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Significance:
Part 2 Development of standards — Reality checks

Demonstration ad absurdum:

Accepting the premise of proposed IEC 100/1300 high-energy surges being representative of the environment, and
modeling the response of typical metal-oxide varistors, leads to the conclusion that most of the billions of varistors
in service should fail at alarming rates — but we know they do not. Ergo, the premise is not valid and the proposed
high-energy test should not be considered as an across-the-board requirement.

(See also paper “MOV - VDE" in this Part 2 for an experimental demonstration.)

On the other hand, the tests proposed in IEEE Std C62.41 would not result in systematic failure of commonly used
varistors and consequently appear more realistic
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Abstract—New, high-energy surge tests are emerging in IEEE
and IEC standards. Field experience offers a valuable criterion
for validating or invalidating proposed standards. A proposal
under consideration by the IEC involves so much energy that a
varistor of the voltage rating commonly used in protecting load
equipment, if subjected to this test, would almost certainly fail.
Yet, reported varistor failure rates do not reflect such a situa-
tion. Thus, a reexamination of the premises that led to the
proposed test specifications appears necessary. Proposals for
high-energy tests as additional waveforms in the new version of
IEEE C62.41, on the other hand, lead to current and energy
levels that do not place typical varistors in immediate jeopardy.
Thus, they appear more consistent with field experience.

INTRODUCTION

NATURAL approach in defining the surge tests to
¢ performed on any equipment is to attempt dupli-
cating the conditions observed in site measurements.
However, this approach would lead to a situation where
general conclusions are drawn from limited measure-
ments of specific surge occurrences. It has, in fact, led to a
multitude of proposals for test standards that may subse-
quently be applied outside of their original, correct con-
text because no other standard is available at the time. An
example of this situation may be developing with the
proposal by Technical Committee 77 of the International
Electrotechnical Commission (IEC) for a high-energy
100/1300-us surge test.

To evaluate the effects of various proposed or existing
high-energy stress tests on commonly used varistors, this
paper presents a simple yet effective model of a surge
generator. The evaluation proceeds by quantifying the
current through the varistor and the corresponding energy
deposited in the varistor. The computed results are com-
pared with the published device ratings to predict the
likelihood of failure. This likelihood is then compared
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with the available information from field experience on
failure rates.

Any immunity test should be conducted with an objec-
tive that is more subtle than the goal to “duplicate the
environment.” A test stress is applied to a device not to
demonstrate that it can survive any of the stresses that it
will encounter in nature but only to demonstrate for the
benefit of both manufacturer and purchaser that the
device can survive an agreed-on, simple, and reproducible
stress. From surviving the test stress, the inference is
made, subject to confirmation by field experience, that the
device does have the ability to survive the infinite variety
of stresses that it will encounter during its life in the real
world. In other words, simple test stresses are useful
because they can be reproduced over a period of time at
the same facility and between facilities, providing a com-
mon language and a standard of comparison that is essen-
tial to conduct orderly transactions. Test standards should
not, however, be misconstrued as representing natural
phenomena. They are effective only if they discriminate
between those devices with a potential for long field
survival and those that are likely to fail.

The proposed 100,/1300-us IEC test should be reexam-
ined with this philosophy in mind because it appears that
commonly used varistors would be expected to fail when
subjected to this test. Anecdotal experience does not
support the prediction of failure in the field, raising ques-
tions as to the general validity of this test. On the other
hand, high-energy tests derived from new proposals con-
tained in the revised version of IEEE Std. C62.41 do not
lead to contradiction between field experience and pre-
dicted test results.

ProproseD IEEE AND IEC HIGH-ENERGY TESTS

Metal-oxide varistors that suppress surges by absorbing
energy have proliferated in low-voltage ac power circuits.
Consequently, new high-energy tests have been proposed
to assess the ability of these varistors to withstand the
corresponding stress. In a major revision of the IEEE
Guide C62.41 [1] (emerging as a Recommended Practice
[2]), an additional waveform has been proposed to assess
this ability. The proposal is a 10/1000-us surge, with
three “system exposure” levels, which are defined below.
The IEC Technical Committee TC77 is considering a
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surge test requirement based on the scenario of current-
limiting fuses clearing a fault at the end of a cable, where
the energy trapped in the system inductance causes a
large transient at the time the fuse interrupts the current
[3]. That scenario was first described and quantified by
Meissen [4] and incorporated in German Standard VDE
0160 [5].

