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Introduction

(This introduction is not part of IEEE Std C37.90.1-2002, IEEE Standard for Surge Withstand Capability (SWC) Tests
for Relays and Relay Systems Associated with Electric Power Apparatus.)

Assurance is needed that electronic relays and relay systems will operate satisfactorily when installed in the
harsh environment of a substation or switchyard. Standard surge tests will provide assurance that the relays
and relay systems will withstand a specified surge level. The use of proper grounding and shielding
technigues when installing the equipment will attenuate the actual surge level impinging on the equipment.
However, even with proper grounding and shielding, surges may reach the equipment that are above the test
levels specified in this standard. In such cases, the addition by the user of surge suppression devices external
to the relay system may be required.

The first standard document to specify an SWC test was ANSI/IEEE Std C31I9UHIEEE Std 472
1974 (redesignated ANSI/IEEE Std C37.90.1-1974), IEEE Guide for Surge Withstand Capability (SWC)
Tests.

Experience with ANSI/IEEE Std C37.90.1-1974 was good, and in 1978 the guide was incorporated as
section 9 of ANSI/IEEE Std C37.941978, IEEE Standard for Relays and Relay Systems Associated with
Electric Power Apparatus. This meant that the oscillatory SWC test became a required test for relays and
relay systems containing semiconducting devices.

From the beginning, it was realized that the oscillatory SWC test had limitations and did not adequately
represent all conducted transients that may be experienced in substation environments. The need for a
complementary test was recognized and the general type of test required was identified. The problem then
became one of a search for a circuit that would produce a repeatable, controllable output. During the search,
the IECshowering ardest was studied as well as a number of other tests proposed by various organizations.
These were not chosen because they were not repeatable or controllable.

The combination of the fast transient SWC test and the oscillatory SWC test ensure that relays and relay sys-
tems will function at a level of immunity in the presence of conducted transients that occur in substations.
The fast transient test was therefore incorporated into ANSI/IEEE Std C37.90.1-1989, because it is stable,
easy to control, and can be performed in a minimum time and at a reasonable cost.

A working group was later assembled to harmonize ANSI/IEEE Std C37.90.1-1989 with corresponding IEC
standards and to make the standard more understandable through clarifications and improvements to the
document. This working group made extensive revisions such that one set of tests are necessary to reach
closer harmonization with the corresponding IEC standards.

Participants

At the time this standard was approved, the working group had the following membership:
Jeffrey G. Gilbert, Chair

Jim Teague,Vice Chair

Jeff Burnworth Jerry Johnson Mario M. Ranieri
Jack Chadwick, Jr. William C. Kotheimer Mark S. Simon
Clifford Downs John McConnell Veselin Skendzic
William Higinbotham Robert D. Pettigrew John T. Tengdin
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When the IEEE-SA Standards Board approved this standard on 21 March 2002, it had the following

membership:
James T. Carlo,Chair
James H. Gurney,\Vice Chair
Judith Gorman, Secretary
Sid Bennett Toshio Fukuda Nader Mehravari
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Peter H. Lips
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Also included is the following nonvoting IEEE-SA Standards Board liaison:

Alan CooksonNIST Representative
Satish K. AggarwalNRC Representative

Noelle D. Humenick
IEEE Standards Project Editor
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IEEE Standard for Surge Withstand
Capability (SWC) Tests for Relays and
Relay Systems Associated with
Electric Power Apparatus

1. Overview

1.1 Scope

This standard specifies design tests for relays and relay systems that relate to the immunity of this equipment
to repetitive electrical transients. Two types of tests are specified. The oscillatory and fast transient SWC
tests are defined as distinct tests. However, it is not intended to prohibit a combined test, provided all
requirements of the individual SWC tests are met.

The application of SWC tests to equipment other than relays and relay systems is the responsibility of those
specifying the testing.

1.2 Purpose
The purpose of this standard is to establish a common and reproducible basis for evaluating the performance
of relays and relay systems when subjected to repetitive transients on supply, signal, control, and communi-

cation lines or connections. This standard is to establish that an evaluation is performed during both normal
(non-tripped) and abnormal (tripped) relay operating conditions.

2. References

This standard shall be used in conjunction with the following publications. If the following publications are
superseded by an approved revision, the revision shall apply.

ANSI C93.5-1997, American National Standard Requirements for Single Function Power-Line Carrier
Transmitter/Receiver Equipmeht.

1ANSI publications are available from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floo
New York, NY 10036, USA (http://www.ansi.org/).
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IEEE Std C37.100-1992 (Reaff 2001), IEEE Standard Definitions for Power Switcf?gear.

3. Definitions

Certain terms, defined below, are used in surge testing and to identify parts of a relay system. Other terms
used are defined elsewhere, for exampl€ha Authoritative Dictionary of IEEE Standards Teri@sventh
Edition [B4] or IEEE Std C37.100-19$2.

3.1 calibration: The adjustment of a device to have the designed operating characteristics, and the
subsequent marking of the positions of the adjusting means, or the making of adjustments necessary to bring
operating characteristics into substantial agreement with standardized scales or marking.

3.2 common (longitudinal)-mode voltageThe voltage common to all conductors of a group as measured
between that group at a given location and an arbitrary reference (usually earth).

3.3 communications interface equipment:A portion of a relay system that transmits or receives
information from a communications system; e.g., audio tone equipment or carrier transmitter-receiver
included as an integral part of the relay system.

3.4 communications systemAny system that transfers protection or other data to or from the relay
interface to or from another location.

3.5 current circuit: An input circuit to which is applied a voltage or a current that is a measure of primary
current. Current inputs less than 100 mA shall be treated as a signal cgeeisignal circuit)

3.6 digital data circuit: Any circuit that transfers data in a digitally encoded form that is essential for the
proper operation of the relay system.

3.7 input circuit: Circuits with the primary intended function of sensing logical state data, such as circuit
breaker position or interlocking commands between relays.

3.8 measuring unit:Any analog or digital device that analyzes input currents or voltages or both to produce
an output to the relay logic.

3.9 normal tolerance:Accuracy of the equipment, specified by the manufacturer as a numeric or percentage
plus or minusvariation. Tolerances may be general or specific to a given application.

3.10 output circuit: A circuit from a relay system that exercises direct or indirect control of power apparatus
such as tripping or closing of a power circuit breaker.

3.11 output: Outputs convey a state of the equipment under test. They may include: electrical outputs such
as contacts or trip pulses, mechanical outputs such as targets, visual outputs such as indicating lights or
LEDs, audio outputs such as bells or buzzers, message outputs in digital or analog form, protective
communication signals, and data communication signals in analog or digital form.

