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A-BSTRACT

When Ehe h.v.d.c. Eransmission line along with its Eermination has a

resonance close Èo Ehe a.c. sysEem frequency, at leasE two problems may

arise. FirstIy, high ampLitude of Ehe a.c. fundamenEal frequency
volEage appears on Ehe d. c. for Ehe otherr,¡ise raÈher mild a. c. and d. c.
disEurbances such as misfires, cornmutaEion failures and transformer
energizaÈions. secondly, a form of inscability may occur especially
q¡hen Ehe a.c. sysEem is weak (high impedance).

The h.v.d.c. link of Manitoba Nelson River projecÈ had experienced Ehis

form of insÈabiIicy. The following reporE describes and examines Ehis
phenomenon, based on Ehe experience of Manitoba NeIson River Project;
and aLfemPts Eo relate this phenomenon wich those reporEed in Ëhe papers
(1, 2, 3).
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Chapter I - IntroducEion

The Nelson River h.v.d.c. Lransmission sysEem of ManiIoba Hydro is pre-
sently Ehe largesE of ics kind in commercial operation in the world. It
EransmiEs elecEric poç¡er from the hydro elecEric poqrer sEations Eo

Southern Manitoba near Winnipeg over a distance of abour 900 kl. Bipole
I uses mercury arc valves and has a raLing of 1620 MI,l , t450 kV, 1800 A.

Its lasE. stage wenE into service ín 1977. Bipole II equipped with waE.er

cooled chyrisEor valves is raEed at 1800 lll^I , i500 kV, I800 A. Its first
stage (gOO Mf^I, t250 kV, 1800 A) \¡ras put into commercial operaÈion in
October L978. Until this Eime, Bipole I had been operaEing with EeTo

lines in parallel to reduce losses. Since Ehen BPI has had to operaEe

in single line Lransmission line configuration to acconmodate Bipole II
Eransmission. In chis single line configuration the line has a natural
frequency aE 60 Hz,

This siEuation had creaEed some operaEing problems.

failure, misfire, and occasional Eransformer energizaËion produced

severe voltage oscillaËions on Lhe d.c. The ot,her more serious problem

eras Ehe occasional appearance of instabiliries. The primary characEer-

ist.ic of Ehis form of instability was an alEernating voltage aE system

frequency (60 Hz) superimposed on Ehe d.c. voltage. The anplit.ude of
this alËernating voltage increased until the pole asymmeLry proEecEion

operated and blocked a pole or bipole.

This type of insEability was firsE observed in the Kingsnorlh h.v.d.c.
link. The insËability was Èermed tcore saturation instability' (ref.

l), The actual mechanism of the inscabiliEy was Eheorized to be Ehe

saturaEion of the convertor Eransformer core. A cure was prescribed by

adding an extra concrol loop called a flux conErol uniE, to the existing
control. Two oEher separaEe investigaEions and analyses on the same

subject concluded EhaE insCabiliCy could occur even wiEhouE core satura-
E ion.

CorunruE aÈ ion

rPl134-135 Þaoa ')



The objecEive of this reporE is Lo describe Ehe experience of the NeIson
River BPr 60 Hz insrability in lighr oE the sEaEed Eheories, and
idencifies Ehe'core saEuraEion'inscabiiiEy as the Eype of instability
BPr has experienced. rn chapEers I and 2 rhe report explains the 60 Hz

instabilities phenomenon and Ehe problems of Bpr d.c. line which is
resonanE at irs sysEem frequency and offers a brief history of BpI
instability. In ChapEer 3, the Eheories of Ehe instabiliry arc
described with heavy emphasis on Ehe principle of'core saturaEion
instabilicy'. The deËailed operauion of the 'flux control unit' is also
described. FinalIy, chapter 4 presenEs several analyses of the Bprrs 60

Hz disturbance, utilizingtcore saEuraEionrEheory as a fundamen¡al
approach

TPit34-i35 Page 3



ChapEer 2 - Background

In h.v.d.c. transmission, Ehe d.c. lines are Eerminated wich smooEhing

reactors and filcers Eo minimize celephone inEerference; t.hese termina-
Eions along with d.c. lines usualLy have a first resooance aE a fre-
qLrency betr¿een 45 - 75 Hz in Ehe existing h.v.d.c. scheme (ref . Ð.
BPI's d.c. line has a firsL resonance aE Ehe system frequency which is
60 Hz. This chapEer describes Lhe nature and che problems associated
with this resonance. A brief hisEory of Bpr insrability is also given.
2.r The resonance phenomenom of BPI d.c. line

The BPr d.c. Eransmission Iines are Eerminated r¿ith a line
surge capaciLor, two smooEhing reacEors and a sixÈh and a

twelfth harmonic filters, as shown in figure I. The line side
smooÈhing reactor was added Eo improve d.c. filtering.

At natural frequency of Ehe d.c. line and Eerminations, Ehe

most iruportant pieces of equipmenÈ are the smooEhing reacEors
which have quire a high impedance. The Eransmission rine
Eherefore, appears co be almost open-circuited; and due to Ehe

very low resisEance, Ehe circuit has very little darnping. The

Eransmission line can Eherefore resonate and become unstable
and exhibic very high volrage if discurbed ar ics nacural
f requency.

In a single line configuraEion, BpI line has a naÈural fre-
quency at around 60 Hz and has a relaEively small impedance
Iooking in from Ehe valve side. The Iine circuit is Eherefore
very sensitive to Èhe 60 Hz componenE of valve volcage. The
valve volLage is normally a d.c. level with harmonics super-
imposed. The valve voltage can be modulated by firing angle
conÈroL, can be altered greatly by missed firing pulses or
conrnutation failure, or can be affected by harmonic volEage
disEorÈion of Ehe a.c. sysÈem volEage such as the disÈorEion

TPIt34-135 Page 4



caused by transforner energization
at Ehese events.

Let us Eake a closer look

2 "L.L The effect of valve nisfire and com-utati.on failure
A mercury arc valve can uisfire due to failure of the firing
circuiE or rùithholdiog fíring pulses. The lntentlonal valve
nisfire is used as a proLection to prevent crackiug of the

cathode porcelain insulator.

Ihe cracking of the lnsulator results when the nain arc trans-
fers behind a quartz heat shleld and a runback of Eerc,ury

occurs betr.reen t.he heat shield and the porcelain (ref . 3 ) .

The localized heating causes the porcelain Èo crack. When ühe

arc Erausfer (spoË transfer) occurs iË caa be detected and the
firing pulse is withheld for about 200 rnsec. If the arc
st,rj.kes in the proper place, very litt1e power t,ransfer v¡il1
be lost.

2 "L.2.

The auprirude of the oscillations at various points of' the
line circuit lras measured in Appendíx A. IÈ varied from
approxiruately 64 kV r.E.s. to 230 kV r.n.s" at the d.c. line
tenninal, depending orr t,he uumber of valve groups in service.
A sample of these oscillations can be seen ia Appendix B.

The effect of transforner energizat.ions
The inrush current and the resultant. voltage distortÍon on Lhe

a.c. assocÍated with transformer energization are rsell
explored in reference 4. Briefly, t,he roagnitude of Ëhe inrush
current is dependent on the point of the a.c. voltage waveform

aÈ v¡hich Lhe breaker closes and is also dependent on the
reunance flux in the transformer core prior to Ehe energiza-
Ëion of the transforEer. The fnrush current conLains second

harmonics; the second harrnonic voltage generated, is
proporËional Ëo Ehe second harnonic system impedance (ohm's

TP1134-135 Page 5



law). This

fundament a I
Since the d

Ehat appears

The decay of
constanÈ is
aE Ehe d.c.
90 kV r.m.s.

s ec ond harmonic vo l t age is
frequency on the d. c . s ide

. c. circuiE resonates at 60

on Ehe d.c. line is amplified

Ehen converEed into
through the bridge.
Hz, the oscillaÈion

Ehese oscillations is usually slow, and Ehe time
in uhe order of one second. The 60 Hz oscillat.ion
line cerminal has been observed Eo be as high as

2.2 The history of BPI 60Hz insrabiliry
The severe oscillations menEioned above were highly undesirable.
There r{tere at least Ewo ways Lhese oscillation could be reduced.
(a) deEune the d.c. line circuit - As rvas menËioned in Ehe pre-

vious secE ion, Ehe smooÈhing reactor plays a role in the
naLural frequency of Ehe d. c. line circuit. Renoving Ehe

added line side smooEhing reactor from service, however,

shifted the nacural frequency of Ehe line circuic only
sIighcly. In order EhaE Ehe shift in naLural frequency be
tsignificanr' , major capital invesEment would be required Eo

modify the filrering circuir.
(b) conErol changes - The meEhod of conErolling Ehe line currenE

is shown in Fig. 2. The current order is compared Eo Ehe

acEual line currenÈ and a component of che derivaLive of Ehe

line current. The currenc conErol arnplifier conErols Ehe

timing of the firing pulses. The firing pulses derermine rhe

firing time of the valve which affecEs Ehe overall valve group
voltage. The valve group volEage in turn changes the line
current. This form of conErol is used aE the recEifier; and

Ehe inverEer normalLy operaEes aE a consEant extincEion angle
which resulÈs in consEanE d.c. volcage. The entire conErol
equipment and Eransmission Iine represenE a closed
loop control sysEem. The most effecEive way co minimize Ehe

60 Hz oscillation is by increasing Ehe derivacive feedback

of the currenE regulaLor.

TP1 134-135 Page 6



For economj-c reasons, option (b) was chosen. since Ehea, however,
Bipole I experienced a number of 60 ilz instabilitfes fn r¡hich the bipole
rÄ/as blocked by the 'd .c . f iltering asJ¡Eometry protecÈionr . since Ehe

cause of the instabiliEy rdas unknown, the di/dt was reduced after each

disÈurbance between July 1978 to October 1978 untl1 iË r¿as reseL to fts
original setting (Appendix C).

The HVDC scheme in KÍ.ngsnorth, as rdas explained by Mr. J.D. Ainsworth
(ref. 1), experfenced a phenonenoû, called tcore saturaËion lnstability'
that. resulted raainly from d.c. resonance close Eo the fundauent,al fre-
quency of E,he a.c" systeE. consulted by Bpr represenEatives, Mr.

Àinsworth confirned that, the BPI instabillties were similar to those he

had experlenced at the Kingsnorth scheme. He recommended adding an

extra conErol loop (fIux control unit) in the valve group cotrlrol to
avoid the instabillty.

Manitoba Hydro purchased. Ë'wo such uniEs in Novernber, 1978 and placed

these uniEs in service on a trial basis. Ilowever, in spit,e of repeat,ed
ÈesËings aad eheckings, the flux unit,s D.ever seemed to work correctly.
60 Hz instabilit.ies contiÐ,ued to appear, especially in the summer of
f980 (Appendlx C).

As an intennediat,e step, BPr cont.rol was optimized by adjusting its pro-
porÈional and int,egral feedback of the current regulator so that the
di/¿t feedback could be uinim.ized.

Mr. Alnsr¡orth eras again consulted" After revfewing all the distur-
bances, he maintained that BPI had core saturation instability (although
iË was of a slightly different rype); and also indj.caËed thar rhe flux
control units were not funcËioning properly.

TPl 134-1 3s Page 7



In October 1981, the core saturation t,est was repeaEed ia the preserrce
of Mr. AlnsvorÈh, (Appendix D)" He uncovered a wiring error in the flux
control unit and he insisLed that c.ore saturation insLability existed in
the BPI system although there were doubts auong soue of Ehe Manltoba
ilydro engineers who wj-tnessed the EesLs. The steps Manl¡oba H.ydro is
Ëaklng at presenË are outlj.ned in Appendlx E,

TPI 134-135 Page 8



Chapter 3 - Theories relaEing t,o 60 Hz inscabiliries on Ehe d.c.

There are Ehree basic theories related to d.c.60 Hz instabitities. AII
three Eheories predicaEe Eheir principal causes on Ehe d.c. line wich a

natural resonance frequency close Eo Ehe a.c. sysEem frequency. The

Èhree Eheories are:
(a) core saËuraÈion instability
(b) a.c./d.c. harmonics resonance inscability
(c) h.v.d.c. conErol instability

This chaprer describes how

various instabilicies.
Ehe cheories purport to alleviate Ëhese

3.1 Core saturaÈion instabiliEy
As L,he name implies, Ehis particular inscability is related Eo

convertor Eransformer core saEuration. Core saEuraEion of Ehe

convertor t,ransformer can be caused by a nu¡uber of evenEs: solar
induced ground currenE, d.c. ground currenE, misfíre, uneven firing
as a result of oscillations on E.he d.c.; oE, in oEher words, evenEs

t¡hich produce a neE d.c. current. in Ëhe winding of Ehe convertor
Erans former.

3.1.1 Core saturation caused by ground current
A poEential difference is creaEed on Ehe earEh surface when

ground currenË flows Ehrough the ground. Two discribution
sEations will experience certain d.c. poEential differences
beEween their grounding mars depending on Ehe disEance beEween

lhe staËions in Ehe direction of -the currenE flow. D. C.

currenÈ v¡il1 Ehen flow Ehrough the neutral of Ëhe trans-
formers, Ehe Eransformer windings and Ehe lines that connect

the t,wo staLions. The transformers will be saturated to a

cerEain degree depending on Ehe magniEude of the ground

There are Er^/o v¡ays in which ground curren! cancurrent.
aPPear:

TPll34-135 Page 9



3"1.1.1

3.1"1.2

d.c. transmission u.onopolar operation
Ffg. 3 shows the iuterconnectiou of Nelson River a.c.
collector systern, the relatíve locat.ion of E,he sEaEion

grounds and t.he d "c. ground electrodes. t{hen BPII goes

into monopolar operaLioû, the d.c. current Ehat passes

through the ground electrode produces a potential gra-
dient oo the eart,h surf ace. This creat,es a potenËial
difference between the grounding uats at Long Spruce and

Radisson. Current then flows Èhrough the con.verter
transforner neutral, its windiags, and t,he lines Lhat
iaÈerconnect them, - all of which Ëends Eo saturate the
coD.verter transformers. The d "c. current has been

ueasured as high as 50 A 1n a neutral of a couverter
t,ransforuer during BPII nonopolar operation.

Solar induced ground currenÈ
The phenouenoa known as telluric currenË is induced in
the earth by the rnagnetic field of the earth. The varla-
Eion of the m¡gaeÈic field is believed t,o be caused by

fluctuations in the sEreâm of charged particles eroitted
by the sun. Some particles are posit,ively charged;
ot,hers are negatively charged. As È,hese particles
approach the earth, the earthrs magnetic fleld deflects
theu eastr¿ard or westward, depending on Èhe sign of the
charge. They forro a large ring of currenE around the
earth in an ecliptic pIane. If Ehis ring current \{ere
constant, i¡ meguitude, iÈ would cont.ribute only a sÈatic
coEponeD.E Eo Èhe earthts magnetic field. Ilowever, the
denslÈy of the st,rean of charged particles inËercepted by

Ëhe earth as 1t travels in its orbit varies with tine.
The resultant ground current flow also varies with tim.e.

ïhe peak to peak amplitude of this grouad current ranges
froo 0.4 ro 24OO MA/n. The large aroplirude is related ro
Ë1" so-called magnetic s torns r.¡hich are associated with
the heighÈened sunspoË activlty.
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These curreûÈs Eend Eo saEuraEe the core of ehe convertor Erans-

former symmetrically in aIl three phases since the d.c. currenEs
arc che same in all three phases. The second harmonic currenE and

voltage generaEed as a resulE of Ehe saturaEion, therefore have Ehe

same phase angle wiEh respect Eo ics fundamenEal phase voltage.

Let V2 be Ehe second harmonic volcage
ø be Ehe phase of che second harmonic voltage with respect Eo

the fundamenEal

A phase volEage

B phase volEage = B sin (wt
= B sin (wt

C phase volEage = C sin (wt

= C sin (wt

= A sin (wc) + VZ sír' (2 wt + þ)

+

+
120)
120)

240)

240)

+v2
*Y2

sin (2 (wt + 120) * ø)

sin(2wt*F*z+o)
Q(wE+z+ù+l)
(2wt+þ+120)

v2 ,in
ut sin

As demonsEraEed in Èhe above equaÈions, Lhe second harmonics gener-
aEed as Ehe resulE of che symmeErical saturaEion by d.c. ground

currenE is of negaLive sequence. IE can be shoç¡n ÈhaL a negaEive
sequence second harmonic converEs inEo 3rd harmonics on Ehe d.c.
and che ones with positive sequence inco fundamenEal frequencies.
Thus, core saturation caused by ground currenE does noE cause 60 Hz

oscillation on the d.c.

