' MLEIEF gnnee@

POWER SYSTEMS, INC.

OHIO BRASS
TEXT NOT

DynaVar Arrester Application

General

A surge arrester is the most common example of a device
used to protect high-voltage substation equipment from harmful
overvoltage surges. The general subject of surge protection for

L 4
station insulation involves application considerations for not \
only protective devices such as surge arresters and gaps but also
shielding and grounding systems and equipment insulation levels.
The objective for surge protection of a power system 1is to
achieve, at minimum cost, an acceptably low level of service
interruptions and an acceptably low level of transformer failures

due to surge-related events.

Surge arrester selection and application will be con-
sidered in the following sections. Discussions will be further
limited to DynaVar zinc-oxide arresters to provide application
guidelines for this arrester technology.

DynaVar Arresters

While Ohio Brass Dynagap arresters used silicon-
elements, DynaVar arresters utilize zinc-oxide valve eme
Figure 1 illustrates the extreme improvement in nonl ri

achieved by zinc-oxide valve elements as compared to
carbide valve elements.

The vastly improved valve element chara of
DynaVar arresters are utilized in the operation of ters.
The valve elements carry all or a substan of the

arrester's normal operating voltage. The tg g follow
current is borne entirely by the valve ele ich will allow
currents only in the milliampere range at system voltage.
Gaps, used with VS and VX designs, are avy-duty horn gap
design. They insert a linear impedance aspwith the valve
elements. This assists in 1imiting i
generation at elevated temperatures t ermal stability.
The origin of this concern is the nega emperature coeffi-
cient of resistive current for th in e valve elements in
the range of normal system voltages.

Section views for t’ a ars (Figure 2) show the
different unit types which t range of system voltages
thru 765 kV. VI and V intermediate arresters use 48-mm
diameter valve element d available for system voltages
from 2.4 kV to 138 kV. L VLA arresters are applied on
systems below 69 kV a 3 diameter valve elements. VN
and VS arresters cover thegrange of system voltages from 69 kV
thru 400 kV and utilize -mm diameter valve elements. VX
arresters apply fo 1tages 500 kV and above and utilize
two parallel sta 5emm discs. They may also be appropriate

for lower 1ta i energy applications, such as on under-
ground cabl st

Selectdon of Arrester Size

critical function of any surge arrester is the
protection he insulation of other apparatus such as trans-
formers from damaging overvoltages. To this end, it is usually
desirable to select the minimum-sized arrester that will perform
this ta? while not self-destructing under any reasonably pos-
sible series of events at the particular system location.

The two types of overvoltages usually considered with
ect to arrester survival for silicon-carbide arresters were
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60-Hz temporary overvoltages (neutral shifts due to faults) and
transient overvoltages (line switching). Other factors such as
load rejection, long unloaded transmission lines, and resonant
conditions were important in determining arrester size, but to
a lesser degree.

Because the zinc-oxide valve blocks in MOV arresters
carry all or a substantial portion of total arrester continuous
operating voltage, the most important criterion for selection of

the minimum arrester size is the continuous operating voltage. \
A1l MOV arresters have, therefore, been assigned a maximum
continuous operating voltage (MCOV) by their manufacturers.
The definition in ANSI/IEEE 1is: "The maximum designated root-

mean-square (rms) value of power frequency voltage that may be 0

applied continuously between the terminals of the arrester."

This standard assigns two ratings to an arrester; the
MCOV rating and the duty-cycle voltage rating. Therefore,
when identifying an arrester size by rating -- use MCOV rating
or duty-cycle voltage rating to avoid confusion (E.g., The
180 kV duty-cycle voltage rating has 144 kV MCOV. The 180 kV
MCOV rating has a 228 kV duty-cycle voltage rating.),

MCOV _and Conventional Rating

Silicon-carbide arrester designs were rated by the volt-
age at which they could pass the ANSI duty-cycle test. Selectio
of a silicon-carbide arrester was made with a rating equal to
greater than the maximum line-to-line system operating volt
times the coefficient of groundmg at the point of arrest
application (Figure 3). This is affirmed by €62.2-1987,
3, which states, "It 1is recommended that an arrester
rating at least 25 percent higher than the maxi
phase-to-ground voltage be selected for stations wi

For an effectively grounded system
grounding less than or equal to 0.80), a Dyn arrester with
MCOV equal to maximum normal 1ine-to-neutral volt i i
Thus, for effectively grounded systems where a
not be dictated by other factors, DynaVar
dividing maximum system line-to-line rms volita
sideration of extremely severe switching surge other factors
will be covered later.)

