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Introduction
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IEEE Standard Electrostatic
Discharge Tests for Protective Relays

1. Scope

This standard specifies design tests for electrostatic discharge (ESD) tests of protective relays and relay
systems. The object of the type test described in this standard is to confirm that the equipment being
tested will not misoperate or be damaged when installed, energized, and subjected to a specified
electrostatic discharge. Application of the discharge to any point on the equipment that is accessible
only for repair and maintenance purposes is outside the scope of this standard.

This standard contains four annexes. Annex A is a bibliography. Annex B is an explanation of ESD
disturbance tests. Annex C is an explanation of an ESD generator. Annex D contains a comparison of
IEEE Std C37.90.3-2001 with IEC 60255-22-2 Ed.2.0 (1996-09) [B4].1

2. Definitions

For the purposes of this standard, the following terms and definitions apply. IEEE 100 The
Authoritative Dictionary of Standards Terms, Seventh Edition [B6], and IEEE Std C37.100-2001 IEEE
Standard Definitions for Power Switchgear [B7] should be referenced for terms not defined in this clause.

2.1 air discharge: A method of testing in which the charged electrode of the test generator is
approached to the unit under test, or coupling plane, and the discharge is actuated by a spark to the
unit under test, or coupling plane. (A discharge might not occur to nonconducting surfaces.)

2.2 contact discharge: A method of testing in which the electrode of the test generator is held in contact
with a conductive surface on the unit under test, or coupling plane, and the discharge is actuated by a
switch on the generator after the electrode contact has been made.

2.3 coupling plane: A metal plate to which discharges are applied to simulate electrostatic discharge to
an object adjacent to the unit under test.

2.4 direct application: Application of the test directly to the unit under test.

2.5 indirect application: Application of the test to a coupling plane in the vicinity of the unit under test.

Copyright � 2001 IEEE. All rights reserved. 1
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3. Electrostatic discharge disturbance test

3.1 Types of tests

Two test methods and two application methods are common. These are

a) Test methods

1) Contact discharge method
2) Air discharge method

b) Application methods

1) Direct application
2) Indirect application

Direct application to the unit under test using the contact discharge method shall be used when the
points to be tested are conductive.

Direct application to the unit under test using the air discharge method shall be used when the points
to be tested are nonconductive.

Indirect application (the use of a coupling plane) is applicable to protective equipment when the air
discharge method fails to produce a spark.

3.2 Test procedure

A simple overview diagram of the test procedure is given in Figure 1.

2 Copyright � 2001 IEEE. All rights reserved.

Figure 1—Overview of testing procedure
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3.2.1 Climatic test conditions

The tests shall be performed with the equipment under these climatic conditions:

a) Ambient temperature within the limits of þ15 �C to þ35 �C
b) Relative humidity 30% to 60%
c) Atmospheric pressure 86 kPa to 106 kPa

3.2.2 Relay setup

It is the intent of this test to duplicate, as nearly as possible, in-service conditions with the relay in its
normal state. Where appropriate, the relay shall be energized with rated voltage and with current equal
to 75% of the nominal input current rating. The relay settings should 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. Input voltages to the power supply circuit must be within the specified limits. The relay
shall be tested in its case and as described in 3.2.4. The external wiring to the relay, including the
ground connection, shall be consistent with the manufacturer’s recommended installation practice.

3.2.3 Test wave shape

The wave shape of the contact discharge current is characterized by the values given in Table 1. The
wave shape is shown in Figure 2. Generators that produce this test wave shape are commercially
available. The same generator is used for air discharge but the wave shape is a variable.

Copyright � 2001 IEEE. All rights reserved. 3

Table 1—Wave-shape characteristics—contact discharge

Discharge voltage First peak of current
Rise time, tr

10%� 90% Ip
Current at 30 ns Current at 60 ns

8 kV, � 5% 30A, �10% 0.7 to 1 ns 16A, �30% 8A, �30%

Figure 2—Typical waveform of the contact discharge current of the ESD generator
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3.2.4 Test setup

A test setup example for small equipment is shown in Figure 3 and for large equipment is shown in
Figure 4.