The new C62.41 Recommended Practice proposes,
among other waveforms, a high-energy stress defined by
an open-circuit voltage and a source impedance at three
“system exposure” levels. For the “low exposure” level, no
high-energy stress is proposed; for the “medium exposure”
level, the surge environment involves a crest of two times
the system peak voltage with a source impedance of 1 Q.
For the “high exposure” level, the crest is 2.3 times the
system peak voltage, whereas the source impedance is
only 0.25 Q.

The IEC proposal appears to be based on the VDE
0160 standard, which specifies the direct discharge of a
large capacitor—thousands of microfarads—into the
equipment under test (EUT). The VDE test procedures
are not quite clearly outlined at this point but might be
interpreted as readjusting the capacitor charging voltage
after connecting the EUT to the surge generator in order
to maintain the specified test voltage across the EUT.
That approach would be diametrically opposed to the
generally accepted practice of performing a surge test
with a generator having the capability of delivering a
well-defined open-circuit voltage and short-circuit current
or an open-circuit voltage associated with a specified
source impedance (see Fisher and Martzloff [6] and the
IEEE Guide on Surge Testing [7)).

Another ambiguity in the VDE 0160 test specification is
that it might be acceptable to perform a test where the
voltage waveform is less than the specification, provided
that 80% of the energy stored in the surge generator
capacitor is delivered to the EUT. However, there is no
provision in the test procedure for measuring this energy,
and it is doubtful that this condition can be achieved with
a surge generator containing the parallel resistor that is
necessary to achieve the specified rate of decay (or dura-
tion of the tail of the wave) when the EUT offers a high
impedance.

Metal-oxide varistors offered by manufacturers include
ratings of 130 V rms for applications in 120-V systems and
250 V rms for application in 220-V systems. The motiva-
tion for using these varistor ratings is, of course, the
desire to provide the lowest possible clamping voltage to
protect sensitive equipment. A paper presented at the
Zirich EMC Symposium suggests that premature varistor
aging may result from this close clamping (see Martzloff
and Leedy [8)). However, the 130- and 250-V varistor
ratings are still widely used by equipment manufacturers
who take the position that they are not afflicted by unac-
ceptable failure rates. Thus, the authors accept that posi-
tion as reflecting actual field experience and will apply it
as a criterion for validating or questioning the proposed
high-energy test standards.
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SUMMARY OF RESULTS

This paper reports the results of modeling the applica-
tion of a surge test to a family of commonly used varistor
sizes (14, 20 and 32 mm in diameter). For each varistor
size, the computations were performed for three levels of
manufacturing tolerances on the varistor: nominal value,
~10%, and + 10%. A varistor with its clamping voltage at
the maximum acceptable tolerance level (the level shown
on published I — V' curves) will tend to absorb less energy
than a varistor with a lower clamping voltage because it
will divert current for a smaller part of the surge. The
maximum energy deposition in the varistor will occur for a
varistor having the lowest acceptable clamping voltage
(typically 20% below the maximum), as indicated by the
+ 10% tolerance on varistor nominal voltages. Should the
test generator parameters be at the most severe condi-
tions within its uncertainties (higher peak voltage and
longer duration than nominal within allowable tolerances),
the stress on the varistor would be even greater.

The circuit model used in the computations reported in
this paper is a simple capacitor-discharge circuit that can
produce the 10/1000-us waveform of C62.41 or the
100 /1300-us waveform of VDE 0160, where each has the
appropriate selection of the components values. The mod-
eling results, which are discussed in detail below with
supporting information in the Appendix, indicate that the
smaller size varistors would not be damaged at the
“medium exposure” level of C62.41 but would be dam-
aged at the “high exposure” level. The 32-mm varistor
would easily accept several applications of the “high expo-
sure” level, whereas the 20-mm varistor would have a
limited life. On the other hand, few varistors will survive
the VDE 0160 stress.

