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by
E. KLENK, S. KOTSCHAU, H. de LANEUVILLE, D.R. TORGERSON,
D. POVH T.L. WEAVER
Siemens AG Western Area Power Administration
(Federal Republic of Germany) [United States)
Summary back-to-back converter station at Sidney
permits a third asynchronous connection
The 200 MW back-to-back Zidney Converter between the two a.c. systems.
Station provides an energy  interchange
between Lhe eastern and western United
States-Canadian power grids. AlLhough both Flanning aspecks and main data
systems are large, the relative weakness of
both networks at Sidney, Hebraska reguired Electrically, the strength of the a.e¢.
special equipment and advanced control systems at Sldney is expressed by the
features such as reaclive power and voltage short-circuit ratic (3CR}, which is defined
conktrol, overvoltage controal, a unique as the ‘a.c. system short-circuit power
start-up sequence and power modulation wikth (without the converter station connected)
voltage control. The commisaioning Lest divided by +the transferred active power
results are presented, and major events Lhrough the HVYDC converter station. The 5C5
that occurred during commissioning are iz designed to eperate at full power with
discussed. ) : S5CRs as low as 2.25. Fig. | shows the con-
figuration of a.c. networks near the Sidney
Eeywords: Canverter Stabtion. The lew 3CR, combined
Wwith the specified need Lo Limit a.c-
HYDC, System interconncction, weak a.o. sysbem  Lemporary overvoltage (TOV] to 1.25
networks, project data, conbrol Ceatures, p.d. and a.c. system voltage repgulation
commissioning
Introduction
The 200-MW  high-valtapge direct current r:gm;?},{q Egﬁ{‘g:
LHYDC) back-to-back Sidney Converter
Station [SC5) is installed al  Sidney,

Hebraska, Lo provide an energy interchange
retween the eastern and wWestern Unlted
States-Canadian power grids. Although the
a.g. systems are large, eleéctrically and
geographically, the relative weakness of
bath a.c. networks at Sidney required the
uze of speclal equipment and control fea-
Ltures to allew a suceeassful intercon-
nection.

convarter Staticn

Slerhng

Attempts  to synchronously interconnect the Legend
eastern and western United States-Canadian i) — 115kV
a.¢. networks were abandoned in the early Siony/Fawnes — 230KV
1970=. Large inadvertent power [lows aocross Beaver Creck — 345kV
ihe weak a.c. ties caused severe voltage

gxcursions on either side. The completely

dizconnected mode. of operation was con- )
tinued until the installation of the 100 MW Fig. 1: Sidney Area A.C. System Configura-
Hamil d.c. tie npear 3cobbsblulfl, Hebraska, tion

in 1976 and the Z00 MW Milesz City d.o. tie LRS-E: Laramie Hiver Station - East
in Miles City, Montana, in 1985. The 200-MW LAS=W: Laramie Riwver Station - Hest
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reactive
utilizing

requirements, have resulted in
power compensalion  technigues
extended firing angle control and switehing
aft  shunt  reactive equipment. Control of
a.z. system TOV is achieved by the appli-
cation of special metal-oxide asurge arres-
ters and by the recovery characteristios of
the converter station.

The 3C5 is a back-to-back LlZ-pulse menopole
HVLG  system designed to operate ab %0 kW
and #1440 A. The converter station is con-
nected to the east and west a.c. system, at
230 kY, from an adjoining a.c. substation.
The simplified single |line diagram of the
converter station is  shown in Fig.2. The
main a.c. and d.e. eléecberical character-
Isties are zummarized in Table I F1/.
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Fig. 2: Sidney Converter Station
Simplified one-line diagram

Special leatures of the SCS

To ceontrel the east and west converter
station a.c. bus voltages, the concept of
cperation with extended firing angle con-
trol has been applied /2/. Fig. 3 shows the
BSO diagram of bthe converter with the
s%ea y-state operation range used to full-
fil the specified regquirements.
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Table I: Electrical Characteristics of
Stdney Converter Station

The a.c. wvaltage 1in one network can be
regulated by changing the reactive power of
the converter by setting of the control
angle and Lhrough this, the doo. voltage
and d.e. current. of  the back-to-back
scheme This means, hoWaver, that the
reactive power changes correspondingly in
the ather a.c. network, Loo.

