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Project Objective

e Project level goal: Support the successful
demonstration of 100 MVA generator HTS rotor retrofit

Areas of Emphasis

e Emissivity —Assessment of radiation heat load to HTS
rotor coill

e Quench and Stability — Characterization of HTS
tapes in order to predict coil performance during and
after transients and overload conditions

e Dielectrics — Performance of coil winding when
voltages are applied during normal operation of the
coll and from changes in the operating conditions of
the rotor
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FY 2004 Milestones

e To complete measurements of the total hemispherical
emissivity of specified surfaces at temperatures
between 20 K — 80 K including surface contamination.

e Modify existing HTS test apparatus to support quench
protection studies for HTS conductors down to 20 K.

e Measure dielectric performance and partial discharge
of prototype coil samples.

e Conduct thermal and mechanical property
measurements of sample coils as required.
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FY 2004 Results

e Emissivity
— Characterized the emissivity of silver plated copper at 30 K and the
emissivity degradation effects due to direct water and air
contamination.

— Preliminary work on the effect of indirect contamination effects due to
outgassing of non-metallic materials in vacuum space carried out.

e Quench and Stability

— Preliminary characterization of SS BSCCO with respect to field,
current, and temperature and preliminary measurements at 2 T.

— Will review quench protection system for 100 MVA generator system
(August 2004)

e Dielectric testing:

— Measured impulse breakdown and partial discharge inception for
candidate turn-to-turn insulation for BSCCO wire samples at room

temperature and 77 K

— Set up pulsed aging experiment and performed aging studies on turn-
to-turn insulation systems and sheet samples with plane-plane
electrode configuration at room temperature
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Technical Approach

e Emissivity Measurements

— Characterization of sample emissivity through the
calibration of background heat load w/o sample and
measurement of heat load with sample

e Quench and Stability

— Flux flow resistivity measured using short current
pulses (< 0.1 s) as sample warms up from 20K to T..

e Dielectrics

— Conduct impulse breakdown, partial discharge and
aging studies for electrical insulation materials
selected by GE through the application of
representative high voltage DC impulses and AC

voltages

OAK RIDGE NATIONAL LABORATORY Sl
U. S. DEPARTMENT OF ENERGY UT-BATTELLE

5




Low emissivity surfaces reduce thermal radiation
heat transfer on the HTS generator

e Motivation — Due to
constraints on insulation
In rotating cryostats, low

emissive surface needed
to minimize radiation heat O
transfer Jd.L. R % °
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Emissivity measurements test apparatus Is
based on energy balance of sample.

Cryogenic Experimental Setup

— Background heat load and heater w/o
sample

AL 330

— Radiation heat load with sample
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% SN [ |

To

Coldhead H "
Ok <= —

— Copper

Calibrated
Thermometry

e Ag-plated copper samples

e Contaminants
— Direct water vapor and/or air

— Outgassing of non-metallic rotor
materials
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Significant change in emissivity due
to direct water contamination at 30 K

e For 0.45 mg of |
water vapor, (30 K) 0.05 |
increases from .

0.014 to 0.035 for >
Ag-plated Cu. E . : O
. c
e ¢(300K) =0.038 for R % ®
Ag-plated Cu. S o
0.01 f Q
0 10 20 30 4 50 -
time [hours] Water 2
Implications: o
e Measurement of lower emissivity surface %
O
e (Quality control of silver plating ?

e Management of water/air contamination
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Characterization of SS BSCCO in progress

e Motivation: To give a n
more accurate Rmamx/ 5°j
description of
distribution of current
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in the composite
superconductor during - | Rtot )
and after disturbances matex
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Dielectric Tests Validate Turn-to-Turn
Insulation for Model Coils

e Motivation — Characterization of
turn-to-turn insulation for rotor
coil electrical insulation

e Impulse breakdown at room
temperature and 77 K for initial
screening of candidate
materials (1.2 / 50 ps)

e Partial discharge inception at
room temperature and 77 K

e Pulsed aging lifetime curves at
room temperature; 77 K in
progress

e Model coil type samples used:

— Actual HTS wire with wrapped
insulation used

— Two or three wire sample = oA e
design modeled turn-to-turn R
geometry —

— Insulation in plane-plane
geometry

Turn to turn

Sl ol T

vm;;\!ssgwg\

Layer to layer
<

HITITTO

SIFIREIEIGR pue youand

OAK RIDGE NATIONAL LABORATORY UT-BATTELLE

U. S. DEPARTMENT OF ENERGY

10



Impulse Breakdown Strength Improves at
Cryogenic Temperature

e Motivation —

— Impulse breakdown provides
initial screening of edge to
edge insulation under surge
voltages

— Pulsed aging will be ultimate
test for suitability
e Three impulse withstand shots
and increase in steps until
breakdown is observed

e Insulations examined include
teflon and two other
proprietary films

e Testsat 77 K and 295 K done

e Impulse strength improves at
cryogenic temperature

e Proprietary film meets impulse
requirements
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Partial Discharge (PD) - Key Aging
Mechanism For Pulsed Voltage

e Motivation

— Aging characteristics under
repetitive surge conditions
are major factor in insulation
selection +675