A ground reference plane shall be used to assure reproducible conditions regarding capacitive
coupling. The ground reference plane shall:

a) Consist of a copper or aluminum sheet of at least 0.25mm thickness; other metallic materials
may be used but they shall have at least 0.65mm thickness;

4 Copyright � 2001 IEEE. All rights reserved.

Figure 3—Example of test setup for small equipment

Figure 4—Example of test setup for large equipment
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b) Project beyond the equipment under test (EUT) at least 0.5m on all sides, except that it must
project 50% of the height of the EUT if the EUT is taller than 1m;

c) Be connected to the facility ground;
d) Be a minimum distance to walls and metallic structures of at least 1m.

A floor-mounted EUT shall be separated from the ground reference plane by insulation of
approximately 0.1m thickness. A small EUT shall be separated from the ground reference plane by an
insulated table approximately 0.8m high.

The discharge generator shall be grounded directly to the ground reference plane, close to the EUT,
using a ground cable 2m long with a width of at least 20mm. A ground cable longer than 2m may be
used when required to reach test points on large equipment. Also, the test supplies and monitoring
equipment shall be grounded to the ground reference plane. During the test, the grounding cable of the
discharge generator shall be kept at least 0.1m from the EUT, and at least 0.2m from metal surfaces
other than the ground reference plane. Cables interconnecting the EUT, test supplies, and monitoring
equipment shall be kept at least 0.1m from the ground plane.

For small equipment, a horizontal coupling plane (HCP) shall be used between the table and the EUT.
Insulation with thickness of 0.5mm or smaller shall be placed between the HCP and the EUT. A
vertical coupling plane (VCP) may be needed for both floor-mounted equipment and table-mounted
equipment (see Figure 1).

The HCP and VCP are to be constructed from the same material and thickness as the ground reference
plane. The HCP shall be a minimum of 1.6m by 0.8m and project beyond the EUT by at least 0.1m
on each side. The VCP shall be 0.5m by 0.5m and located 0.1m from the vertical face of the EUT.
Each coupling plane shall be grounded through resistors as shown in Figure 3 and Figure 4. The 1M�
resistors (RH) located at each end of the charge bleed strap must have a transient withstand voltage of
10 kV or greater to prevent breakdown which would cause false current loops. The 2 k� resistor (RL)
located between the two RH resistors prevents the stray capacitance of the high-voltage resistor from
forming a ringing circuit.

3.2.5 Test point selection

The points selected for the application of the test shall be those that are accessible under normal in-
service conditions. Test points shall include relay case, knobs, push buttons, switches, terminals, data
ports, keypads, target resets, etc.

The application of discharge to any point of the equipment that is accessed only for repair and
maintenance purposes is outside the scope of this standard. Examples are

a) Terminals normally wired at installation.
b) Setting adjustments that are not accessed during normal service conditions.

Categorize all test points as conductive or nonconductive and follow the testing procedure given
in Figure 1. Test both horizontal and vertical coupling planes when coupling plane testing is
required by Figure 1. Vertical coupling plane testing shall be performed in all four positions relative
to the EUT.

3.2.6 Test levels

The equipment under test shall be tested at each of the voltage levels shown in Table 2. Subclause 3.1
and Figure 1 define when to use the contact method and when to use the air discharge method. These
test levels apply to both the direct and indirect methods of application.

Copyright � 2001 IEEE. All rights reserved. 5
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3.2.7 Discharge application

3.2.7.1 Direct application

The discharge generator shall approach the EUT perpendicularly to the plane being tested. Apply 10
positive and 10 negative discharges to each test point selected with a time interval between discharges
of at least 1 s.

3.2.7.2 Indirect application

See 3.1 and Figure 1 to determine whether an indirect application is required. When an indirect
application is required, the discharge generator shall be applied to the center of one edge of both
horizontal and vertical coupling planes. Test with the vertical coupling plane facing each surface where
the air discharge method failed to produce a spark. Apply 10 positive and 10 negative discharges to
each coupling plane with a time interval between discharges of at least 1 s.

3.3 Criteria for acceptance

During the test:

— No erroneous output or loss of output shall occur.

— No system reset or time out of watchdog timer is allowed.

— Transient false operation of output contacts or alarm contacts for any duration is not acceptable.

— Transient false operation by indicators is acceptable.

After the test:

— The equipment shall comply with the relevant performance specifications.

— No component failures are allowed.

