turbines preferred
for reducing cost of wind energy

Past and present : Future wind
wind turbines turbines?

UPWIND 10 and 20 MW

1985 1980

Ref: Garrad Hassan

| ]
T[}S“H M. Park, CCA 2014 )
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Superconducting generators for wind energy

Copper Motor

« Superconducting generators can be beneficial in high 21W, 150r0m, &6k
power density systems

— Reduce generator weight & volume by 50% or
more (< 500 tons for 10 MW compared to
~ 900 tons for conventional direct drive)
50%

— More efficient, especially at part load

— Cooling of superconductors consumes about 6 kW power,

(< 0.1%). Single-stage cryocoolers weigh < 0.5 ton weight

HTS Motor
. 36.5 MW, 120rpm, 6.6KV
S <75tonnes

« Conventional : 15 RPM - 1:100 gearbox — 1500 RPM gen.
° Superconductlng generators for « Hybrid: 15 RPM - 1:6 gearbox — 90 RPM gen.
« Multi-pole: 15 RPM direct drive

light-weight, higher-power,
direct drive turbines

h ] b

— Preferred for off-shore wind [ Rotor
energy for economy & less [ ] shatt
. -Gearbox
maintenance
.. . -Generator
— More efficient, especially at | Tower
—_— part load 0 nacere

| J.P. Molly, DEWI 2007
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2% efficiency improvement in Siemens’
4 MVA HTS Generator

140
Il P Additional
120 I P Rotor / Cryo|
100 O P Stator |
E [ Plron
~ 80 O P Friction |-
(7))
3
S 60 _
40 _____ Picture: Siemens
Efficiency at rated operation
20
Ccos ¢ Conv. HTS
0 0.8 96.1 % 98.4
Conventional HTS 1.0 97 % 937

« Higher power density = higher magnetic field in armature winding
—> less Cu and steel - less overall losses

— Klaus et al. Design Challenges and Benefits of HTS Synchronous Machines,
THSUH IEEE Transactions 2007 13



UNIVERSITYof HOUSTON AMH

CTURING INSTITUTE

Multi-pronged impact of Superconductors
can be realized In clean energy applications

« Enhanced energy efficiency

High power density

Less CO, emission

Better power quality

» Better security of electric power grid

End Users

Renewable Oil and Gas
Energy production

. Magnetic ;
Wind Industrial
storage Limiters
eyl Superconductor Wire

T .

High Energy

Physics Medical Transportation

Security Smart Grid

OEMs
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High Temperature Superconductor Wire
Manufacturing

ADVANCED MANUFACTU INSTITUTE
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Challenge is to produce HTS in form

of a flexible wire/tape

e High-temperature superconductors ] ﬁ
are ceramic materials and are : i @}
inherently brittle. Challenge is to Powder Packingin |,
produce them in a flexible wire form  (a]cination blllet rawing
In lengths of kilometers Y
« Two approaches to produce HTS in =+ n—p :] g [
flexible tape form: °
— First-generation (1G) HTS - HTS Rolling Heat treatment
IS encapsulated as filaments in a
silver sheath - % - ]% [
* expensive materials, labor Intermediate Heat freatment
intensive, performance Rolling
limitations

—— high magnetic fields
ToSH I e
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Thin film (2G) HTS tape manufacturing™
approach

« 2G HTS tape is produced by thin film vacuum deposition on
a flexible nickel alloy substrate in a continuous reel-to-reel

Process.

— Only 1% of wire is the superconductor
— ~97% is inexpensive nickel alloy and copper E

— Automated, reel-to-reel continuous manufacturing S S0um HaSte”Oﬂ
process v

20pm Cu

~ 20um Cu
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Fundamental challenge in thin film HTS tapes

Current density of epitaxial thin film of HTS on single crystal substrate ~ 5 MA/cm?
Current density of thin film of HTS on polycrystalline substrate ~ 0.01 MA/cm?
Grain-to-grain misorientation in a polycrystalline HTS thin film is responsible for

low current density

| Single crystal film

current density

Typical current density of

¢ HTS film on polycrystalline
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substrate

