LA-UR -84-2608
. CONT~84oA37- +|

/ _ DE84 016824

LA-UR--84-2603

Los Alamos National Laboratory is operated by the University of California for the United States Departiment of Energy under coniract W-7405-ENG-36.

TITLE: OPERATION OF THE 30 MJ SUPERCONDUCTING MAGNETIC ENERGY
STORAGE SYSTEM IN THE BONNEVILLE POWER ADMINISTRATION
ELECTRICAL GRID :

AUTHOR(S):: J. D. Rogers, CTR-9
H. J. Boenig, CTR-4 4’4"
R. 1. Schermer, AT-5 1, ]'[
J. F. Hauer, Bonneville Power Administration

susMITTED To: Applied Superconductivity Conference '84
September 9-13, 1984
San Diego, Californin

DISCLAIMEK

This reporl was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States (Governmont nor any agency thereof, nor any of their
employees, makes any warranty, expreas or implied, or assumes any legal liability or responsi-
bility for the accuracy. completeneas, or usefulness of any information, apparatus, product, or
process disclosed, or represents that ita use wor 'u not infrirge privately owned rights. Refer-
ence herein to any specific commercial product, process, o0 service by trede name, trademark,
manulacturer, or otherwias dosa not necessarily constitute or imply iis endorsement, recom-
mondation, or favoring by the United States (Gov rmnent or any agency thereol. The views
and opinions of wuthors erp::izzd hojoin do not necessarily state or reflect those of the
United Stutes CGiovernment or any agency thereof.

DBy acceplance uf this article the publisher racognizes that the U S (lovernmant retaing & nonexclusive. royally.free icense 10 publish or reproduce
the pubhished form of this contribution. or to allow othars lo do so, for US Government putposes

The Loa Alamon Natonal LalorAtury requesis that the pubhisher identiy this article as work performed under the auspices of the U S Department of Energy

LOS Al2MNOS Leshemos NatoralLabaratory
U X\K(:


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


OPERATION OF THE 30 MJ SUPERCONDUCTING MAGNETIC ENTRGY STORAGE SYSTEM
IN THE BONNEVILLE POWER ADMINISTRATION ELECTRICAL GRID*

J. D. Rogers, H., J. Boenig, R, 1, Schermer
Los Alamos Nationel Laboratory
Los Alamos, NM 87545
J. F. Hauer

Bonneville Power Adminigtration
Portland, OR 97208

Abstract

The 30 MJ superconducting wmagnetic energy etorage (:>

(SMES) saystem was installed 1in the Bonneville Power
Administration (BPA) Tacoma Substatior in 1982-83,
Operation of the unit since that time hes been for over A A 1 ) -

1200 hours. Specific tests to axplore the SMES aeys-
tem’s thermal and elecirical characteristics and the
control functions ware conducted. The coil heat 1load

with current modulation was determined, A converter (:) (:> (:> (:)i
>

with two 6-pulse bridges interfaces the superconducting

coil to the power bus. Equal bridge voltage amplitude

and conntant reactive power modes of operation of the ; E-ﬂ“‘
system were run with computer control of the SCR bridga /\ A (:)
firing angles. Coil energy dump tests were performed.

Electrical grid system response to SMES modulstion was
obaserved, and full powver SMES modulation was
undertaken.,

. CONVERTER TRANSFORMERS, 6MVA EACH
. 8-PULSE BRIDGE (11.25 kv, 6.5 kA)

. 8-PULSE BRIDGE (11.25 kV, 5.5 kA}

. BYPASS SCRS

. DUMP RESISTOR (1.00)

. DC BREAKER

The use of a suparconducting magnetic anergy storage 7. SUPERCONDUCTING COIL

(SMES) unit for power system damping was suzgested in
3973.2 The 30 MJ unit was designed for such aservice as Fig. 1. Electrical circult disgram of 30 MI SMES untr.