3.4 Test data records

The test program and test results shall be recorded and made available upon request. The report
should be adequate to guide another person to duplicate the tests without having observed the original
test program. This record would typically include the following:

a) Product model and revision level;
b) Details of product settings, inputs, and operating conditions;
c) Diagram and/or photographs of the arrangement of the product and interface cables;
d) Description of the types and characteristics of interface cables;

6 Copyright � 2001 IEEE. All rights reserved.

Table 2—Test levels

Contact discharge—

test voltages, kV

Air discharge—

test voltages, kV

2 4

4 8

8 15
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e) Diagram and/or photographs illustrating the discharge points, test method, and test
application;

f) Points tested and test results, including a list of all indirect points;
g) Record of the test site ambient temperature, relative humidity, atmospheric pressure, and date;
h) Description of the ESD simulator used and its calibration credentials.

Copyright � 2001 IEEE. All rights reserved. 7
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Annex B

(informative)

Explanatory notes on ESD disturbance tests

Electronic equipment may be affected by electrostatic discharges that are applied either directly to
the equipment or to metal objects in the proximity of the equipment. The primary concern of this
standard is the effect of these electrostatic discharges, generated by the human body, on protective
relay equipment.

Electrostatic charges are easily generated in an environment with dry atmosphere and synthetic
fabrics. The operator’s body may be charged either directly or by electrostatic induction. There are
many possible variations in the charging process. A common situation is one where an operator walks
over a carpet and at each step loses or gains electrons relative to the fabric. The charges can be carried
over a long distance by people wearing insulating shoes. In such cases it does not help if the floor,
where the electronic equipment is placed, consists of conducting material. An exchange of electrostatic
charges can also occur due to friction between a person’s clothing and a seat or chair. The level to
which the human body is charged depends on the material in the clothing and in the room (specifically
the floor), and on the relative humidity of the room.

Examples of electrostatic charges:

a) Below 2 kV: Environments where floors are covered with antistatic material and the relative
humidity is greater than 35%.

b) 2 kV to 4 kV: Environment where floors are covered with antistatic material and the relative
humidity is greater than 10%.

c) 4 kV to 8 kV: Environment where floors are covered with material which tends to generate static
electricity (e.g. synthetic material) and the relative humidity is greater than 50%.

d) 8 kV to 15 kV: Environment where floors are covered with material which tends to generate
static electricity (e.g. synthetic material) and the relative humidity is greater than 10%.

The effect of discharge from the operator may be a malfunction of the equipment or damage to
electronic components. The dominant effects can be attributed to the parameters of the discharge
current (rise time, duration, etc.).

The most common discharge behavior can be classified as follows:

— In a discharge from a hand or a discharge generator, a part of the charge is coupled capacitively,
locally in the region where the discharge occurs. This charge is discharged with a current pulse of
very short duration, which can be of high amplitude and can therefore represent a severe
condition for the equipment. The remaining discharge causes a current that is distributed over the
equipment subject to the discharge and, via this equipment, to other units connected to it and
further to ground.

Copyright � 2001 IEEE. All rights reserved. 9
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— If a ground connection exists between the cover of the equipment and a conducting floor, the
discharge current will go through the cover to ground. The current shape is determined by the
source capacitance and resistance, and the low inductance in the path to ground. This generates a
current pulse with a rise time of a few nanoseconds and a tail extending tens of nanoseconds.

— If the equipment cover is not grounded or the ground path has a high impedance, the discharge
current will flow through other parts. The inductance of these other parts can cause a significant
increase in rise time. The current shape is a damped oscillatory wave.

— When a significant amount of the discharge current flows through other parts to the ground, the
electronic circuitry can be subjected to inductive coupling or radiation.

— When the discharge current flows from one unit to another along connecting cables, the signals
may be strongly affected by interference.

10 Copyright � 2001 IEEE. All rights reserved.
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Annex C

(informative)

Explanatory notes on ESD generator

Discharge generators are commercially available. For informational purposes only, the
characteristics of a generator are listed, and a simplified diagram is given in Figure C.1.

a) Energy storage capacitance (CsþCd): 150 pF� 10%

b) Discharge resistance (Rd): 330�� 10%

c) Charging resistance (Rc): between 50 and 100M�

d) Open circuit output voltage measured at the energy storage capacitor:

up to 8 kV (nominal) for contact discharge
up to 15 kV (nominal) for air discharge

e) Tolerance of the output voltage indication: �5%

f) Polarity of the output voltage: positive and negative

g) Holding time: at least 5 seconds

h) Discharge modes: single discharge with time between successive discharges of at least 1 s; the
generator shall also be able to generate at a repetition rate of at least 20 discharges per second
for exploratory purposes only.

