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ABSTRACT - Development of transient excitation
boosting (TEB) hardware by the Bureau of Reclamation is a
direct result of a request from Bonneville Power MEWMNT

Administration (BPA) to install system voltage boosting
hardware on the six Third Powerhouse generators at Grand

Coulee Dam in Washington State. This paper presents a brief MICROWAUE MICROWAUE| | EUENT
discussion of what the TEB hardware is and how it was n

designed and installed. The majority of the paper deals TRANSFER vTRﬂNSFER h DETECTION
with the test results from the hardware commissioning on

each generator type. The results show that an 8 percent TRIGGER TRIGGER SYSTEM
boost in terminal voltage results in about a 50 percent

change in reactive power loading and about a 10 percent

change in real power with the classical high-frequency CELILO COMUERTER STATION
damped oscillations which are typical of a'step response.
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INTRODUCT ION

Development of transient excitation boosting (TEB) hardware
by the Bureau of Reclamation is a direct result of a request
from Bonneville Power Administration (BPA) to install system
voltage boosting hardware on the six Third Powerhouse
generators at Grand Coulee Dam in Washington State. This
hardware provides transient voltage support on the 500-kV
transmission system in the Pacific Northwest during specific
relaying actions associated with the Celilo-Sylmar High-
Voltage Direct-Current Intertie[1,2). The equipment at the
Celilo Converter Station detects a double pole trip of the .
HVDC Intertie with power flowing to the nor?ch and ggnerates F:!'gure 1 - TEB SYStem Block
a transfer trigger signal over a microwave communications Dlagram

system to the Third Powerhouse at Grand Coulee.
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As depicted in Figure 1, the plant microwave equipment in
the Third Powerhouse relays the trigger signal to each of
the six TEB units. These TEB units are located in the
excitation system cabinets adjacent to each generator stator
housing. If the TEB unit is armed from the control board,
the trigger signal will initiate an 8 percent boost in
terminal voltage on that generator. 1f the associated TEB
unit is not armed, then no action is taken.

IMPLEMENTATION

The TEB hardware was implemented using an embedded
microcomputer and associated interface and isolation
electronics(3,4]. The choice of a microcomputer-based

91 WM 153-7 EC A Paper recommended and approved design was the result of several basic needs for the
by the IEEE Energy Development and Power Generation hardware. First, the system had to be reliable so as to be
Committee of the IEEE Power Engineering Society for available when called upon to generate the boost signal.
presentation at the IEEE/PES 1991 Winter Meeting Second, the waveform generat:on P"OCr?SSd ne:dedh tg be

s flexible and readily changeable. Third, the hardware
gi:mzzité ﬁz;\::zrl;i Fig;g?riai:;vigiigleuzg:script needed to be maintainable by field personnel.

printing December 18, 1990. The system reliability issue is a very important part of

the TEB design philosophy. Since the hardware is passive
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for long periods until calted upon to generate a short-
duration waveform, continuous diagnostics needs to be
performed to check hardware availability. The waveform
generation can be easily implemented in analog electronics
with two or three op-amps and some resistors and capacitors,
but the ability to diagnose a problem in this type of
circuitry is limited. On the other hand, a computer is
readily capable of monitoring its operation. Thus, with
some minor external hardware, the microcomputer in the TEB
units continuously checks the availability for waveform
generation. The implementation includes the limit checking
of all power supplies and signal generation hardware, as
well as the normal RAM, ROM, and CPU checks used in most
computer diagnostic configurations.

The waveform generation firmware implements the block
diagram shown in Figure 2. The definition for the first
two blocks of the diagram was supplied by BPA. The trigger
signal from Celilo Converter Station generates an interrupt
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Figure 2 - TEB Block Diagram

for waveform generation

to the computer at which time the computer produces the
defined analog voltage waveform. The output of the TEB is
held at zero volts until triggered and then exponentially
rises to the value of X in per unit of terminal voltage with
a time constant of T4 seconds. At this point the second
block in Figure 2 becomes dominant and the waveform changes
to an exponential decay to zero with a time constant of T,
seconds. Since the exponential decay never reaches zero,
the computer resets the output to zero at the reset time of
T seconds. The present values for these parameters are:

* K = 0.080 pu of terminal voltage
* T1 = 0.1 second

* T2 = 10.0 seconds

T, = 40.0 seconds.