3.12 power supply circuit:An input circuit to a relay system that supplies power for the functioning of the
relay system.

2IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 18®8&yPisca
NJ 08855-1331, USA (http://standards.ieee.org/).

3The numbers in brackets correspond to those of the bibliography in Annex F.
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3.13 relay interface equipmentAn assembly that connects a relay system to other equipment, i.e., carrier
equipment or instrument transformers. This assembly does not need to be located in the vicinity of the rest of
the relay system.

3.14 relay logic:A logic network that coordinates the output of measuring units and other inputs to energize
output circuits when prescribed conditions and sequences have been met.

3.15relay system: An assembly usually consisting of current and voltage circuits, measuring units, logic,
and power supplies to provide a specific relay scheme, such as line, transformer, bus, or generator protection.
A relay system may include connections to other systems, such as data logging, alarm, communications, or
other relay systems.

3.16 signal circuit: Any circuit other than a power supply circuit or an output circuit whose maximum
voltage is less than 50 V and maximum current is less than 100 mA.

3.17 surge ground:The point of external connection to the relay system reference or common bus for surge
protection.

3.18 transverse (differential)-mode voltageThe voltage between two conductors of a circuit at a given
location.

3.19 voltage circuit:An input circuit to which is applied a voltage or a current that is a measure of primary
voltage. Voltage inputs less than 50 V shall be treated as signal cirSe#ssignal circuit)

4. Test wave shapes

4.1 Oscillatory waveform (see Figure 1)
The test voltage parameters for an open circuit generator condition at the generator terminals shall be
a) Waveform envelope:A damped oscillatory wave, with the envelope decaying to 50% of peak value
between the third and sixth periods.
b) Frequency:1 MHz (tolerance + 10%)

c) Rise time of first peak: 75 ns (tolerance + 20%), as measured between 10% and 90% of the peak
value.

d) Test voltage magnitudenitial crest of 2.5 kV for common mode tests and for transverse tests (tol-
erance + 0/ — 10%).

e) Repetition rate: 6-10 bursts per period of the power system frequency. Bursts shall be honsynchro-
nous with the power system frequency.

f)  Duration: 2 seconds (tolerance + 10% / — 0%). For relays with an operating time greater than 2 sec-
onds, it is recommended that the test be carried out with a minimum time setting. In such cases, the
period of application of the test signal shall be at least as long as the operating time of the relay
under test.

g) Source impedance200Q resistive at 1 MHz (tolerance + 20%).

4.2 Fast transient test waveform (see Figure 2)

The test voltage parameters for an open circuit generator condition at the generator terminals shall be

Copyright © 2002 IEEE. All rights reserved. 3
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a) Waveform polarity: Positive and negative

b) Risetime: 5 ns(tolerance £ 30%)

¢) Magnitude: 4 kV crest value (tolerance £ 10%)

d) Pulseduration: 50 ns (tolerance + 30%) (50% value)

€) Repetition rate: The waveform consists of bursts of pulses that repeat periodically.
1) Burst duration: 15 ms (tolerance + 20%)
2) Repetition rate during bursts: 2.5 kHz (tolerance £ 20%)
3) Burst period: 300 ms (tolerance = 20%)

f)  Duration: Not less than 1 minute, each polarity

g) Sourceimpedance: 50 Q (tolerance £ 20%) between 1 MHz and 100 MHz

wotlage

A kW 0 -10%
o T H +10 %

e AN A AR
ns —..UUUVU‘U time

————— s
wolage
\ Gto 10 bursts perperod o f system Fequen oy
mimimisie  — e - - - - - - - - - - - - - - - - - R
me
A 2 zeconds + 10/-0% L
Figure 1—Oscillatory test waveform
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400 ps £20% —>L e >I time
—— 15ms+20% —————
voltage
- |<-15 ms +20% time
<- 300 ms £20%-]
| 1 minute, each polarity

Figure 2—Fast transient burst waveform

5. Test generator characteristics

5.1 Oscillatory SWC test

5.1.1 Generator output

The test generator shall be capable of producing the output test voltage waveform as described in 4.1. It shall
also meet the requirements of 4.1 regarding frequency, rise time, magnitude, repetition rate, test burst dura-
tion, and source impedance.

5.1.2 Additional requirements

The generator shall also meet the requirements listed in 5.3.

5.2 Fast transient SWC test
5.2.1 Generator output
The test generator shall be capable of producing the output test voltage waveform as described in 4.2. It shall

also meet the requirements of 4.2 regarding polarities, rise time, magnitude, repetition rate, test burst dura-
tion, and source impedance.

Copyright © 2002 IEEE. All rights reserved. 5
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5.2.2 Additional requirements

The generator shall also meet the requirements listed in 5.3.

5.3 Common characteristics for all SWC test generators

5.3.1 Low frequency and dc blocking

The test generator shall have an internal blocking capacitor jof @lallow application of the test to live

relay input and output circuits without shorting or overloading the relay ac signal source or dc supply source
during SWC testing.

5.3.2 Coupling/decoupling network

A suitable network shall be included external to the test generator to couple the test voltage to the relay and
to prevent the SWC test voltage being propagated back into the relay ac signal source.

5.3.3 Safety ground
The test generator shall have a dedicated safety ground connector terminal.
5.3.4 Test mode capability

The generator shall be capable of providing a common mode output voltage with one output terminal
grounded, and a balanced transverse mode output voltage where both output terminals are floating.

5.4 Verification of test generator characteristics

It is necessary to establish a simple test procedure intended to verify and document the SWC generator per-
formance prior to its use for these tests. Two verification tests shall be defined:

a) SWC waveform validity tests

b) SWHC test generator performance verification
The detailed test description is given in Annex A.
5.4.1 Waveform validity tests
The waveform validity tests shall be performed before and after each SWC test session, with the results
recorded and included with the SWC test report. The tests described in A.2. are intended to verify that there
is no major insulation breakdown, damage, or test system component failure that may have occurred during
the physical test setup, test application, or prolonged instrument storage. The waveform validity tests shall
include

a) Measuring system feedthrough test
b) Oscillatory SWC test generator open circuit voltage waveform test

c) Fasttransient SWC test generator open circuit voltage waveform test

Measurement methods different from those described in the Annex A are acceptable, as long as the same
level of precision and the same parameters are used to document the results.
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5.4.2 SWC test generator performance verification

A full set of SWC test generator characteristics shall be verified as per manufacturer’'s recommendations or
at least once every year, with the test results dated, recorded, and included with each SWC test report. These
tests are intended to precisely document the test generator characteristics and are used to track the SWC gen-
erator’s compliance with this standard. The characteristics to be verified are given in Table 1.

