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Tuis Guibg, having been approved by the Electrical Industry
Standards Committee, was published under the authority of
the Executive Board on 20th May, 1969.

SBN: 580 05439 X

In order to keep abreast of progress in the industries
concerned, British Standards are subject to periodical review.
Suggestions for improvements will be recorded and in due
course brought to the notice of the committees charged with
the revision of the standards to which they refer.

A complete list of British Standards, numbering over 6000,
fully indexed and with a note of the contents of each, will
be found in the British Standards Yearbook, which may be
purchased from BSI Sales Department. It may also be con-
sulted in ‘many public libraries and similar institutions,

This guide makes reference to the following British Standards
and British Standard Code of Practice:

BS 196. Protected-type non-reversible plugs, socket-
outlets, cable-couplers and appliance-couplers
with earthing contacts for single phase a.c.
circuits up to 250 volts.

BS 842. A.C. voltage-operated earth-leakage circuit-
breakers,

BS 1259. Intrinsically safe electrical apparatus and circuits
for use in explosive atmospheres.

BS 4293. Current-operated earth-leakage circuit-breakers.

BS 4343, Industrial plugs, socket-outlets and couplers for
a.c. and d.c, supplies.

CP 1013, Earthing.

British Standards are revised, when necessary, by the issue either
of amendment slips or of revised editions. It is important that
users of British Standards should ascertain that they are in
possession of the latest amendments or editions.

The following BSI references relate to the work on this guide:
Committee references LLE/92 and ELE/92/1 Draft for comment 67/2305
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CO-OPERATING ORGANIZATIONS

The Electrical Industry Standards Committee, under whose
supervision this guide was prepared, consists of representatives
from the following Government departments and scientific
and industrial organizations,

Associated Offices’ Technical Committee
*Association of Consulting Engineets
Association of Mining Electrical and Mechanical Engineers
*Association of Supervising Electrical Engineers
*British Electrical and Allied Manufacturers’ Association
British Radio Equipment Manufacturers’ Association
*British Railways Board
*Crown Agents for Oversea Governments and Administrations
*Department of Employment and Productivity (H.M. Factory
Inspectorate)
Electric Cable Makers' Confederation
Electric Lamp Industry Council
Electric Light Fittings Association
*Electrical Contractors' Association (Incorporated)
Electrical Contractors’ Association of Scotland
*Electrical Research Association
*Electricity Coungil, the Central Electricity Generating Board
and the Area Boards in England and Wales
Electronic Enginecring Association
*Engineering Equipment Users’ Association
- *Institution of Electrical Engineers
Ministry of Defence
*Ministry of Defence, Army Department
*Ministry of Defence, Navy Department
*Ministry of Power
*Ministry of Public Building and Works
Ministry of Technology .
Municipal Passenger Transport Association (Incorporated)
National Inspection Council for Electrical Installation Contracting
National Physical Laboratory (Ministry of Technology)
*0il Companies Materials Association
Post Office
Public Transport Association (Incorporated)
South of Scotland Electricity Board

The Government departments and scientific and .industrial
organizations marked with an asterisk in the above list,
together with the following, were directly represented on the
committee entrusted with the preparation of this guide:

Association of Electrical Machinery Trades

Association of Short-Circuit Testing Authorities

Copper Development Association

Electrical Power Engineers’ Association

Engineer Surveyors’ Association

Home Office

London Transport Board

Manchester Corporation

North of Scotland Hydro-electric Board

Radio and Electronic Component Manufacturers’ Federation
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GUIDE TC

ELECTRICAL EARTH MONITORING

FOREWORD

This guide has been prepared under the authority of the Electrical Industry
Standards Committee.

Various forms of earth monitoring devices for the protection of users of
portable and transportable electrical equipment are now in widespread use in
this country. Although the detailed design and precise method of operation vary
quite widely, there are certain fundamentals of design and basic requirements of
performance which are common,.

GUIDE
1. SCOPE

This guide explains the principles involved in the design and construction of
earth monitoring devices, and the prerequisites for their successful application.

2, INTRODUCTION

Periodic inspection of a portable or transportable electric appliance and its
cable, however carefully carried out, cannot eliminate the possibility of damage
to the flexible earthing conductor or its connections to the appliance or the plug
while the appliance is in use.

In many industrial situations the trailing cable is particularly vulnerable to
damage from passing vehicles or through being strained round the edges of
obstructions. If the earth connection is severed and if the appliance develops an
earth fault then the user may receive a shock which, if not fatal in itself, may
cause a fall from a ladder or against moving machinery.

Earth monitoring is a method of ensuring the continued presence of an earth
connection all the time the appliance is in use.

NOTE. Although earth monitoring protection circuits are mainly used in conjunction with

portable tools they are not confined to that function and are used with other types of portable
and transportable electric appliances also. :

3. APPLIANCE USER PROTECTION

The following methods have been established to protect users of electrical
equipment against the effect of earth-leakage faults (see Appendix A):

(1) Direct earthing,
(2) Current-operated earth-leakage protection.
(3) Voltage-operated earth-leakage protection,
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These methods of protection are intended to ensure that dangerous voltages
to earth cannot persist on accessible metalwork, To this end it is important to
ensure the continning integrity of the earth-continuity conductor.

For portable and transportable equipment, where the risk of damage to the
flexible carth conductor or its connections is a particular hazard, the reliability
of the method of protection will be greatly improved by the addition of earth
monitoring,

4. EARTH MONITORING

4.1 Principle. (See Figs. 4A and 4B*)) Earth monitoring depends upon the
continuous circulation of a small current at a safe extra-low voltage. An interrup-
tion of this current is arranged to bring about disconnection of the electric
appliance from the main supply. The monitoring current circulates in a loop
circuit which contains the main earth-continuity conductor to the appliance, a
section of the appliance casing and a suitable return path. The plug and socket, .
and the flexible cable, must therefore provide not only the main earth path, but
also a return path, which is usually known as the pilot conductor. It is essential
that the monitoring unit itself be properly earthed in accordance with the
* Regulations for the electrical equipment of buildings® published by the
Institution of Electrical Engineerst. The requirement that the earth loop contains
a section of the appliance casing necessitates the provision of two independent
earth terminals on the appliance casing; otherwise there would be a risk of both
wires becoming detached from the casing while still maintaining the monitored
loop,

4.2 Advantages. Reliance need not be placed solely upon the continuing satis-
factory condition, between periodic inspections, of the flexible cable and its
connections to the appliance and plug. Furthermore, a removable link enables
this continuous protection to be extended to include the neutral/earth continuity
of the permanent installation or to include two independent earth connections so
that, again, reliance need not be placed solely upon periodic examination of the
installation, ' '

4.3 Design. The loop circulating current will be driven by a source of e.m.f,
which will normally be the low-voltage secondary winding of a double-wound
transformer with an earth screen between the windings. The transformer
sccondary voltage should not exceed 12 volis and individual loop circulating
currents will not normally exceed 3 amperes.

* For case of illustration Figs. 4A and 4B show appliances with single-phase supplies:
however, the principle is equally applicable to single-phase, three-phase, and three-phase and

neutral supplies,
T Sece also CP 1013, * Earthing ',
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