This simplified circuit illustrates only the principle of operation of the generator. It will not produce
the specific current waveform shown in Figure 2. Cd, omitted in Figure C.1, is a distributed
stray capacitance, which exists between the generator and the EUT and the ground reference plane.
Because it is distributed in an undefined manner over the whole of the generator, it is not possible to
represent it in this simple circuit. Also, the distributed self inductances of all the internal elements of
the generator are not represented in the simplified circuit diagram. These, along with the already
mentioned stray capacitances, are the main elements determining the shape of the output current
waveform shown in Figure 2. This includes the self inductance of the ground return lead, which is not
represented in Figure C.1.

Copyright � 2001 IEEE. All rights reserved. 11

Figure C.1—Simplified diagram of the ESD generator
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Annex D

(informative)

A comparison of IEEE Std C37.90.3-2001 with relevant
IEC 60255-22-2 Ed.2.0 (1996-09) [B4]

These are the details in which IEEE Std C37.90.3-2001 deviates from the corresponding IEC
standard, with a brief explanation of the underlying reason for the deviation:

a) Severity classes. IEC 60255-22-2-1996 defines four severity classes that apply to different
environmental conditions. This document states that protective relays that meet class 3 are
suitable for use in power plants and substations. Class 3 applies to an environment in which the
discharge voltage is kept below 8 kV. This corresponds to an environment where relative
humidity is no lower than 50%.

The test level in this standard corresponds to IEC 60255-22-2-1996 severity class 4. Class 4
severity was determined to be appropriate because relative humidity levels in areas where
protective relays are applied in the United States and other countries fall far below 50%.

b) Test generator. IEC 60255-22-2-1996 includes some generator characteristics and refers to
another document for detailed generator definition. Annex C of IEEE Std C37.90.3-2001 lists
discharge generator characteristics and includes a simplified generator circuit to illustrate the
principle of operation. IEEE Std C37.90.3-2001 does not include generator details because the
waveforms that test generators must produce are specified sufficiently both to design generators
and to determine whether other commercially available generators meet test requirements.
Detailed design of discharge generators to produce test wave shapes is left to generator
manufacturers.

c) Grounding

1) Grounding of the VCP and HCP. Although IEC 60255-22-2-1996 does not require testing
with a VCP or HCP, IEC 61000-4-2 Ed.1.0 (1995-01) [B5] does require testing the VCP
and the HCP. For this testing, IEC 61000-4-2 requires grounding the VCP and HCP
through a 470 k� resistor at each end. IEEE Std C37.90.3-2001 requires grounding the
VCP and HCP through a 1M� resistor at each end plus a 2 k� resistor which prevents the
stray capacitance of the 1M� resistors from forming a ringing circuit.

2) Intentional grounding. IEC 60255-22-2-1996 requires that all parts intended to be
connected to earth ground be connected to the ground reference plane by a copper strap
at least 20mm wide. IEEE Std C37.90.3-2001 requires that products be connected to
ground in the manner given in the product literature by the manufacturer. (Some products
may not have an intentional ground point.)

d) Test conditions, current input circuits. IEEE Std C37.90.3-2001 requires current flow in current
inputs to be 75% of the nominal input current rating. IEC 60255-22-2-1996 requires input
energizing quantities to be as close as possible to the transitional state, but not closer than the
claimed variation due to electrostatic discharge. This state may have many different possible
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values in the case of a multi-function relay. The 75% of rating requirement is consistent with
other IEEE electrical environment standards for protective relays.

e) Test procedure. IEEE Std C37.90.3-2001 requires testing to coupling planes when the testing by
direct application using the air discharge method does not produce a discharge. IEC 60255-22-2-
1996 does not allow for the situation in which the equipment under test is insulated adequately
to prevent a discharge.

f) Test report. IEC 60255-22-2-1996 includes no requirements for reporting test results. IEEE Std
C37.90.3-2001 requires that the test report should be adequate to guide another person to
duplicate the tests without having observed the original test program. IEEE C37.90.3-2001 also
includes a list of typical items for inclusion in reports.
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