mum line-to-line
the maximum normal
he appropriate size

A 138-kV system typically‘
voltage of 145-kV rms. Dividing by
line-to-ground voltage of 84 kV
arrester is the DynaVar with 8

That DynaVar VS and ters can be selected in
this manner for effectively /groun systems is illustrated in
Figure 4. For an effectively ounded system, the maximum
voltage on an unfaulted pha i1 be 0.8 x V3 x MOV or
1.4 times MCOV. The -Hz sparkover versus arrester
(Zn0 disc) temperature s {that VS (42-245 kV MCOV) and VX
(318-485 kV MCOV) t would not normally operate under this

condition, even ent temperatures.

voltage capabili of 40 'percent for more than one second, which
is sufficient it breakers to respond to a fault on
grounded neutral c ts, as shown in Figure 5.

Figures 6 and 7 1ist the normally recommended DynaVar
arrester sizes for various system voltages and grounding prac-
tices.g Arresters listed under grounded neutral circuits assume
that t system is effectively grounded and arrester MCOV is
e-to-line voltage divided by Vv 3.

Alternate arresters are listed for ungrounded systems.
ynaVars listed under normal duty (1) on Figure 6 have an
M of at Tleast maximum line-to-line voltage divided by 1.4.

ars listed under severe duty (2) have an MCOV of at least
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maximum 1ine-to-line voltage divided by 1.25. The latter sizes
are recommended where high ambient temperature and maximum energy
discharge could occur prior to the extended system ground fault.

On Figure 7, gapless DynaVars listed under ungrounded
systems, normal duty (1) have an MCOV of at least maximum )ine-
to-1ine voltage divided by 1.25. DynaVars on Figure 7 1listed
under severe duty (2) have an MCOV of at least maximum line-to-
1ine voltage divided by 1.11. This means that on some ungrounded
systems, a larger gapless arrester is needed than with a gapped
design. Notice that at 115 kV ungrounded, the gapless design
can be 98 kV MCOvV. Yet, for 115 kV grounded systems, both

gapped and gapless designs can be 70 kV MCOV. @
Insulation Coordination
The methods used to insure insulation coordination with
DynaVar arresters differ from those for silicon-carbide MPR
arresters only in the way DynaVar protective levels are defined.
For a review of silicon-carbide arrester insulation coordination,

a voltage-time curve for MPR arrester coordination with a typical
oil-filled transformer is shown in Figure 8.

Transformer withstand voltages are plotted frol
following points obtained from the manufacturer or standards:
(1) front-of-wave withstand; (2) chopped-wave withstand a
3ps; (3) full-wave withstand from 8 to 30 uis; and (4) swit -
surge withstand from about 50 us and longer. MPR arrestér p
tective levels are given as follows:

I. Sparkover per ANSI C62.1
a) Maximum front-of-wave -- 100 per v
of arrester rating to 2000 k
b) 1.2 x 50 us.
c) Maximum switching surge - from 30 to
2000 pus.

II. Discharge Voltages per ANSI 3
8x20 us current waves with{pe itudes
from 1.5 kA through 40 kA.

Coordination between MPR est d transformer insu-
lation is checked by comparing the, following points of trans-

former withstand voltage and arr\ ctive level.
MPR Protective Level \K Transformer Withstand Level

1. Maximum front-of-wav Chopped-wave withstand (CWW)
sparkover

2. Maximum 1.2 x 50 Full-wave withstand (BIL)

s
discharge gvolta

3. Maximu i Switching surge withstand
(BSL)
of the above three points on the transformer

a protective margin is calculated as:

% M = ( Transformer Withstand )
@ (  Protective Level - ) x 100

The usually accepted minimum margins are 20 percent for
ed-wave withstand and full-wave withstand and 15 percent for

EU1045-HR3 October 1990 Page 3



Praieacll ] AALEEM /DA O
\_/
POWER SYSTEMS, INC.

OHIO BRASS

TEXT

switching surges. For coordination of the 8 x 20-ps current-wave
discharge voltage with full-wave transformer withstand voltage, a
value of coordination current must be selected. For effectively
shielded installations, a conservative approximation for the
maximum discharge current is suggested in C62.2 by the formula:

ia = (2 ey -e3) /1
where i = surge current in amperes
ey = 1.2 x line insulation level in volts
(1.2 x 50-ps critical flashover)
Z = line surge impedance in ohms
ey = arrester discharge voltage in volts

DynaVar VS protective levels (discharge voltage charac-
teristics) are plotted with the oil-filled transformer withstand
voltage characteristics (Figure 9).