3.I.2 Core Saturation Caused by Misfire
tlhen a valve is ruisfiring persist.enrly, half cycles of rhe
valve winding currenL are missing. As a resulE, Ehis valve
winding currenÈ has a neE d.c. component which is approxi-
maEeIy one-Ehird of Ehe d.c. line currenE. This causes che

affected phase of the converter Eransformer Eo saturate very
quickly. Since Ehe saEuration of Èhe Ehree phases are as)rm-

metrical, positive sequence of che second harmonics exisEs and

results in 60 Hz oscillation on Ehe d.c.
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3. I .3 Core saturaE ion caused by uneven firing
When a 60 Hz oscillaEion appears on Ehe d.c. side, the recti-
fier currenÈ concrol alters the firing angle in an aEEempE Eo

regulate the oscillating d.c. current This uneven firing,
however, creaEes a net d.c. currenE component in Ëhe valve
winding currenE which Eends t,o saturaEe che converter Erans-
former asymreE rical Iy.

3.1.4 Core saEuraEion by 60 Hz frequency current on the d.c. side
I^/hen the d. c . I ine is resonanE aE 60 Hz, Ehe impedance of Ehe

fi.lrering circuit (along r¿irh Ehe line circuiE looking from

Ehe converter side) is relaÈively small aE 60 Hz. BPI line
circuit has a EheoreEical iurpedance of approximacely

50 + 3I'ohm aE 60 Hz. A small 60 Hz driving voltage ar Ehe

converter cerminal can result in a relaL,ively large componÈnÈ

of 60 Hz current. This fundamental current. converts inco a

d. c. componenE and second harmonic componenE in Ehe valve
winding currenË. As an example, Figure 4 shows Ehe resulting
Ehree phase valve winding currenEs when fhis fundamencal

currenE is in phase with chetAtphase valve winding currenÈ.
The fourier analys is of r,he valve winding currenÈ conr,enc

shows ,

Phase

dc ConEent (in p.u.
of the Fundamenral

CurrenE on the d.c. Side)

.7 07
-.35
-.35

2nd Harmonics
(aIso in p.u.)

A
B

c

.7 07

.7 07

.7 07

The d.c. componenE thaE appears on Ehe phases tends Eo satur-
ate Ehe converEer transformer core.

3.I.5 The concept of core saturation instability
The theory is based on che assumptions Ehat Ehe a.c. system is
weak (frigh impedance), and EhaE a resonance near t.he funda-
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mencal frequency exisEs on the d.c. side due Eo Ehe combina-
Eion of d.c. reactor, d.c. filters and d.c. line capaciEance.
The instabiliry starEs o'ff r¿ith a second harmooic (posir,ive
sequence) on che a.c. voltage, which can be caused by Erans-
former energizaE ion eEc. ; a fundamental volEage is generaced.

on Èhe d.c. side. since Ehe d.c" line circuic is resonanE aE

fundamenEal frequency, a relatively large fundamental fre-
quency currenE is generaEed. The currenE control responding
ro Èhis oscillation causes unequal firing. A neÈ d.c. com-

ponenc will appear on the valve wioding side. This Eends Eo

saLurate the converEer transformer core and exLra magnetízíog
current containing second harmonic is generaEed. An instabi-
tity occurs when Ehis second harmonic in Ehe magneE ízíng
currenE reinforces Ehe original pos EulaÈed second harmonic
volrage

3.1.6 The instabiliry of rhe Kingsnorrh - I,Jillesdon scheme

The KingsnorËh - i^lillesdon h.v.d.c. Link experienced this
instability, as reporEed by Mr. J.D. AinsworEh (ref. t); There
Èhe d.c. was resonanE rear Ehe sysEem frequency, and an anti-
resonance of Ehe 12th harmonic exisEed on Lhe a.c. side for
some of the a.c. system configuracion (rnainly a resonance
beEween rhe ltEh and i3th filrer) When this form of
instabiliEy occurred, Ehe oscillation on the d.c. was small,
but the a. c. system anEi-resonance magnified the l2th
harmonics component of Ehe magneEization currenE and caused
the filEer Eo Erip.

3.1.7 The insrabilir of the Nelson - River BpI

BPI's 60 Hz instabiliry is
instability. The cause and

slighuly from Ehe Kingsnorth
described in chapEer four.

believed Eo be core saturaÈion
effecc of BPI inscabiliry differ
scheme. These phenomena will be
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3 .1 .8 The Cure

This rype of insEabilicy has been successfully cured by adding
an exLra 'frux conErol loopt in the Kingsnorth scheme. The

funcEion of Ehis cont.rol loop is to mininize E.he sa¡uraÈion of
the converter Eransformer by alEering Ehe firing angle
slightly. The degree of converter Eransformer saEuration is
obtained through Lhe measuremenE of Ehe second harmonics con-
ponenc of Ehe magneÈizing currenE per core. The signal is
used to modulate Ehe valve winding currenEts signal; and, sub-
sequently, Èhe ouEpuE Eo Ëhe phase 10ck oscillaE.or of the
bridge conErol. This output signar has a very small ampritude
and its effect on Ehe normal operarion is negligible.

3.1.8.1 The detail operation of the flux control unit
A block diagram of the flux conrrol unit is shown in Figure 5.
The circuit can be divided inEo three parE s : - mean flux
measuring circuiEs, modulaËion circuíts, and Ehe mean flux
d.c. volcage condiÈioning circuit. A brief descripcion of
E.hese circuEs is presenEed below.

3.1.8.1.1 Mean Flux Measuring Circuits (one per phase)

These circuiEs first. extract a signal proporËional Eo Eag-
netizing currenE per phase of Ehe converEer transformer by
differencial connecEion of Ehe current transformers co line
windings and valve windings (it* - i,rr). The second harmonic
component is extracted from this and converted Eo a d.c. volL-
age by a phase sensitive recrifier, using Ehe a.c. line volEage
as reference. These three d.c. volLages are applied to volE-
roet,ers Eo give readings (wittr arbiErary calibracion) approx-
imately proportional Lo Ehe mean fluxes of Ehe converEer trans-
former.
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3.1.8. 1.2 Modulacion Circuirs
These circuiEs Eake signals proportional ro valve winding
currents and apply in a controlled amounE of each (adjuscable
in magnirude and polarity, by the mean flux DC volcage) E.o form
a EoEal a.c. modulating signal Eo the phase lock oscillator for
Ehe bridge.

The effect of che modulaEing signal is Eo change Ehe normal
regular valve firing pulses aE 60" intervals by stight Eime
displacements, in a paÈLern which will generace a conErolled
mean d.c. currenE. componenE in the Ehree valve winding.

The phase lock oscillaÈor in Bpr has an auxiliary input which
allows the frequency of rhe oscillator Eo be alrered sIighEty.
A positive signal Ehrough rhis inpur tends Èo slow down rhe
oscillaLor which delays subsequeoce firing pulses. A negative
signal Eends Eo do the opposite - advances Ehe firing pulses.

Figure 6 illusErates an injection of an a.c. sígnal propor-
tional Ëo 'A' phase valve winding currenE, into Ehe auxiliary
input of the phase Lock loop; and the resulEanL d.c. componenE

in Lhe valve winding current.

AÈ 'A'in Figure 6, Ehe normal firing pulse (riring pulse with-
ouE influence from inpuc s ignal ) is Ehe same as Ehe firing
pulse with the inpur signal. The nexÈ cwo firing pulses (B and
c) are delayed by Ehe positive porEion of rhe inpur signal.
Assuming t.he delay angle for firing pulse 'B' is X degrees,
then Ehe delay angle for firing pulse'c' is 2x degrees because
of accumulated delay. Similarly Ehe firing pulses'E,and'F,
advance by x and 2x degrees repectively as Ehe result of che

negaEive portion of the inpuE signal. The final'F'pulse
coincides with the normal firing puIse. The change in che

firing insÈance slightly alLers Ehe formarion of the Lhree
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phase valve winding curreo.t
individually.

Let us aaaJ-yze the phases

3.1.8.L"2.1 rA' phase valve winding current
the positive cycle of this phase has beeo increased by 2x de-
grees, and Ë,he negative cycle has beeu decreased by ZX de-
grees. The net d.c. couponenL ín Ehis phase ls proportional to
the difference between the positive and negative cycles. In
this case, the neE d.c. co'ponent is proporËional to 4X degrees
in the positive direction.

3.1.8"L"2"2 'Bt phase valve windíng currenÈ
The posit,i-ve cycle of this phase has a net red.uction of lx
degree (see figure 6). The negative cycle has an j.ncrease of
lx degrees- The d.c. component for this phase is proportional
to 2X degrees negatively.

3.1.8.L.2.3 'Cr phase valve windlng current
ïhe positive cycle has a net reduction of lx degrees and the
negative cycle has aD. increase of lX degrees" The neË d.c.
component is, therefore, proportional to 2x degree negat.ively.

The effect of this a.c. inpuË. signal becomes apparent when a
signal proportioned to the rAr valve winding curreût is injec-
ted inÈo the phase lock oscillator. 'A' phase valve winding
current has a net d.c. corû.ponent, which is t.wice as large as in
Èhe other tvo phases but with an oppositlon polarity. siuilar
conclusions can be roade for tBt aud tcr phase valve winding
curreuts if the respect,J-ve a.c. waveforms are injected iuto the
phase-lock oscillator.

uÈilizing this fact, Ehe flux controller modulat,es the indivi-
dual phases of the valve wlnding currenE by a factor r¿hich ls
deEentined by the saturatior of the respective phases. The
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modulated Ehree phase signals are Ehen sunrnaEed and ouEpuE

the phase lock oscillaÈor which subsequently produces a d.

componenE to rdesaEuratet the converEor Eransformer core.

3.1.8.I.3 Mean flux dc voltage conditioning
This parE of Ehe circuit deterrnines Ehe amount of modulaEion

required for Ehe valve winding currenÈ. The maLhemaÈ ical
expressions of Ehe circuit are

EO

Ka=(va-vb+vc)--r-
Kb=

Kc=

(i)

(ii)

(iii)

(VU - Va + Vc)
2

(vc-Va+Vb)_T

where Ka, Kb and Kc are È,he required modulaEing

valve winding currenc of A, B and C phase.

Va, Vb and Vc are Ehe mean flux volEages of A, B

facEors for Ehe

and C phases.

ln order to undersEand Ehe meaning of Ehe maÈhemaEical expres-
sions, Ehe capabi I ity and Ehe goal of Ehe flux conErol uniE
have Eo be defined. It is c lear Èhat the sum of the three
valve winding currenÈ musE be zero at aLI times, since chere is
no Eransformer neuEral on Ehe valve winding side of Ehe conver-
Eor Eransformer. The sum of d.c. componenE of che Ehree phase

valve winding cLrrrenu ruust be zero, and Eherefore, Ehe net
change of flux in Ehe cores of Ehe cooverter transFormer musE

also be zero. This means at besL EhaE the flux conErol uniE

can only balance Èhe flux in Èhe L,hree phase Eransformer core;
EhaE is, each phase having equal saturation. Therefore, the

flux E.hat needs Eo be changed in each phase is Ehe difference
beEween iEs flux and Ehe average flux of aII three phases; and

thus can be expressed by Ehese equaEions.
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Ka=Va-Va*Vb*Vc=2(Va-

Kb=Vb-Va+Vb+Vc-_-
J

Kc=Vc-Va*Vb-+Vc

Vb + Vc)
2

( rv)

(v)

(vi)

(Vb-Va*Vc)

=2(Vc-

IE is quite evidenE Ëhat equation iv, v, a!.d rri are the same as

i, ii, and iii excepË for the constant of .667 " This constanL

has been Eaken care of by other gain in Ehe circuiE. It 1s

also qulte evident, that Ëhe unit will noE do anything if the
. converter transformer core has equal saturatlon, as iu the case

of ground current flowing through Lhe transforrûer windiags.
Let Va = Vb = Vc (equal flux), then Ka = Kb = Kc = 0 by equa-
tion (t to vi). The outpuE of the flux contror unit is there-
fore zero. As was explained fn sectlon z.L.L, such synmetrical
saturatlon does not cause 60 Ílz oscillations on the d.c. and

therefore does not induee core saturat.ion instabÍlity.

3.1.8.2 The effectiveness of the flux control unit
BPils flux control unit r^ras aot, working properly initially. a
wiring error riras laEer f ound by Mr. Ainswort,h during the
testlng in October, 1981. I{e demonstrated the effectiveness of
flux control uoit Ëhrough testing procedures (Appendix F),
during r¿hich the converter Lransf ormer \{as saEurat,ed. by m.is-

fires and Eransformer energizatÍons (force oscillations) with
and without the flux conÈrol uniË, in service. tr{iEhouÈ Ehe flux
conËrol unit ln service, the flux in Ehe core llngered on after
the force oscj"llation had dlsappeared. I.]ith the flux conËrol
uniL in service, the flux io the core dininished very quickly;
but the 60 Ez osclllatiorrs on the d.c. voltage persisE.ed. l"fr.

Ainsworth explained thaL this fextra'oscillation lras the
result of the flux conÈrol unit aEtenûpÈing Ëo fdesaturaLet Ehe

t,ransformer. The flux control units in BPI are now believed to
be funcËional and can elininate as)nomeLrical core saturation.

_a

J
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3.2 a.c"/d.c. harnonics resonance lnsËability (ref. 5)
Ïhe concepË of this Eheory based its instability mechanism on the
harmoni.cs conversion through Ehe d.c. bridge and a 60 Hz resonance

d"c. l1ne. The rnethod used by the author analyzed the converter
in more deta1l than other methods deallag with the sane subject.
Thls nethod, unlike classical methods, calculat.ed a"c. harmouÍcs

and d"c. hanronics based on a non-infinite a.c" and d.c. systeu.

The technlque was essentially an it,erative procedure iu which the

a.c. and d.c. harnnics voltage and currenl were repeatedly calcu-
lated with the lnclusion of the conLrol actions. rn Ëhis way, the
steady sË,ate harmonics r¿as calculated. If Ëhe solution couverges,
the system being analyzed is said to be stable. rf Lhe solution
diverges, the syst,en is assumed unstable. The procedure caû be

briefly described as follows:

t) Assu¡oe an initlal a.c. vortage it can be either balanced,
sinusoidal or unbalanced voltage.

2) Based on (1), calculate the valve firing instants using Ehe

selected pulse generaLor method.

4)

3)

s)

Using (1) aud (2) calculare rhe d.c. side voltage.

based on (3) and the d.c. side

sËep (2) and Lhe d.c. current
side currents "

Calculate the d.c. side currenL
impedance"

Based on the firing instants of
in step (4), calculate the a.c.

6) ' Using the result in st.ep (5), the assumed a.c.
impedance, calculate the ne-¿ bus volt.age.

system
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"\ Repeat the process from step (l), if the ner¿ bus volEage is
significanriy different from step ( i ).

The paper concluded that 60 Hz instability could occur even

ç¡iÈhout Ehe mechanism of core saEuration. It only required a

d.c. circuit resonanE at fhe sysÈem frequency and a weak a.c.
syscem. The normal constanE current feedback Ioop rras in-
effective for this type of instabiliry.

Control instability wiEh rhe DC resonance close to Lhe fundamental
frequency.(ref. 6)

This Eype of instability was first observed during Ehe Èrial opera-
tion at the Shir-Shunane converÈer staEion in Japan. The problem

was sEudied and analyzed boEh mathematically and by siruulaEor; and

Ehe findings confirmed Ehe suspecEed instabiliÈy. MarhemaEically,
t.he problem rras analyzed using a non-linear control loop modeI. As

in the simplified version of non-linear conErol loop in Figure 7,

G(S) is a linear conLroller and N(E) is a non-linear quantity. For
a self-sustained oscillation condiÈion, ir may be wriEten as

3.3

or

( j-^')

( jw)(J

.N(E)=- I

=- I
NÏ-r) (vr1rJ

Figure 8 is Ehe detailed block of Ehe model. rr conEained Ehe

sÈandard d.c. cootrol loop wich additional frequency conversion due

to recEification; Ehat is, second harmonic volEage on Ehe a.c. side
converts inro fundamental componenE on Ehe d.c. side while the
fundamenÈal componenE of Ehe d.c. currenE converEs into the second

harmonics on Ehe a.c. side. The contribution of second harmonics
caused by core saturation was noL included.
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The stabllity was determined by plotting Ehe vecEor locus of t.he

linear transfer function G(S) and the non-linear portion - l/N(E)
on the same complex plane. rf the locus of the non-linear portion
- l/N(E) was encircled by G(S) at fundamenÈal frequency, the sysr,era

t¿ould be unstable (derive from eqn viii) " rË \{as found that
instabllity could occur r¿ith a cert.ain choice of parameters of E,he

currenË controller cornbined v¿1th ae/dc systeB impedance. I,¡ith a

proper cholce of control based oÊ the outllned analytical ueLhod,
be Ëhe lnstability çras eliminated.
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Chapter 4 - Analysis of BPI 60 Hz Instabilicy

There are a total of EhirEy-three cases

recorded as in Appendix C. 0nly fifteen
classified as 60 Hz insEability. These 60

divided inEo Ewo categories.