(data complied by S. Foltyn, LANL)

Cannot make kilometer lengths of HTS thin film wire on single crystal substrates.
Need a way to produce single crystalline like HTS thin films on practical,

m polycrystalline flexible substrates
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i
lon Beam Assisted Deposition (IBAD) — A technigqueto™

produce near single crystal films on polycrystalline or
amorphous substrates

» Essentially, any substrate can be used — stainless steel, nickel alloys,
glass, polymer ...(room temperature process)

» Biaxial texture achieved in certain conditions of ion bombardment resulting
In grain-to-grain misorientation in film plane of about 5 degrees !

* Only 10 nm of IBAD film is needed — very fast process !

T p e
dh gE,
SN G,
GEEEE R L ]
R ) e b

_ ¢ Substrate § 2
<« .

S

Biaxial texture

@ Grains in the IBAD film are arranged in a 3-

dimensional aligned structure with grain-to-grain
L lon assist  Misorientation in any axis less than 5 degrees —
Deposition essentially a near-single crystalline structure

| E—
'I"}SHH source 10
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EpltaX|aI single crystalline-like films on polycrystallineé
or amorphous substrates based on IBAD

* A near single crystalline film is achieved by IBAD under specific
conditions.

* Once a template is created, this near-single-crystalline structure can be
transferred epitaxially to many other films.

Reflection High Energy YBCO(113)

Electron Diffraction of : :
AL O, - | X-ray polefigure showing a

growing IBAD film showing Poas® : o
biaxial texture development I i i e high degree of biaxial texture
In a superconducting

within a few nanometers .
YBa,Cu,;0, film grown

epitaxially on a IBAD MgO
— film even though the lattice
T|;SIJH mismatch is about 8% 20
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Superconductor film deposition by metal organic
chemical vapor deposition (MOCVD)

Ar
1. Precursor Delivery |
\apaorizeq 2. Precursor Vaporization

o B"

Showerheaﬁ- Precursor Injection
j “Reactor T Substrate Heater |

| 1 Vacuum Pump

Y (thd), + Ba(thd), + Cu(thd), — YBa,Cu,0, + CO, + H,0

Liquid Precursor
Delivery Pump

sqidnooowiiay |

O

thd = (2,2,6,6-tetramethyl-3,5-heptanedionate) = OCC(CH;);CHCOC(CH;),

i \
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2G HTS wire was scaled to pilot

manufacturing in 2006
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Demonstration of the world’s first deV|c
with 2G HTS thin film wire in a live power grid

Stainless Steel Installation at Albany Cable site
Double (Aug. 5, 2007) ! —

ADVANCED MANUFACTURING INSTITUTE

Electric Insulation
(PPLP + Liquid Nitrogen)

% N Corrugated Cryostat
Cu Stranded ‘ '

Wire Former

Thin film HTS wire
(3 conductor
Layers)

Thin film HTS

(2 shield Layers) ] T

i Temperature Deference between Outlet and Inlet of Cable
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350 m cable made with 30 m segment of 2G HTS thin film wire was energized in
TﬂSll the grid in January 2008 & supplied power to 25,000 households in Albany, NY

23




U.S. HTS Cable Installations

National Grid, Albany, NY
34.5 kV, 800 A, 48 MVA,350 m
Cable by Sumitomo Electric
Cryogenics by Linde

Albany, NY
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Bixby station, American
Electric Power, Columbus
13.2 kV, 3000 A, 69 MVA,
200 m

Cable by Southwire &
NKT cables

Cryogenics by Praxair

-

FEN

P
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Columbus, OH

Long Island Power Authority
138 kV, 574 MW, 600 m
Cable by Nexans

' Cryogenics by Air Liquide

Carrollton

New Orleans, LA
New Project
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12 companies producing thin film HTS wire