Transformer withstand voltages are plotted as before.
DynaVar protective levels are given as crest kV versus current
magnitude and time to discharge voltage crest. Time to crest of
the voltage waves as shown is about 0.7 x the time to actual
crest of the corresponding current waves. The standard 8 x 20-ps
ANSI (10 us to actual crest) discharge voltages are obtained at

7 ps.

In order to coordinate with the transformer withstan
characteristics, the following points from the DynaVar protectiv
level curves are listed in the catalog and application guide:

1. Maximum switching surge protective level -- The fast switc
ing surge (45 x 90 us) discharge voltage defines the D
switching surge protective level. Published DynaVar proteg
tive levels are based upon discharge currents
1000 A or 2000 A depending upon the system voltage
the arrester will be used. (150 kV and £b
151-325 kV 1000 A, 326-900 kV 2000 A) ese

r

through the arrester are listed from 1.5 40 kA. A
specific coordination current is selecte fore, based

"switching surge classifying current”.
2. Maximum 8 x 20-us discharge voltage -- The disc e voltages
resulting when ANSI 8 x 20-us current impm ischarged
d 4

cresting in 0.5 us is 1listed i of the front-of-wave
sparkover point. The dis urrents used for station
class arresters are 10 kA rr r MCOV from 2.6 through
245 kV, 15 kA for 318 throug V MCOV, and 20 kA for
470 kV MCOV, correspondi 0 A for system voltages
below 550 kV, 15,000 A kV, and 20,000 A for 800 kV
systems. The "Lightning ulse Coordinating Current" for
all intermediate cla is 500 A.

primarily on Tine insulation and surg e
3. Maximum 0.5-us discharge vo]ta& -- e discharge voltage
for an impulse current wave wh'x s a voltage wave
pla

The coordifatio i for DynaVar arresters are sum-
marized in the f

1. Maximum 0.
voltage

2. Maximum 8 x 20-ps current Full-wave withstand (BIL)

discharge \g]tage

Switching surge withstand
90 us discharge voltage (BSL)

ecific examples of insulation coordination with Dyna-

ters and comparison of margins with equivalently sized
arresters will be covered in a later section. It will
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examine the following general statements in more detail. For
equivalently sized arresters -- DynaVar MCOV equal to MPR rating
times 0.81 -- increased protective margins will be realized for
both 0.5 us and switching surge discharge voltage protective
levels. Smaller-sized DynaVars will be applicable in many
instances, resulting in further improvements in protective
margins at a fixed BIL.

L 4
Transmission Line Switching Surge Durability \
Because the noncurrent-l1imiting DynaVar gaps do not 0

develop significant arc voltage, the arrester current, discharge
voltage and, therefore, arrester energy for all DynaVar designs
are determined by the zinc-oxide disc characteristics. Thus, for
any switching surge, the arrester durability can be expressed in
terms of dissipated energy in kilojoules per kV of MCOV.

Energy capabilities of DynaVar arresters in terms of
kilojoules per kV of MCOV are as follows:

Arrester MCOV. Maximum Energy Discharge Capability
(k) (kJ/kV MCOV)
2.55 - 98 (VI, VIA, WR) 3.4 (Currents 650 A or less
2.55 - 39 (VL, VLA) 4.9 (Currents 1.0 kA or less
42 - 245 (VS, VN) 8.9 (Currents 1.5 kA or le
318 - 485 (VX) 16.2 (Currents 2.7 kA or 1
These numbers are the maximum energy discharge cd il-

ity within a one-minute period. Additional duty is e
after one minute when disc temperature gradients vani um
energy discharges can be repeated many times asglo ster
temperatures remain reasonable. Maximum ation
arrester temperatures for VS and VX can bede | rom the
previous Figure 4, showing the effect of d perature upon

arrester 60-Hz sparkover.

Accurate determination of arre ischarge energy
requires modeling of the arrester and syste mponents in a TNA
study. Arrester energy duties obtained, i studies can be
compared with DynaVar maximum capabilijti the event that
arrester type and/or size may be determi Yy a severe energy
discharge requirement. Arrester temperatupe rises can be calcu-
ge when desired. The

lated from the energy content of
VL arrester temperature will in for each kJ/kV MCOV of
energy discharged. The VS este emperature will increase
r
er

8.3°C for each kJ/kV MCO gy discharged, while the VX
arresters will increase 3.9 kV MCOV of duty.