Table 1—Test generator characteristics to be verified

Fast transient Oscillatory waveform
Rise time Rise time of the first peak
Peak voltage level (no load) Peak voltage level (no load)
Output impedance Output impedance
Impulse duration Waveform envelope decay
n/a Oscillation frequency
Repetition rate during the burst Repetition rate
Burst duration n/a
Burst period n/a
Test duration Test duration

All performance verification measurements shall be preceded by conducting an SWC waveform validity test
described in A.2.

Measurement methods different from those described in the Annex A are acceptable, as long as the same

level of precision and the same parameters are used to document the results.

6. Equipment to be tested

6.1 Test intent

The tests described herein are design tests to be applied to any part of the relay system that can be exposed to
conducted or coupled transients under normal installed operating conditions. It is not the intent of these tests
to test an isolated subassembly of the relay system unless that subassembly can be used independently and
located more than 2 m from the rest of the relay system.

Prefabricated wiring harnesses, connectors, or shelf wiring shall not be disrupted.

6.2 System

The composition of a relay system will vary from a single relay mounted on a panel to several pieces of
equipment integrated into a single relay system. A relay system may also include communications interface
equipment, such as a carrier transmitter/receiver or audio tone equipment.
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6.3 Application

These type tests are applied to samples built to the final design using production methods. It is the intent of
these tests to prove that a given production relay system can operate satisfactorily without component failure
and without misoperating when subjected to the transients defined in this standard.

6.4 Protective relay communications equipment

All equipment for the purpose of interfacing and transporting the protective relay logic signal is to be tested.
See Table 2 for specific points of application.

The manufacturer shall state which interfaces comply with this standard. The manufacturer shall state the
application method and what form of acceptance criteria was used, for each interface, in these tests.

Some communications system equipment may have both relay protection and general communications
facilities. When a device has not been specifically engineered for relay protection, or several pieces of
equipment are involved, it may be difficult to apply these type tests and assure proper protection performance.
Each piece of equipment may meet this standard when tested separately or may only pass when connected as
a system. In these cases, the equipment should be tested as close as possible to the intended application and
the user should work closely with the manufacturers with the intention of having a system that performs
reliably in the substation.

Table 2—Test requirements for relay communication equipment

System port . Communicqtions Communiqations system
interface equipment equipment

Power supply inputs Mandatory Mandatory
Input circuits/outputs circuits Mandatory Mandatory
Data communications carrying relay logic signals Mandatory Mandatory
Data communications not carrying relay logic signals Mandatory Mandatory (see 6.4.1
Signal circuits Mandatory Mandatory (see 6.4.1)
Power line carrier RF ports (see 6.4.3) Not required Not required
Temporary communications ports (see 6.4.2) Not required Not required

6.4.1 Signal circuits and data communication ports

The acceptance criteria are listed in Clause 9.

6.4.2 Communication ports not permanently connected during normal operation

Testing is not required for ports that are intended for use only during installation or maintenance and are not

permanently connected during normal operation.

6.4.3 RF inputs and outputs of power line carrier

Testing of power line carrier RF inputs and outputs is addressed by ANSI C93.5-1997. Consequently,
IEEE Std C37.90.1-2002 does not require power line carrier RF inputs and outputs to be subjected to SWC
tests.
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6.5 Test points
After the relay system is defined, all points of connection between the relay system and external circuits

shall be tested.

7. Application of test wave

7.1 External connection groups

All external connections to the relay system shall be considered in one of the following seven groups, as
defined in Clause 3:

a) Current

b) \oltage

c) Power supply
d) Inputs

e) Outputs

f)  Digital data
g) Signal circuit
7.2 Point of application of tests

The test voltage shall be applied to the respective external connection groups in common or transverse mode
according to Clause 8.

7.3 Conditions of test

The tests shall be made under usual service conditions in accordance with IEEE St-C339[B5].
Typical test setups for small and large equipment are shown in Figure 3 and Figure 4, respectively.

7.3.1 Partial simulation

If the relay is part of a system, or can be connected to auxiliary equipment, then the relay shall be tested
while connected to a representative configuration of auxiliary equipment necessary to exercise the circuits.
The requirements of this standard shall include any external protection devices or special installation

procedures clearly specified in the manufacturer’s instruction manual, unless expressly waived by the
manufacturer. Any auxiliary equipment, external protection devices, or special installation procedures

included in the tests shall be documented.

7.3.2 Coupling to test generator

Application of the test wave to the relay under test shall be done using coupling/isolating networks or capac-
itive coupling clamps as described following.
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7.3.2.1 Coupling/isolating networks

Figure 5 and Figure 6 show common and transverse mode connections where isolation from a normal cur-
rent or voltage source is required. This method shall be used when testing current, voltage, power supply,
input circuit, or output external connection groups.

7.3.2.2 Capacitive coupling clamp

The capacitive coupling clamp is intended as a means for coupling test waveforms to shielded and other cir-
cuits where direct galvanic connection to the equipment under test (EUT) terminals may impair operation.
Typical use of the clamp for common mode tests is shown in Figure 7. The use of the capacitive clamp shall
be limited to those indicated in Table 3 and Table 4.

The capacitive clamp consists of two conductive surfaces (made of galvanized steel, brass, copper, or alumi-
num) insulated from each other by means of high quality insulating supports. Figure 8 shows construction
details of the clamp. The coupling effect is established by placing an insulated cable (feeding the signals to
the device under test) through the V-shaped duct on top of the clamp, and subsequently closing the clamp as
much as possible in order to maximize the coupling capacitance between the clamp and the cable.

The lower conductive surface of the clamp shall be placed on (and solidly connected to) a ground plane with
a minimum area of 1 fnThe reference ground plane shall extend beyond the clamp by at least 0.1 m on all
sides.

The high voltage coaxial connector intended for connection to the test generator may, for convenience, be
provided on both ends of the clamp. Regardless of the design however, during the test, the generator shall be
connected to that end of the clamp that is nearest to the device under test.

Due to high voltages involved, the external insulation on the cable to which the transients are being coupled
must be capable of withstanding a 5 kV 1.245Qulse.

7.3.3 Reference ground plane

A reference ground plane shall be used to get reproducible capacitive coupling conditions. The ground plane
shall consist of a metallic sheet (copper or aluminum) of at least 0.25 mm thickness. It shall have a minimum
size of 1x 1 m or project beyond the external dimensions of the relay by at least 0.1 m on all sides, which-
ever is greater. The reference ground plane shall be connected to ground.

7.3.4 Relay placement

The relay shall be tested in its case above a ground reference plane placed on top of a nonconductive table
approximately 0.8 m high. The relay shall be isolated from the ground reference plane by an insulating
support 0.5 mm thick. Floor standing equipment shall be placed on the reference ground plane with the
interposition of an insulating support, 0.1 m thick, such as dry wood.