(a) 60 Hz instabilicies
trans forroer energizaE

iaced by force
and misfire.

of 60 Hz disEurbances

of Ehese cases can be

L7z insEabilities can be

oscillaÈions such asrnrE

ion

(b) 60 Hz insEabilities ÈhaE \rere sEarred wirh
causes

no aPParenE

In this chapEerr Ewo Eypical cases of the force oscillaeion type
are analyzed based on Ev/o of Ehe three cheories described in Ehe

previous chapter. A fortuitous event is also described Eo show how

Lhe third Eheory may be applied. Finally, comparisons between

Chese Ehree theories are presenE.edo based on acÈual BPI exper-
iences.

4.r
In some of BPI's 60Hz disEurbances, Ehe instabilities had been

iniriated by prolonged 'force oscillacionst, such as severe Erans-
former energization, or persistenE misfire. The core saEuration
instability in Lhe Kingsnorth - I^Iilledon scheme did nor require
Ehese initiacing events.

4.2 July 30, L98l disturbance analysis
The configuraËion of the norEhern collector sysÈem prior to the
disEurbance is shown in Fig. 9. The Èransienr fault recording is
included in Appendix E.

BPI 60 Hz instabilitv initiared by force oscillations
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Reference

(in
Time Cyc1es) Events

2:L3 00 VGII suffered a spot transfer
(Spot transfer protection blocks
the faulted valve from conducting
f,or 14 cycles)

L4 Spot transfer protectlon reseË

releaslng Ehe faulted valve

2l VGII suffered another spoË transfer
35 VGII tenporary block - VG asymmeLry

protection operated afLer Elro

consecutive spot Eransfers.

76 VGII deblocked afrer tenporary
block expired

85 VGII suffered rhe rhird spot
transfer

99 The third spot Eransfer reset

150 Long Spruce generator tripped by

its inpedance relay (overload) 160

MVA for 1 sec delay)

L73 Pole I blocked by d.c. filter
asyEuetry protection.

188 Pole 2 blocked by d"c" filrer
asymÐeLry proËectlon.

Comments

Very liEtle osclllation
on Ehe d . c. seen af t,er

the rnlsf ires.

More oscillation could be

seen on Èhe d.c. volËage

after the second spot

transfer.

More oscillat,ions on the

d.c. voltage. The oscil-
laÈion contains a large
amount of 4th \{ith a lit-
t1e biÈ of fundament,al .

The oscillatlons on the

d.c" voltage changed in
iLs harmonlc conËeut. IÈ

contained uainly the

fundamenEal with little
fourth harnonic.

Pole 2 oscilliaE.ion con-

Èlnued Eo grow eveÊ as

pole I was blocked.
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4.L "2 Analysis

This \.¡as a classical case ot 60 Hz instability which occurred
as a resulË oftforced oscillationst; oE, ln other words, the

repeated misfj-re (spot E,ransfer protecË1on produces approx-
lnately L4 cycles of nisfires) " The prloary core saturat.ion,

as previously explained, \{as produced by roissing half cycles of
the valve wfnding currerit of Ehe nisfirtng phase. The sec-

ondary core saturatiorr was caused by uneven firing by curreÊt
control, 1n arr atteupt to correct the 60 Hz oscíllaEions
brought about, by the misfire.

Since various harnonics generated from core saturation (Ref. 7)
reflecE themselves as oscillations on the d.c. volEage, the

severity of core saturation can be measured by Lhe arnplitude of
the osci.1laÈ1on on the d.c. volÈage (in the absence of'force
oscfllationr by nisfire). The oscillation on the d.c. volcage
increases after each sequence of uisfire due to spoË transfer
protection, indicating the converter transformers are beconlng
more saturat.ed (see appendix F). The effect of the a.c. systeu
impedance on the oscillation on the d.c. could be observed aE

150 cycles r¡hen Long Spruce unit Eripped. prior to Ehe

tripping, Èhe a"c. sysËen was resoûanË at, around 3rd harnonics
(impedaace of 293 ohms ar,180 Hz, see Fig. lO). The oscilla-
tj.on on the d.c. was predornínanÈ1y 4th harmonics (3rd haruonics
on the a.c. síde converted Èo 4th on the d.c. side), and the
oscillat,ion \{as self-sustaining (neicher lncreasing nor
decreasiug). Once the Loog Spruce geûeraËor Lripped, the
oscillation on the d.c. became predominantly fundanental. The

systeE inpedance resonances had shifted wiLh the first
resonance at I40 Hz (Fig. 11). The second har¡aonic inpedance
increased to 193 ohm frou 63 ohu.

The second harmonic voltage increased correspondingly since
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the nagnetizing current of the saturated convercer transforrner
remained unchanged. The increase of the second harmonic volt-
age subsequently converted into an increase of the fundamental
voltage on the d"c., and thus accelerated the insEability.
The oscillation oD. the d.c. continued to fncrease until the
bipole r¿as blocked.

Hence, this disturbance has shor¿n the effect of Ëhe second
harnonic impedance oE this instability it set in ,oore

quickly with higher second harmonics inpedance. There is
another theory (described 1aËer in this report) as to how Ëhis
dÍs t,urbance roigh È have developed into anothe r type of
lastability, based on a.c. sysLen iupedance.

4"2 October. 27, 1979 60 Hz instability as a result of t,ransfo¡uer
energizaËion
The dÍsturbance t¡as

testing at H.enday.

Hz instability and

prot,ecEi.on. This
instability due Eo I

4 "2.t Observation and analysis
Prior to the energization, both the d.c. and the a.c. volÈages
were normal, and there was no slgn of instabiltty. The system
configuration is shown in Fig. L2. i^Iheu the Lransfonûer !¡as
energized at Henday, considerable 60 rlz oscillaÈion appeared
on BPI d.c. voltage, and started to decay (transient fault
recording is attached in Appendix G). All these r¿ere normal
occurrences for transformer energizations. Aft.er the oscilla-
tlons decayed for approxinarely 60 cycles they scarted. to
increase, whlch indicated that 60 Hz instabiliÊy had begun Ëo

set in. Core saturation insLabllity started at this point
instead of at the beginni.ng of the oscillaEion.

iniËiaËed during transformer energization
In che second test, bipole 1 wenË into 60

was blocked by its d.c. filter asymmetry

disturbance !¡as classified as 60 Ez

forced oscillation'.
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The moment E,he 60 Hz oscillation appeared on Ehe d,.c. side, a

d"c" cornponent, which was proportional to the anpliËud.e of Lhe
60 Hz oscilIati.on, appeared in the valve winding currenE,. The

Eanner in which the ampllÈude of the 60 Hz osclllation decays
for a norual transformer engergization,shows a profile sinilar
Ëo an expressÍou A exp(-t/tt)
when A is the initial anplitude of the oscillation at, t = 0

T1 is the tine con.stanË of decaying raEe

r is Ëhe tiue

The d.c. co'ponent in the valve winding currenÈ would, there-
fore, have the same profile" Given the d.c. current, the
saturatlon of the cotrverter Ëransforuer can be derived as shown

in Appendix H. rE turned ouË t,hat t,he flux increased in a fonn
of [exp (- t/Tr) - exp ?t/TÐ] (profiled as in Fig. 13). This
neant the most severe saturation occurred some time after the
initlal oscillation (.3 3 sec depending o,' the sysLeE
iupedauce). rt is, Lherefore, quite conceivable that the core
saturation instabllity did not occur until the saturation
reached a high enough level.

4-2.2 BPr 60 Hz insËabilities with no apparent initiating events
These disEurbaaces (case 9, L4, 15, L6, Zl and 24 in Appendix
c) ' unlike the previously described forced oscillations,
ocurred when Lhere were no apparent initiaEing events. They

ranged from absolutely nothing t,o relatively mild switching,
such as sviËching off a generator(s) several m{nutes before Ehe

lnstability occurred. A typicat characËeristic of Èhis type of
lnstability was that the oscillation built up very slowry.
Ttris slowness aod its unpredictability led to the conclusion
that iË was the core saËuraÈion instability as Mr. J. ainsworth
originally described in hls paper (ref. 1).
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4.2"3 Other 60 Hz disturbance
These disEurbances could not be classified as 60 Hz insÈabillLy
because oscillations in these instances decayed until Bpr was

blocked by its d.c. filter asynmetry protecEion. Transformer
energizaËi-ons initiaued Ehese oscillations " As explalned in
secLion 2"L.2, the magnitude of Lhese oscillaEion depended on a
number of system paraneEers and was of a statistlcal naÈure.

4"3" Applic4tfon of rhe concept to rhe analysls of the July 30, 1gg1

disturbance
Whar follor¡s is an aÈtempE to analyze portions of Ehe July 30,

1981 disturbance (described in section 4"2"1.1) ulrillzing Lhe

conclusion of Ehe theory of , a.cfð..c. harmonics resouance

instability' described in secËion 3.2.

Ooe of the conclusíons made was Ehat.in a d.c. scheme where the
d.c. line is resonant close to the fundamental frequency, and

the a.c. system has relaÈively high second harnonic impedance,

60 Hz instability cao. occur with or wlthout control action.
For simplicityts sake, the action of control has been ignored
1n the following analysis. The process on which the iostabil-
ity thrives is lllustrated in Flgure L4. Briefly, a second
harnoni.c volÈage on the a"c. side converts into fundamental
frequency volEage on Èhe d.c. slde; and, because of the
resonance of the d.c. ci.rcuit, a relaEively large fund.amental

frequency current is geoerated. This current. 1s recoriverted
lnto second harnonic current on the a.c. side. This second

harn'onic current, in Eurn produces second harroonic voltage on

Èhe a.c. thus fonoing a possi.ble regeneration loop. As in
conÈrol theory, instability of this loop occurs when t.he loop
gain equals or exceeds one (phase angle has been ignored in
t,his sinple analysis). Matheuatically,
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Loop gain = Zac2 cB . ydcl cB > 1 (vii)
Zac2 Ls the second haroonic a.c. systen irnpedance

GB galn factor the conversion process through the
brldge. - maximum is "707

Ydcl is the fundamental adm_irtance of Lhe d.c. line
circuit, BPI is found to be at, 50/+ 31' ohms

at 60 Hz.

Thus, by subsEltuting rhe appropriate value in equatiou (vii),
the m'ininum second harmonic a . c . sys Ë,em impendance that will
lead to this type of lnstabiliry is found co be 100 ohms. If
the phase angle of Ehe inpedances is included i.n the analysis,
higher second harnonic impedance will probably be needed for
instabillÈy to occut.

rn Lhe July 30, 1981 disturbauces (as described in sect,ion
4.2.1.1), second harmonics system impedance Zae2 was thought to
play a role in rhe instability. prior to Lhe tripping of the
Long Spruce generator, Elne Zac2 was 63 ohms, the 60 Hz oscÍ11a-
tion on Ëhe d.c. !7as stable or night have been increasing at, a
very slow rate. Aft,er Èhe Long Spruce unlt tripped, Eine Zac2
!¡ent up to 193 ohms, and the oscillatiou increased dras-
ticalIy. These phenomena support this theory and the ca1-
culaLed second harmonic impedance of 100 ohrns for instabflity.
I{hen Ëhe Zae2 of, the systen was below the 100 ohms, the oscill-
ation was stable; but once it reached a configuration r¿here the
Zac2 exeeeded 100 ohms, Èhe instability seË in.

The present analysÍs in no vay attenpt.s to prove Ehat BpI
experlenced chis type of instability; rarher, it serves
nerely Eo explain this particular dist,urbance. InstabilÍ-uy of
BPr in other dist.urbances had occurred. r¿iEh zacz at less than
l5ohns. This investlgation Èherefore does not apply Ëo these
di.sturbaaces.
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4.4. BPI control modification
As mentioned in Chapter 2, Ehe BPI currenE regulaÈor \tas

rnodified in November 1980 The purpose of the uniE's

nodi ficacion \¿as E o ad jus r i ts incegra I and ProPor t ional

feedback in order Eo minimize t.he di/dt feedback. The

criLerion here required thaE Ehe control respond well for a

s Lep change in current order, âs well as for 60Hz

oscillaEion. The current regulaEor was fhen modified from ghe

circuit in Figure l5 Eo Ehat in Figure 16. Since Ehen, Ehere

has been no 60 Hz inscabilicy. IIas the 60 Hz instability

unintenEionally been alleviated by conËrol changes? IE may

indeed be Eoo early to tell. A close look aE the modification

reveals thaE ir does noE differ significantly from Ehe o1d

circuit, especially at 60 Hz.

The following are the comparisons of the Lwo conErols

Trans fer
func E ion

S E eady
SEate at
60 Hz

vo
1;:v1

uo(
\/'

(s)

old circuit (rig. l5)

-91.6
I i+.0069s1

-25v68"

modified circuit (Fig.l6)

-'l Qa\e' 
[1+o.oo26s]

s

-257¿45"j')

Except for 23" difference, Ehe gains of Ehe Ewo circuiEs are

almost ident ical aE 60 Hz . The o E.her change made was Ehe

reduction feedback from.5 p.u. Eo .3 P.n. However, Ehere has been

disEurbance in ç¡hich Èhe di/dL setting r¿as below'3 P.t'(see app-

endix C, case 16) . It is, therefore, difficult to relaEe these
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changes Eo Ehe seeming Iack of 60 Hz instability subsequent
feedback reduction.

Eo

4,5 Discussion of BPI 60 Hz instabilities based on rhe chree rheories
Detailed scruÈiny of the encire range of 60 Hz instabilities exper-
ienced by BPI (appendix III), indicated EhaE Ehey had occurred. more
ofEen r¿hen Ehe di/dt feedback set,Eing was high. This tendency can
be explained by boEh core saEuration instabiliy and con¡rol instab-
ility.

In core saEuraEion instability, the saturation of Ehe convertor
transformer is induced by uneven firing. The machanics of Ehe

uneven firing are similar to Lhe action of ehe flux conEroller, as

shor^m in Figure 6. The degree of core saturation is propor¡ional
t.o the severiÈ.y of Ehe uneven firing. The main cause of Ehis
uneven firing in Lhe case of BPI is lhe di/dt feedback which is
over Een Eimes (cr¿elve times when di/dt = .3 and twenEy Eimes when

d i/dt = . J ) the normal currenE feedback for any osci llat ion.
Therefore, increasing di/dt signaled more uneven firing and Ehus

more transformer saLuraLion; which in Eurn meanE LhaE Ehe likeli-
hood of achieving core saturaEion insuability was correspondingly
h ighe r.

The effecr of di/dr setting on conErol insEability r^ras more
straighEforr¡ard. Higher di/dt feedback meant higher roop gain,
which could puE the control sysEem inLo an unsEable region under
certain operat.íng condiEions. using the concept in secEion 3.3,
Ëhe siEuation can be readily seen. As di/dt increases,

le(s) l, che gain of the linear conEroller increases also. TheII
circle of G(s) on E.he coruplex plane is enlarged. Therefore, úore
of Ehe -llN(E) Iocus is encircled by G(s) (ir was said Èo be

unstable if -1lN(E) was inside Ehe circle of c(s)) and Èhus Ehe

d.c. is unstable in more siEuaËions.
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The fact thar BPr on many occasions had required a big'kick'by
forced oscillation before instability could set in suggested Ehat.

ics insrability \rere noE consistenE with the Eypes described in
secEion 3.2 and secrion 3.3. These rheories implied EhaE the
instabilicy required only a very small perEurbat.ion, which úeenE

thaE the system should have become unstable even before che'force
oscillation' had occurred. Moreover, sysEem configuration, which
was idenEical to some of the disturbances, had been used during
EesÈings without inducing instability. The core saEuraEion, on Ehe

oEher hand, based its mechanism largely on the saturation of the
Eransformer core. rnsEability rnight noE occur until a certain
degree of core sacuraÈion had been reached. Remnance flux left in
E.he Eransformer core from previous disturbances, as well as Ehe

duraLion of 'forced oscillarions', became significant facEors in
the formation of Ehe ins cabi 1 iry. The 60 Hz inscabilit ies
experienced in BPr are Ëhus believed Eo be oftcore saEurationl
or ig in.
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5 " ConclusÍon

1. BPI 60 Hz inst.ability nas roainly of the 'core saturatlon type as

described by Mr. J. Ainswort,h, although it varied sllghtly fron his
orlginal concept.