When the assumption i e that a total given length of
line is charged to a imum) surge voltage level, a graphical
estimate of the arres sponse is possible using the
switching-surge volf-ampere curve. Using line charge voltage
and line surge i a load line is superimposed on the
e curve. The arrester discharge
obtained from the point where the load
rves intersect.

T4 = 22CL
where Tq = time duration of current wave (seconds)
s ! = line surge impedance ()
C = line capacitance (farads/mile)
[. =

line length (miles)
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Figures 10, 11 and 12 show the switching surge capabil-
ities of DynaVar arresters expressed in terms of miles of line
versus line charge voltage at the maximum arrester energy capa-
bility. The 242-kV, 362-kV and 550-kV systems using arresters
with MCOV equal to maximum line-to-line voltage divided by V' 3 or
140-kV MCOV, 209-kV MCOV and 318-kV MCOV, respectively, are
represented. An example in the use of curves: Considering the

L 4

ANSI C62.1 transmission 1line discharge test parameters for a \

362-kV system charged to 2.6 per unit with a 350-f1 surge impe-

dance, the following capabilities in miles of 1ine are noted.
Single 1line - one operation, over 400 miles. Two

parallel lines - one operation or single line - two operations,

over 200 miles. Two parallel lines - two operations, over 100
miles.

Operation from Transferred Surges

The figures giving DynaVar capability for transmission
1ine discharges assume that the arrester 1is installed at the
system voltage of the line being switched. When a transformer
and connected transmission 1ine are switched together, the
low-side arrester may operate, requiring the smaller arrester
to discharge the higher-voltage line.
Some TNA studies demonstrate the probability of low-side\

arrester failures caused by surge transfer from transformer high-
side windings. Surge transfers with silicon-carbide arrester
can occur when the per-unit sparkover of the low-side arrestepgi

by the square of the transformer turns ratio.
side arresters undoubtedly have minimum sparkove
below the corresponding maximum sparkovers o
arresters, this type of operation has not been
problem in the past.

Circuit arrangements in which sparkove
arresters is a distinct possibility are those : o high-side
breaker 1is provided and operating practic nc closing the
high-side 1ine from a remote location before closing the low-side
breaker. The two characteristics d® tramsferped surges which
determine the probability of arrester k re the low-side
oscillating component and the straight ele magnetic transfer.

In the past, some utili c ully selected silicon-
carbide arresters for both high- w-side transformer winding
protection in order to preven gh- gy switching surges on

the high-voltage circuits from being)discharged by arresters on
the low-voltage windings. These, applications required coordina-
tion of the sparkover v both high- and low-voltage
windings. With metal- resters, this application is
simplified due to théphig linearity of the blocks. Now it is
only necessary to sele de arrester with about four per-
cent more discha vol than the arrester on the high side,
with both hi low=side arrester discharge voltages
expressed in p

onservative guidelines will insure that
low-side arresters wi not be subjected to discharges in excess
of their energy capabilities. For autotransformers, check if
discharging the high-side transmission 1ine through the low-side
arrester will result in an energy discharge in excess of rating.
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Numbers in Figure 13 are based on the assumption that
only the low-side arrester operates, and transformer inductance
is neglected. The autotransformer inductance would make actual @
low-side operations less severe. Also, inductance probably would
cause the high-side arrester to operate on + di/dt. For proper
application, the discharge energy level (kJ/kV) should be equal
to or less than the maximum capability in kJ/kV MCOV of the
arrester shown in Figure 14.

Where the possibility of 1low-side arrester duty in \
excess of energy rating exists, such as in all the 138-kV
examples in Figure 13, use a low-side arrester MCOV with four
percent higher discharge voltage than the high-side arrester
discharge voltage times the transformer turns ratio.

Minimum PL, = 1.04 x PLy x N
Where: PL| = discharge voltage low-side

PLy = discharge voltage high-side
N = turns ratio

For example, assume a 525-kV/138-kV autotransformer uses
a 318-kV MCOV high-side arrester and the 525-kV transmission 1i
discharge can be severe. Use of Type VS-88 rather than T
VS-84 low-side arrester will assure high-side arrester operati
also on any transferred surge where low-side duty would
otherwise severe.