7.3.5 Wiring connections

Wiring to the relay shall be consistent with the manufacturer's recommended procedures. When there are no
recommendations given by the manufacturer, all parts to be grounded shall be connected with copper straps
of at least 20 mm width through the shortest possible distance to the ground plane. Cables interconnecting
the various external circuits of the relay under test shall be kept at a distance of at least 0.1 m from the
ground plane. Leads from the coupling/isolating network to the relay or the test generator shall be no longer
than 1 m. When using the capacitive coupling clamp, the leads from the relay shall be extended by 1 m to
allow placement along the full length of the coupling plates. The minimum distance between the coupling
plates and all conductive structures other than the ground plane shall be 0.5 m.
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7.3.6 Voltage and current values

It is the intent of this test to duplicate as nearly as possible in-service conditions with the relay in its normal
nontransitional state. Where appropriate, the relay system shall be energized with rated voltage and with cur-
rent equal to 75% of the nominal rating. The relay settings shall be chosen such that the relay is as close as
possible to its transitional state, but not closer than the recommended margins for its application function.
Input voltage to power supply circuits shall be within specified limits.

TEST GENERATOR

INPUT/QUTPUT TO
TERMINALS UNDER TEST

INPUT/OUTPUT TO TERMINALS
NOT UNDER TEST ~

GROUND REFERENCE PLANE
(1m x 1m min., 0.25mm min. thickness)

TO GROUNDING SYSTEM /

OF TEST ROOM

INSULATING SUPPORT
(0.5mm thick)

WOOD OR INSULATED TABLE

Figure 3—Example of test setup for small equipment

EQUIPMENT UNDER TEST (EUT)

Q
N
Q

INSULATING SUPPORT

0.1 METER

PROJECT BEYOND
EUT, A MINIMUM
OF 0.1m

TO GROUNDING SYSTEM
OF TEST ROOM

GROUND REFERENCE PLANE

( 1m x 1m min., 0.25mm min. thickness)

GROUND PER MANUFACTURES
RECOMMENDATIONS

Figure 4—Example of test setup for large equipment
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Figure 5—Application of common mode tests using coupling/isolating network
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Figure 6—Application of transverse mode tests using coupling/isolating network
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Figure 7—Application of common mode tests using capacitive coupling clamp

Notice: Shortest distance between coupling section and all other conductive items, except the cables to which
transients are coupled, and the ground plane must be >0.5m.

Signal 1.00m
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Coaxial
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connection to
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Figure 8—Capacitive coupling clamp
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8. Test procedures

8.1 Test types

The test waves described in 4.1 and 4.2 shall be applied to each external connection group using common
and transverse modes as shown in Table 3 and Table 4. The voltage of the test waveforms shall be as defined
by Table 3 and Table 4 unless specifically marked otherwise on the relay product or associated manufac-
turer’s instruction manual. The relay system connections for the fast transient wave shapes shall be subjected
to both polarities.

8.2 Common mode tests

The intent of this test is to expose an external connection group to a surge referenced to earth ground. One
terminal of the test generator shall be connected to the external connection group to be tested using the cou-
pling/isolating network as shown in Figure 5, or capacitive coupling clamp as shown in Figure 7. The other
terminal of the test generator shall be connected to ground.

8.3 Transverse mode tests

The intent of this test is to expose each pair of a given external connection group to a surge across its termi-
nals. One terminal of the test generator shall be connected to one external connection, or logical group of

connections, and the other terminal of the test generator shall be connected to another external connection of
a pair or logical group as shown in Figure 6. The test shall be repeated for other pairs until each pair has been
tested.

Table 3—Test modes and voltage for each external connection group—oscillatory test

. Test modes Oscillatory test
External connection group Voltage to be applied
Common Transverse
Current Yes No 2.5kvV
\oltage Yes Yes 2.5kV
Power supply Yes Yes 2.5kV
Input circuit Yes Yes 2.5kV
Output Yes Yes 2.5kV
Data communications Yes No 2.5kv
Signal circuit Yes No 2.5 k¥
8applied through capacitive coupling clamp.
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Table 4—Test modes and voltage for each external connection group—fast transient test

Test modes .
External connection group Fast transient test
Voltage to be applied
Common Transverse
Current Yes No 4 kV
\oltage Yes Yes 4 kv
Power supply Yes Yes 4 kV
Input circuit Yes Yes 4 kv
Output Yes Yes 4 kV
Data communications Yes No 4 RV
Signal circuit Yes No 4 k¥

8Applied through capacitive coupling clamp.

9. Criteria for acceptance

9.1 Application of criteria

The criteria below shall apply to the equipment being directly tested and any devices linked to the equipment
via direct or remote connections. Examples of the connections are current loops and voltage circuits (dc,
audio, carrier, or microwave). Serial, parallel, optical (fiber or infrared), and radio frequency connections
apply as well.

9.2 Conditions to be met

The equipment shall be considered to have passed the SWC tests if—during, or as a result of, the tests—all
of the conditions following are met for the equipment and the connected devices:

a) The specified performance of the equipment, including the operating time, does not change beyond
stated tolerances.

b) No hardware damage occurs.

c) No change in calibration beyond normal tolerances results.

d) Noloss or corruption of stored memory or data, including active or stored settings, occurs.

e) System resets do not occur, and manual resetting is not required.

f)  Established communications not affecting protection functions recover within the manufacturer's
time period, if disrupted.

g) Communications errors, if they occur, do not jeopardize the protective functions.

h)  No loss of digital pulse synchronization occurs or where the loss of digital pulse synchronization
does occur, it shall not produce an out of tolerance condition.

i) No changes in the states of the electrical, mechanical, or communication status outputs occur. This
includes alarms, status outputs, or targets.
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i) No erroneous, permanent change of state of the visual, audio, or message outputs results. Momen-
tary changes of these outputs during the tests are permitted.

k)  No error outside normal tolerances of the data communication signals (SCADA analogs) occurs.

9.3 Equipment functioning

During and after the tests, the equipment and the connected devices shall be completely and accurately func-
tional as designed, unless otherwise stated by the manufacturer, for the equipment to be considered as having
passed the SWC tests.

9.4 Exceptions

Exceptions to the acceptance criteria pertinent to the equipment shall be stated in the specifications of the
equipment.