2" BPI 60 Hz tnstabillty was found in sone lnstauces to requlre
tforced oscillatj.ons' Ëo kick the system inËo instabillty" occa-
sionally, hovrever, the instabiliËy had occurred r¿-iÈh no apparenc
cause.

3. There were signs Lhat other Eheories of.6O Hz Ínstabilities uight
also be involved.

4. a.c. systen impedance had been found, to affect Bpr 60 Hz insta-
btlity.

5- The priuary cause of the instability vas Lhat the d.c.line, along
with its term.inaEion riras found to have a nat,ural frequency close to
the system frequency.

6. The di/dt feedback setting was shown Èo be an imporËant factor in
Èhe forroation of 60 Hz insËabiliLy.

7 - Manitoba Eydro had. reduced the Eime delay of valve group asynmeËry

Protection in an att,enpL to mìnimlze Èhe effect of forced osclll-
ations due to nlsfire.

8. Manltoba Hydro had d.esensitlzed Ëhe d.c. filter asynEetry protect-
fon which had been trlpping the pole in all the 60 Hz disturbances.
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BPI DC FILTES ASYI'iYETRY PROTECTION AND ITS SETTING

Introduct ion

During transformer switching, severe 60 Hz oscillacions appear on the BpI
d.c. voltage. They are caused bv the second harmonic volcage produced by the
inrush currenÈ. On a numbr'r oI occasions, these oscillations were sufficient
co set off the filter asymmctry pr()tection and Ehus block a pole. These dis-
Eurbances were considered Eo be undesirable. There are Èrdo proposals 'pre-

senÈly under consideraEion Èo overcome this: raise Ehe setcing of d.c. filter
asymmecry protectionl and supervise the proteccion r¿ith a raÈe of decay
deÈection2. This report examines the above Ewo proposals end recoornends &

necessary course of act.ion"

Discuss ion:

The d.c. filrer asyrûmetry proLec

tions (the deEecEion points and

designed to detecE osci i IaÈ ions
the oscillacions exceed a certa
operates.

tion is part of a sysÈem of asymmetry protec-
existing setÈings are as shoç¡n in Fig. II)

of 60 and 120 Hz in the d.c. voltage. Once

in amplitude end time delay, the protection

Bipole tI has two asymmeLry protect ir.rns (Fig 3): 60 Hr. I and 60 Hz II. They
are similar ro Bipole I asymmeÈry protect ions. ' The 60 Hz r is seÈ at
40 kVrms for 200 ms. and the 60 Hz II is set ar 80 kVrms for 25 ns. Their
functions are for proEecEion again.sE persistenÈ commutation failure, oisfire,
and for simi lar faul ts in the rcmoIe staÈion during te]ecom failure. Since
very I ittle has been documentt:d about the purpose of the asyuraretry

ProrecLions on Bipole l, i c appeürs reasonabie ÈhaÈ BpI is provided wi¿h
asymmecry protect ions for the simi I ar reasons as Bipole 2.

The existing level setÈings
( 30 kVrms ) and the conver ror
Ehat they are meãnÈ for nri s f

o f the va I ve group asylmeÈry proCect ion
sidr: asymmetry pr()cecfion (40 kVrms) euggesC

i re or comrnutaE ion fai lure which produces an
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amPlitude of approxinately 50 kVrms of ó0 Hz in the valve group voIÈage and

around 35-42kVrms (as in table i, the measuremenc of the rconverÈor side'
voltage ltas not reliable because oI the presence of large aoount of 6th and"

l2th harnonics) in the 'converIor side' voltage. The 60 Hz oscillations aÈ

thetconvertor side'was Lower ¡han the valve group because of conErol action
of the current regulator. This still leaves the d.c. filter as)¡rûÐ€Èry

procect ion setEing oE' 22 kVrms ln otrestion.

The asymmecry proiecÈion across the d.c. fiit
cion. The d.c. filcer is fully proÈecred by

protecEions (See AppendixAff). The d.c.
voltage than the exisling 22 kVrms setÈing on

er is not a d.c. filter proEec-

iEs overvolcage and overcurrenÈ

fi l cer can Eake a ouch higher
Ehe asyumetry proÈecEion.

This 8s)rmeEry protecEion is thus believed to be a back up proÈection for
other as)¡r¡Enetry ProÈections. wich Ewo lines operacion, as before ly7g, Èhe

Iines \.tere nol resonant at 60 Hz, and Ëhe 60 Hz volLage at Èhe d.c. filcer
was therefore approximately hal E the voltage at the converter side. The

existing seÈEing of the 2? kVrms for Ehe asymmeÈry protection across Ehe

d'c. filter would Ehus provide rhe back-up proteccion for 2 line operation
against misfire or commucaLion failure. (¡lisfire or cormuEaÈing failure
r¡ould produce approximareiy 45 kVrms osciilation on the converEor side) Hi¿h
one line operat ion, however, the I ine is resonant at 60 Hz. The 60 Hz
voltage is larger at Ehe d.c. filter than at the converÈor side as indicated
by the misfire tests (See AppendixAl). The lowest 60 Hz volEage observed
across rhe d'c' filter was above 60 kVrms for misfire (3 vG operation). Any
seEting Iower than 60 kVums is theretore suIficienc Èo dececl uisfire.

Ïne Èypical cirarâcteris¡ic <-¡f che ri.c. osci. lLation caused by Eransfo.rmer
energization is that Ihe osciLlations buitd up very quickly in the first Erdo

cycles buÈ decay slowly thereafrer. .A,fter reviewing a number of evenca of
thi's tyPe, especialty Ehe ones thaE had caused the pole to block, one could
observe Èhat the 60 Hz volÈage oscillaEions ac the rect.ifier d.c. line
Èerminal decayed to 50 kvrms and lor¿er (as shor¿n in Fig I) at 1.5 sec. Based
on the resulc of misfire test, Èhe voltage âcross the d.c. filter r¿ould Ehus
be 33 kvrns at L'5 sec. The d'c. filter asy*neÈry protecEion.,¡ill cherefore
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noÈ oPerste f.or transformer energizaEion i f its level setEing ia higher ¡han
33 kVrme r¿ith a time delay longer Èhan 1.5 sec.

Froo the above discussion, Èhe range of level aetting for d.c. filter
8sy@etry ProEecEion becomes apparanÈ; it has Eo be higher Lhan 33 kvrBs Eô

overlook Lransformer energizaEion and has to be lor¡er than 6O kVrne to
provide backup Protection for misfire and commutation failure. A seÈEing of
50 kVrms is ttrus recommended.

A Èine-deIay setting longer Èhan 1.5 sec duration (at 33 kVrme level) is
required to overlook transformer energization. The existing tine-delay
seÈÈing (2 sec) neeÈe this requiremenÈ. No chahge to the tioe-delay setting
is required.

There was anoÈher concern thal lhe d.c. fílrer as),trmer,ry prorecticín is a

ProÈecÈion agajnsc a complete faílure of control and protection including the
telecom at the remoÈe staÈion due to dead batteries. Since protection aÈ the
remote sEarir-¡n r.ri I i not be able Èo take âct ion and Èhe last tt¿o conducting
valves sEay conduct, large amount o f 60 Hz r¿i I I be injected inÈo d.c. The

d.c. fi Iter asymmerry protect ion aË the local staEion should be aeneitive
enough to deEect this situation. The recommended setting saEisfies this
requireraenE as evidenced from Èhe tesE results in table 1.

The idea behind the proposed rate r.¡f decay supervision Ehat is under consi-
deration by che HvDc Task Force is to block the pole asymúeÈry proÈections
(both converter side and d.c. filter) when the oscillation is decaying anil
thus n<-lt block a pole unnecessari ly for Èransformer energizacions. This is a

workabl e scheme. However, the s I ope detector supervis ion is noÈ necessary
for Ehe fol lowing reasons:

The converter side asymmetry proÈection does not need slope detecÈor
supervis ion because this proEect ion has not operated for transforuer
energizations in Èhe pasr. Its exisÈing seÈting of 40 kvroa is high
enough ÈhaÈ it r¿il I not operate for transformer energization (only
apProximaEely l6 kVrms at i.5 sec. appeared on the converter side during

,.ffi
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t.r ans former energ i zat ion
!18ure Il.

July 16, t80 discurbance as shown in

If this reporcra propoeal of setting d.c. filter esynø'l€try protection to
50 kvrus is carried out, pole blocking caueed by Eransforær energiza-
tion r¿ill no longer be a problem. The slope detecÈor will unnecessarily
cooplicaÈe the ProEection. Moreover Èhe rel iabil ity of such gchene hae
yet Eo be proven.

Conclusion:

(a) From Ehe limited documenÈation that is available on the subject of BpI
¿lsymeÈry proÈecËions, it appears thaÈ the asymeÈry proÈection across
the d.c. filter can be regarded as a back-up to other asy@etry protec-
tione, including Èhose in the remote station

on

ch anged

to s in-

,t.

(b) The seÈting of rhe d.c. fi r rer asvmmeLry protect.ion shourd be
because of the change in the Iine configuration from double Iine
gle line, the Iatt.er c.nfiguration being resonanÈ at 60 Hz.

(c) Pole bìocking caused by lransformer energization can be eliminated by
raising the seÈring of d.c. filter asymmetry protection to 5o kvrms.
This çi 1l not prevent the d.c. fi lcer asymmetry from deÈecÈ ing persis-
Eent misfire or commuEation failure.

(d) For

raEe

Recomrnendat ions:

The fi I ter asymmerry proEect ion
to 50 kVrms (¿iat seÈcing from
change to irs Èjmer setÈi ng of. 2

Èhe

of
recom¡nended secting on Èhe d.c. filter aByElleÈry proÈecÈion the
decay supervision is not required.

(a)
seÈ t ing should be changed f.ron, 22 kVr¡os

25 Eo .50) at borh staÈions ç¡iÈhout any

sec. .
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(b) The raEe of decay supervision that. is being considered by the HVD€ Task

Force for the pole asymmetry protecEions across VGs and the d.c. filter
is noÈ required.

(c) The manufacEurer should be conEacted to veri fy our aBsessnenÈ of Èhe

asyometry pro Eec tions.

References:

( I ) "Bipole I DC Fi iter AsymmeÈry Protection and Its Setting", by

D. Tang.

(2) "Supervision of Pole AsymmeÈry Protectiont'by Mr. B. Hillis.
Daced 8i 05 05 Fi le 23470.
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No. of
VG in
!-grv_lJe_

3VG

2VG

IVG

Ly_erl

Dsy -onun.
Failure

ll

lt

Dorsey vol taqes
Ete_tiãe--ì:--fi1-r e F--lì nã

VG

VG

VG

2

ì

r4o kv (4e)

r60 kv (56)

rB0 kv (64)

tìad. I'li s.

Rad-His.

Rad. þli s.

N0TE: The nunber outside the bracket is

These tests were done on June l0u

VALVE HISFIRT TTST RESULTS

260 kv

300 kv

360 kv

ì 0o kv (3s)

B0 kv (28)

B0 kv (28)

TABLE 1

(s2)

(r06)

(127)

400 kv

560 kv

660 kv

DT/eh
I g8t 06 23

200 kv

260 kv

320 kv

(l4t )

(leB)

(233)

(70)

(e2)

(ìr3)

340 kv

500 k\/

660 kv

Radi sson vol taqes

a peak to peak

l9Bl. Þlisfire

(120)

(177)

(233)

260 kv

330 kv

450 kv

(e2)

(117)

(r5e)

value. The number in

was initiated on VGIì

200 kv

200 kv

240 kv

240 kv

360 kv

600 kv

(zt ¡

(7t )

(85 )

r^

OJ

òo
(ú

Þ.

(85 )

(127 )

(?12)

rli l

,Il

fl
g

I

å

I

å

I
I

I

I

¡

,

å

t

r2s kv (44)

ì20 kv (42)

roo kv (3s)

IBO KV

200 kv

380 kv

the bracket is a r.m.s. value.

of both statlons.

(64 )

(7t )

(134)

ì00 kv (3s)

H0 kv (3e)

r20 kv (42)

@

1

I

t

$

T
I
é

ß

fr

d



I.l:,five BPI (per poìg Ulrjs) asynmerryprotectìons monjtor the foi lówiñé voìt-ages and their settings: '."J

(a) voìtage across VG l. Set at 30 kVrmsT.D. 500 ms.
(b) yo]tage across VG 2. Set atï.0. 500 ms.
(c ) vo'l tage acros s VG 3. Set a tT.D. 500 ms.
(d) Vgltage at'convertor side'. Set at40 kVrms T.D. Z sec.r') 12l!.?i,*: il¡],¡;,¿¿1.'. ser at

_L\
Tì
leLI

\):

30 kVrms

30 kVrms

Figure 2 Ïhe I ocations of Bpl asyrxmetry protect'ion moni torings

_L\\
T) I-u ?Cr I

\"?

60 Hz protection monitorings

ïhe two Bpll (per pole
protections monjtor the
60 Hz voìtage and their
(a) 0O Hz I set ar 40
(U) 0O Hz II set ar 80

basÍs) 0O Hz
' fi I ter sfde'
setti ngs are:

kVrms I 50 ms
kVrms 25 ms

Fjgure 3 The location of Bpll
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A ownai t I
iì|i!rl \tiY l)!. )l lsljllì1., l'1.:sl:i (¡i I t)6 l0)

Thc Puroos¡t rrf t.he I'li.sf irc Te.sl

Systrm pl;¡rlning, in tlr,,ír sttrri i,,.|3 r,,,,n,1 tlr;rt (htr anrplif ícariorl of 60Hz

tllr,rtrgli Lirr: lilt,'¡ circrrit r¡r;rs rlrril,'lri¡11r. Sitlc,t Iltr:s,'valtres had noc br:t:n

v,:rífiecl bv;ìeL¡ill mc¡srlrr,lï{,nts, tltt:v krrlrrì.1 ssttmccl ttr be correct. Reccntly,

Iro'¡ever, the rr.:-evalr-rat í,>¡r rrf Lllr: srlI t ínii oI the d.c. f i lter asymmecry

prgtection required Ihr:se acLuâl values cspccialìy the ones caused by

rnisf irt:. 'f lrr: ¡rríslire tt:sIs w.t ' tltr:rt: fot'r' ¡rrtrntDtr'cl .

TcsL Proctrl rrr,t

Mistire was inii iatr:tl by blrre king Firing 1>rrl.st:s L() a valve in VGll for 80 to

l()0 ms. IJoLIì sLaLions, Dorsey artcl Radiss,rn init íatcd their own sct of mis-

I irrt in I lr, c,¡rt Iil,.,rt';tt i,rrs ,r I I lrr ll gr',lul]s, twr' tlt (]ulì ì, lltìtl ()r't(' grr)ul) (]L-

p,rl,: l. I'ire volLa;ir:s ¡tL víìlv,'si,l,¡, ri .t. filt.'r att(l line sitle wcrc moni-

Ltlre cj and rt:c,lrdccl . (Sanl¡rì,: tt:sl rt:srrlLs ¡rr,: iìs att aclrt:rl Fig. I and Fig. 2)

Resul ts Analvsis and General Ob.scrvat inn

Tl.re gcneral form of Lh.r r,-.sulL was as anL icípaterl except fhe ampl ication
n()L as higlr as SysLÈm Pìannirrg lrad calcrrlatt:d, rhe genersl observation

be summar i zed as fo I I owi ng:

(a) Because of the presence of the large amounL of the 6Èh and l2th har-

monics v,rllage, Llte accuracv ()f thc measurcruetlÈ of the 6OHz voìtagc at

tlle valve sit'lc had becn s.¿verely retlrrct:d.

(b) With less groups operaL ing, in Llre ¡x-lle, Lhe control becomes less ef fec-

t ive in controlling rhe 60Hz tlsci ll.ations. This trend is quiÈe evidenc

in table I.

was

can
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( c ) 'l irr: L r,: rlri ,¡ f

l''rflì;rì¡ls w;ls

vr)I L;Ìgl alntlI ¡t;tL i,rtt tltt,rrrglt

t irni l;¡r l1 1ìr,,it r.rn l)lrtrtrtirt¡1t

tlr.. f ilt,:ring, circuit aL Ìrt,¡th

s t.tìr'rrl;tt i,rn.

(d) The acIual amp]icar icrn

acLual voltagrr ratirl oF

whrrr{'As, llri: l. ltt':rrrtrL;e aì

linr. sidr./ri .c. lilrr'r

ar()unc ,î.