Alternately, the gapped VX design can be used_on e
high side and a gapless VN-84 can be used on the low side;isin
a VN has about five percent higher switching surge
level than the VS.

DynaVar arresters used on ungro rcuits and
subjected to transferred surges should be chose the severe-
duty column of Figure 6 for normally nded DynaVar
arresters (MCOV equal to or greater than maxim inesto-line rms

voltage divided by 1.25). For delta-to-wye
arresters that normally would be used on/the
are adequate.

Assuming proper current shdring ires that gapped

VS and VX arresters be used on both ‘the hi and the low sides.

Alternately, gapless VN can be h sides, or gapped
n th

arresters on the high side and gaple e low side.

Shunt Capacitor Bank and Cab%
fr

Discharge curren capacitor banks and cables can
be higher than those fro verhead lines, such that the arrester

energy capability may n previously shown.
Howeve g switching malfunction or restrikes,
Figure 15 appli or banks and Figure 16 to cables on
s

grounded using normally recommended MCOV
arresters. ue for all source reactances normally

nsfers, MCOV
-connected side

e, a 145-kV (138-kV nominal) shunt bank
protected by 8 MCOV DynaVar arresters can be as large as:
2.7 x 145 = 391 MVAR.

A 5-kV cable of 0.4 microfarad/mile, using the same
84<V MCOV DynaVar arresters, can be as long as:

7000 .
145 x 0.4 * 120 miles
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Temporary 60-Hz Overvoltage Capability

In addition to the requirement for continuously with-
standing the maximum normal 1line-to-ground system voltage,
DynaVar arresters may infrequently be required to withstand a
60-Hz voltage in excess of maximum continuous operating voltage
(MCOV).  The most common cause is voltage rise on unfaulted
phases during a line-to-ground fault. Such voltages can be
calculated using the method of symmetrical components. For an
effectively grounded system, coefficient of grounding less than
or equal to 0.8, the maximum overvoltage by definition will be
equal to or less than 1.4 times maximum normal line-to-ground
voltage.

Other situations can exist that will result in yet
higher temporary power frequency voltages. One typical example
is voltage rise due to feeding a capacitive load such as a long
unloaded and uncompensated EHV 1ine through a generator, trans-
former and 1line inductance (Ferranti effect). Other causes
include sudden loss of load, backfeeding isolated sections of
1ine through a small transformer, loss of neutral ground due to
backfeeding through a delta-connected high-side transformer,
and 60-Hz resonant conditions.

Once the possible magnitude and duration of these over-
voltage conditions are established by analog or digital comput
study or operating experience, the effect on arrester select
can be evaluated. For situations in which the duration of h
overvoltages can be extended (seconds or minutes), DynaVar VS
VX station arresters should be chosen such that minimumf6
sparkover will not be exceeded. When the overvoltage wi
a dynamic nature lasting a number of cycles, arres
are permissible up to the maximum energy cap
arrester.

for pro-

spark-
max imum
377times MCOV

Figure 17 shows 60-Hz overvoltage
longed overvoltages that do not exceed VS or
over. Even if operating at 60°C and havin
rated energy, the arrester could be energized a
for one minute.

Figure 18 shows the minimum -Hz rkover versus
arrester temperature. As previo*ily ntioned, arrester tem-
perature can be calculated from in

1 i temperature plus
temperature rise due to immediatel eding surge duty. The
arrester temperature can rise 8.3°C for kJ/kV MCOV of dissi-
pated energy for VS arresters 0 245-kV MCOV. The corre-

re

sponding temperature rise for rs 318 kV and above is
3.9°C for each kJ/kV MCOV of g

Figures 19 and 20 {ndicate the time in cycles it will
take an arrester to reac imum energy capability. The
overvoltage magnitude 1 n per unit of DynaVar MCOV and
is the prospective vol without the arrester in the circuit.
Separate curves ar 0 or/available short circuit currents of
500-A, 1.5-kA 5-kA, ri

10-kA rms for
half-cycle.

or VS arresters and 1-kA, 3-kA and
arrest Arrester sparkover is assumed every

cuit voltage is sinusoidal, which results
s being conservative for overvoltages with

Prospe
in the withstand
high harmonic content.

Since 4DynaVar Types VL and VN station, Type VI inter-
mediate, and PVR riser-pole arresters do not have the gapped
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1inear impedance to enhance temporary voltage capability, the

duration of the overvoltage is less than for other gapped station r's
class designs. Figure 21 illustrates the temporary overvoltage

of these gapless arresters.