10. Test records

The test program shall be recorded and made available upon request. The report shall be adequate to guide
another person to duplicate the test program. The record shall include the following:

a) Product model and revision number for the product under test (serial number if applicable)
b) Details of product settings, inputs, and operating conditions for each individual test

c) Diagrams, schematics, or photographs showing the device under test, any externally connected
equipment, and related cabling.

d) Description of the SWC test generator and its calibration date and of the coupling networks used
e) Waveform validity test results per A.2.
f) A tabulation for each test performed. The tabulation of each test shall include the following

1) Alist of each point that is electrically connected to the SWC test generator and/or coupling net-
works, with reference to schematics or diagrams as necessary. The list shall include the method
of coupling for each point tested.

2) The settings of the SWC test generator for the particular test, for example, the voltage level,
whether the test is oscillatory or fast transient, etc.

3) A description of how the device under test was monitored to ensure that any failure was
detected,; that is, which output lines, indicators, or other features of the device under test were
monitored.

4) The test results.
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Annex A

(normative)

Verification of test generator characteristics

A.1 Measuring system requirements

All tests are performed using a wide bandwidth digital oscilloscope with a suitable wide bandwidth voltage
divider (shielded high voltage probe, a high voltage coaxial attenuator, or the current probe-based alternative
scheme described in A.4) intended to reduce the measured generator output voltage to a level that can be
safely applied to the oscilloscope input. The voltage calibration and transient response of the measuring sys-
tem shall be verified prior to measuring the generator output. For the oscillatory SWC test generator, the
measuring system shall have a frequency bandwidth of 50 MHz or better. For the fast transient SWC test
generator, the measuring system shall have a frequency bandwidth of at least 500 MHz.

A.2 SWC waveform validity tests

The waveform validity tests shall be performed before and after each SWC test session, with the results
recorded and included with the SWC test report. These tests are intended to verify that there is no major
insulation break down, damage, or component failure that may have occurred during the physical test setup,
test application, or prolonged instrument storage between the test sessions. The waveform validity tests shall
include

— Measuring system feedthrough test
— Oscillatory SWC test generator open circuit voltage waveform test
— Fast transient SWC test generator open circuit voltage waveform test

A.2.1 Measuring system feedthrough test

This test is performed by shorting the high voltage input of the voltage divider to ground and connecting this
point to the SWC test generator output ground terminal. Then with the test generator operating at maximum
voltage output, the oscilloscope waveform display should not deviate from a straight horizontal line more
than 1% of the generator output voltage. This test verifies that there is a minimum of extraneous voltage
pickup in the measuring system. For feedthrough check, the oscilloscope setting for vertical and horizontal
calibration should be the same as stated in the sections below for each specified SWC test. Whenever possi-
ble, a separate trigger channel should be established, enabling precise measurement of the undesired
feedthrough signal magnitude.

If it is not possible to obtain a good feedthrough check with the voltage divider selected, the alternative volt-
age measuring scheme described in A.4 may be used.

A.2.2 Oscillatory SWC test generator open circuit voltage waveform test
The high voltage terminal of the measuring system voltage divider is connected to the high voltage output
terminal of the test generator. The oscilloscope horizontal calibration is spstdi2 and the vertical cali-

bration is set to 1kV/div, with “div’ denoting oscilloscope screen division. This calibration shall include the
voltage divider ratio. For example, if the divider ratio is 1000/1, then the scope vertical calibration would be
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set to 1 V/div. The horizontal sweep trigger of the oscilloscope is adjusted to display one oscillatory burst
waveform on the screen starting from the initial voltage rise from zero. The specified generator output volt-
age waveform is then recorded.

A second recording is made with the horizontal calibration set to 50 ns/div. This will display the initial rise
time of the waveform.

A final recording of the generator voltage is made with the divider input paralleled by a noninductive resistor
equal to the test generator source impedance. The waveform amplitude should drop to one half its original
value. This checks the value of the generator source impedance. All other parameters of the test wave shall
remain within the original generator specifications.

A.2.3 Fast transient SWC test generator open circuit voltage waveform test

These tests are performed similar to the oscillatory SWC tests except for the oscilloscope horizontal calibra-
tion setting, which should be set to 20 ns/div for the total waveform check and 5 ns/div for the initial rise
time check.

A.3 SWC test generator performance verification

The full set of SWC test generator characteristics shall be verified as per manufacturer’'s recommendations
or at least once every year, with the test results included with each SWC test report. The characteristics to be
verified are specified in 5.4.2 and are repeated here for convenience:

Table A.1—SWC test generator characteristics to be verified

Fast transient Oscillatory waveform
Rise time Rise time of the first peak
Peak voltage level (no load) Peak voltage level (no load)
Output impedance Output impedance
Impulse duration Waveform envelope decay
n/a Oscillation frequency
Repetition rate during the burst Repetition rate
Burst duration n/a
Burst period n/a
Test duration Test duration

All measurements in this section shall be preceded by conducting an SWC waveform validity test (see A.2).
The addition of any components that are used during testing shall be incorporated into the verification of the
generator (i.e., coupling and isolating networks).
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A.3.1 SWC waveform validity test

The performance verification measurements shall start by conducting the SWC waveform validity tests
described in A.2. In addition to the required waveform plots, individual humbers for the following parame-
ters shall be measured and documented:

a) Waveform rise time (fast transient test)

b) Rise time of the first peak (oscillatory test)
c) Peak voltage level with no load (R 1000Q)
d) Impulse duration (fast transient)

e) Waveform envelope decay (oscillatory test)

A copy of all recorded waveforms shall be included in the report.

A.3.2 Test generator output impedance measurement

The generator output impedance shall be obtained by measuring the output voltage that the generator pro-
duces with two different load impedances. The voltage measurements shall be conducted in accordance with
A.2.2 (for the oscillatory SWC test) and A.2.3 (for the fast transient SWC test).

Load impedance shall be resistive across the measurement bandwidth (A.1) and shall include impedance
contribution of the voltage divider used in the measurements. It shall be known to within + 5% actual value.

The exact impedance value selection is arbitrary as long as the precision of the final generator impedance
estimate remains within £ 10%, and one of the values selected is close to the expected generator output
impedanceZq. A good selection foZy = 200Q would beZ, 1 = 1000Q, Z, , = 200Q, and forZg= 50Q

would bez, ;1 = 200Q, Z, , = 50Q.

The generator impedance shall be calculated according to

7 = Z 1 xZ ;% (Z,-V )
° Vi xVi,=Vi,xZ,

Zo  is generator output impedance,

Z, 1 isload impedance applied in the first test,
Z, , isload impedance applied in the second test,
V|1 is peak voltage measured with impedaBcg
V|, is peak voltage measured with impedafcge

A.3.3 Oscillatory SWC test generator repetition rate measurement

The generator repetition rate measurement shall be conducted in accordance with A.2.2 with the oscillo-
scope horizontal calibration set to 1 ms/div. The period between the oscillatory bursts shall be documented
and compared with the value specified in 4.1.