— PD occurs in voids under [pC1
pulse application

— PDis aprimary mechanism
for insulation degradation 00-

e EXxperiments using a cryocooler
designed to determine AC PDIV
in range 77 Kto ~ 20 K

e For teflon lapped tapes, PDIV 75
between 580V, .to 775V, . at o 180 [dea] 360
295 K

* Does PD occur in trapped air voids in insulation material or
between tapes at 77 K to ~ 20 K?
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*How do N2 or O2 ice layers on void surfaces affect PD at
operating temperatures (20 — 30 K)?
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Pulsed aging characteristics predict lifetime of
Insulation system at rated voltage

e Motivation — Dielectric m |
performance under pulsec 3
aging is key parameter for Pulsed Aging of Proprietary Film 7
Insulation selection and =
lifetime ° <

e Lifetime relation is: %

n
E"t = constant = VS
where n is a measure of & = a
insulation lifetime Temp = 295K . | = Q:j'
. =
pgrformance e Min 2

e High voltage DC pulses a  Weibull 6329
applied at or above PDIV o )

. . . A D

e Change in slope indicates Max D>
change in mechanism S 2

e Aging data needed at 107 10° 10¢ 10° 10° M
cryogenic temperature t, [s]
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ORNL FY 2004 Performance

FY 2004 Plan

e To complete measurements of
the total hemispherical
emissivity of specified surfaces
at temperatures between 20 K —
80 K including surface
contamination.

e Modify existing HTS test
apparatus to support quench
protection studies for HTS
conductors down to 20 K.
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FY 2004 Performance

v'Measured baseline emissivities of Ag-
plated Cu samples at 30 K

v'Characterized effects of direct water
contamination on emissivity degradation of
Ag-plated Cu samples

e Preliminary measurement of emissivity
degradation due to the outgassing of non-
metallics done (September 2004)

v'Modification complete

e Characterized SSBSCCO at 2 T from 20 K
to 70 K (Full testing to be completed by
September 2004)

e Will participate in review of quench
protection system for 100 MVA generator
(August 2004)
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ORNL FY 2004 Performance

FY 2004 Plan FY 2004 Performance

. - v'Measured impulse breakdown and
e Measure dielectric performance partial discharge inception for

and partial discharge of candidate turn to turn insulation for
prototype coil samples. BSCCO wire samples at 295 K and 77 K

v'Setup pulsed aging experiments and
performed aging studies on turn to turn
Insulation and sheets samples at 295 K

e Pulsed aging studies on insulations at
77 K (In progress, September 2004)

e Design, setup, and testing of cryocooler
facility with capability to characterize
dielectric samples at 20 K (In progress,
August-September 2004)

e Conduct thermal and ¢ Task deferred due to the focus on first

. three tasks.
mechanical property
measurements of sample coils
as required.
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ORNL assistance with GE Generator
Risk Mitigation Issues

Area of Concern

eUncertainty in
refrigeration heat load

eQuench protection

eCharacterization of HTS
coil insulation
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Solution

e Knowledge of emissivity
degradation can lead to
identification of:

— Proper refrigeration tolerances

— Determination of whether non-
metallic components present along
term problem

e Information on tape properties can
lead to the prediction of coil
performance before and after
disturbance and establish a
window of operation

e Testing in pulsed aging, partial
discharge, and impulse breakdown
can lead to use of proper insulation
that can sustain voltage tolerance
for field installation
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ORNL FY 2005 Plans
Oct. 1, 2004 to Sept. 30, 2005

e ORNL will continue to work with GE to support the overall design
and capabilities of the HTS generator system.

— Based review of results, expand emissivity investigation to
observe whether other plated materials degrade similarly due to
water and air contamination and refine measurement of
emissivity degradation due to indirect non-metallic
contamination

— Provide multiparameter curve fit for R(T,I,1.(B)) to use in over-
current simulations of generator

— Test dielectric insulations for partial discharge and advanced
aging curves at 77 K and 25 K

— Test layer-to-layer insulation for impulse breakdown, PD, and
pulsed aging

— Build prototype coils with preferred insulation and test partial
discharge, impulse breakdown, and advanced aging
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Research Integration

Weekly teleconferences with GE has lead to efficient use of
resources of ORNL and GE and ensures R&D objectives, efforts,
and results are in accord with project objectives
— Exchange of information between LANL and ORNL has lead to
productive discussion as to the role of materials within rotor vacuum

space and their impact on vacuum quality and calculations of heat
loads

Presentations and publications during the year

— Emissivity poster presented at the Cryogenic Engineering
Conference in September 2003

— Panel session presentation on cryogenic insulation for coil
applications at Summer Power Meeting in June 2004

— Papers will be presented at the 2004 Applied Superconductivity
Conference and 2004 Conference on Electrical Insulation and
Dielectric Phenomena (both Oct. 2004)

Web Sites

— ORNL Superconductivity Web Site includes Annual Reports,
Peer Review presentations and other project information

e www.ornl.gov/HTSC/htsc.html
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Project Participants

e ORNL e GE Energy
— Jonathan Demko - B.Ob Ackermann
— Robert Duckworth - J!m Bray
— Alvin Ellis — Jim Fogarty
— Robert Grabovickic — Andy Gadre
— Randy James — Xianrui Huang
— Mike Gouge — Patricia Irwin
— Marshall Pace — Liang Li
— Winston Lue — John Urbahn
— Isidor Sauers — Konrad Weeber
— Bill Schwenterly — Trifon Laskaris
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