the modulnggs control element similar to HVDC
Modulation, As with AVDC Modulation, fluctuations
of the Pacific AC Intertie current I are sensed, and :d .E:og:c::.zzgativergowe:. dil::nrgingtahcfcoili TT'
the SMES unit can respond with powar variastions to damp tzz evcnz of : n vg;te pr!viler' pa The :: brduke:
oscillatery intertie current components, when the 30 MJ allows I, to be dlsgzt:d ;nto. .“ :' h aner .du
unit operateas in the closed loop stabilizer mode. The 2ol d hould ‘ fall o‘m £ 1§y a4 :p
unit was firat energized in February 1983, The short e ltor.i whould & convarter fallure ozcur followed by
term operational capabilities of the unit were estab- & cryogenic system failure.

lighed, and andurance tests were performed to assess
the mid term reliability of the superconducting coil as
well as that of the helium refrigerstor and cther sup-

Introduction

GO0

The solenoidal coil has an inductance of 2.6 H, &
current rating of 5 kA, and a peak fleld of 3.0 T.

Factors euch as fatigue, msechanical forces, and euper-
orting subsystems. During the endurance test period, ! ’
rhe un?t vas ﬁrivan by a nngrov band noise lnput? char- conductor stability dictate that stored energy during
acteri{stic of the modulation eignal for stabilizer ::;-‘éooasr.tto: 'hOUIgib' |:nng:d b't:"n ;bzus k:o Mj
operation, that also provided a useful test aignal for 4.8 KA Pi uro ;c:aon :: :o .:rren : :h * 11 an
gathering the power system response data needed for * * gure ove the using o ¢ coll, @
tuning of the SMES Modulation system.

The major components of the SMES unit are its auper-
conduct. g coll, the nonconducting vacuum vessel, the
cryogenic system with its liquid helium refrigarator,
the ac/dc converter and the local control system. The
engineering of these components is addressed in detafl
in three recent publlcltlonl.s's'

The coll stores energy in its magentic field. Energy
nxchange LeLwean the coil and the ac system {s con-
trolled by a line commutated 12-pulae converter, shown
in Fig. 1. Each of the two 6-pulme bridges 1o fad by a
13,8/0,93 kV  transformer provided with a 151 tap
changer. The bridaca maintain a unidirectional current
I4» ®o that poritive converter voltage V4 produces a
positive power output, charging the cuill} and negative

* Supported by the Department of Energy, Office of
Energy Systems Henearch, and Bonneville Power
Adninimtration. Fig. 2. Devar and support structure of 30 MJ coll.



fiber reinforced plastic dewar, along with 4its sup-
porting structurs., The dewar has an outer diameter of
3.9 m and & height of 2.7 m., The two 5.0 kA current
condictors from the converter to the coil are in the
upper right of the picture, The transfer 1lines for
helium to the helium refrigerator are shown in the
upper left of the picture, Two 6 MVA transformers feed
the two 6-pulse bridges wounted on each side of the air
cooled convarter unit. The dc bresker 1is also
contained 1{in the converter unit, while the dump
resistor is mounted on top of the converter in a
weather tesistant compartment. The no load output vol-~
tage of the converter can be varied continuously
between +2,4 ¥V and -1.9 kV with both bridges operating
in series. The unequal liuita are due to an inversion
end stop that hss been get to 140°, The protective
energy releagze 1in the dump resistor requires 5 kV
withstand capabllity and dictates the voltage design
level,

The refrigerator is supported by components that are
traller mounted, These are a heat rejection traller,
an evaporative cooler, to remove the coumpressor waste
heat; a high pressure gas recovery trailer with dia-
phragm compressors to pump excess vaporized helium gas
into storage; a rsilwey tube car for the supply and
storage; and a devar traller for storage of 1liquid
nitrogen, The nitrogen is used in a first stage heat
exchanger of the refrigerstcr to cool the helium gas
and to trace the rsdiation shields of the helinm trans~
fer lines betveen the coll dewar and the refrigerator.