SUNAN SuperOx Frujikua

Korea Russia Japan

BRUKER THEVA  { ssumemmay
(<O

Germany Germany  China
(5
ﬁ ys T’ m ysnarona Wsimm*m“-m- @ ki ity b
USA Germany China Chin
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Enhanced HTS Wire for Wind Energy and
other Applications

i .
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High Performance, Low Cost Su perconduct““"”“”“"””‘””“'"“'"“"”“
Wires and Coils for High Power Wind Generators
« University of Houston-led ARPA-E REACT program with SuperPower,

TECO-Westinghouse, Tai-Yang Research and NREL targeted on
10 MW wind generator using advanced HTS wire

Technology Impact

Present-day superconducting wire constitutes more than
60% of the cost of a 10 MW superconducting wind
: generator. By quadrupling the superconducting wire
Vehflgﬁz'rsjo 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

Lower cost I:ﬁ

Generator coils

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

— . 4ximproved

' U Wire

_1 manuf?ctunng \y
Quadrupllng Superconductor Wire Performance for CommerC|aI|zat|on of 10 MW
Wind Generators and will enable other high-field applications

Tai-Yang T ECO @Westinghouse iiNREL

MEWABLE ENERG
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4X HTS conductor can enable
commercial feasibility of HTS devices

Metric Start of End of
project  project
Critical current at 30 K, 2.5 T (A/12 mm) (device operating condition) 750 ~3000
Wire price at device operating condition ($/kA-m) 144 36
Estimated HTS wire required for a 10 MW generator (m) 42,785 10,700
Estimated HTS wire cost for a 10 MW generator $ (,000) 6,000 1,500

* Quadruple the critical current performance to 3,000 A at30 Kand 25T

— Doubling the lift factor (ratio of I, at operating temperature and field
to I, at 77 K, zero field) in I, of coated conductors at 30 K, 2.5 T by
engineering nanoscale defect structures in the superconducting film.

— Additional near doubling of critical current by thicker
superconducting films while maintaining the efficacy of pinning by
nanostructures.

-@%m TECO @ Westinghouse LiNREL =

M EWAE:
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Improvement of critical current of HTS wires
In high magnetic fields

 Even though HTS tapes have good critical current properties at zero field, their
performance reduces rapidly in an applied magnetic field at higher temperatures.

» Critical current of HTS tapes are very anisotropic and the minimum current value

limits use.
50
77K, 1T
e o
£ e
q. E— 0.¢
< 2
<L < 0f
L d g 0.7
{ = = g
v i oo o€
5 e 0.E
D T
= \J jfé & o
9 5
) ko] 0.2
= .
U 10 T T T T T T T 1 g N
0 30 60 90 120 150 180 210 240 2 "~

15 2

Angle between field and c-axis (°)

=== Nanoscale defect structures need to be introduced to achieve isotropic and
IuSlIH strong flux pinning and thereby improve critical current of HTS wires



UNIVERSITYof HOUSTON AMi

CTURING INSTITUTE

Nanoscale defects for pinning flux lines

1D-APCs | Linear defects 2D-APCs Planar defects

s

] 3 rI I‘Il I‘M II I I‘I SuperIonductor
‘ :‘ | ll‘” l: | ;l‘ : (

R LEIE W A

S L | | | ;

P

Vortex

=

3D-APCs

Nanoparticles

| ]
'[ﬂ3|||| From Matsumoto 20
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HTS Wire R&D program at Univ. Houston

« State-of-the-art equipment for thin film HTS wire processing & testing
» Technology advances already transitioned from UH to manufacturing
» Applied Research Hub created in UH Energy Research Park
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Improved pinning by Zr doping of MOCVD
HTS conductors

e 5 nm sized, few hundred nanometer long BaZrO; (BZO) nanocolumns with
~ 35 nm spacing created during in situ MOCVD process with 7.5% Zr

« Two-fold improvement in critical current at 77 K, 1 T achieved by 7.5% Zr
addition in MOCVD films

= standard MOCVD HTS tape

—A&—MOCVD tape with BZO nanocolumns

A

= =
o Y
o o
—

o
o

(o))
o
|

N
o

Critical current (A/12 mm)

77K 1T

0 30 60 90 120 150 180 210 240
Angle between field and tape normal (°)