Comparison of MPR and DynaVar
InsuTation Coordination and Protective Margins

The table in Figure 22 compares silicon-carbide MPR and
DynaVar protective characteristics for typical 138-kV, 345-kV and
500-kV system arresters. The figures assume that the arrester
lead lengths and transformer separation distances are negligible
and are, thus, strictly applicable only where the farresters are
applied at the transformer location. They do, however, reveal
the relative improvements in protective margins possible with
DynaVar arresters.

For a 138-kV system, the insulation coordination is
shown for a 450-kV BIL transformer with four different arresters
MPR 108 kV, MPR 120 kV and DynaVar VS 84 kV and VN 84 kV.
345-kV, 900~kV BIL transformer withstand voltage characteristic
is plotted with the protective characteristics of MPR 2 v,
MPR 276-kV and DynaVar VS 209-kV and VN 209 kV arre
Protective margins are calculated by comparing the tra
withstand levels and arrester protective levels as list
viously. A coordination current of 10 kA is used for 13 d
345-kV systems, and a coordination current of 15 kA i ed
the 500-kV system.

f

Figures 23 through 30 compare the protefti gins
obtained in nine examples of insulation coerdinati When
equivalently sized MPR and DynaVar arre ar mpared
(Dynavar kV = MPR kV x 0.81), BIL margi bout the same
while substantial improvements for chopped and BSL margins

are obtained. Smaller DynaVar arrest may. be applicable in
many instances, which will result in fur i
at all three coordination points.

>
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DynaVar VS-209 Voltage-Current Curve
Compared to MPR 258 and Linear Resistance

KV Crest

.001 .01 A 1 10 100 1000 10000
Amperes - Crest

Figure 1

Section Views of Typical Units K\

)

IR VYAV
H
l

Ry

I

T

=6 O
N

Type V8 Type VX

Figure 2
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Line-to-ground Sustained Voltage
for Grounded Systems*

7
/ .
6
1.73(1.00L.L) /
5

/ 16///

4 / \

A &
14(08LL) 0

1 ’/-\ 1.25

i QO

1 2 3 4 5 6

0 (b
*Region of small X /X, and R/X,
Figure 3
Sparkover Versus Temperature
DynaVar VS and VX é

\

<

Arrester Temperature = Ambient °C+
VS: 8.3°C per kJ/kV MCOV
VX: 3.9°C per kJ/kV MCOV

Per Unit MCOV

Minimum 60 Hz Sparkover

20 40 60 80, 100 120 140
Arrester T& e

ervoltage Capability

1.5

Without
Prior Duty

tage (Per Unit MCOV)

With
I Prior Duty

0.1 1.0 10 100 1,000 10,000
Permissible Duration (Seconds)

Figure 5
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Table |-
Normally Recommended
DynaVar VS and VX
MCOV For Varlous System Voltages
Arrester MCOV - kV

System Tamporarlly Ungrounded,
L-L Voltage Iimpedance Grounded Or

(17 Grounded Ungroundad Circuits

%
T e el i - 0&
<

69 725 42 52 57
115 121 70 88 28
138 145 84 108 115
181 189 98 131 140
230 242 140 180 209
U5 362 209 - -
400 420 245 - -
525 550 318 ] -
785 800 470 - =
Figure 6
Table Il - @

Normally Recommended
DynaVar VL and VN

System
L-L Voltage
kv Groundad
Neutral

Nominal | Maximum

Clrcults

24 252
4.16 437 )
48 504 5
69 7.25 :
8.32 8.74 I
12.0 126 :
12.47 131 .
13.2 139 :
138 127 153
20.78 19.5 22
22.86 195 22
230 195 22
2494 22 24.4
345 22 29 %65
46 29 39 48
69 42 57 70
115 70 98 115
138 145 84 115 131
161 169 98 140 152
230 242 140 209 220
345 362 209 - -
00 420 245 - -
550 318 - -
800 470 — =
Figure 7
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MPR Arrester Coordination
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Figure 8

DynaVar Arrester Coordination
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TEXT
362 kV (345 kV Nom.) System
Z = 35092 - DynaVar 209 MCOV
4
2 3
0 IN
%
8
9 zle 2
o
oo™
-g n
S 5 1
2 o ensagemm— Ono Line
o mmgmEt Ty Parallel
Lines
: 0 200 300 400
Miles of Line
Figure 11
550 kV (525 kV Nom.) System
Z = 325Q - DynaVar 318 MCOV
4
a 3
. IN
3
8 J|e
Sxf- 2
58
g L[} 1
o a_ e One Line
5 - LT -1 T ngiiFr:“
% 100 200
Miles of Line