Table I presents this information in the form of the
number of surges that a varistor can survive for the three
sizes and three tolerance values of varistors and for the
three type of tests: VDE 0160, C62.41 “high exposure,”
and C62.41 “medium exposure.” The results with C62.41
are in good agreement with anecdotal (unpublished) field
experience, that is, 14-mm varistors installed at the service
entrance are often in jeopardy, 20-mm varistors have a
better chance, and 32-mm varistors are generally success-
ful. Failure rates are not reported formally in the liter-
ature, but anecdotal information does circulate. The
response of industry to the Ziirich paper alerting the
community to the risk of premature aging caused by
repeated swells [8] was that 20- and 32-mm varistors do
not suffer from an unacceptable or alarming failure rate.

The predicted survival rates of Table 1 appear to be
consistent with actual field experience, thus validating the
stress levels proposed by IEEE C62.41. In contrast, for
the VDE 0160 stress, the predicted survival rate is so low
that a conclusion appears inescapable: The VDE 0160
stress involves an exceptionally high energy level, making
the application of the test questionable if interpreted as a
general requirement. The authors do not question the
scenario leading to this stress level but do question the
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TABLE 1
PREDICTED NUMBER OF HIGH-ENERGY SURGES THAT A VARISTOR
CAN SURVIVE AS A FUNCTION OF S1ZE AND CLAMPING
VOLTAGE TOLERANCE

Varistor
Clamping
Size Voltage VDE 0160 C62.41 C62.41

mm Tolerance Class 2 High Medium
14 ~10% none none 80
0% none 1 3000
+10% none 8 > 10°
20 -10% none 1 500
0% none 3 8000
+10% 1 20 “indefinite”
32 -10% none 8 20 000
0% 1 80 200 000
+10% 5 800 “indefinite”

IEC proposal to require an across-the-board test at that
level for all equipment.

The dramatic effect of the tolerance value on survival
rate is also apparent. Greater reliability can be achieved if
users would accept—better yet, request—a slightly higher
clamping voltage than the lowest clamping voltage offered
by the manufacturers of varistors and by the manufactur-
ers of packaged suppressors.

MODELING A SURGE TEST

The normal practice in surge testing of low-voltage
equipment, as described in the [EEE Guide on Surge
Testing [7], is to specify an open-circuit voltage and a
short-circuit current to be delivered by the surge genera-
tor. With these two parameters specified, the surge gener-
ator is considered to be defined for any test involving a
specimen of high impedance (typically insulation) or low
impedance (typically a surge diverter). For the unidirec-
tional surges of 10,1000 and 100/1300 us, a simple
four-component model circuit can produce these wave-
forms. An actual surge generator, of course, requires
careful attention to avoid problems of parasitic
impedances, but the simple circuit model of Fig. 1 can
deliver the required waveforms, as shown in Fig. 2 for the
case of the nominal C62.41 10,/1000-us waveform.

In the specification of that waveform, the tolerances
allowed by C62.41 recognize the fact that the open-circuit
voltage will inescapably have a longer duration but shorter
rise time than the short-circuit current. Because the
high-energy aspect of this test makes the current wave-
form the most significant parameter, the values of the
components in the model were selected to most closely
approximate the nominal 10/1000 us for the short-circuit
current while allowing the open-circuit voltage to go to
the longest duration permitted by the tolerances. For the
VDE 0160 model, the values of the components were
selected to comply with the 6000-uF requirement while
producing the specified open-circuit voltage.

In predicting varistor failure rates, the model can take
into consideration the possible combinations of manufac-
turing tolerances on the varistors and the uncertainties of
the test (which is something that is more difficult to do by
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Fig. 2. Open-circuit voltage V' and short-circuit current I produced by
circuit model with parameters set for the C62.41 10,/1000-us waveform.

tests on random samples). In the simple computations
reported here, three cases have been computed with the
varistor at the midpoint and the two extremes of its
manufacturing tolerance. The surge generator parameters
were set to produce the nominal current waveform in
order to make a midrange rather than a worst-case pre-
diction. The conclusions on survival rates and validation
of the proposed tests presented above would not be dra-
matically affected if the surge generator parameter toler-
ances were included in the computation.

The component values of the circuit shown in Fig. 1
may be selected to generate the desired waveforms of the
various standards. The selection method is described be-
low. In order to determine the response of the circuit with
the nonlinear varistor, numerical techniques are used as
shown in the second step below.

In the circuit of Fig. 1, the capacitance C is charged to
an initial voltage V.. The surge generator has a series
resistance R, and a parallel resistance R,. A small induc-
tance L is tuned to provide the specified rise time. This
simple LRC circuit is described by a characteristic equa-
tion

1
LM +Rrx+—==0
C

where R is defined below. The two decay constants are

s R R\ 1
= — — 4 _ _—,
A 2L 2L LC
The response of the circuit is a “double exponential”
waveform [9].