N
o

Process for improved in-field performance successfully transferred to
m manufacturing in industry — standard product in the last five years
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]
2X improvement in in-field performance with™
15% Zr-added tapes

3000 1 —e-7.5%7Zr

2500 —=-15%Zr, modified MOCVD
process
2000 -f

30K, B 1 tape

0 1 2 3 4 5 6 7 8 9
Magnetic field (T)

Supercond. Sci. Technol. 26 (2013) 035006

e Critical current of 15% Zr-added film ~ 1384 A/12 mm
(J.=125MA/cm?) at 30 K, 3 T, BJ|c

m « Lift factor at 30K, 3 T, B||c improved by >100% to ~ 4.4




UNIVERSITYof HOUSTON

Even higher density of extended BZO
nanoscale defects In 25%Zr-added tapes

ADVANCED MANUFACTURING INSTITUTE
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3X improvement in in-field performance in the
using heavily-doped HTS tapes

4500

4000 30K, B L tape ~-75%Zr|

—-15%Zr | 2X|improvement
3500 "

==25%Zr | 3X/Improvement
3000

20.1 MA/cm?

2500 2
@30K,3T

2000

1500 -+

1000 &

Critical current (A/12 mm)

500

0 K T T T T T T T T 1
o 1 2 3 4 5 6 7 8 9
Magnetic field (T)

« Enable by engineering a high density of nanoscale defects while
maintaining high crystalline quality of the superconductor films

o 7.5% Zr wire manufactured in long lengths since 2010 (AP wire)
T[;SIIIII 15% Zr wire being scaled up to manufacturing =
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Combining heavy Zr addition with thick HTS

UH 20% Zr-added

Loss of BZO
alignment
reported by
ISTEC in their
BZO-doped thick
films made by
PLD

ToSU
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High critical currents in 2.2 pum thick

20% Zr-added tapes at 30

K

8000
7000
6000

5000

3000

2000

Critical current (A/12 mm)

4000

1000 -+

0 C

"30 K, B L tape

5

—-7.5%Zr, 0.9 um
==15%Zr, 0.9 um
=~25%7Zr, 0.9 um
--20% Zr, 2.2 pum

o 1 2 3 4 5

6 7 8 9

Magnetic field (T)

AM“
ADVANCED MANUFACTURING INSTITUTE

Supercond. Sci.
Technol. 28,
(2015) 072002

20% Zr-added tape with 2.2 um HTS film at 30 K, 3 T, Bj|c,

W . =3963A/12 mm ; J, =15 MA/cm2; Lift factor ~ 5.1

37
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AX improved HTS wire

¥ [0
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Significant reduction in Generator cost using

Electromagnetic, mechanical, and thermal design of a 10 MW generator

developed based on 4X wire

e, - a/
e, 3
&
s,
i

Baseline 2G HTS [4x 2G HTS

Whole Machine Rotor + S;a;or TCC (S/kw) 2,031 1,541
BOS ($/kW) 2,820 2,820|

Soft Costs (S/kW) 1,574 1,415
. . O&M (S/kW 170 170|
Wire quantity for 10 MW generator e (If/IWh /KAW) 2104 2198
reduced from 42 km to ~10 km =2 FCR 14% 14%
Generator cost reduced by 2.24X LCOE ($/kWh) $0.255|  $0.233
Drive Train LCOE ($/kWh) $0.046 $0.030|

I Ene
IS0 suerfiwer TECO ®Westinghouse e

LiNREL



Sheet1



														$,000		Source						Baseline 2G HTS		4x 2G HTS

				Turbines		50		#				Rotor		5,120						TCC ($/kW)		2,031		1,541		24%

				Project Size		500		MW				   Blades		2,400		CaSM				BOS ($/kW)		2,820		2,820		0%

				Rotor Diameter		181		m				   Hub		2,000		Siemens Hurricane				Soft Costs ($/kW)		1,574		1,415		10%

				Hub Height		113.7		m				   Pitch mechanism & bearings		700		CaSM				O&M ($/kW)		170		170