Full wvoltapge control would take place only
witen bobth syltems have Lhe same reactive
power: reguirements. IFf this iz not the

case, +di.e. one system has a positive and
the other has a negative voltage deviation,
the situaticon cannct be improved by chang-
ing the rcontrol angle only. The reactive
power can  be changed asymmetrically, how-
ever, by the transformer tap changer.

The reacbtlive power, and hence the bus
voitages af the fwn a.c. systems can be
regulated independently by a combination of
rapid ocontrol of Lthe Lhyristor valves fir-
ing angle, with =slow asymmetrical control
by means of the transformer tap changer.

108
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Fig. 3 Pdfu diagram of the converters
Uperating arga i P mode
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Fig- L: Block diagram of the converter

conbrol

Naturally, the design limits of the conver-
tar must  be Ltaken into accounlk. I the
reactive power requirement lies outside the
sleady-state limits, the reactive power

clements [reactors or capacitors) are
awitched in or out. The rating of switched
reactive poWwer elements 13 less than the
range of the oconverter's reactive power
that 1is controlled by firing angle Lo re-

duce the number of switching operations and
to oprevent hunting. The principle of the
contral used is shown in Fig. 8 737,

The a&action
Fig. 5. The

commissioning Lo

of voltage contral is shown in
ascillogram  wias taken during
demonstrate power steps

fram 150 MW Lo 190 MW and back te 150 MW,
1t ecan be seen bthat the voltage control
scheme regulates the a.oc. voltages within
+ 1

Start-up. sequeige

During the start-up
large a.c. filters (105 MVAr) are con-
nected fto the a.e. npetworks., This could
lead ke a voltage increase of about 10 % aL
switching. Toe avoid such a large voltage
change, a unique concept for the start-up
sequence  has been used. Fig, & shows the
gscillegram of Lhe starl-up sequence taken

sequense  of Lhe 505

during commissioning. After switching in
the converter ftransformers on both sides,
bypass cperation  on the west side 15 ini-

tiated (t.). The east converter is feeding
appruximaL%ly A Pl d.c. ecurrent
through the bypass path with a control
angle at approximately 907, At Lime t.,
a.c., filters are switched in an the eagt
side and simultaneously the d.e. current is
increased to 0.5 p.u. to compensate far the
reactive power of the filter A2/. 1L can be
seen on the traece of the voltage U that
the a.e. woltage hardly changes. At time
t3, Lthe west a.c. filters are switehed in,
Lhe bypass is released on the west side and
power btransmission started. Voltage changes
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Fig. 5: Power step from 150 MW to 190 MW
and back Lo 150 MW
power direction west Lo east
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oft less than U4 § ocour transiently
during bthe start-up sequence, after which

Ehe woltage control Scheme pegulates bthe
- Autts busowvoltage Lo the tnitial walueo itu).
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Fig. f: Start-up Sequence

F transmitbted power

o d curren

d 0. Ccurrent

Ud d.e. voltage

UF a.c. voltage on. the easl side bus
Uﬁ A.0. Voltage on the west side bus

Faults in the a.o. systems close to the SC5
bus  and subsequent disconnecticon of the
faulty Lline can lead to extremely weak net-
wark conditions. At blocking of the d.c.
link under these ponditions, TOV's of over
2 p.u:. may be expected which would last
until the d.¢. lipk Trestarts arc, if it
remaing blocked, until the a.c. filters and
shunt. capacitor banks are disconnechbed.

30 as not to endanger customers connected
Lo the a.e. =system, it was required to
limit TOV to 1.35% p.u. within two oyeles.
Te achieve tLhis reguirement, a Lemporary
overvoltage limiter consisting of parallel
connected metal oxide (MO) arresters is
used. As the eguipment has to limit over-
voltage Lo a very low value, the MO arres-—
ters would be overloaded from energy stand-
peint if they were connected conbtinuocusly
Lo the system voltage. The TOV limiter is
Eherefore only switched in on demand by a
circull breaker S8/,

The switching of the TOY limiter is initia-
ted when critical faults are deteclted.
Taking into account the opening Lime re-
guired for the breaker to clear the fault,
and the ¢loszing time of the TOV limiter
breaker, the overvoltage reduction takes
effect not  later Ethan £ ecycles after
occcurrence of Lhe temporary overvoltage.