(e) The 60llz ()scillatirrn
híght;r ttran tìa,l isson

R.: f¿rfjnc(::

l. "iìi po ìt'-on.r: Prob ìem

lì.Ìi. lJ;r¡iy, to ilr. (1.V.

vra s f ound Lo be lot¡er than

cl .c. Iiltcr si,le/valve side
I i= 3.9 tímes. Tlrr: actual
si,l,' is 1.6 to 2 whrtreas

Eheoret ical. The

i s from I .6 to 2.0

voltagc ratios f,.¡r

tht: tht:rrr,..t ical is

aL Dr)rsey d.c. Filter ånd its
ts f,rr ¿ll cases.

line tcrminal werc

tiltcr-interim revíeç¡rr Mr.

19i1. !'i lt: ntr. 8l-01317.

I'ù.S,)rì¿lr'ìCr)S ()rì tl.C.

Iltt,¡ ,l;tlr:il: St'pl 14,
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i¡1. o{
r.'3 i -
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': r rj_i-: C

J VU

w(

ir:-l--,

i:y Ccn::.
.;:ìllre

ìJ

'/al','.: sid,r d

')

i4c kv

I 6C L'l

121 k,t

!Cf_:_qy__!of t¿ges
l.-c. f-îTrõi-Ti ne

P¿rj. llis.

' r... rr--..

)-,r \! i-
i.. -. . I i ).

(1e)

(56)

(6,1 )

d.c. fili,e_l _Ii¡g__

I4U=!l
vALV_t r'i r slilni T r s_T_R[ sULTS

250 kv

300 kv

35C KV

ii¡ kv

-î 0 |,. i'

ll:: :i: ie:ts ue:'c dcre

(e2 )

(tos1

(127)

(3s)

I a;-, t.

(23)

400 kv

560 kv

660 l,.v

2CC r,.V

?.îJ0 V.\l

320 kv

. i/eh
.--l

(14 j )

(tea)

(233 )

1r'ì)

(i0)

(ez ¡

(ll3)

3
0,
p

Êr

Radisson vol'-aqes

-lll"-_-

:.r¿.chet 'is ¿

cî Ju:e

34C kV

53C 'r.V

650 kv

10, lg3l.

(ì20)

(l;;)

(233)

:e¿!.

260 kv

330 kv

450 k\/

to peak '.,e ;u3. -ihc nu;rbe: i r:

Misf ire was ìnit'iated cn VGl l

I o')\

(il7)

(15?)

200 k\/

ZOC KV

24C kU

24Q V.V

'¿ í1 ú\t

6CC l,.V

(il )

(ii )

(es )

lPrl

\1,'.1 t

(2r:)

r2s kv (44)

l7C kU ([,2)

roo k\/ (35)

rB0 kv (64)

;r10 k\/ (7ì )

:lle br.r:l.gl'- 's e r.ûì .s. vaìue.

of both st¿^-:ors.

JBO KV (i :'t ¡

I

rcc r.\/ (3s)

ll0 l,.,/ i39)

120 l,.v (¿2)



rtetl ùLt/¿t^ fø-ø's'c
/

-..
Page 6l



È:ær$r:a

ffii 
,e "7,^ ,,x:tii ,iî \ì ', ,t'+r,ì,î- ;i:fi- 

:i,,

&YA'* ryh::i:l *tat ?1ti1't4 ua'lÌ'rPv&

'::g:.*¿¡ìr*t.Ìl:l:::",j:;'::ì'ii,l, ìì;. I

i{t¡ii, ,\i r,, ri,',. iiffi¡,,ii;:]',

i $tî*:f, ,ä,,:ri*"çffi¡r[Ì
ffiffiìd+*i i ì: \1" ' : ¡' ;'5-,.., 

;o'

ffiffi''#ï-Ì 
,+iffioi iri-i

,.$lf t U 
i$'j':,i'i'i'ì 

ijÌ::rrry:: 
;lî.' -t;'

#'ffi,'d'

:,!-:,',.':t*1.+wclo u.t þ/;1.' :',-' --- .-= - -'i-T l'---- lr

Fcryffi*å,

*'+,îïffijiîpffirsr.g irfi¡ïiîFffi ,:',,¡,';i.;,i.t;iii;+Ì¡,1.; *.¡¿íirìli:iiîrj.-:.:,i.¡.=illr:i...;- i:+iirf;[,il :L'i*;:i;:,t,*tëfi
Ir,*+;.-.)l*i:iì'fi¡
:';#,I*ríii;årÏ-'**
¡¡j1;.1¡.i;Ï.!:+¡9ffi *-



ffi APPu,d; x -n-

TESHMONT CONSULÏANTS LÏD.
egs - rot5 coryooN Av€NUE € TELEPHONE 981.5350. AREA COOÉ gO4

wtNNr?Ê.G 2e, MÀNlrogA

JuIy 3, 1970

Mr. G. ÞlacGregor,
Project Manager,
Nelson River Transmission Project,
Atomic Energy of Canada LimiÈed,
1360 St. Matthews Àvenue,
Winnipeg 2L, Manitoba.

Dear Slr:

RE: DC FILTER CAPACITOR PROTECTTON

g{e enclose for your information a copy of : -
'Addendum to Preliminary Report on ÐC Filter Capacitor
Protection, daEed June Igth, 1970, " which was handed over
to Teshmon|* by English Electric at t,he meeÈing held June
24, 1970.

DFlrk

Encl" (2)
cc: MI{, Attn: Mr.

Yours very truly,

lES}&t'OÈfT CONSULTANTS LTD " ,
R"E. Harrison, P" Eng.,
Project Engineer - SÈations,
E}ôF.

Þ1"8" Junes

L.A. Bateman (Encl.)

pLeÅ59 s€ptv

E€,fÊq fo 8rLË

IN OUPLKÂT$I

e,. B1- 2O4()

lr

?o+6 s
? ø&zø
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.ø, t@lrr,t&;p,:ì
å9tJr Ju¡æÞ å$ru'

9.tFtar¡.

rrcduotj.on of tho cl.c. otress ccrir nt,by blooklq valvc Âro..:.ntr:r,ito ¿¡n i¡qrc.c nent" îh1o ls. hor;ni.ãF--JF^to o value C.r:rivc,l-lTãil

Slnoe isculng 1åe Prellllr.-a:1r rt¡rort o¡r the ov'ervol.tage protectlon'cf theô"c"- filter ccpHcit¡res Canaril¿¡t i,estingi:ouse l:nie ¿;'h'en furLiror lnforne.tlonon l"ìi: oc-rerbllliy of tho c:tuacltor rmiti" lî,g itovc,ri:crel,oro t,aã to tg_.:g¡_:sstl¡o t1cÍ1r1t'o Liuo proteotlvo oettlngs tu cnsure ari acioquato ccverage of t6ba¡.i¡,

å.C. Ratllr-s, È

From c:r allorable.stress a6alnst Lnterns,l hoèspot gu¡?o ft ia ¡osoi¡leto rlctcralr¡o tho pcrnltted â.cu otress for a ¿;iven np¡rLlo,J rì,,o, vortngc"Thig can then be co::rc¡tecl t¿. a totsl ur.,rt rciing rttii, dr.r^r icgard i:n t!,ooapaoitSvo toleranceg a¡r'J t)to rcnoval of t.*o oanà" flre resulãlnq r"rtõufe thon erquatcd to r.1 pouo oveFuortage on the rin:¡ õtr;-i;¿ð-;L,o,

m
th¡.s iD tl,at no l.rcnefit 1s ¿;n:-,.è@polnt of vlcrr of inc¡-cnslrg -,lio c.oo ovr:rvoltaie

¿l furthcr ll¡¡itatlon is tho u¡:Jt cr.eopegao fhls lso in certdn ine.La.æos,1nsrt'flcle:rt fcr tl:o ¡;e¡'¡itr'tccL unit stn--ss leïer to be cónfi¿cntly r.:acl:edolíolrcver, tlte in¡ricoiionc of cxcecrli.g tl:e allored orccpete t¡ilL bo cìetcrãin¿dby t:nviror¡.it-;¡ttnl i;o t^:¡.g 
"

Iìoncce'J. seiti;lcs

It is propoced ilrat ure over.rolto6o proteot,ion of ilre d"o" fl1tor oapooltoreb<¡_¡tci:1eveC, v;ith tlrr¡o val-vc Groupc cpe¡.Ât1ngu b1, nenne of e thiee level ,dofinrtæ t'Lre cheraciorl¡rtic r;ith 
_a nuppraaenlnry al;,t.r] lcvol" ,rtls la inùlostiriln Fltu¡''o -ì.., trìrro the olan level ooi-."ponau ïo thc cesi6neri u¡11t crc€gsga ,and. tàe 'ch¡co sctLings ¡:roposcd or=t

iif tr t;:, i,ixil*ll*.:"å:í;""
or rr¡oro valv' 6roups crs bLocked, il¡c proposcc settirgJ arê¡-

5 nlnute ttro deloy"
Instant¿¡æcus o

' Tl¡e o5ovo ecrttln6s ir¡ùic¡rte that flve neasurln6 r:nlts r,¡lLl be reqrrlrod, tolnplccent tho protoo'uron rn a,i..iltion to tro ti¡¡s d,eroy devr.oco"

b.:o vcLve 6rc.Jp3
capabllity"

rcs'.1lt of
froa the

o-oa 64

1"1 p.uu
1n2 po uo
1nl1 p.r:"

T?here ono

1oI p.uu
102 p.uo

25O yJÍ

27J ):I

#

'Nr_

l,¡^ 1



-: €a@ 
2o 

,.'1ìr *rg:,$S :

Oo:lgluslo¡¡ 
"

¡l,s a ¡'eeuf.t of further lnfornotion bclng reoclved olt the ê"c" ftåtor
capooltor overvolta¿o oapabllltlos, revlsed, oottln6o lravo bcen propoocd for
the protcotlono

8!e naJor olren6e the rorrlslonE cause ls the redr.¡ctlon ln tLce 6tven ;to obrrlate a protcctlvo tr1¡: at the lowest overvolta6c eettlng, 1Þrlo ttue
ooulci be lncre¿ced., but lt can be sceu thst the slopò of tl¡e ãrroe ln tho
re6ton of 1.2 p'un rzould. crootc preotioal <l1fflcultlcs of lcvel êoteotor
eetting"
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Capacltors unjst operaÈe at a
otf¡er equlpment becauee

Eayvood

Eaalln

81*20463
s.L-2,ø47ú.

13 W&. å9?ô

Capacltor Protectlon

Due to tàe recent concern €or tàe AC and DC flltee: capac{totreT have been dolng somo readlng. Tl'¡fe me¡oo rsttl serv€ to record eoæof the hlghllghtø of thle readlng,

General

'fhe llfe of a capacreor ra shortened by overatressrng¡ Õv@t*heatfng, ctreml'¡l changer physlcal damage or repeated tenperab¡.re .changes." Cpl-6"01

lswer ternperatur@ rlse than EoøÈ

be exeeeded le l35d of ratEd Klrar,
fundanontål x¡sltsgø and thø harnon*e

Page 67

.Þà-

r) shunt capaci.tore operate at fulr load contr.nuousry(line voltage fs always present) . 
.2) capacitora are desJ.gned to operate at cornparat{vøly hlghdlaLactrlc stressee for reaaãns of economy. Íhe coub¿n*etion of t!¡ese st¡osees wltl¡ opara€,åon ot htgh t*pu"*uagøfor extonerve perrodo of trme vrtll resurË {n gnadualdeÈarloratlon and shorten Llfao

:

Çapa cltor Ra tlncre

capacLt'ors are rated ln contLnuoue Kvar, .voltage and freguenqr"
standarde have been set Èo arrsw capaclt,ora to operatE et r.r!percent' of rated voltage provlded the maximum Kvar fe not, oxceedad.

fhe naxl¡nrm Kvar not, t,ofncludtng the Kvar dua t,o thø
voltageo.

&



RnW" Haywood

T(vAR

List of Referencee

5
:,1,

åq?å

€a¡xclt,or fallure le ueuarly !n one of berc rcdoe, :'
l.t

1l rf tha vortage te hlgh enough rninuta dlscÌ¡*rge@ wårr, belnlt'lated ln rlny unavordabre vorde tåat exrãe-¿"-"rrøiidreraccrrc, rf the drecharge ie rarge enough rn duraë1onLhe prograaarve deterroratron of Èhe drerecfr{* *irtêventuarly permit the diecharge to reach fron elee-,godæto electrode wlth coneequenÈ falLure.

2) rf qr.¡rrents are in tÌ¡e range Juet berorø that causlnþdrschargo rncept,ron vortage, the rragnitudø fs *nvariabåysufflclently r.arge to cauee at, reast, tocartzed heaÈ{ngln eectlone of trre dlelactrlc v¡t¡lch leade to aecaleratedreactlone and egaln consequenÈ fallu¡e.

ShunÈ capacltor proèecÈion mlat,!

f) Detect a unit fallure by
unbalance cr¡rronÈ ln tl¡e

2l ProÈ,ect from overheatlng
NEtrA Flgure 6_2 and

3) Protect from overvoltaga.
ction of time

NEM.A CP_1_6.02 .

r00 @

å3 F€b*

olther a fuse fallure or ê&filter bank.

(overcurrEnt) 
o

6-3.

The voltage wlthøtand {s a fun_

r)

2')

NEIIA Standarde publlcatlon
Shunt Capacltors Cpl_l968

Generar Data on consb:r,rctlon AppllcaÈion &ralntEnancaand Fleld Testlng of power Capacftor UnlteR.E. Harbury

t"

¡t"K" prl_ce
Elect-rrcal Nsr¿e and Þngrneerrng D€co 1966 pp d6 -53

Þ

rb
ii

3)
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;¡Ésæw€;; gtt4t w**. r{¡rrtsr'

$

Ei¡:f4qÌrf:rj f?-qt4t@@4Éq9--< - ti {jl 1-ts d&

(vg)

%@
AM.eGTFrEnq'T 1
%

Sî/ÂR Ratlnq:

The kvar raÈing lncludee the lcvar of 8hø fundaunoRtal ønd e&ø
harmonlcs" }lÏ¡en the appl-led voltagø contalnø hraræonlee, ghø eoÈe&
woltage lø glvøn by:

tt
'RMS (vnfl p

V Ê @ R¡rS o(. fundamental

Vnf @ RÞ1S of n 'Lh haruronle

fhe capacltor v¿111 drar* a certaln kvar ab fundernontal Vg,
& cerèaln kvar at v¡f" the toÈ,al kvar drar*nr wtlt be the sun of tbøsevEluae. The ]'var ratlng of f35* of deelgm value ehould aot, bø @xc@øde

Volt¿qe Ratlnq:

The problem wlth capacltor voltage protect{on le tàe durat,tonof the overvolÈage. fhe equlpment, ehould be able to deÈect, Èl¡e peakvolÈage level but eend a cont,lnuoue voltage readlng Èo the ..pu.itarovervolÈage prot,sctlon relaya " The lnstantansous relay rm¡Et ø<anåaøpeak volt,age but the tl-ue overvoltage,, relay may bo able to usø on'RHS voltage that lncludee any DC anaiïìarnrontca 
"

R,II{/bg

ofitcl8{åL steflEo gY

R" J. HÁIdUN
R.Jo Hamlln

_t

.É-i- J
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.qPPENDIX C

SLIì'1I1ARY OF ALL 60 I{.2

RELATED DISTURBANCES
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t;.;' l

ilt l:

l. ,\¡r. 21, ?l:10
118

1

J.

.rpr. 22, l'.42 I)V(ì31 ¡rt:r.comn-faiL.
liï l0 - before b locl:

J"'lq!
I)VC2l pcr,cor:;¡' fai I.
.)(lz irt:fore block

.:.rr. iJ, )iì:.1'. Íì'.'C?? pcr.con:n.fail. Sa:o as ?.'.'t:r'. l.
/il f,tiloçed bY recovt'r'.'

¿:i'l
ti.:./

). Å¡:r. ?7, ií:34
l;ô

/

$r':rt t:', írur i_1iÌr rr'- :.-lì.

i'l-l V.(i. , ? I incs, I S. ¡:.. /04lä
P2-l V.G., I linc, 2 S.h.,.jr f ilr.?

l.-t0l)¿

¡)l-l \.'.(i., .: iincs. 2:;.R.. 50r)ir
P:-l V.(i.. : ìirt.'s, ! 5.u. Cr i'i lt?

9,10a

l9:,.1

tt, lun,' i

Èd

Þ
0q
o
\¡
Ê.

':'. -:jì r¿r. :¡:;:. :.t i l.
iii.fl lìIL\ck.

R¡d. Pl misf ircs
foìlowcd by Pl
block (l \'.C.)

Tesc l2 e I3 of
tli/tlc cesrlng on
l'1. lest L2-I0 llz
I). )iisfirc.'lesL
IJ-D\'.C.block-dcbl.

Nad. di/dt
lljf_I Pclc 2

().2 0,2

i-::.- ¡-; i'.'.-::: -'.