				Water Depth		50		m				   Spinner, Nose Cone		20		CaSM				AEP (MWh/MW)		4,194		4,194		0%

				Distance to Shore		50		km				Drive train, nacelle		13,910						FCR		14%		14%		0%

				Wind Speed @ HH		10		m/s				   Low speed shaft		350		AMSC linear w/ Torque				LCOE ($/kWh)		$0.255		$0.233		9%

				FCR		14%		%				   Bearings		750		Between CaSM & AMSC				Drive Train LCOE ($/kWh)		$0.046		$0.030		35%

				Weibul K Factor		2.1						   Mechanical brake		25		CaSM or AMSC

				Wind Sheer		0.1						   Generator (baseline)		8,860		TECO (8,860/3,960)

				Rotor Cp		0.47						Cryogenic system		600		TECO

				Max Tip Speed		82.28		m/s				   Variable speed electronics		1,600		TECO

				Max TSR		7.53						   Yaw drive & bearing		500		CaSM

				Losses		10		%				   Main frame		350		CaSM

				Availability		95		%				   Electrical connections		750		CaSM

				DT Efficiency @ Rated		95.75		%				   Hydraulic system		25		AMSC

												   Nacelle cover		100		Between CaSM & AMSC

												Control, Safety System, and Condition Monitoring		75		CaSM

												Tower		1,200		Rick & CaSM $/kg

												Baseline Turbine & Tower System		20,305

												$/kW		2,031		(4x = 1,541)



												Engineering, Permitting, Development		150,000		O-BOS + Dom 415 Development $

												Ports & Staging		10,000		O-BOS

												Substructure		550,000		Rick & O-BOS $/kg

												Electrical 		250,000		O-BOS

												Installation		450,000		O-BOS

												Total BOS		1,410,000

												$/kW		2,820



												Insurance		32,123		1% of ICC

												Contingency		481,838		15% of ICC

												Construction Financing		176,674		5.5% over 2 yrs

												Surety Bond		96,368		3% of ICC

												Soft Costs		787,002

												$/kW		1,574		(4x = 1,415)



												Fixed Annual Costs

												Turbine Preventative Maintenance

												Turbine Corrective Mainenance

												BOS O&M

												Total O&M				Hurricane (Tyler TBD)

												$/kW		100



												MWh/turbine		42,650		CaSM

												MWh/MW		4,265		CaSM

												MWh/project		2,132,515		CaSM

												Capacity Factor		48.69		CaSM
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Path Forward: High-yield Manufacturing of
High Performance Superconductors

i .
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Manufacturing Challenge: Wide scatter in I In

high fields at lower temperatures

TSUH
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» A primary driver of cost is manufacturing yield.

J. (77 K, 0 T) (MA/cm2)

6.0

* For high yield manufacturing, consistent wire performance is needed
=== ¢ Uniformity of Ic at 77 K, O T does not guarantee consistency in in-field

performance
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Compositional control important for
achieving high lift factor at 30 K

Lift factorat 30 K, 2.5 T, Bj|c
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0.56 0.58 0.60 0.62 0.64 0.66 0.68 0.70 0.72 0.74 0.76 0.78
(Ba+Zr)/Cuin film

Supercond. Sci. Technol. 28 104003 (2015)

Lift factor > 4 at 30 K, 2.5 T for (Ba+Zr)/Cu > 0.69
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J.at 77 K, O T decreases with increasing
(Ba+Zr)/Cu beyond 0.69

i

4.0 | q
a5 | 77KOT ==
3.0 L Nt
® L
—~ 25 o*
5 20
2 ' o %o e ®
= 1.5 .
Q
= 1.0 5 )
L
0.5 o O |
o o ;{.
0.0
057 061 065 069 073 077 081 0.85
(Ba+Zr)/Cu

For high I, at 30 K, 3 T, need a combination of good |. at 77 K, O T and a
high lift factor at 30 K, 3 T

Need to control (Ba+Zr)/Cu in REBCO film in a narrow range!
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Found increase in c-axis lattice parameter with
Increasing (Ba+Zr)/Cu composition in tape
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c-axis lattice constant (Angstroms)