Indicated duty
than one minute)

1 - one discharge
2 - two discharges within

Fig

ANSI C62.1 Transmission Li
Through Autotransfor
(For Typ

Transtormer
kv A

345/138
345/161
345/230

525/138
525/161

525/230
525/345
5

85/525

&-HRB

664

987
987
087
987

isi
to

ges Calculated for Transfer

one
rrag be %@- cooling (more

-Side DynaVar Arrester

VX Arresters)

— Low=Side Arrester —

MCOV  Amps

4.2 2200

4.2 1900

4.2 1360

1100 3.5 2200
1100 3.5 2000
1100 3.5 1500
1100 3.5 1050
2500 5.4 4000
2500 5.4 2900
2500 5.4 2100
2500 8. 1480

Figure 13

kv

185
215
301

1885
216
301
441

193
312
462
693

kJ

855
858
860

935
994
1038
1065

1780
2080
2230
2260

October 1990
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Transferred ANSI C62.1 Transmission Line
Discharge Energy Capability For DynaVar

Maximum Y
Discharge
A Energy
V4 Autotransformer System Arrester Capability

kv MCOV* kV kJ/kV MCOV

Std. T-Line — \
Discharge I_ 115 70 8.9
138 84 89 0

161 98 89
_L 230 140 89
-

345 209 89

520 318 16.2
_L 765 470 16.2
-

* Maximum continuous operating voltage, line to neutral, applied to the arrester. @
Figure 14

SHUNT CAPACITOR BANKS \E

(Dynavar MCOV = Maximum System L-G Vol

MCOV = 2.55 to 39 kV:
3pMVAR = 1.5 x Max. System L-L e ms)

MCOV =42 to 245 kV:
3¢pMVAR = 2.7 x Max. System L- tage (kVrms)
MCOV = 318 to 485 kV:
3dMVAR = 5.4 x Max. System oltage (kVrms)
L 4
FIQ
O CABLES
(DynaVar MCO ximum System L-G Voltage)

7000
ax. System L-L Voltage (kVrms) XuF/mile

MCOV =318 to 485 kV:

Cable Miles = 14 300

Max. System L-L Voltage (kVrms) XuF/mile

Figure 16
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TEXT NOTE

60 Hz Temporary Overvoltage Capability
DynaVar VS and VX

T T T
No Prior] Duty ¥ 60 Seconds Near Sparkover

Prior Dulx
1/2 Rated Energy
1 N,

P iy \
BT T
aximum Energy
Discharge Capability \
1.3 " .
8.9 kJ/kV VS N é our at 1.234 x MCOV 0

16.2 kJI/kV V.
1.2 \ 2000 HOUTS maad
I

at 1.11 x MCOV
60°C Ambient ¥
|
1.1

1.0 10 100 10° 10* 100 100 107
Permissible Duration (Seconds)

60 Hz Voltage Per Unit MCOV

Figure 17
Sparkover Versus Temperature
. navar VS and VX
. {\‘

o
£, 18 S

:¥e) \

ns

N

Iz 14 N

© 2 Arrester Temperature = Ambient °C+

g o VS: 8.3°C per kJ/kV MCOV

g VX: 3.9°C per kJ/kV MCOV

S 13

3

20 40 60 80 100 140
Arrester Temperatur
Flgureﬂ\
Arrester M 0 245 kV
20

[

g 19 \

8

re) 1.8

S>

= 8 1.7

3

o=

= 316

OCa 5-._

g 1.5 S kA 1.5kA 500 Al
Q.