EF

If the d.ec. power transmission recovers,
the GLemporary overvoltage  guickly re-
duced and the Tao¥ Llimicer can be dis-
connected. The maximum sStress for the MO
arresters of the TOV limiter coours, how-
ever, il the d.¢. does not reccver. In this
case the TOV limiter has to limit the over-
voltage until the reactive power eguipment
can be switched of . The calculated maximum
epnergy of the limiter iz 28 MJ/phase. Fig.
7 shows a TNA simulabtleon of the maximum
energy design case For the TOV limiter.
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Fig, 7: Operation of overvoltage limiter
following fault in the a.c. system and

disconnection of the a.c. ling. HYDC
remains blocked.
] busbar voltage
iarr current through bransformer
) arrester
B chergy stress of Lranslormer

arrester
current through overvoltage limiter

i

ek;: energy stress of overvoltage limiter
PItj HVYEDC transmission power

An  additional measure to Limit TOV that is

implemented in the 505 control scheme i3
the use of bypass operation in the event of
a fault claose to the converter bus, IT the
d.o. link would block during the [ault, the
undisturbed bus of the link would bear the
full load rejection which oould lead teo
high overveltages. To avoid this stress, a
bypass 15 ipnitiated on the faulted side,
the undisturbed side [iring angle is auto-
matically adjusted ko approximately 907,
and the d.c. current is reduced to keep the
reactive  power of  the undisturbed side
nearly constant, thus preventing the over-
violtage 5/,

Power modulation

The a.o. networks to which the 3C5 is con-
nected are not only weak but, the eastern

network exhibils instabilities under cer-
tain network fault conditions. -Studies
indicated that inereased power infeed to

the eastern network wvia 35C5 could produce
transient instability for a number of
faults in the network. Therelfore, it was

necessary for the 303 control Lo incor-
porate HVDC power modulation so as Lo
dampen instability swings when power is

transmitted from west to east. This is done



by the Remedial Acticon Scheme (R&5) which
was added to the HVDRD control. The powWer
modulation of SC5 is initiated on detecbion
of  east side power generalor shaft speed
deviations at  the Laramie TRiver Slalion
{LE3) in Wyoming. & signal is transmitted
.0 the 503 via microwave, and, according to
I he deftermined transfer flunetion, the
active power of the d.c. link is modulated.
In some cases which depend on the network
configuration, the oaodulation is nob used,
byt the d.o. powsr iz reduced to the mini-
mum value by ramping- Also, for loss of key
lines on the west side, the 5C3 is ramped
down for 505 power transfers in either
direcbion. One of these cases i5 illustra-

ted in Fig. 8. The oscillogram was taken
during commizsioning al 103 % powsr Lrans-
fer from the eastern to the western a.c.
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Fig. 8: Line switching in the western a.o.
network with subsequent power ramping from
100 % to 10 % rated power

power transmission east to west

Pd transmitted power

Id d.oz. current

]d d.c. veltage

JF converter reacbive power - east side
Qﬁ converter reactive power - west side
UF .00 vwoaltage - east side bus

Hﬁ a.o. voltage - west side bus
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network. Due Eo the disgonnectlon of an
a.¢. line on the inverter side, the power
ramp is spplied in the d.c. scheme raducing
transmitted power to 10 %. That means a 90
% load redoction is initiated. First, tran-
sients can be seen in the oscillopgrams when
the a.e. line is disconnected and the nal-
work econfiguration is  changed. Then the
tranamitted power is reduced according Lo a
ramp. D.C. woltage and <¢.c. current are
changed in such & way that the reactive
power of the staticn is adjusted o keep
the the a.c. buz voltage almost constanl.

Ramping is alsoc wused as back-up for the
case where the microwave signal between LRS
and 3C5 iz lost while the medolation pro-
ceras is being activated.

The functioning of the hardware for BAS
seheme was first tested on a THA simulator.
Additionally, the transfer functich and
proper parameter asbting of the RAS scheme
were alse znmalyvzed in an extensive computer
study wWhich made wu=e of Hetlomac program
F6f . The d.g. link Was simulated using the
detailed representation of the 3035, HAS
conkrol, a.¢. necworks, and generators,
including the gencrator excitation systems,
governors and power stabilizers.