As (Ba+Zr)/Cu content in the tape increases, the lattice parameter of the
superconductor film increases towards that of BZO
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BZO (GdY)BCO
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BZO lattice shrinks towards REBCO lattice with
Increasing (Ba+Zr)/Cu content
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[
Transition to continuous-aligned
nanocolumns at high (Ba+Zr)/Cu

(Ba+Zr/Cu) 1 = REBCO lattice expands & BZO lattice shrinks to match
each other > BZO nanocolumns become continuous

100 nm TBu ers

(Ba+Zr)/Cu = 0.675 (Ba+Zr)/Cu = 0.737
— Liftfactor @ 30K, 2.5T =3.85 Lift factor @ 30 K, 2.5 T =6.93
TI}S“H J. (30K, 2.5T) = 11.86 MA/cm? J. (30K, 2.5T) = 21.34 MA/cm?
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Correlation between c-axis lattice parameter
and lift factorat 30K, 3T
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Improvement in lift factor when c-axis lattice constant > 11.74 A.

i
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Compositional control important for
achieving consistently high lift factor

/ 7 7 7 7 7 7 7 7 7 0.56 ;o777 77 77 7 "7 77 777
0.34 035 0.36 0.37 0.38 0.39 0.40 0.41 042 0.43 0.29 0.30 0.31 0.32 0.33 0.34 0.35 0.36 0.37 0.38

Ba Ba+Zr

Appl. Phys. Lett. 106, 032601 (2015)

Opportunity: In-line process control and QC tools to control the film
composition within the optimum window uniformly over long run
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Use of in-line XRD system in pilot MOCVD
tool

» For real-time monitoring of shift in c-axis lattice parameter as a tool to
enable consistency in film quality for consistent in-field performance

.“

MANUFACTURING INSTITUTE

48



UNIVERSITYof HOUSTON AMI

Use of in-line XRD system in pilot MOCVD
tool

» For real-time monitoring of shift in c-axis lattice parameter as a tool to
enable consistency in film quality for consistent in-field performance

49
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C-axis peak shift method used in the in-line
XRD system in MOCVD tool to discern
variation in (Ba+Zr)/Cu

18000

_ (Ba+Zr)/Cu
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Good correlation between I at 77 K, 3 T and
in-field I at 30, 40, 50 and 65 K
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E— Critical current measurements at 77 K, 3 T is a good Quality Assurance
I[:SHH metric for in-field performance at lower temperatures 51
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Reel-to-reel testing system to rapidly =™
qualify consistency and uniformity of I, in a
magnetic field of 3T

« Based on our finding of
a strong correlation
between |, at 77 K, 3 T, e
Bl|c and low
temperature in-field I,
we have developed a
design for a reel-to-reel
in-field I, measurement
system

» System has been
constructed and has
been commissioned '
into operation. ' N

_ | , ’p

Goal: To verify consistency and uniformity in in-field performance of long tapes and
mm aSsess ability to control nanoscale defects in microstructure over tens of meters

Tﬂllun o
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3.6 MW Superconducting Wind Turbine
under development in Europe

ECOSWING Project (H2020, ecoswing.eu)

Objectives

Design, develop and manufacture a full scale multi-megawatt direct-drive
superconducting wind generator

Install this superconducting drive train on an existing modern wind turbine in
Thyborgn, Denmark (3.6 MW, 14 rpm, 128 m rotor)

Project partners

Envision, Eco5, Theva, FhG, U Twente, SHI, DNV-GL, Jeumont Electric,
Delta Energy Systems

Duration
March 2015-March 2019

Project cost
EUR 13,846,594, EU contribution EUR 10,591,734

| ]
TﬂS“H M. Noe, CCA 2016
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High Temperature Superconductors are being
Implemented for clean energy applications

« Advanced thin superconductor wire technologies developed for high
power wind generators

» Superconducting wind turbines under implementation

For more information contact

* Prof. Venkat Selvamanickam
 E-mail:

 Web site :

 Phone : (713) 743 4044

i
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