Copyright © 2002 IEEE. All rights reserved. 19

This is a copvriahted IEEE Standard. For personal or standards develoboment use onlyv.



IEEE
Std C37.90.1-2002 IEEE STANDARD FOR SURGE WITHSTAND CAPABILITY (SWC) TESTS

A.3.4 Fast transient SWC test generator repetition parameter measurement

Three fast transient repetition parameters shall be measured: the fast transient repetition rate during bursts,
individual burst duration, and burst period. The measurements shall be performed in accordance with A.2.3,
with the horizontal calibration set to 0.1 ms/div for measuring the repetition rate during bursts, and 50 ms/
div for measuring the individual burst duration and the burst period. The parameters shall be documented
and compared with the values specified in 4.2.

A.4 Alternative voltage measuring scheme

This scheme replaces the voltage divider by a ID@ésistor and a wide frequency bandwidth current trans-
former, The resistor shall be noninductive and be able to dissipate 4 W. It is connected across the output of
the SWC test generator. The current transformer is used to measure the current through the resistor connec-
tions which are passed through its primary window. Several wide-band current transformers are available
commercially, with one typical device having a ratio of 1V/1A and a frequency response flat from 900 Hz to
900 MHz when used with a special signal cable and a termination resistor, which are included. When used to
measure the current in the 10Q0resistor, it is equivalent to using a 1000/1 voltage divider. The oscillo-
scope vertical calibration should be set to 1.0 V/div.

This method will load the test generator somewhat and the voltage measured will appear less than its true
value. The true voltage can be estimated by multiplying the measured voltage by a correctidfdactor,

Ke = 1+ Zo
¢ 100

where

Zo5  is output impedance of the SWC test generator measured in A.3.2
Because this measuring scheme inductively couples the current in the resistor, it eliminates the direct
connection between the oscilloscope signal ground and the test generator. Therefore, stray transient ground

currents, which can produce large errors, are significantly reduced.

If the transient signal feedthrough problem persists, it may be necessary to replace the oscilloscope with an
alternate unit meeting minimum shielding/noise immunity requirements.

All measurements in this clause shall be preceded by a measuring system feedthrough test, specified in
A2.1.
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Annex B

(informative)

Test waveform delivery

B.1 Waveform delivery principles

Delivering a high quality test waveform to the system under test may represent a challenge if all factors
involved in signal transmission are not taken into account. This annex gives a brief description of the tech-
niques needed to ensure test repeatability. The waveform delivery components considered are

— Cable connecting the generator to the coupling network
— Coupling network

— Balanced/unbalanced transformer

— Impedance matching network

It is important to recognize that the SWC test load impedance can not be implicitly controlled and will be
determined by the circuit under test. To avoid complicated evaluation of different installation conditions, the
following are required:

— The cable connecting the generator to the coupling network should be a transmission line with its
characteristic impedance matched to the SWC generator output impedance.

— The coupling network by itself should not introduce additional waveform distortion or rise time
degradation.

— All tests requiring transverse mode signal delivery (line-to-line tests) should use a wideband bal-
anced/unbalanced transformer network. The transformer should be placed immediately in front of
the coupling network and should be implemented in the form of a transmission line. An example
describing such a network is given in C.1.

— In a case where the generator output impedance may be different from the standard output imped-
ance required by the SWC test, a suitable wideband impedance transformation network should be
used to provide the matching. An example describing such a network is given in C.2.

The introduction of the impedance transformation network makes it possible to build an SWC generator
with a single output impedance set toinbalanced, for both the fast transient and the 1 MHz oscillatory
SWC tests. The signal should be delivered by using a coaxial output connector, followed by 1 m &f the 50
coaxial cable. The cable end can be connected to a capacitive clamp, an appropriate coupling/isolation net-
work (in case of the fast transient test), or a 50R0@hpedance transformer followed by an appropriate
coupling/isolation network (for a common mode 1 MHz oscillatory SWC test). It should be noted that due to
the voltage transformation (1:2), generator output voltage required for the oscillatory SWC test will be one
half in the case of a 90 system followed by a 50/2AD transformer, than the one found in a ZDBystem.

The transverse mode tests should be conducted by adding a balanced/unbalanced transformer network.
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B.2 Verification of the waveform delivery system characteristics

The performance of the components used for waveform delivery should be verified by using the test
procedures described in Annex A with the main difference being that the tests should be performed at the
following output points:

— For common mode oscillatory and fast transient SWC tests, the measurements should be performed
between the surge ground and the surge output terminal of the coupling/isolating network assembly.
Any impedance transformation network required to meet the output impedance specifications given
in Clause 3 should be included in the measurements.

— For a transverse mode oscillatory SWC test, the measurements should be performed between the
coupling/isolating network surge output terminals, and between each of the terminals and the SWC
generator ground (balance test). Any impedance transformation network required to meet the output
impedance specifications given in Clause 4 should be included in the measurements.

— For a common mode fast transient SWC test with the capacitive clamp coupling network, the mea-
surements should be performed between the output terminals of the coaxial connector normally
feeding the capacitive clamp, with the clamp assembly disconnected.

The measurement should be performed above a reference ground plane, specified in 7.3.3, with the generator
connected to a coupling/isolating network by means of a 1 m long transmission line, the impedance charac-
teristic of which should be equal to the output impedance of the SWC generator. The balanced/unbalanced
and impedance transformation networks should be inserted in the circuit as required by the SWC generator
manufacturer. There should be no other loads connected to the output.

With the connections described above, the wave shape measured on the output of the waveform delivery sys-
tem should comply with all specifications given in 4.1 and 4.2.

In addition to the above, it is necessary to verify the common mode rejection properties of the balancing net-
work used for transverse mode testing. The test is performed by connecting the voltage divider across the
balanced coupling/isolation network outputs. The output connected to the grounded side of the divider
should further be connected directly to the surge generator ground terminal. After measuring the open circuit
voltage waveform in accordance with A.2.2, the coupling/isolation network terminals should be swapped,
and the measurements repeated.

The resulting output voltage waveforms should remain within the original standard specifications, with less
than £ 10% difference between any two points on the waveforms recorded during the two measurements.
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Balanced/unbalanced transformer impedance matching network
examples

C.1 Introduction

As indicated in Clause 5, the test generator must be capable of generating both common mode and
transverse mode output voltages. Due to their internal construction, some test generators may be inherently
limited to producing only common mode transients (one output terminal referenced to ground). This
problem can conveniently be corrected by adding an external balanced/unbalanced transformer network
followed by an appropriate coupling/isolation network connected in series at each of the output terminals.
Description of this network is given in C.2 below. The method for verifying the correct operation of the
balanced/unbalanced transformer network is described in B.2, with the typical coupling/isolation network
connections shown in Figure 6.