Using the allowed tolerances of C62.41 for the model,
the waveshape of the short-circuit current (in which case
R is R,) was set at 10/1000 us. For the open-circuit
voltage (in which case R is R, + R,), the maximum
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duration allowed by C62.41 is 2000 ws. The decay times,
which are expressed as full width at half maximum
(FWHM) for these two waveforms are designated as ¢,
and t,, respectively. The effective source impedance is
defined in C62.41 as the ratio of the peak open-circuit
voltage V, to the peak short-circuit current I,. Its value
Z =V, /Ip has the dimension of an impedance.

Because the time constants are widely separated, the
determination of the circuit component values from the
values of ¢, t,,, Z, and V, can be simplified to produce
approximate values. The characteristic decay values A*
and A~ are given by

1
AT — —
RC
R
AT ——,
L

In particular, for long times ¢, the short circuit current [,
and open-circuit voltage V, , are given by

oc?
I.(t) = Ii,e"/":C
V,.(t) = I/pe*!/(RJ+Rp)C.
At half maximum, one has
t;=1log2-R,-C
and
ty=log2- (R, +R,) C.
With a small value of the inductance

R

~ P
WEVR TR,
and
1 1 1
'R Z

R, = tt—‘l’ -z (1)
R, = t,/tz IR 2 2)
N log;I-Rs @)
V.= ,th o )

The inductance is determined by considering the 10-90%
rise time 5. The widely separated time constants allow
the fast component of the current to be estimated by

~ —Rt/L
I, =1,

at short times ¢.
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Applying a logarithm yields

R 1y Rty

L = .
log.9 -~ log.1  log9

I

)

The expressions (1)-(5) uniquely define the characteristics
of the circuit for given values of the time constants, the
source impedance, and the peak open-circuit voltage.

With the parameters of the model test circuit thus
defined, the solution of the response of the current and
energy in the varistor is obtained numerically using the
ordinary differential equation package PLOD [10]. The
varistor is presumed to contain an internal series resist-
ance R,, and have the I-V relationship

I 1/a
v, = (—”’-) +R,1,. (6)

The first-order system of equations to be solved is given
by the definition of the capacitor current / and by Ohm’s
law

Y
! @
d
L—1=g—R31an. (8)
d C

The varistor current 1,, and [ are related by (6) and by

I=1,+—.
Rp

)

By exploiting this relationship, a direct numerical solution
for the varistor current is possible. In addition, the energy
in the varistor E,, is found by integrating

dE

2] V.
dt m m

(10)
The initial charge is given by C - V,, and the initial current
and energy in the varistor are zero. The computations
were performed for the two C62.41 exposure levels and
for the maximum VDE 0160 stress, as described below.

MODELING RESULTS
C62.41—10/1000-ps Stresses

To evaluate the effects of the test on varistors, a simple
model of an equivalent circuit of the varistor is connected
to the terminals of the model generator. The charging
voltage of the generator is, of course, left unchanged. For
the range of frequencies involved in these waveforms, the
only two significant elements of the varistor equivalent
circuit (Fig. 3) are the pure varistor R,, (/ = kV'*) and
the series resistance Ry, R, in the model. The parallel
resistance Ry, capacitance C, and the series inductance
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Fig. 3. Equivalent circuit of a varistor (Source: [14]).

L of the complete equivalent circuit can be neglected.
Three diameters of 130-V rated varistors were considered,
each with its characteristic clamping at — 10, 0, and + 10%
of the nominal value published by one manufacturer.
Fig. 4 shows the type of plots obtained from the model
where the current through the varistor and the cumulative
energy deposited in the varistor are computed as a func-
tion of time. Showing the complete set of results for all
combinations would require excessive space; a summary
of the results is presented in the Appendix. In the typical
example of Fig. 5, three curves show the cumulative
energy for a 14-mm varistor with nominal rating of 130 V
rms and three tolerance values —10, 0, and + 10% clamp-
ing voltage when exposed to the C62.41 “high exposure”
stress level.