O 14 |

L1
1 2 3 4 6 10 20
Time -- Cycles of 60 Hz
rary dynamic overvoltage capability if gap is sparked over every
alf-cycle. The currents identifying the curves are the prospective
stem fault currents at the arrester location during the overvoltage.
Figure 20

45-HR3 October 1990
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TEXT NOT

Arrester MCOV 318 to 485 kV
2.0 I

Open Circuit Voltage
pu MCOV
=

2 3 4 6 10

L 4
. 10 kA o
3kA 1kA 0
0 Q
Time -- Cycles of 60 Hz
Temporary dynamic overvoltage capability if gap is sparked over eve
half-cycle. The currents identifying the curves are the prospecti

I I
I I
L

system fault currents at the arrester location during the overvol

Figure 20 \
60-Hz Temporary Overvoltage Capabi
For Gapless ZnO Arrester DynaVar VL
15 %
'

-
H

-
w

Voltage (Per Unit MCOV)

With,
Prior Dut\ ‘
|
0.1 1.0 10 100 1,000 10000
Permis: uration (Seconds)
ngure 21
Summary Wwar and MPR Protective Margins
st
N

% BiL % BSL %
(k (kV) Margin (kV) Margin (kV) Margin
0} 495 450 375
52 84 53
38 65 38
87 92 84
VN 84 85 85 94
0 345 990 900 745
MPR ?QB 25 54 27
MPR 276 18 43 18
VS 209 50 54 47
VN 209 49 49 44
525 1,430 1,300 1,080
MPR 396 23 36 22
MPR 420 16 29 15
VX 318 34 42 40
Figure 22
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TEXT

Insulation Coordination -- 138 kV System 450 kV BIiL
MPR 120 kV Arrester

L 4
495 KV CWW %
500 ®.. 450 KV BIL
t &L L _‘
38%
_ 400 Doz 375 kV BSL
] ' 360 kV F.O.W. 65% as— _‘ et
2 38%,
O 300 272 KV- —
— 272 kV SPL
1.2x50 266 KV - 10 kA
- Q

0.1 1.0 10 100 1,000
Time - Microseconds

Figure 23
Insulation Coordination -- 138 kV System 450 kV BIL

MPR 108 kV Arrester \

600
495 kV CWW
500 ®a._ 450 kV BIL
4 t 1 Y
g 400 52% S
5}

84%

—
/ 240 kV - 10 kA

01 1.0 10 1
Time - Mi on
Fig&\

Insulation Coordination -- 138 kV System 450 kV BIL

DynaV V Arrester
495X
&% o, 450 kV BIL
.,
= 400 - Lot 375 kv BSL ]
a 87% % "
S 300 265KV -0.5psec |
10KA 234KV

84%
— 10 KA IKA
200 I 203 kV SPL

1.0 10 100 1,000
Time - Microseconds

Figure 25
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Insulation Coordination -- 138 kV System 450 kV BIL
DynaVvar VN 84 kV Arrester

495 KV CWW %

LY ' LS ECT \
- 3 .
3 4w 'Y
@ ve—t— 375 kv BSL
S 85% 85% = —T_ -

300 FOW 267 kV .

. I |24a KV l %%
10 KA 500 A
200

193 SPL Q

0.1 1.0 10 100 1,000 (b
Time - Microseconds
Figure 26
Insulation Coordination -- 345 kV System 900 k
MPR 276 kV Arrester

1000 S90KY CWW K
4 .\
900 18% *oqnd] 900KV BIL
B840 KV FOW %

@
o ’r\ 43%
© 700

[o 2]
8
Cod ol

\ 630 kV 630 kV SPL
w1 I — -
I 1.2x 613KV - 10 kA
500
L 4

0.1 - \21300 1,000
nds
"7&2’
Insulation Coordl@ kV System 900 kV BIL

kV Arrester

900 kV BIL
i}
L
LY
LY
jg a% % 745 KV BSL
(3]
27%
1250 ' 574 kV- 10KA 585 kV SPL
01 1.0 10 100 1,000
Time - Microseconds
Figure 28
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Insulation Coordination -- 345 kV System 900 kV BIL

POWER SYSTEMS, INC.

OHIO BRASS

DynaVar VS 209 kV Arrester 4
990 KV CW\L \%
1000 -
%,
"%, | 900KV BIL ‘
900 Y
- o [\ >
g 800 A% Soq | 745kv BSL 0
/
700 660 KV - 0.5 psec
10kA L 47% ‘
600 ———% g | Q
1)
500 508 k\I/ SPL @

0.1 1.0 10 ) 100 1,000
Time - Microseconds

Figure 29

Insulation Coordination -- 345 kV System 900 kV
DynaVar VN 209 kV Arrester

100
1000 990 KV CWW
.‘
1 *oe, | s00kvBIL
900 1
49%I ‘,‘
- Bm [ 2
] | I 49% —
o
700 b {nw 665 kV
600 & 604 kV o
2KA
500 516 KV SPL
400

1. 100 1,000
Ti econds
igure 30
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