C.3 describes the construction of a 4:1 impedance matching transformer capable of transforming generator
output impedance from 50-20R In most instances, the use of this network should not be necessary due to
the fact that most commercially available generators already support correct output impedance settings.

C.2 Balanced/unbalanced transmission line transformer

A simple transmission line transformer providing the balanced to unbalanced mode transformation is shown
in Figure C.1. The transformer was realized with 10 turns of the RG 58 A &faxial cable with solid
dielectric wound on a Type 43 ferrite core torgigl @ 800 @ 25 °C). The core dimensions were: inner
diameter = 35 mm, outer diameter = 61 mm, core thickness = 12.7 mm.

Unbalanced Balanced

Figure C.1—Balanced/unbalanced transmission line transformer example

C.3 Transmission line based impedance matching transformer
A simple 4:1 transmission line based impedance matching transformer is shown in Figure C.2. The trans-
former was realized with 10 turns of the RG 58 A/U(B@oaxial cable with solid dielectric wound on a

Type 43 ferrite core toroidyf @ 800 @ 25 °C). The core dimensions were: inner diameter = 35 mm, outer
diameter = 61 mm, core thickness = 12.7 mm.
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Ideally, the impedance of the transmission line used in a 4:1 transformer design should be equal to the geo-
metric mean of the desired input and output impedance (focaisput) as follows:

2/50x 200 = 100Q

In actual practice, however, the impedance may vary from its ideal value without significantly affecting the
device bandwidth and transformation ratio. If more convenient, the transmission line can be constructed by
substituting the coaxial cable with a simple twisted wire pair.

Zc = ZIN * 2
VAN Zour= Ziv*4
Unbalanced Unbalanced

Figure C.2—Transmission line based impedance matching transformer example
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Communication interface equipment and communication system
equipment

The logical services performed by the protective relay communication equipment can be provided by way of
several mechanisms. The relay system may interface with communication interface equipment that can
either provide services directly or in conjunction with a communication system. In some cases, the protec-
tive relay may have some form of communication facilities built in. All equipment providing transfer trip,
directional comparison, permissive communications services, transport or similar protective functions,
should comply with this standard. The communication interface equipment covered by this standard can
connect to the relay logic by any means including direct wiring or data networking as long as protective
functions are involved.

In many cases, such as with audio tone (direct on a telephone circuit) and power line carrier, the
communication interface equipment and the communication system is the same device. However, when
audio tone is connected to, for example, a T1 channel bank or microwave multiplexer, the audio tone is
considered the communication interface equipment and the T1 equipment or microwave is considered to be
the communication system. It is possible to have more than one device perform the function of the
communication system, such as when a T1 channel bank is connected to an add/drop multiplexer and then a
Sonet multiplexer.

In all cases, equipment under test should meet the acceptance criteria established in Clause 9. In some cases,
other standards may refer to IEEE Std C37.90.1-2002 using their own acceptance criteria. It is outside the
scope of this standard to address these situations. Please consult the appropriate standards that govern these
situations.

Examples of protective communication configurations

The following represent some example configurations and the tests required to comply with this standard.
Since equipment varies among manufacturers and application, these examples may not be entirely applica-
ble but will act as a starting point in determining the required test points for similar designs.

Points that should be tested and are common to all examples include

a) Keying and output connection between the relay system and the communication interface
equipment.

b) Alarm and auxiliary I/O connections.
c) Permanently connected substation computers.
d) The power supply inputs to each device.

e) In the situations involving multiplexers that are transporting nonprotection logic signals, the
nonprotection inputs are to be tested with observations made on the protection logic signals.

f)  Connections between communication interface and communications system equipment should be
tested unless these connections must, as stated by the manufacturer(s), be less than 2 m in length.
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Items that can be excluded from testing include

a) Temporary connected maintenance computers.
b) Connections that, as stated by the manufacturer, must be less than 2 m in length.
c¢) Non-metallic connections, such as fiber.

Example configurations:
Example 1: Audio tone connected to a leased telephone circuit (see Figure D.1)
The 4-wire audio connection should be tested.

NOTE—The equipment manufactured to IEEE #87s covered under its own guidelines, however the current IEEE
487 equipment only details passive equipment. If active equipment is used, it should comply with this standard since it is
being used to transport the protection signal.

Example 2: Power line carrier connected to a hybrid (see Figure D.2)

Testing of power line carrier RF ports is not required by this standard and is addressed by ANSI C93.5-1997.
Example 3: Transfer trip module in a T1/Sonet shelf (see Figure D.3)

NOTE—In application using a T1 shelf, the T1 connection itself is excluded as long as its length is kept less than 2 m.

Example 4: Audio tone connected to a microwave multiplex card or a PCM channel bank card in a T1/
Sonet shelf (see Figure D.4)

The 4-wire audio connection should be tested.

Example 5: A current differential relay connected to a channel bank card via a fiber cable (see
Figure D.5)

NOTE—In applications using a T1 shelf, the T1 connection itself is excluded as long as its length is kept less than 2 m.

Example 6: A protective relay connected to a modem, where the modem transports the protective logic
signal (see Figure D.6)

The 4-wire audio connection should be tested.

NOTE—The equipment manufactured to IEEE 487 is covered under its own guidelines, however the current IEEE-487
equipment only details passive equipment. If active equipment is used, it should comply with this standard since it is being
used to transport the protection signal.

Example 7: A protective relay with an ethernet interface, where the ethernet is used to transport the
protective logic signal (see Figure D.7)

Any metallic connection to the hub should be tested. This includes power supply inputs, alarms, and ports
utilizing balanced twisted pair inputs.