VDE 0160 100/ 1300-us Stress

Fig. 6 shows the parameters of the 100,/1300-us surge,
Class 2 described in the most recent amendment to VDE
0160 [11] and in the IEC proposal [3] . The voltage level is
specified as 2.3 times the peak of the ac power system
voltage. (The amendment also cites a Class 1 category
with a level of only 2.0 times the peak of the ac power
system voltage and a shorter duration). Accepting for the
moment the premises that led to the specification of this
test, the authors applied the same circuit model used for
the IEEE waveforms to produce the specified VDE wave-
form with an energy storage capacitor having the value
specified in the latest amendment to VDE 0160. (Earlier
versions of the VDE 0160 standard suggested a 25 000-uF
capacitor. In the amendment, this value has been scaled
down to a range of 700 to 6000 wF, perhaps implying that
the issue is still unsettled, and thus, the IEC proposal is
still open to feedback from users.)

In this case, because the VDE places emphasis on
maintaining the voltage waveform, the model parameters
were set to obtain an open-circuit voltage close to the
100,/1300-us values, with the exception of the resulting
short-circuit current, for which VDE 0160 does not spec-
ify a value. Fig. 7 shows the open-circuit voltage and
short-circuit current computed by the model.

The computations were performed for the 250-V rms
rating because the VDE 0160 does not provide specifica-
tions for system voltages of less than 220 V rms. Details of
the results are presented in the Appendix together with
the corresponding results from the C62.41 stress levels.
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Fig. 4. Energy deposition E and current I in a 20-mm varistor with
nominal clamping characteristic (0% tolerance) during the “High Expo-
sure” 10/1000-us C62.41 surge.
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Fig. 5. Energy deposition in 14-mm varistors at —10, 0, and +10%
values of clamping characteristics during a “high exposure” 10,/1000-us
C62.41 surge.
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Fig. 6. Voltage waveform of the 100/1300-us surge specified by VDE
0160 and proposed by IEC (Source: [S]).

5000 1000

4000 800
3000 600

2000

CURRENT (A)
VOLTAGE (V)

400

1000 200

[ ] S S S S S S W ¢

TIME (ms)

Fig. 7. Open-circuit voltage ' and short-circuit current / produced by
model with parameters set to approximate the VDE 0160 voltage wave-
form.
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COMPARISONS OF RESULTS FROM MODEL WITH
VARISTOR RATINGS

Typical manufacturer specifications [12] include a joules
rating for maximum single pulses; however, industry stand-
ards (Section 6, IEEE Standard on Varistor Test Specifica-
tions [13]) raise some questions on the application of such
a simple criterion.

The cumulative energy levels for the three varistor sizes
(each at three tolerance levels) were computed with the
model for the C62.41 and VDE 0160 stress levels. The
results are shown in Table II, together with the typical,
single-pulse joule rating published for these sizes. By
using this somewhat oversimplified joule criterion (more
than 10% change in nominal voltage may occur if joule
rating is exceeded), it would appear that only the 14- and
20-mm varistor, for the low values of tolerance, might be
in jeopardy.

Using the criterion of “pulse rating” proposed by man-
ufacturers [11], [14], where the current peak and duration
are taken into consideration leads to more detailed and
reliable conclusions, which also agree with field experi-
ence (see Martzloff [15]).

Therefore, the current peak and its duration (FWHM)
were also computed for the nine combinations of varistor
parameters and compared with the “pulse rating” corre-
sponding to the duration and peak in each case. The
detailed results, which are the basis for the summary of
Table I, are presented in tabular fashion in the Appendix,
together with a discussion of the finer points of the
analysis.

CONCLUSIONS

1) Predictions of the impact of the 100/1300-us surge
test proposed by the IEC and based on the VDE 0160
standard show that the millions of varistors in service
should experience a greater failure rate than that indi-
cated by available information on actual field failures.
This inconsistency raises serious questions on the pro-
posed requirement of such a severe test to a wide range of
equipment.

Furthermore, the lingering ambiguity in the VDE 0160
standard (and, consequently, in the TEC proposal) on
whether to set constant open-circuit voltage or to adjust
the voltage while the specimen is connected needs to be
clarified. A constant, specified open-circuit voltage com-
bined with a well-defined source impedance is the gener-
ally accepted practice in surge testing.

2) The energy levels and currents resulting from appli-
cation of a waveform described in the revised IEEE
C62.41, on the other hand, range from benign for typical
large varistors to severe for small varistors. Thus, this set
of stress levels appears to be more consistent with field
experience, at least as inferred from available anecdotal
information.