The Llimit function of the third block in Figure 2 was
implemented to keep the terminal voltage of the generator
from exceeding a preset value. This limit checking is done
in the computer firmware by measuring the three phases of
terminal voltage, V,, through potential transformer
secondaries directly and using the largest peak value. This
peak value is compared against the limit parameter, and if

the input value is larger than the limit value, the computer
output value is reduced by a retreat parameter amount. The
peak value of the input terminal voltage is again checked
against the limit value, and if it is still larger, the
output is reduced by the retreat amount. This process
continues until the terminal voltage is below the Llimit
parameter value or the output from the computer is at zero
volts. This overshoot is due to the delays in the control
loops and is about 1 to 2 percent of nominal terminal
voltage for these generators.

After the terminal voltage value is below the limit value,
the output is held at this tevel until the decaying waveform
value falls below the limited output value. When the
waveform value is at or below the held value, the computer
resumes generating the waveform to the automatic voltage
regulator. The limit function is a hard limit at the preset
value with overshoot retreat and bumpless transfer between
sections. Figures 4 and 6 show this limiting process. The
present values for the limit parameters are:

* limit =
* retreat =

1.100 pu of terminal voltage
0.010 pu of terminal voltage.

The waveform generation algorithm is in firmware on the
computer, which means that the characteristics of the
waveform can be easily changed. If the system tests show
that a different waveform is needed, then the computer
firmware can be readily changed to produce the new waveform
on demand. This implementation provides the greatest
flexibility.

The third reason for using a computer-based TEB unit was to
provide the most maintenance-free implementation possible
for the field. Since the computer is self-checking, it can
identify the problem for the maintenance personnel. The
design is modular in construction with plug-in boards and
interconnection cables with modular connectors. Thus, the
mean time to failure is high due to the use of industrial
components and external connection protection, as well as
continuous diagnostics. The mean time for repair is very
short due to on-site spare parts and modular construction.

INSTALLATION

Modification of the existing generator excitation systems
for installation of the new hardware went very well. The
generators were installed from 1968-78. The first three
generators (G-19 through G-21) were Westinghouse units, and
the last three (G-22 through G-24) were Canadian General
Electric. ALl generators have fully static, self-excited
excitation systems.

The TEB hardware is approximately the size of a standard
power system stabilizer (PSS). The TEB was mounted in the
electronic cabinet of the excitation system close to the
automatic voltage regulator and PSS.

The generators were taken out of service one at a time for
the TEB hardware installation and wiring modifications.
When the installation was completed, each generator and
associated control circuitry were recommissioned as though
the unit was new. This procedure gave the best opportunity
to test all systems and ensure that the generators were in
good working order. The excitation system testing included
off-line and on-line alignment checks at various loads with
and without PSS.




The TEB units were checked off-line first to ensure that
the boosting and limiting functions worked correctly along
with the protection and control circuitry. The on-line
testing consisted of terminal voltage boosts at light loads
(about 100 MW) and then boosts near full load. The results
for the first two generators that were recommissioned are
given in the next two sections.

G-20 TEST RESULTS

The first set of TEB hardware was installed on G-20, which
is a 615-MVA, 0.975-p.f. Westinghouse generator with
continuous overload rating of 690 MW at 15.0 kV and an
excitation system rated at 5000 Adc or 1600 vdc maximum.
Figure 3 shows a manually triggered TEB boost at 550 MW and
0 Mvars as initial conditions. Figure 4 shows a boost with
and without limiting of the terminal voltage. The other two
Westinghouse units show the same test results, and all three
work alike.

G-24 TEST RESULTS

The second set of TEB hardware was installed on G-24, which
is a 718-MVA, 0.975-p.f. Canadian General Electric generator
with continuous overload rating of 805 MW at 15.0 kV and an
excitation system rated at 7000 Adc or 1500 vdc maximum.
Figure 5 shows a TEB boost at 750 MW with the PSS unit armed
and disarmed. Figure 6 shows a boost with terminal voltage
initially high so that limiting occurred in the TEB unit
with PSS armed and disarmed. Figure 7 shows the same strip
chart channels without Llimiting and with PSS armed and
disarmed. The other two Canadian General Electric units
show the same test results, and all three work alike.