Fig. & gives an example of the resulls of
this study. A three phase laull at Sidney
on  the 345 kV Sidney-Keystone line in the
eastern network and subsequent disconnec-
tion of the line have been assumed. Rotor
aswings of the Laramie gencrator can bes seen
on the oscillogram. Power modulation of the
AC3, initiated by the BAS scheme dampons
the rotoer sWwings successfully. Withoot RAS
scheme in operation swings would amplify
and lead to instability.

0+ = -F T T
4] 150 30 45 sac

Fig. 9: Power modulation of 305 scheme
following the 3 phase fault in Lhe eastern
A.¢. nebwork

o rotor angle of Laramie generator

F power btransmitted by SC3

I d.e. current of 505

2 a.¢. voltage - east side bus

i a.¢. voltage - west side bus
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Without Ethe use of special control fea-
tures, the large varlabtion in acltive power
during modulation would lead fte excessive
reactive power changes and voltage swings
in Lhe weak a.c. west petwork. Therelfore,
during active power modulation, the west
side reactive powesr i3 controlled simul

taneously to keep the a.c. wvoltage nearly
constant in  the wmnfaulty west system, as

can be seen on the trace of the west a.c,
voeliage.
Ma jor events during commissioning

On  February 18, 1987, during commissioning
aof  the start-up sequence,. the converter on
the east side was at first operated at & -
90" te feed 0.1 p.u. d.o. current Lhrough
the bypass: on the west side; then Lhe
current was increased to 0.3 p.u. and the

east side a.c. filters were switched in at
the same Lime (see Fig. 0). Incomplete 12
pulze operation occurred, transiently pro-
dueing noncharacteristic Sth and Tth har-
maonics. Line protection relays localed on
Lhe eastern a.ce. network and sensitive to
harmonics, operated and discepnected First

the 345 kV line between the Sidney and the
Laramie Riwver Station and later, the line
petween Sidney and Stepgall (Fig. 1). The
converter: statien was isolated and shut
down. Because of the changed network con-
figurationh and the wvoltage swings occurr-
ing the last connection Lo the Laramieg
River Station was also disconnected and the
power station was forced to be shut down
AT So as not to endanger the Laramie
generator which has a low capacity to with-

stand harmonics and negative sequence cur-
rents, Lbhe commissioning of 5C5 was inter-
rupted for approximately % months to al low

extensive studies to be made on the network
and to eclarify whether the specified har-
menie distortion at the SCS5 had any un-
favorable effects on Lhe Laramie generator.
The studieés showed that a relatively kigh
Sth harmonic currenl is present in the a.oc.

network. even wWithout the 35C3 being in
operation, and that lew attenuation of Sth
and 7Tth harmonics between bthe 3C5 bus and

the 200 km remote Laramie bus is indica-
Live of possible rescnance near the 5th and
Tth harmonics. However, the generator is
not endangered if the distortion at the 3C5
bus remains Wwithin present limits as is the
case during start-up and subseguent oapera-
tion. The d.e. conbrel was adjusted and
additional monitoring of harmonics was
installed at LRES and Sidney prior to com-
mizzioning. In the event that the %th or
Tth harmonic were to exceed specilfic limits,
the SC5 would shoubt down by internmal moni-
toring or by a special negative-sequence
relay being installed cn the a.z. networks.

On November 9, 1987 trial operation started
and was successfully completed on November
19, 1487,

During the 10 day trial operation, the 3SC5
was operated continuously every day except.
for Ltwo one hour perlods each day, when the
station was blocked and deencrgized as an

operating exercise and -for training pur-
poses. The power schedule through the S5C5
provided for operation up to 200 MW in bath
an ¢£ast to west and west to east direction.
Genserally, the operation was controlled via
dispatehers in Loveland, Celorade, except
for some on-site operational training.-

Conclusions

The back-to-back Sidney Copverter Station
insorporates a number of scolutions unique
in the HVDC technaology. The commissioning
tests showed that performance fullfils the
requirements. On  November 19, 1987 trial

operation was successfully concluded and
acceptance of the facilities is scheduled
for December #, 1987.
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