3) Although the authors do not question the validity of
the fuse-blowing scenario, which is the basis for the VDE
0160 and proposed IEC test, they recommend a critical
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TABLE 11
SINGLE-PULSE RESULTS AND RATINGS (IN JOULES)
Varistor VDE 0160 C62.41 C6241
Size Toler- Class 2 ' High Medium
mm  ance 250V 130V 130 V
% varistor varistor varistor
Result Rating | Result Rating | Result Rating
14 »wr 212 43 6
o 126 72 26 38 3 38
+10 62 13 1
20 —10| 257 45 6
0 181 130 27 70 3 70
+10 86 14 1
32 -10] 306 6 6
0] 181 330 28 200 3 200
+10 86 15 |1

NOTES:

1. Five numbers are printed in bold face in the results columns for two values of tolerances in
the 14-mm and 20-mm varistors. These values exceed the rating of the varistor, and thus would
indicate a high likelihood of failure at that stress level.

2. The varistor model postulates the same I = kV relation for the three ratings, with a series re-
sistance that decreases as the diameter of the varistor increases. The lower series resistance invites
a greater current diversion into the varistor in the upturn region of the I-V characteristic, where its

effect is more noticeable, especially for the VDE 0160 and the lower tolerance case for the varistors.

review of the statistics of the occurrence of fuse blowing,
the use of varistors with low clamping voltage, and the
distribution of actual clamping voltage within manufactur-
ing tolerances. They also urge all users to share informa-
tion on the observed failure rates and thus attain a
broader perspective on these issues.

APPENDIX
DETAILED RESULTS FOR CURRENT PEAKS AND DURATION

This Appendix provides a summary of the 54 separate
computations made to determine the current in the varis-
tor resulting from the three high-energy tests discussed in
the paper. Three varistor sizes were considered (14, 20,
and 32 mm), and their “pulse rating” obtained from [12]
and [14]. The 32-mm size has been dropped from the
current product line of [12] and might appear obsolete.
However, it was selected because it has been applied in
the past [14], and thus, more field experience is available
for that size than for the 40-mm size, which is the present
offering.

The computed results are presented in Table Al for the
VDE 0160 Class 2 and the C62.41 “high exposure” and
“medium exposure” stresses. In each major section of the
table, the computed current peak and FWHM are tabu-
lated. Next to these computations, the corresponding cur-
rent peaks are shown from the “pulse ratings” in [12] or
[14] for the computed duration and for 1, 10, and 100
applications of that peak of current pulse.

The usual description of a unidirectional surge is based
on the FWHM, and therefore, the computations of the
current in the varistor were aimed at characterizing this
description of the current waveform. However, the “pulse
rating” curves in both [12] and [14] are based on an
“impulse duration” defined as the time from virtual origin
of the wave and the virtual time to half value. In the case
of the C62.41, with a front time of 10 us and a FWHM of
1000 us, the difference between the FWHM and the
“impulse duration” is negligible. In the case of the IEC
100 /1300-us waveform, the difference is more significant,



1240

IEEE TRANSACTIONS ON INDUSTRY APPLICATIONS, VOL. 28, NO. 6, NOVEMBER / DECEMBER 1992

TABLE Al
MODELING RESULTS VERSUS DEVICE RATINGS—CURRENT AND DURATION
VDE 0160 = 100/1300 ps IEEE C62.41 10/1000 us “High” | IEEE C62.41 10/1000 us “Medium”
VARISTOR 2.3 x 220 x 1.4; 6000 uF; 23x120x1.4;,0259Q; 20%x120x1.4;1.0Q;
250-V varistor 130-V varistor 130-V varistor
RESULTS RATINGS RESULTS RATINGS RESULTS RATINGS