CONCLUSIONS

The data validated the model of the new excitation system
function called transient excitation boosting or TEB
installed in the Third Powerhouse at Grand Coulee Dam. This
function is in addition to the standard PSS function and can
be used with or without PSS. It can be added to any
excitation system hardware that has an automatic voltage
regulator with an auxiliary input to the summing junction.

The unit tests showed that a TEB boost produces an 8 percent
increase in terminal voltage, a change of 300 to 350 Mvars
in the out direction, and a peak-to-peak swing of 50 to 90
MW with PSS armed and disarmed, respectively. Thus, an 8
percent change in terminal voltage results in about a 50
percent change in reactive power loading and about a 10
percent change in real power with the classical high-
frequency damped oscillations which are typical of a step
response. These results are for one generator boosting and
the other five generators normal.

The system tests with BPA, which will involve several TEB
units and associated generators boosting in unison, have
not been performed as of this writing.

369

el

 TRIRY

iTEB PLUS PSS INPUT

0 AUR IN % OF
ERMINAL VOLTAE
R IR0 G T e HER

| CHAND CONLEE, ONIT €20
1168 BOST, 54 W, § War

* PSS ON, GPRIL 16, 1989

s
N TERONL T :
NN TR T T

Figure 3 - G-20 TEB power
system parameter tests

L AR T A il



370

TERNMAL WOLTARE
TRANSDUCER -

_mmm T
IERHIML WLTHII N :
mmnum il

'Inm CONLEE UNIT 6-20
1o g, m W
m[ 8,1

ARG R TSR R T u 1 b ulld‘l'l-‘l'xl'i'l!l ATINEFIAE
+ -t Lens - gan s Tttt Pt

oo o SR

HITING

— PSS OFF

40 HOE AT 4
LT A
—~-ff-mmummm; —

mmmmmm
mmswm '

uqsu:mf DEUAATION
[R5

Figure 4 - G—2'0"I;EB‘ terminal Figure 5 - G-24 TEB 'p‘ower
voltage limiting tests system parameter tests




371

NI
CTRAKSDRGER |

5 seconds: Fi=g g

g -1

SRR S T TR IR T Ut AT I'jl\y:IIL’&;H]Q‘H":II!‘)
i CHART SPEED = 2 neysec

Egpals

e
CHART SPEED = 2 m/sec

IMERTH ¢
U, LI

T e e b

R, 10, 4

b R : l
R
N EY T —
U, e

[ ahi7 Ficis vicing -
THANSIIEE

NEROGE T L
RRERTIN T ]

 REFEAENCE TERMIMAL
£ UOLTAGE DEVIATION

]

it _ I ERE T ‘
Figure 6 Figure 7 - G-24 TEB fiel
voltage limiting tests voltage tests

NN TR & bt



372

M

[21

(31

(4]

REFERENCES

Taylor, C. W.; "“Transient Excitation Boosting on
Static Exciters in an AC/DC Power System"; Invited
Paper-08, First Symposium of Specialists in
Electrical Operational Planning, Rio de Janeiro,
August 17-21, 1987.

Taylor, C. W.; "Voltage Stability Analysis with
Emphasis on Load Characteristics and Undervoltage
Load Shedding"; Panel Session on Load Modeling
Impact on System Dynamic Performance, I[EEE/PES
Summer Meeting, Long Beach, California, July 10,
1988.

Stone, H. S.; Microcomputer Interfacing; Addison-
Wesley Publishing Company, Reading, Massachusetts,
1982.

Lenk, J. D.; Handbook of Microcomputer-based

Instrumentation and Controls; Prentice-Hall, Inc.,
Englewood Cliffs, N.J., 1984,

Charles A. Lennon, Jr., P.E.,
was born in Worland, Wyoming,
on June 23, 1951. He received
his BSEE from the University of
Colorado, Boulder, Colorado, in
Decenber 1973 and his MSEE from
the University of Toledo,
Toledo, Ohio, in August 1975.
Chuck has been involved in the
electric power industry since
1975 with the last 11 years
being with the Bureau of
Reclamation at the Denver
office. He Lleads the
developmental , research
activities for Reclamation in
the areas of  powerplant
automation and computer control
systems. He is an active member of IEEE with membership in
the Power Engineering Society and Computer Society. Chuck
is a registered Professional Engineer in the State of
Colorado. Chuck is active on the Automation Working Group
of the Hydroelectric Power Subcommittee of the Energy
Development and Power Generation Committee of PES.