Example 8: A phase comparison relay connected to frequency shift keying (FSK) interface equipment
and an analog microwave system (see Figure D.8)

Metallic connection between the phase comparison relay and the baseband equipment should be tested if
that connection is allowed to exceed distances of over 2 m.
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Temporary Connected Permanently Connected
Maintenance Computer Substation Computer
—
— I Relay System
Keying N -
and

Laptop computer Output

Direct Transfer Trip Audio Tone Equipment
Alarms, Auxiliary I/O

4-wire Audio

Ao oo el ol

L ]

|EEE - 487
Wireline Protection Equipment

Telephone Company
Network

Figure D.1—Audio tone and leased telco circuit

Temporary Connected Permanently Connected
Maintenance Computer Substation Computer

Laptop
computer
Direct Transfer Trip Power
Line Cartier Equipment Alarms, Auxiliary 1O
Transmit Coax Receive Coax
Hybrid
To Line
Tuner
Figure D.2—Power line carrier and hybrid
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Temporary Connected Permanently Connected
Maintenance Computer Substation Computer

—

.
— 7 Relay System H”HH”HH
Keyi AN —T——7—
Laptop computer Oi?;ut
Transfer Trip Cardin a -
Sonet/T1 Shelf Alarms, Auxiliary 110
Laptop computer
Fiber Optic Cable or
Metallic T1 Cable
Figure D.3—Transfer trip card in a Sonet/T1 shelf
Temporary Connected Permanently Connected
Maintenance Computer Substation Computer
—
.
— 7 RelaySystem HMH
Keyi /DDDDDDD\'_I_L‘
Laptop computer Oi?gut
Temporary Connected Direct Transfer Trip Audio Tone Equipment
Maintenance Computer -
Alarms, Auxiliary I/O
4 - Wire Audio
Laptop computer Alarms, Auxiliary 110

Audio to Sonet Equipment

Fiber Optic Cable

—

Figure D.4—Audio tone connected to a multiplex card
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Laptop computer Receive Fiber
Connection
Digital Data Interface
in & Sonet/T1 Shelf Alarms, Auxliary 1/0
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Figure D.5—Current differential and fiber optic channel bank card
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Figure D.6—Protective relay using a modem for teleprotection
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Figure D.7—Phase comparison equipment using analog microwave
via an FSK interface
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Figure D.8—Protective relay using ethernet for protection logic
and tripping output signaling
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Comparison with IEC 60255-22-1 (1988-05) and IEC 60255-22-4
(1992-03)

Below are details in which IEEE Std C37.90.1-2002 differs from the corresponding IEC standards for the
oscillatory— 60255-22-1 (1988-05) [B2]—and fast transient—60255-22-4 (1992-03) [B3] tests with a brief
explanation of the underlying reason for the deviation.

E.1 Severity classes

E.1.1 IEC 60255-22-1 (1988-05)

IEC 60255-22-1 (1988-05) [B2] defines three severity classes that apply to different field conditions. Class 3
applies to installations with long unshielded CT, VT, or output leads, or where power supply circuits are con-
nected to station batteries not used exclusively to power static equipment. These conditions are common in
US utilities and industries. Therefore, IEEE Std C37.90.1-2002 defines a single class equivalent to IEC
60255-22-1 (1988-05) [B2] class 3.

E.1.2 IEC 60255-22-4 (1992-03)

IEC 60255-22-4 (1992-03) [B3] defines five classes of tests ranging from class 0, which applies to
conditions where no testing is required, to class 4, which applies to environments in which multiconductor
cables are used for both connections to the protective equipment and other circuits which may be the source
of fast transients. Class 4 also applies where the relay or relay system is grounded to a facility grounding
system, which can be the source of fast transients such as those caused by switching. These conditions are
common in US utilities and industries. Therefore, IEEE Std C37.90.1-2002 defines a single class equivalent
to IEC 60255-22-4 (1992-03) [B3] class 4.

E.2 Application of test

E.2.1 |IEC 60255-22-1 (1988-05)

IEC 60255-22-1 (1988-05) [B2] requires that the test be applied both common mode and transverse mode to
all inputs and outputs while IEEE Std C37.90.1-2002 does not require transverse mode tests on CT, data
communications, or signal circuits. Transverse testing is not required on these circuits because they are not
subject to significant transverse mode surges.

IEEE Std C37.90.1-2002 requires transverse tests to be conducted using the same surge magnitude as common
mode tests, while IEC 60255-22-1 (1988-05) [B2] specifies a transverse magnitude of one half the common
mode magnitude for class 2 and less than one half for class 3, but allows that the same value can be specified for
the common mode and transverse mode tests under special circumstances. IEEE Std C37.90.1-2002 requires the
same maghnitude surge be applied for both tests because switching of inductive loads such as electromechanical
relays may produce transients approaching this magnitude.

Copyright © 2002 IEEE. All rights reserved. 31

This is a copvriahted IEEE Standard. For personal or standards develoboment use onlyv.



IEEE
Std C37.90.1-2002 IEEE STANDARD FOR SURGE WITHSTAND CAPABILITY (SWC) TESTS

E.2.2 IEC 60255-22-4 (1992-03)

IEC 60255-22-4 (1992-03) [B3] requires all input and output circuits to be subjected to a common mode test
only. IEEE Std C37.90.1-2002 requires a transverse mode test for power supply, voltage input, and output
circuits. The transverse tests are required because power supply and output circuits may be exposed to trans-
verse transients.

E.3 Current input circuits

IEEE Std C37.90.1-2002 requires current flow in current inputs to be 75% of the nominal input current
rating. IEC 60255-22-1 (1988-05) [B2] and IEC 60255-22-4 (1992-03) [B3] requires input energizing
guantities to be equal to the operating value adjusted both above and below by an amount equal to the
claimed variation due to the disturbance voltage, or rated values where appropriate. This state may have
many different possible values in the case of a multi-function relay. The 75% of rating requirement is
common to other IEEE electrical environment standards.

E.4 Maximum test lead length

IEC 60255-22-1 (1988-05) [B2] limits test lead length to 2 m while IEC 60255-22-4 (1992-03) [B3] sets the
limit at 1 m. IEEE Std C37.90.1-2002 requires that test leads be no longer than 1 m, except when using a
capacitive coupling clamp, the maximum length is 2 m. A single maximum lead length for both tests is spec-
ified to minimize differences between the oscillatory and fast transient tests.

E.5 Coupling network

IEC 60255-22-1 (1988-05) [B2] recommends 1.5 mH blocking inductors and~@bupling capacitors to

couple the generator to the equipment under test while IEC 60255-22-4 (1992-03) [B3] , by reference to IEC
61000-4-4 (1995-01), specifies 33 nF or greater coupling capacitors and blocking inductors greater than
100puH. IEEE Std C37.90.1-2002 specifies 1.5 mH blocking inductors and 33 nF coupling capacitors to per-

mit a single coupling network to be applied for both the oscillatory and fast transient tests.

E.6 Acceptance criteria

The IEC standards have three criteria defined for acceptance. The first two require that the relay not mis-
operate with the characteristic quantity below or above the operating value, respectively. The third criteria
establishes a limit for the off-state current of solid state outputs at 110% of the pretest value. IEEE Std
C37.90.1-2002 expands these to a list of 12 criteria. The longer list of conditions is hecessary to better define
the criteria for passing the tests, particularly for communications. However, rather than set a post-test/pretest
ratio for off-state current of solid state outputs, IEEE Std C37.90.1-2002 requires that stated tolerances be
maintained before, after, and during the tests.
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