Pl-L \'.C., I lir¿. I S.1., Ìl0rja
Pl-l \'.(;., 2 llne's, : -ì.1.,.1r'i.ltl

I lO0a

Rc sorranc.'
Corr.l i l_i o:t

I'2-larg,e 60 ll;

0.2 0.2 I'2-snrn ll 60 llz

9sisnq
Âppt,;rrs u:tdamped. Pl O.X.

60 llz. snrrIì an<l contro!ìed
cr)ni)nr(,d Cù Ev(:nt I:;tìû!ing effcc:
of 2 vs I clc linc.

Seli'. as ii'.'ent ?.

o.2

I
I

o.2 Pl-J.arge 60 llz

t-2 P2-)lo reson¡ncc-
¡;ootl rc:;ponse

P2 O.K. Seems I Iine 6 I Rad.
S.R, is s:i lI close enorrgh to 60 H;
io causc sme ringing.

Com¡:arr: to Event L slroçs rh.ar
irl¡il' ,l I ,/dt cut cs m;i j or 60 Ilz
rcs(.:tíltìcu.

I

lr



t
7 -.ltr:ro ll. L]: !,) I'i L' l,,ci:t.tl b¡' rssy-

/lli r-"(r'.'.-ì:ir:r |('ll
.lt:,ì,x;i,,.1 . r\ftr:r rJl./dt
rc'ductJ io tl.7 Pl dc-
;' ìoc i¡.,1 slcc css f u l l v,

.lr¡nc 15. .lS:5it i'! hloc!:t'd by assy-
lìÍi l. ll:tJl rìc.rr'\'afrcr yCll

.l.iirlock.

:L'Jl

).

L\" ìlt

'-' -r:r:i {,
lì3 1,

S::i 3:;5-i'l S P? scartcJ
llì:4,í), urJ;rrpcd rcs. Pl

:¡ I r:c k. 'Ilrcn C j /d c

r.'-lur.:i. .l,l: 06 :)','C

-- sl:!jl¿. ccr-:. i.ril.

,¿,.,;.'. Jr.lr'i9 ii.i
l1:¡ ì;;'

,S¡'1r,1 t:,-.¡,-fj:,rr¡_r_f r rì

V.0., I linc, 3 S. iì.,
V.G,, I lfnr:.2 S.lì.,

3f:, illl tLrrl. fflc.. IIP-l off
2!1-1.-ll ì i ncs

6 uti, I u I..S., rll l¡C. iilt.
l'l-2 Y.C.. I line , 2 S.li., 903¡
P2-2 \'.c., ) 1inr,, 2 S.!t., 6f,ì2 oif,

9ûia
32:0'l-5ü, ) l.S
lR-1.-ll tÍncs

/
I l. -rul¡' 3l /73

tìad. Cildr
ll.-]:__L bi_e_3

l l0Cru t.0 t.0
61ì2 of f ,

I 2û0¡

€
Þ
ûc
o
-J\¡

i'i biock !¡r'assr'-
::.'Cr;,'aÍcer T23
ùnúrq.

t ::ncl:i:.¡r.s on. Sii. .i:
-l '.'C, I li:e, I S.t..llCO.':
-l VC, 1 l i rc s;r:c t.^r.';,r , î
i .ì I o5:, lriü-
'r:t¡tl. iilt.. il-l ii.:'.
:'-1.-ll I lr:.:s

ll b lock by ass¡--
mùtrv Jfter llcnday
filt. r;r.itclr

(r u'i, I
!,t-lvc,
i,:-:v(:,

ll('sonancc
Co¡lrl ii!or¡

Slov rcs. btrildup
ar;ìi)lrox. ì00.llz
6 6tl¡ or irlr ior
âpprox. 2,2 scc. on

lR-i.-ll lincs

u

i
L

1.S.,5,i,1,7,ìl 0.5
I ine, 3 S. R. , 900a
line, i S. R, , 6SJ-? of f ,

9i0¡

0.7

6 uñ, J u

P l.-?VG, I
Pi-.ì\'(ì, l

t:55 0.7

s.R,,
It,:05

1.0

Pt.
ÂC !cl;ona¡rcc-3rd,6tlr,
8th

?ll-1.-ll I incs

L.S., ¡ll filtcrs in.
I i nr, 3 S. fì. , ì.300;r
line, 2 S.iì., (r{.11 oif ,

9 00a

!ll¡cl::
'Ilrfs js a ncÇ t)'pc of resunance
c'-rnlrirrr-'d ro 60 ll: ¿rbovc S c¡rc
f¡r vjtlr iril;lr <1 i/rj ¡ inrJicrrrin¡3
control Írrstabi lit¡'.

Sanrc as aL.ove .

lO0 llz.
,i(. r.lsor¡¡¡¡; c-lrd ,

6rh. 8t-h

SIc: rcs, : {,r) ii:¿

ú I ¡ì: or 5.-l¡

l'3 da:rpr'rj 5(ì irz
.\C rr:sct.lrìCû-1.1,
å.1 srn.rll,5.1, 8.6

0. i

t.0

0.7

0.1

Secrns control scill u:,st.:bìe uirìr
lc;e.r di/rl c.

,l

fii

s

il
I
;i
il

ii

lt
ti
:I

t,
li
ll

it
it
lr

It
:l

i,
t:
íi
0i
it
llrl
tr
I
tt
tl
ll
i

I

t
Ir
!
lr
il
ti

ti
t
I

i;
j
Ì
lr
fr

0.5 0.7

60 l::: ¿ 4'.\ for I0 ContrÒl -srill unsca')Ie uirh lower
sec. lies, Janpcd ac Ci/dc.
f irst buc incre3scs
af t,:r I scc.
åC rcsonance-1.6,6. I,
9.?

6O llz t' 4 rh wi tlr Samc as above.
f*.t.r rtsin¡l 60 llz
Llri¡; ti:.rc'. :\c
f i rs ¿ rt's . ,--ù llz ú

7 t l¡ .
¿\C rtsonancc-1. :,5,9.
IJ

S¿nc as a5ove. ,\lso çi lh llnc á0 llz
res. (l li:rr, 2 S.iì.), see:-:; fi.7
sl'i¡l,lì\' ì(,, cr-' :¡i;ii=i:i. óÛ llz



I).1 t c

.\u1¡. 17, l:33
/ì8

¡1. Âug. 2ó. 7 : 38

lt8
{ r:-;

Pl. bIo;k l')" aisvne(r!'
aÍc¿r UCll bìock.

l-\'enr

-l-

Svstem CùnffPurãtion

5 uK,4 u L.S., all Rad. 5 ! llt:nd.
f ilc. PI-IVG. I Iirrc, t S.iì', I5tl0a
P?-blockcd.
lR-[.-il lincs

,\ug. 37, -': l! I'l rc''., ? iirr errerg'
/--;^

15. S,:¡rt. lg, 2:::1 ?l blt;cirrr..'ussvnecr¡. 7 rrs, 3 u t-.S., ¡ll liilers ir. 0.? 0.3) P2-slou.r(s' Q=6(: llL- --t-Î::t'ì' ':rstri¡l' '^i:: r'l:'-

lìs .r::¿,r nr: c¿rrs¿ for pl-2 \'.(ì., I lino, t s.ì.. Db I 12 I' irrh, 6rh or lth -l-lltL. ¡ I li-rt-' l- Íi ":'
r.,-i. uf í. Il00a ^C 

rÛsonan'c-:'ll'
t'l-l v.c., t llnc, I S.î., ilå ¡'li. /'.7 sr;'-rll'6'l'8'5

I ì C',la ^\
li-l ll.r'., ? ll-1.-ll ìi:rcs

¡{,t rn rrrcsÉ cúscs dl/,:lc = r).s rnc conf itsurarion 7K, 4LS, 5, 7, 5, ;, il, ll, IlìlP, vGIì, 12, ll' 22, lI, '1 I, uP-L 540 }i'{, BI'-l l'uj }lj' !Iu¡: ¿c:'troì
(:y unlcs on !'G's ll I 12 c:r r-t).,. 16.

I'l rcs. after R¡d. TII
cíìcrA. r,'(;lI ,\B ú, block.

l5 Oct l3 l:45
/78

6 uK, 4 u 1..S., ¡ll Ha'|. iiÌt'
P l-b locked P2-2 \'. C. , I I int: '
2 S.¡ì., 6 6 l2 off , 1600¡
3 R-l--li ìines

It-l v.(ì., I Iine, I S'R., l5CCa
P2-biockcd
2 li-L-ll lines

r',lrc.

E
Þ
0e

ID
i-r!

o¡'

Re.t . r.l i /d t Rcs ona nc e

t'oIe I P,l-¡_g__i_ Corrditinn

0. 5 0. 35 P I-s I ow rcs. G 60 llz
f. 5rh.
AC rcsonancu-2.6,
4.7 sm.¡.ì1,6.:,8.1

Pì bìocked bY asyrme-
try prot. Kettìe had

taken one unit off at
I :35

0.2

6K, 3 LS. All BPI filters ln
seivice. Pole 2 0 6th off. BPI not in
serv i ce.

0.35

0. ? 0.15

çgt¡".ftl'

!1lLr. r q l,- ¡-t-i I I- qll9 ! qil-l t--!'-:,çh
q. I .J.! 1!i.,_ t!.!(.ì..¡- 5 1.I in¡ .

l_ ii.!!,-

I'l-sIc¡ç r¿s. '-: 6Ll liz
{,5¡h,6:lr or 7tl¡.

.2 .2 2nd harmonic l7¿B7o ohrns very slot'J in building up

3r d harmonic 77'60o oltnls

resonant at 196 Hz
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llad, di/(l t Rcsorì.'ìrlcc

.i !',,j_._. l.i crì r l.'i:t:a-rl'n:-,í-: rtlt ¡ll! I':-l-t--! I',,-.! . -l I.tt"t¿il'n !er'"9ilt s

(.rìt. ,\rr.... .tr,/,r.r '.i:ll .1.::l.rck 5 dc tiu l)l-oíÍ, l'l-ïr; lJ, !. 0.5 ()--r 60 Ii:: l,ú k\'¡-¡ì
,, I l: it r(.(:r¡,-r iirt. LitL.r i'l-810 )f1,, tlì(n \'(.,lì ¿\/ii, : hu¡ì Sr¡oot-lr 0.ó 0.ó stcadv os'r: . f or

l¡j.{.\,,j¡ìt..itlr,i'23cn.,r¡3.1](,0aaftcrtlcrr'<l.>
: I',.rj ?I Dp-2 - 190 )ftJ, \rr;íl ÂC rt'son¡¡rcc-1,6,5,8.8

,\ll iì.aC. lilt., ll-t ll.l.
/ ..r / l.l

sl:,,uld s,..(-. ilrc 5rrildup of osc. ¡S t.cll .- ;c'rrIcL:i'n.

t.¿r t' 0cr,

/

,-,\(',.i, iIu:; u:r! c sc( Lo + j0 u ûn mcrcrs.
j r.lr:.') tlrcn ilu:i u¡rlc cuts in. Pl

2t- /ì9

€
Þ

0q
lÐ

-l if
-J

Iiendar. irânsi. enr:r¿.
Ì esr I

lli:nd3i' Tr¡nsf. cncrg.
T¡st 2. I'l ó P? trilr
Ìrl rlc i-i ì:. :l-;:;r':¡.

If tlrls iuvrll acrrln.rd r;:tl li 3sslrnùtry,letecclcn on line is up co Ievel sot (l/2 lcvtrI oI tril scL:in¿ oIì

f lr¡x u::[: nrr n:r t:rr'. r trrJ clris clme rlcì.ay f n. l-Jl-¡-ç¡-l--t¡ r,.,,
I

l^ìt;J-'*.-J l-Lt-:"-

lIK,31.s,,\lI lì:r.l .6ll . fiirors.
I lirrr: l-S-ll.
lii'- ! - 1 i 'r.) ìi.'i ìiì'-: or. I

0.5
Ssootlr 0.6

0.5
0.6

ó0 ll: osc.
a ppears d,rm¡L',<l

0,5 ,0.5 60 Hz
,\C rcso:rance-2.1,
1¡.3, 6.:, 8.6

l'l ui: un:. c o;r ? I I:¡J i'-'.'n rc-
mov('d ucck i\rlo:. !'l r:nic
r¡)ir.rrcnt lv diC rr".: cor¿ cn ..i'¡¡
tc l(,./ci sc:.

Osc. appo:rrs daurped at airst
luut tl¡crr irtcrc.l::c,; rri;tin pcr-
lra¡l:; rlrrc LO in(tr(:¡rìe cf sc;,.'
l,:," , ' i '
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Rad. df/dr
Evcnt 

=slsloo_CqliiÊ1¡¡-¡jg Pote I pole 2

Pl ,! P2 blkd. by assy- 6K, 5LS, alì Rad. f ilc. , lll tlP ,. 0.5 0.5
nctrvr ll via Dorsey Pi-3 çC, ?2-',:C,22, 2f
L 12 vla Rad. Prior ro BP-2-¿l-l¿8 Iq'
this 500 kV Lfnc vas IIP-l-tÌ80 Ìf.,, (97ú I'iH?)
encrß. ac 1:22 and I Ku .ìÂ-1.S-ll llncs
renovcd at l:43.

:;oîî: I{(: l-l)lì ne¡no (80/05/I4) flux conË. operi5 sec. nrior to tl block and thus uould not have becn ln long cnough ro pr(vcnr Lrip,

:1. tí:7 l3/So
ll:5ll

¡it:¡.)
|-¡-. ::t

2!, Ju¡re 9 /80
Il1{

/

Transf . erlcrg.
0s.c. dampeC.
ì;o rrip.

ll'-ìr f l1¡. sv. oiÍ.
3i'-i ¡r:i' b:- asst'::.
ll.S u ir:? on (ì/\'.

tsú
pl
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:j. .lr¡:,u 9/S0 V.G. deblock.
l:-r0 fl rrtp

5ll, 4LS, R Il.t'. oft'
3R-l.S-ll lincs
IrP- 2 of f
BP-l - ll, 13, 2t, 22 - 390 iíl.J

2ñ, 0 LS, 5, 7, lt
2 Íì-L, I l.-ll I inc:;
3P-l oi í
rJ!,-t - tt, tl, ?2, 2J - 345 i5,'

3K, 3LS, R llP of f
2 R-L, 3 L-ll lin¿s
BP-2 of f
BP-l-).1, 12 - 440 ]íh-

3K, 3Ì.:ì. R l!l' of f
?R-1., -J l.-ll llnes
BI'-2 of f
BP-L - 11, r2, 21, 23 - 3I0 ¡ft.¡

2 Ku off .

ì'L crip.

Resonance

!!!drrþ!
60 llz 6 4cìr
ÁC rcsonance-2.8,
ó.4, B.B

0.5 0.5

Cm.ãe nt s

Pl Í lux con'.. oPera ted.
P? flux cont. di.ì ndt cpcr.
bùcausc of nlssi rrÍl connectlon
L'hlch Hâli ¡;ulrscr:ut:n'. 1v
ccrrect(.'d. Tape rcc. for eonlEor
of srr. ç¿rs ()o P2 {, tìrr¡s f t
falìt.d co recorrl cvr'nE.

0.5 0.5 60 ilz å 4tir
ÂC resonancr-'-2 ' 6,
5-9' 8.?

60 llz t 4th D¡rl¡ f lr¡z corr. in.
AC rcs,r:r¡nc e--) .6 o

6.r, 8.9

0.5 0.5
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0.5 0. 5

60 llz & 4tìr Borh flux conc. cif.
ÂC rcsonance-3. l,
6, 8.7

.i

60 llz {' 4 ti¡
AC rcsonancc-3,
6, 8.7

lidce: Doth f lux cont. off.
ÌJcbl<rck In Pi ciruscd cri¡r, Dcblock
tn Pl d id noc I nrj i c¡ r in.q cc.nt rols
dlf f crcnt. I t lrad brcrr f oun,l abouc
2 vrc. ago di/dr ln pl morc cffec-
tlve tl¡an i n P2 .
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Dâtc

26. J'rlY l6l3Ó
11. r:ø

(r'

21. JuìY ?I/60
9: ii

Even t

Transf . ener8.
0sc. damPcd.
l'2 block

:3. .luI¡' )C/Sl)

-6-

S'rstcm ConÍiqurarion¿ -

lK, 2Ls,5,7,I.l, l'l
2 R-1, 3 I.-ll I lncs
Bl'- 2 of f
ûP-1 - t3, 2t , 22, 23 - 490 lÍ*"

ó1.:.5LS,5,7, Il' 13

2 R-L,3 L-ll lfn':s
BP-2 - 41, I ll. ll ' P.
EP-r - lr, 2I, 22' 73 - lc00 )fi

Transf. etlcrS.
ti:c, damped.
l¡o rrip.