SMES Syntem Cperation

Charging and Discharging

The 30 M7 coil was first charged and discharged in

the manual control mode, The coll power at 5 kA was
11.16 M and ~-9,80 MW for charge and discharge,
respectively. The pask current in the coil was 5.4 kA,

Protective Discharge

The protesctive circuit tests began with coil currenis
of 1 &A and then incressed by ! kA to 5 kA, All tests
were successful with tha coil energy deposited £{n the
dump resistor and nn exponantial decay time constant of
2.6 8.8 Voltages of 5 kV were developed acrosy the
coils, and no spurious switching or strong vesomant
voltage transients were observed,

Operating Modes

During normal operatio-, the coil curran* Id pluve the
complex load S,, = P +JQ, that the SMES unit presents
to the power esystem, aru aeatablished by local con-
troller logic, where P and Q ave the rsal and reactive
powers, respectively, For the unit to operate as a
stabilizer, one or more inputs to the controller wmwust
be generated remotely, uccording to a feedback control

law that uses Pacific AC Intestie current I as its
e b of

primary input, Tha controller permite some

independence in the choice of P and Q and thuas afforde

several modes for modulation,

If the converter fails or the ac aupply relaye out,
then the stored energy cannot te returned to the power
system, The coil current can be circuisted through the
converter bypsss thyristors, Thyristor and busbar
losses in this free wheeling mcde of opeustion bring Id
to zero within an hour.

The converter bridges present assoclated
loads 5;, 8, to the ac sratem, For each 8§
factor cos 0‘ can be adjusied by means of
firing angle a4
changes,

complex
the pover
the bridge
and |8;| varies automatically as I,

Line commutated converters cannot be operated across
& full 180° firing angle. Control for the SMES unit is
between a . = 5% and a = 140°. End stop settings
past 140°" are possible but risk commutation fallure.’
This precaution reduces the ranges of constant reactive
pover (CQ) and constant real power (CP) modulation.

The SMES gystem was used for injecting and absorbing
real power pulses into the high voltage electrical grid
tc i{dentify system parameters. Teats were performed by
injecting efither sinusoidal, 1low frequency (0.1 to
1.2 Hz), real power pulses or a narrow band noise power
signal into the electrical system., When seinusoidal
power pulses are injected, the two independently con-
trolled 6-pulse bridges of the converter can assume
either an equal or a different phase delay angie. With
equal phase delay anglea (EA), a real power varfation
also causes a reactive power variation, while with {n-
dependent bridge control, the reactive power can be
kept constant. Figures 3, 4, and 5 ghow thiee
different converter loading conditions. Each recording
depilcts the bridge 1 voltage (V4)), bridge 2 voltage
(Vi,), the converter output current (Id), which is the
cogf current, and the real (Pgypg) and reactive (Qgpg)
pover of the SMFS unit neaaure%nat the 13,8 kV bus, in
Fig, 3, the SMES unit follows a sinusoidal power demand

signal and both bridges have equal voltage output, The
fundamental and second tharmonic reactive power
variations are significant. 1In Fig. 4, the SMES unit

output shows sinusoidal real power, but the two bdridges
arz controlled independently and provide a constant
reactive power absorption, In Fig. & the SMES real
power slowly increases and one bridge operates almost
exclusively in the rectifier mode, while the other
bridge operates i1, the inverter mode. In Fig. 5, the
SMES unit follows a narrov band noise eignal demand.
The bridges are controlled with equal phase delay
angle, Both positive and negative maximum voltages are
reached., Limits for a 0,3 Hz sinueoidal dinpur are
28,3 MW in BA mode end t4,7 MW in CQ mode. The CP mod~
ulation range with I, = 4.5 kA 1s 7.3 to 11,3 MVAR,
regardless of frequency. EA and CQ mode power levels
of 28,6 and £5.0 MW, respectively, are attained with
the transformer taps set for a higher output voltage.