DIA Toler- | Peak | FWHM| Virt. | Allowable Peak Amperes** Peak| FWHM | Allowable Peak Amperes**| Peak | FWHM | Allowable Peak Amperes**
mm ance A us Dur. | For Virtual Duration and A us For FWHM and Number A us For FWHM and Number
% us* | No. of Pulses in Columns of Pulses in Columns of Pulses in Columns
100 10 1 100 10 1 100 10 1
10 | 520 | 650 | 690 30 10 120 305 400 50 75 206 58 322 o855 90 240
14 0 | 364 520 | 560 { 40 80 1501220 325 55 80 240 35 235 60 110 310
+10 | 221 | 400 | 440 45 : 180 | 140| 240 F @p | 110 ] 310 | 116 153 100 160 500
_ -10 | 658 | 625 | 665 |- 45 210 [325] 410 7911201 360 60 325 90 170 410
20 0 | 454 | 515 | 555 250 l23s| 35| ‘sa { 170 410 36 234 100 200 550
+10 | 269 | 400 | 440 85 300 |150| 240 | 100 200 550 16 151 150 300 750
70 | 826 | 625 | 665 [ 106 | . = 345 410 : 340 1000 60 313 200 400 1200
32 0 | 562 | 500 | 540 | 120 760 | 250 320 | 200 400 1200 36 230 220 500 1700
Lﬂo 325 | 390 420L 150 | 900 | 155 J:«to 220 500 1700 16 150 400 850 2500

*Adjustment of approximately half of the rise time made to account for the difference between the computed FWHM and the "virtual duration” used in manufacturers

specifications. For the short rise time of the C62.41, the difference is negligible.

**When allowable peak current for the corresponding duration and number of pulses exceeds the rated peak current at that duration, the varistor is desmed in jeopardy; this
situation is shown by shading the corresponding area in the rating columns. The unshaded areas represent "survival® of the varistor through the high-energy stress.

10,000 =—x— [2] ANSI/IEEE C62.41-1991, Recommended Practice on Surge Volt-
1 MODEL SIZE 20mm E X N
5000 — V130LA20A - V320LA408B ages in Low-Voltage ac Power Circuits. )
& <IN [3] IEC Document 77B(Central Office)4, Overview on Electromagnetic
§ 2000 0TS LTS Compatibility—Immunity Tests.
Z 1000 k1013 [4] W. Meissen, “Uberspannungen in Niederspannungsnetzen,” Elek-
| s00 =T e trotechnische Zeitschrift, vol. 104, 1983.
% 200 10 —~ ~ [S] VDE 0160 Ausriistung von Starkstromanlagen mit elektronischen
£ <] ML~ NN Betriebsmitteln, May 1988.
3 10 = H [6] F. A. Fisher and F. D. Martzloff, “Transient control levels: A
G SO —Toe e FH =] H proposal for insulation coordination in low-voltage systems,” IEEE
E ” ‘*WDKEF\‘ - B~ ~=] Trans. Power App. Syst., vol. PAS-95, 1976.
x A TE T ——] "\\::_.::% NN [71 ANSI/IEEE (62.45-1987, Guide on ‘Sur'ge Testing for Equipment
g Connected to Low-Voltage ac Power Circuits.
g — [8] F. D. Martzloff and T. E. Leedy, “Selecting varistor clamping
& 2 voltage: Lower is not better!,” in Proc. 1989 Ziirich EMC Symp.
Hm [9] A. Greenwood, Electrical Transients in Power Systems. New York:
' 100 1000 10,000 Wiley-Interscience, 1971.
IMPULSE DURATION — us [10] E. Argon, I. L. Chang, G. Gunaratra, D. K. Kahaner, and M. A.
Reed, “Mathematical software: PLOD,” IEEE Micro, vol. 8, no. 4
Fig. AL Typical published family of “pulse rating” curves showing pp. 56-61, Aug. 1988.
amplitude, duration, and number of allowable pulses. [11] VDE 0160A1 Anderung 1 zu DIN VDE 0160,/05.88, Apr. 1989.
[12] Transient Voltage Suppression Devices, Harris Corp, 1990.
and ther-efore, thct, comparisor}s of Table Al include' a (3] ;}gg%fgiggg -33-1982, IEEE Stand. Test Spec. Varistor Surge
40-us adjustment in the duration (about half of the rise [14] Transient Suppression Manual, 5th Ed., General Electric Company,
time). 1986.
{151 F. D. Martzloff, “Varistor versus environment: Winning the re-

The peak values of the current shown in the table that
exceed the “pulse rating” have been identified by shading
the area in the columns. At a glance, it becomes apparent
that the survival rate to a VDE 0160 exposure can be
expected to be extremely low; it will be moderate for the
C62.41 “high exposure” and will be at its maximum for
the C62.41 “medium exposure” stresses.
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