¿ì 1l l
i,.-,19. .rr;g.23l80

1 ztL

/

PL i P2 blkC. bY
ass'.Terr'/' PI v1a
Dúrse) á ?2 via Rad.
ÏCll spor: cransfer'
:il':n LS unit triP.

Pl 6 P2 blkd. bY
ass\'Ðetr:{. L.S- unlr
E13lìsÍ. energ. ?l via
Dc,rscy & P2 v1a F¡d.

tsd

Þ
0q
o
\¡
\o

-ì1. Sr¡' . 7,/S0 Pt trlkd' by ess¡:etr¡' 5K' 4LS' R llP of f 0'5 0' 5

Ìl:li \':l [,s]'airer arJCin¡; ' í'L - IVC' P? - oí:
I ilu. P'P-l - ijj ir':re='sc ¡c 31it )lì

:ii)TE:

3 lines R-LS-ll

Re Svrjt. Pcrf. - Base<j on I¡ fcl, events ft nay be advtsable to have Racl' assyurnetry oPcrate flrsC'

polt s ut I ì go cven lrlghcr.

?ti, ILS; then 21", 0l-S, 5, 7, ll, i3 0'5 0'5
?I - tr, I?" P2 '?1 ,':2
3?-l - I80 ¡fl'l

Bt-2 - off
? llnes R¡rcl .-1.'S., 3 llnes L'S'-ll'

Rac' dl/dt llt:sotrance
tolc I -þfg-?- conditi(n

0.5 0.5 I'argcl¡'l'th' 2nrl

hlrm. in Jc curr'
ÂC reson:rncc-3.4,
6, 3

3K, 3L5, lltcn 3K, OLS, R IìP off
?l-3 VG's, P2-\tGll' 2l
8P-l - 465 lf;
BP-Z - off
2 llnes R-t.S, I ltnes LS-il

'1.5 0.5 60 llz 6 4th damPed

- quitc fas'..
,\C re'sonance-3.2,
6.7. 9
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I
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I

I
I

I
I

I
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I

I
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I

i
I

I

I

I
I

I

I
¡.
1

l"'"lgl-:.

Botìì f lux conL. 1n'

f¡0 iìz I ltlt.
60 llz incree-:.lng
qrricIl¡'afccr L.S.
trnit rrip,
Å(; resonalcc-2.9,5.
7.9 (2K, i r.s)
2.2,i.9.7.Ê (2ri, 0

60 llz & 3rd, chen
roelnly 4clì, !lìcn
60 llz & 4rh aiter
0 LS unlts.
.AC resanance-1. 1,6,
8.7 (lK, l LS)
2.2,':.9,8.4 (3K,0
,\C restrn;¡nce-1.ó,
6.I,3.8

0.5 0.5

'1

-g

I
Ir
I

I
Þ

|.
¡,

$
T
rl

I
t
llt
¡
Í
t
t

Pl f lt¡x conr. cff .

Pl f lrrx corC, orì'. 1'; lJ ;:jci. ças oÍ;

8.

Ls)

P2 f lux c

If P.ad. is lnterblockcd fron Ds1'' the osc' on !he

orì8.

onc.
LS)

Pl flux c

io b 10.k.

on VC22 L.ìì i c il r¿. S

S sec. pc.ocratcd

of!

rl or



5 .f- .,,". - _ t, ð1,c.. ð'i'/ el1 2l

!'.i r ,,

t .- t. .1SS,.._
r¡ ( r\' .ti :'(.rs(.,.. aÍ t(-r
i.' f r..r:r rarri.l zeJ.

I,t

.:Ì.
-;iiit s.pt , 2l /81

0(J;01:43

??

J, -1.stiiit

P2-blkd. by DC ffìtcr
as)'il. Proteclion ac
llorscy, following'l'11
(jnc rg iza L j on .

Srs i('n C,,:ì: i r:rtrt i i,.:ì

) r.)r i :lt:.¡: l-i.:.. .. lj:i,.s
i.\-!t.
!'I .ì '.'Cs.
il !rl<'ckcd.
'if,Jisscn all fllrc!. l)..)n;i.s encrgizc,d.ll¡:n,!.rv onlv Fl errr:rgf zr..rl .'.'C4 .l tlr:b I 

"-c 
kcd .

t; !'l f,. r). I /0 ..f.'.

6K, 2 LS, 3 llnes; R-LS, 3 llnes
I-S-il.
P2 3 \tGS-Pl of f .
R¿dlsson aIl fi1[ers except hlgh
Pf,SS.
llenJay no fllters BP2-off.
BPI P.O. Mt.J.+c-e

0ct.3il61
01:29

I'Ì and P2 both suffer
oscill¿cioa wlrcn TII
was oncrgizcd ai
Radisson. lic block.

Èú

Al
0a
rD

Oo
c)

tìad . rl i r¡1 ¡

llrl t _t I't_rr:-

o.I 0. j

6K-? I-S,
LS-R.
t'.ì ¡nd P2
Rad i.sson

Ilenday no
BP? off -

l., sûn¡nCo
l¡!!t_is_l

PI 60 ilz cscl I ìa_
tion ¡ri,.ks 1iì to
rìs\î. ì(.v(.I in 4
cvc I cs, lrrr t apJ,¿¿¡5
to t)c (l¿In;)r,d.
¡iC rc:;on¡nc.. l.B,
6.5,8.8. l].9

I'2 60 llz plcks up to
protcction levcl j¡
63 ¡rsec. followin¡3 TI3
cnergi zing, The
osci lla ti on ls stcady
in rnag,nltude. 'lìrc
osclllatlorr lmproves
vhcn 113 trlpped by
connection Profect j on,
AC Reson¡nce 3.5-8.6.

3 llncsi LS-tl, 2 lincs

2 VGS cach.
I 5, 7

I tl, L3
flltcrs.

0.3 0.3

('ornent s

Tl¡ls cv,trt occurre.: : oI lcrinr
()í.t inl:itrion (.f tli¿ c,rr:(-:r,.
r(Ëulilt('rs ai i'0tlt tt.,-.-. r-
TIJ u.ns rtrt. Jrtt .."..:;;.;""
tl'.r¡rs[¡.'rn:r.r b;tnk :rr ];,;
cn('rt: i:c(l '-.i rlri¡r 7 j s.;r::t! s.

P2 Flux (:oDtrol tjniL ts irì:ìcrvicc.
Tll, Tl2 wltcLe cn<'rgiz,t(l prlcr
to Tl3 encr¡i1zing.

0.3 0.1 Tlrc gencral trcnrl is
tlìaL tlìc oscill¿rcion
is dying as tlì¿ lnrustr
current dics. During
rhe dlscurl¡ance tììerc
1.s a s).1glrr lncrcase
in the magnlLudc of

- oscillation ,

The asyrn protec r iolì
fil ¡er sldc ls set at
100 kV r,tr.s. ac boch
f)o¡5"t ¡¡rtl R. ÂC resonce
4clì,6rh,8hr, l2rh.

lr:



APPENDIX D

J . D. ÀINSf¡JOIìTH' S SUI'4ùlARY 0F

ocToBF-R l8 - 20, l98l

TEST RESULTS

Prr:p;rrod l)y Ilr. J,D. AinsworEh
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FOKR TnAnSMtSStON 0tVlstoFJ

GEC ffi*er Engincorinû Limirecl
F.r¡,ort S/SDr 654

Date 23rú October 1981

Bef.

fssue B ó"1L.81
Tit le

Report by

DIPOLE 1 R-ESCî'{,\NCE

TTSTS AT RAÐISSON tIN

J.D. Aius',voi'th

ccl'()ijnR 18-20, 1981

!

2

NOTES ,L\Ð PROVISIONAL CONCLUSIONS :

The o¡iginal theory that part at least of the problem is core
saturation instabirity was co¡rfirmed. Ti¡e other prob.Lem is forced
d"c. line oscillation caused principally by switching in trans-
formcrs and by single valve bl.ockinß or nisfire (e.g. due to spot
t¡a¡sfers).

Brief Descriotion of ProLrlems

A: Core saturation instabjllit-y

This is a true instability rrlriclr can spontancously start "fron
nothing", growing very slowly to a l imiteci am¡.rlitude, or can
sometines be driven rapidly up in anplitude by alnrost any dis-
tu¡ba¡ce, and then rernains there afte.r the disturba¡ce has gone.
rt is principalry caused i-ry a combination of d. c. line resona¡ce
close to fundanrental, a.c. sending end systen of high inpedance
at 2nd ha¡n¡onic (not necessarily resonant at Znd), operation at
high d.c. current, and use of high d.í/dt control settings (".g.
0-7). rt is intinately concerned rvith saturation effects in
convertor transformere Its rvorst effect has been increase of
d. c. line oscilLati to a level. at wlrich d. c. f ilter asynL"¡etty
protecti.on trips out ..: bipote. During the particular tests
s¡rontancous osciLlation occurrcd ìn a particular systenr condition,
but only at a relatively lorv a.nrpl itr-rde. (Frcm previous history,
higher amplituce spontaneous oscirLations can irolever occur in
othcr s'/steln conditions).

B: Forced oscill ation drrr to t ransiormcr switchi ns in at the

Tltis cau-<cs srrL,stanti;rl tcl-i¡r6rery 2nrl harmonic on the a.c. side,
d'¡ilrg vcry sJ.owly, rvlrich cross-i:rodulates tlrrc¡r,rglr the co¡rvertor
to produce funCurentaJ. f rcc¡rrcrrcy rvlricir drives the d. c. resonance.
1'hc'a.c. (r.nr.s.) anrplit.Lt(lc olr tlrc d.c. ljnc j: then typically
l0ß or more of d. c. vol tage arrcl c;rn aÉjain tre errouglr to o[)erate
d.c. filter asy:rmetry pr:otcctjorr, arril trip tlrc bipole. it can
occur even rvith a diocle rectifit-.r.
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I:r)T\:e(l osttj I I ;rl i()n dil(Ì rrrr', le wLlvc niilit.e.

D: Forcecl oscil-l ation core saturation instabilitv.

1ìr i-s gi ves a r:irclr lar¡¡t:r. ir. c. ¿rnrl)l i Lutlc tlran L] ( tfroughtc-'tlrl ¡rcak rl .c. lirrc r,'rtlr;rr;c is nor (-.xccssive dLr e to recirrctir.rnof d-c. coírìr)ÒrL'irt). 'r'rrç ¿..c. am¡rrittrtre can bc rccruced
so¡rcv¡hai b'y lrjglr rlildt sr:tting (e.g.0.ó) in controls.Gcncrally thi.s is not ar irnportant ca.sc since it is auto_rn:rtical ly tcrnliiratcct i' ress than rl .c. f iltcr (<-rr pore)
asl'tttntetry tr j.¡l t ime. I t L_recomes inrportant ei iher f or avcry long trairr oI rtrisf irr:s (t¡clievr:rf to be br:corni¡g rarerJ:lu tu rerrov¡tirlt.ì rlI r'alr,,.:s, etc.) or as D trcl<.rr.r. ,Csi;nila'r casc currrcr ì;e f.i. ILrrc to close of a bypass vacuumsi.;itcll during trlocking; th is v¡iIl trip the Uipotc due topole and I, lne alnrmetry Lrut is also believed to be rare.

uo,',uisil:r3 1,1å":åå"rl^ïîl 
to trip due to the relativery iigir

Â tcrrninatcd fc,rcing car.sc's.clr as c has bcen known to Ieavethe system oscirlating co'tintror¡ s1y (sometirnes vrith growingarrplitude) even after thc princ distrrr.t-rance ha.s vanished,eventually cau.s j rrg b'ipr. lc trip.

Surrrrary oI Tests

All of the various cffccts as above rvere observed in the tests.tlu*.control.units installecj in one bridge in each pore, aIter correcrionot ri!nor w!rrng errors, rvcrc testecl rv j th var jr.,us Ilux control gainsetti¡rgs, ar'.d a suitable r,'alue oI this r.,,as creLcrmined. It wasJcnonstraied that z

(l) The f lux corìtroI urìi ts cur€ ct,re saturation i.sta,uiIity, b,yhoiding the s)'sten stahlc, rvitlr ccrlr!,ert()r r.ransforr.;lcr 
"å"n'IIu.xes closc to ?.rll-r-r in stca(ly Statc. lilis was sht-,wn onlywith ¡ relatively mi Id ¡-rros[)cctjvc instal,ility, LruL tltc behaviourof thc-se urlits was c¡trvir)usly -strch tlì;rt statlilitv coulcl virtuaII,/be guararrtet:d for a rntrch worse sySLc.rn co'(rition (".g. a.c.systcm rLrs(\fìancc ¡tcar(lr to Jrr,l lul.rltonic).

(b) The IIux conrrol uni
oscillations tlue trl
wj.l.l be higtrest for
as\':'r-.c t r)' t r,_r i c.c t i t,tt
tlris ù,rn.1 itr,tri.

ts cannot a¡rprcciat¡ly affect d.c. line
trans[orrnr:r srvitclrirr¡;- This an¡rlitude
3 grtrtrps in a ¡:ole, an<l the,l .c. filter
lrìlrs t L\c :,.'t lr i ¡;ll crr,,L¡ljll n,.r t .to o[)cl.ate in

(c) Ftrr tc:'i;ri,rar')' \,alvr-- ;.iisli re , Lritrì:
d.c. SaturaLjon, trrrL aIt,,r r. 1,fl,]\,.t1
f lux corrt ro I uni t rnr,. take aL,,l t I
thret' tr'însiornrers irr it:; ¡;r,rrr¡rr.l.
rcduet-rl .ttf icientl;' rl¡ridli. f o Jr¡

l',rr::cr,¡ iLre cjri v,:n ltcavilT into
rrf tlr,. In,'¡,, altltoLlgh each
:ìr-'con,.l Lo'lesaLurale aII

t'.. I irr,' ol;r:i Ii¡rtions are alivays
cvrjftt,'l)cr;rLiort r:f cl .c. fiLter
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asyrìLnìetry protection i,f i Ls tinc
appl j.cs evc¡ì in a clsc rvlr.i r.lr, rvi
into a statc of cole sirtt¡ ration

is set high enougl.r (2s). This
tllout f .l r¡x co¡rLrol.s, wolllcl Iock
i rt:: Lal:i I i ty.
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Re(:ommendations

(C) Flux control units sirould r_.e f i rtcrl to al.
(l'he re i s sone e videncc to sh(ì\.J tfìa l. ilrrrs
pcr pole is sufiicienË, but tlrcrc is tlìe
thc treatc(l trr.idge).

(a) D.C- filtcr capacitor asynmetry protection setting shoutd be raised' to ahou¡ Qç) kv rms or hi6rrt:r wi trr a ti'rr: setting of 2s. This
rvilJ- prevcrrt s¡>urious trip¡ring for tralrsIornrei snitching and sorneotlìcr causc.s. Thi-s is not rrart ol f illcr capacifor protection
(rvhich has evcn higher sct ting) ìlcrice involves no risi to equipment.(Historical Ly, the much Iower setti^gs r.rsed in thc past were
relevant to a non-resonant d.c. ljrre, bcfore adding the secondset of d. c. reactors to reduce telcphone interference) .

(b) Trre asymmetry (a-c. vortage) protection setting on Bp2 d.c. rineshould be set to a varue higher than the highest varue caLrsed bytransformer switching on Bp1 or Bp2, a'd iti tinrc setting shourdbe longer ttra¡l the exl)ccted tine of Bpf rnisfire (asymmetly perbridge) protection. This rneans say 4o0ms setting on Bp2, assuningthe existing 3ooms on Bpl. Arternativery you could try reducingBPf asynL'''erry per bridge setting to say'fiOms, though youshould checlc for spurious operation due to nornal transients (e.g.
comnutatiorr f airure). flowever \{e cannot see any reason why Bp2ó0llz detector l time settings shorrlci not be increased frorn theexisting value of 20Oms (40kV). The Bp2 derector Z settings of80kv may be sufficientry inscrrsitivc not to operate fron th; !onø_tcrn compor'ìcnt of Bpr distLr 

'bances, trut its time setting (z5ms)
scens nruch too short, and rìlay cause it to operate spuriously.Ì{e suggest say lOOms.

(c) If single valve brocking dtre to spot transfer or other causes
on BPI continues to be a probrem ycu should. instarr extra opticfibre couol ings Irom ea*h valve to grotrnrl, to initiate whole
lrLidge blo,:king rathcr tlt,tn sirr¡;le vlilvc l.rlockin;.