Power Consumption and Losses

Auxiliary equipment - pumps, compressors, blowers,
slectronics - consumed about 300 kW of power. The
weasured converter and transformer power losses were
established to be 250 kW at a coil current of 4.5 kA,
‘fhus, the SMES system efficiency is about 94X,

The only technique available to make the coil loss
seasurements is to note the steady state change in
compressor guction pressure caused by cofl cycling at
fixud power and frequency and to compare the result
with that obtained by calibration data for the
refrigerator in the form of compressor suction pressure
as & function of known heat 4nputs from a calori-~
meter.” Table I gives experimental results at two
values of power and three different frequencies for
coll lossen, as deduced from the comparative calori~-
meter weasuremencs, and the predicted losses.

Operating Exparience

Exceapt for a few brief intervals, the SMES coll was
kapt at superconducting temperatures since it was {{rst
energized February 16, 1983, Until October 31, 1983,
the coil was energized only during staged rests, which
usually exercised the unit for some ten hours per day.
The rusulative testing time with power modulation wan
approximately 120 hours. An estimated 30X of this time
the SMES unit ran at power outputs of t8 MW and above.
Since November 1, 1983, the unit wus run over
100U houra with a narrow band white noise modulation
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Fig. 3. Electrical parameters of BSMES seystem with
sinusoldal power output and equal voltage
control,

spect tum, Over 105 cycles of power to and from the

coll were accumulated,

During the early tests the converter required modest
repair and maintenance,’ The coil end dewar functioned
to full specifications. Within the crrogenic system,
however, the heli m refrigerator was a persistent

source of hardware and operating problems.
problams ware anticipated because funding limitations
of the project prevented the refrigerator to be fully
automated. The refrigerator rasponds very slowlv to
adjustments, with time conatants of up to 12 hours in
the control loop and with enough backlash and other
nonlinearities to render dial wsettings not very

Some of the
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|
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et 13 MVAR
Fig. 4. Electrical pnrameters of SMES system with
sinusoidil power output and conatant Q con-
trol.
informative. The heat ioss varies stroagly with the

level of SMES real power modulatton and can necessitate
considerable refrigerator adjustment. Recovery from a
protracted refrigerstor outage, as caused by & power
outage, is tedious and complex. These probleme were
compounded initially by overly sensitive protection
logic, inadequate alarms, and emerging protocols for
alarm servicing, The problems sssociated with protec-
tion were alleviasted subastantialiy.

The refrigerator and cooling tower experienced some
mechanical component failures. These were usuclly
repaired within hours by BPA personnel. The coneve-

quences of two wmechanical design defects, one within
t'e refrigerator and one in a heifum tranefer 1line,
were more cerious.9 The first derates the refrigerator
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TABLE 1

EXPERIMENTAL AND EXPECTED RESULTS FPOR CYCLIC LOSSES

P f Exper. Loms Predicted Losse
SHB) (Ne (W) (W)
Wa .0 -1 3
L& 1.0 32 17
L, L 0.4 33 19
L,% 0.7 B 2]

hy about 30X and the sacond increases the heat load to
the pcint that gusatainakle SMES power fm about & MWrms
instead of the expected 7 MWrms.

Conclusion

The results establish that the Tacoma SMES unit is a
versatile and responsive device for pcver system
testing and contrcl. 1Its electrical operating range,
though modest, satisfied desigxn requiiement. and could
be extended. From November 1, 1983 wuntil March B8,
1984, with the excepticn of brief staged tests, it was
continuously modulated by a narrow band noise signal,
Tepresentative of stabllizer operation. Over 1200
hours of cperation with modulation were accuimulated.
The continuous mcdulation addressed an objective of the
project to acquire an initial base of operating
experience for estimating the cost effectiveness and
special requirements of superconducting power equipnent
and to provide an opportunity for gathering power sys-
tem data, useful for tuning the modulation algoriths,
for measuring long term refrigarator capabilities, and
for refining operational procedures. The experiment
has conclusively demonstrated that SMES can cperate
succassfully in a complex utility aysteam.
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