I six bridge.s at Ra,C.isson.
treati-ng only one bri.dge

possibi I i t7 r.:í outage of

(e) Providcd tllrlrc is a¡ adequate nuntir.¡ oI flux control units per poIe,
'rhe controi di,/dt settings nay be increascd tc 0. ó. This is no cstrictly necessarl'but assists irr rcch,r cti,:n oI oscillation
aripJitudc rluc to vaLvc ni-sfir.e, ctt:.lcì

l9.sl
( f) In thc neanrinc

.l ct't in sL.rvicc
lci't at 0.3 fç.r

the two tcnl)c)rary ftux control units should be
(A['T0 p,rsiticrr¡), L.Lr t nulin control Lji,/dr setrings
the prcscrìt in casc oI oLrtaic of t]rcir groups.
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APPENDIX E

SUì,ÍMARY OF MANITOBA HYDROIS FINAL ACTION

WITH REGARD TO THE óO Hz INSTABILITY

Prepared by Mr. C.V. Thio
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BIPOLE-ONE DC LJNT 60 IJZ RTSLINÂNCE

_l

)ATE

ILE NO.

;U8JEC T

Followjng are the overall conrnents and conclusions arisjnE out of theresonance tests conducted at Radisson frorn 0ctober l6 to í9, igulin the presence of ,Yr. J. D. Ainsr,,crth f rorn GtC.

l) it is now recognized th¿t thcre are tvro clistincl probìenis jnr:lurjt¡d in r_hegeneral 60 llz resonence jnstabilìty. One is a true core satrrr,rtion jn:c¿brì1cy
which can grow spontaneousry arrd sìowry, or rre rlrjven .o¡riniy ," .irr an; jìtu.jcby any di sturbance and re'uai n ¿ i Lcr thä 

'rjis 
lurb,lncc is gone. Tne ot-hcr jsa forced osc j I jation causecl rra i n ì,y by t.on, f',,,-,'i0,- r..ner-rlí;;;;o,, or vat.temisfìres (spot transfers). rhe iorcãd oscjl rations n.,i g.n*.0ì l-,, r 6lsr_¿;,ìri.,or tjme linlited type bLrt tlte'y tarr ìr)i)rt.erìtl,v Lri,jjer ,l foilrr¡rin,jcore saturatìon inst¿birity. uf Llre ap¡r.o;*lrr,rLc-i0 ruent-: en,r rf;.r,¡tj .¡,,,

the past, about l5 oi thesô corìta jr) core sâtr¡r-i,-ion instal;ì ìity Fjve oíthese I5 are sometvhat questionab je, however. The ,^.r,niÀin1 events rrF,l <ì jIof the forced osc j I jat jon t.v¡re.

?) The b'ipoìe and poie trips due to resonanc€ hcrvc alì been via the dc fiì¿e¡.asynrnetry protection. The existing setting of zz ku i'¿i neue¡^ been changedor clarified from the origìnaì jn-iervice úut is a¡.lparentlt mucir too'lor¡.it'is believed that the setting was cnoiÀn-nrerely to act as backup andcoordinate with the valve side asynrmetry fr.t..tion. þlhen the second smootir.in,.-reactor was added in the desìgn l!age t-h'is protection v/as not recalculated,and the fact that valve side probìen:rs and oscjllatjons are rnagnified at thefilter due to the line resonance \{as overloot.á.-È;;;"il'r.-rää¿ for thisprotection ìs somewhat questionabìe sÍnce the filters have their own protectirn(.l29 kV rms for 5 min, l'40 kv for 5 t".,-lil'tv inst,antaneous) and there i:also a valve gfoup asynxnetry pr-orecLion (30 rv ,,,,s-;;; ;ö0";s... ) ônct .:valve group sìde poìe asy'n,neti'y protectiòn (40 kr/ nns for Z sei.i *i jctr ¿cLas backup. It is reconurrended thercfore t,l iai,-c thc rlc filter a.,yuu,etr.y ìr:¡,:.to 60 kV rms for 2 sec. at least for a trial perio,C. This slrould cure ¿ìlthe bipoìe trips due to the forced oscillatjons based on Repor t ?ef EZ.- If jt does not then the setting should be macie even highe,r-Lecause itis still less than Mr, Aj'lst*or-ih's recon;r ¡.ìn(icri i;eLtin,l-of .l00 
kV r^rir,;
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3) Ihe dildt control sìgnaìs in troth poles were checked and appear correct..
Some wirìng errors \^/ere Found in one f lux control un j t and'cÀ.¡.ecte¿. Itjs not known what effect Lhts h¡r-l on previous ìncicjents. 

-iÀe 
gain of theflux control unjts were also cptirnized. It rvas io;;J-ir,at'o-nì9r,9ain couì,jseriousìy aggravate the stabi lity during the forced or.iiiuilon events bu¡_the uni ts bas jcal ìy could not cure thesé osciljations. r¡aìn ,;ontroì settìn,..¡s,i1c]uc]ng a triaì clc line voìtage fee<lback, aìso could n0t cr¡r,,. oscillaIion:.High dildt settings up to 0.6 help somew¡rai in c0ntrollinq the amoljtude ofthe oscillations but theoreticaì ly the hjgher ìevels u.u *oriu for coresaturation instability. It was concluded that the optimìzation r-ests cionein the fall of l9B0 arrrved at a good .0,,,p.0,,,ìru settinq 0f di/¿t at 0.3(Radisson and Dorsey) and i t is .õ.on'rÀn¿å¿-ùlut this seÊ,cing rcrna.in. Ihedi/dt could be raised to 0.6 in future depending on further exoeriencc andon what js ultimateìy decjded for the nr,"ir.. or'riux ;;.,i;;'insialle¿. Asettjng change to 0.6 at Dorsey orrìy nray be u!eful to heip.o"i.ol Forcecoscillatjons without aggravatirrg seturalion instabjl jty,' li-rnnrlrj Lenoted that since the optinrizatjon tcsts in lg8o we havä nob e*rr:rìence,_r an7c0re saturatjon instabi ì i ty everr tltough the f lux r¡nl ts vrÀre oui .t servicefor cons'lderable tinie. The tw¡ evcnts in tile f_ì,ìri yeìr. v/€rr.c l;r;j:i¡ oí i_neforced osci I I a ti on type.

4) A number of reconrrnen,l¿t.ions wn.e i.r..
regardìng the sol ulion of r.es,;nõrlce
pìus the reports prepared by S;,s tc:r:
are now restated as fol lows;

v i OLtS ìy rr,,¡¡1* to tirÎ liVi)(.
¡r-ob ierns. I'la in ìy because
Perf or'¡narrr-e (iìti f .81 2,EZ)

i'.,,, tr;rcr-'
r-, F thc Le: i;

lirc:e rec,';:l;;eiili : Lions

¡l-to'/e. Al:o
sion on the

'a) The dc f ilter asymnìetry shoulti be set as drscussed in ('¿)
as recommended ì n Report Ref .82 the rate of riecay su¡tervÍ
poìe asynurretry prctections is no ìonger required.

b) Reduce the vaìve group asynrììetry protection tirne deìay frorn 500 rnsec to.l00 
msec at Rad'isson and 0orsey. This will greatìy ré.luce the 60 Hzexcitat'ion time to the poìes. ro prevent ali valve qr0ups from blocki

due to.ac system f¡ults causecl by backup cìearing an ac unrlervoìta1e (
supervìsion scheme nrust be installed. This uncjeivcìta._¡e r,:ì,r7 wiìì
deì ay the asyr,rnretry protec t i on .

n1
.35 pu )

Page 87



HVDC Task Force
Page 3

l98t li 05

c) The spot transfer LJetecLor' ()perate,l si,irr,r i :i:rruiir i,i iri,-^, ir:ìÊd t,t ri,re¿node unbalance sìgnaì -r11 Lire ìigirt llci;r; rrrrit. iiri:, ;riìl 1,,:udi,_., .,sp0t transfer/anode urloalili'lce alðnn wir jclt r,rilr-'n ccrirbirred ,yiiiir ¡1,,, ,,-..
9f gsciììograms wiìì ajjow different.iation l-retureen û.i,.G. o¡^ S.p.C.faul ts and operat jon of snoL trans fer. ijc L¡:ctors .

5 ) in spi te of the f act tirat the tcs Ls rlenrons t r,r t.cri ilr,i t
vrould cure core saturat irtn insLabi ìi ty and Llr¿L ilr. t\i
instalìing units to aìl si¡ v.llvc !Jroups ilrc f-olìorrrìng
in question:

a) Install six flux uniLs as pel. recomnrenrj¡tion.
roughìy estjrnated as $ì50,000 but thjs rs noL
quote.

c) Sarne as (b) except pìace Llre urri
demonstrate that j ns tabi ì ì ty h,is
subsequently cor.rect ilrc irrs t¡tri

Ls undcr ¿ Liue deìay arr<.1 possìi;ìy
st,ìt'tr_'{l ¡rrrl that the []u¡r units,,rrr

lity.

t.flr: ilur. r.ontr-ol unit:
nsvlortlr recomr:rended

rr l ternali ves rtlriainerJ

Tho t:ost of thjs ìs vr:ry
based on any recent GEC

ìf tiic opLir: ;zecl
p€r^rrr rrrent l,y c,tre4

cate iiiis.

tlrei"c Éc,r'e trr i s

b) Have only the e.risting uni Ls ìn operaLìorr for a Lrjaì perioci to cleternrineif the probìerns stilì exr'st and if nrorc uniLs are.justlrj,:ci. Tlre ¡.,rotrlerrrwith this alternative is tlr¿t tve rtta-v nevcr knoyr if the uni ts are perforrnìnga function or i f they (lr(l rmnccessary.

d) Renlove the existing units fron oPerat.ir-lrr Lo deternirle
control settings and rev j sr:d l)r-0lL.ction :nll:ings irave
the probìen:. Operat.iorì over Llre pdsl yc,rr.would jntJj

.The present consensus is in f a,r'our- of' aìLer.n,rt jve (d) anc
alternatjve is recoin¡ilended for.¡ l¡.i,rl l)erirìd.

6) Ihe change in protection settìngs jn b.il)0ìc-orrr: coulcl piace lrifrrrle-Lv¡o rnjeopardy. Inductive coupì ìng betweerl poìes rltrrìng Fe soflrrrì(ìê re,¡uires ,i
check on the bipoìe-two 60 ilz tjctecLors.

a ) The 60 Hz Detector I hJS ù ¡r ickulr of 4() [:!' rrls for 2Crj rì,sÉ.,{- ¡ ,t4 , ji,te;
IOref = 0.3 p.u.

Since thc poìc coupling j: .ìl;rruL j3;. Llìis r-{)(Ìu1,.¿5 ,.¡ irír-ì rr,,r.rj I.it-irrrtof about .l20 
kV nls. A BP-l ner.sistent !r-ouD çolrirì¡t¿i.lon i¡ì lrrrs cdrt

cause an osciI lation of 313 k!/r'urs and thcrefore Lile r,rs,,,ri,íije Lr¡ t ine
deìay reduction to less th¡n 200 rrsec as discr¡::.eri i^ l;¡ ; 1¡,i i,
necessary 'uo save tP-2.
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The working Group ìn the jr' ïN E44 v5-F, f,i,rr, r,r,t-r9 (ìi:t-Lcr. ot Arr. j j gi979) clarify 'uhis prcLection by sayìng tiråt cue to. ilre 5a nz a::r"rì r f,yìngeffect on the ljne a higher setiìng thãn 40 k'/ c¡^ be arjopterl ara stjllc0ver an inver-Lc|njst-jr.e (orrc pulie nri:i jn,r ;n-;;;,o t;r.irJcr). Â f ir;rrrenray be 60 or E0 kV b.¡t ì t' c(r,¡lC bc tr.i e,l on Lire sy: i,:,r¡ l:y .,i,:i¡rc.J 
S.í ,rrjone f i ri ng pul se in 

'ie 
i'vcrte' ft* rìtror¡r. ¿0o-,,'iÉ..

It is. unl'ikejy, hor.rever-, iirat tlru. l.lV ,r,rti.irì,,t rì l,)rì{_ ,..r-! jl,.i rlenough to prevenL pt'0tect jon orrerat jon.

b) The 60 Hz Detector 2 htìs a ¡tìcku¡r of Sù l,V rns for í15 rrrs,r_,rjE.l.,f-=-9_ .This requ jres a 8f)_ j osc j I i¿riun ãr ,ibout 24Cmay be possi ble even r.ri th tire reducecj tìrire-¡1q j¿y5.

This protectÍon is requi.eci fo' i.verter puìse brocking by rìc rlnrrs¡176ìra1eand telecoms out of service. iíiren thc (rc vol iaõe recovers ,inrj curr ngpuìse t-rlocking no bypass operation is-aðiii.t.¿,'ã strong 6D riz voì[açewould be appljed to the dc rine iesurtÍnq irì-.rri.nt ìnter ruotion ¿ncJ i ne overvoì tage.

The l.l:9. cìarì fy thìs proicction try.s,ryirrrl llr,rL ¿0 kV vr¿s chosen tt¡,.0perat ion rvi th orle gì'oup ,l.ii .r'tlucô¿.,iã uÃl lu,¡J. 
"' 

ßo,-,,,rse of tirr: 6(l rzantpì i fyi ng ef fec t oñ the I inc thc v¿ ruc , ,,,, [," ic ¿ h ir¡irer, for e,<,:ii,D ie120 kv, but the valuc cart t.,e-criäctect by'a toìi ãi bìccking r-ne inverLervaJves for 3 or 4 cycìes v.'i rh onã group operation ¿nrj recorrling rhedc line voìtage. Tñe set.tírr<r shcruid be so oi tã pìcK up ìn Lhe firsttwo cycìes before the curreni i s interrulin,ì-r,v"tíre 6c ir, .n,npònunt.
It is therefore ìikery that ilrc v.r taçc ì.vcr of r-hi,; prot.:,r. iion c¿ri bÊraiseo enouqh to prevent ßi-2 t.r.ì¡rs tiue lo lil,-.1 irirJuction. ihis v¡i lt L,-.investiçateã f urtirer .ì.ri å ,yaio,,,' tes t ¡l,rrlc i I r'r:r¡rii¡:.4.

,rrrd l ivcs
l:'/ rllS ;rir i c h

FECEIVED
SYSTE¡,,| 0PrRÄTli,lG DEPT

t9B i

SYS]EM PEiIFORMANCE I

seciroÑ - 
|

CVT/bhs

{iD!_I.Þk f_q_tce

l,J. J. Tishinski
J . T. Atch i son
L. Ingram
A. F. Bue l ow
F. Jost
K. R.Ouelette
R. I,J. Ha¡vood
B. i,/iìlis

Thonrpson

NoV
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APPENDIX H

DERIVATION OF FLUX DENSITY IN THE

CONVERTOR TRANSFOR}1ER CORE DURING

TRANSFORI'IER ENERGIZATlON

Prepared by D. Tang
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b
, Ia exarrçIe of calcul-atlon o f lnstaneous flux 1,a BPf convertor transforr.er

dua to wlevan firbg

Unev€n ftrlng as a result of funds"ental freruency osci.llation on [he

d"c" tends to procfuce a net C.c. curent i¡ the va-1'¡â,rrind.ng current
Îlre rnagnl¡uud.e of this d.cé surrent ispror:ort{ona-l Èo tha arqolitudo of
the osclllatlon. ln the case of t:'ansforrner snersizatloa i-n 3P[r the

6OEz producad. decays i¡ the lo¡a of ¡u-bt. TLre d.c. current produ,ced,

therEfore has the sane profile" The derivati on of the flIux ln the

corlvertor transforner corg is as fo11or,¡s"

lhe equlvalent cl-rcult of the convertor 'uransfo¡'ner :n¿l ihe s;rstenr

for the hJection of d.c" cur:rent from ihe vaLve side is
L¿, Ls Rs

É,s

where Ra
s

-t
taó
e¡
J=

S

Nã
s

f=

a"c. grstem resistance
transforner leakage j¡rductance

sqstem lnductance

convertor transforner s-nsten slde volfuge
q¡stem side trensfor:ler current
no. of lufa¡lsfofîef t"uf¡S

voltage source(<OUz)

\

f ttz

D.- dge I06



29 = ùrÊ, * a"* + Es k/¿ â,24téd// +k sysfc*' /a,

,^)1,ú^a, Lz = !-s * L¡

Si,.., ït\- ll,r^ .!;tW ó|fl^, Ito*.{"u'*-z' c,.^ ç4 v'zt'&'* ao

Às = Nrþ = Ålsgç Z

sl'¿- ë = wytà /b MurreL tó 'il.z þry
htt *<2 ozz'-/ot7

ß = //*,4 dz"ra;t1

fr = c,t¿¿¡ ps-r:p,Z a,et /l 'lLL #aas/rro¿r (n4
a

-: lroo / tÐe- 7el

Ålrå #
S;nce u = &o{&
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/o /'
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