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Introduction

Scope and objectives

The scope of this electrical installation handbook is to provide the designer and
user of electrical plants with a quick reference, immediate-use working tool.
This is not intended to be a theoretical document, nor a technical catalogue,
but, in addition to the latter, aims to be of help in the correct definition of
equipment, in numerous practical installation situations.

The dimensioning of an electrical plant requires knowledge of different factors
relating to, for example, installation utilities, the electrical conductors and other
components; this knowledge leads the design engineer to consult numerous
documents and technical catalogues. This electrical installation handbook,
however, aims to supply, in a single document, tables for the quick definition of
the main parameters of the components of an electrical plant and for the selection
of the protection devices for a wide range of installations. Some application
examples are included to aid comprehension of the selection tables.

Electrical installation handbook users

The electrical installation handbook is a tool which is suitable for all those who
are interested in electrical plants: useful for installers and maintenance technicians
through brief yet important electrotechnical references, and for sales engineers
through quick reference selection tables.

Validity of the electrical installation handbook

Some tables show approximate values due to the generalization of the selection
process, for example those regarding the constructional characteristics of
electrical machinery. In every case, where possible, correction factors are given
for actual conditions which may differ from the assumed ones. The tables are
always drawn up conservatively, in favour of safety; for more accurate
calculations, the use of DOCWin software is recommended for the dimensioning
of electrical installations.
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1 Standards

1.1 General aspects

In each technical field, and in particular in the electrical sector, a condition
sufficient (even if not necessary) for the realization of plants according to the
“status of the art” and a requirement essential to properly meet the demands
of customers and of the community, is the respect of all the relevant laws and
technical standards.

Therefore, a precise knowledge of the standards is the fundamental premise
for a correct approach to the problems of the electrical plants which shall be
designed in order to guarantee that “acceptable safety level” which is never
absolute.

Juridical Standards
These are all the standards from which derive rules of behavior for the juridical
persons who are under the sovereignty of that State.

Technical Standards

These standards are the whole of the prescriptions on the basis of which
machines, apparatus, materials and the installations should be designed,
manufactured and tested so that efficiency and function safety are ensured.
The technical standards, published by national and international bodies, are
circumstantially drawn up and can have legal force when this is attributed by a
legislative measure.

Application fields

Electrotechnics and Mechanics, Ergonomics

Telecommunications

Electronics and Safety
International Body IEC Ty ISO
European Body CENELEC ETSI CEN

This technical collection takes into consideration only the bodies dealing with electrical and electronic
technologies.

IEC International Electrotechnical Commission

The International Electrotechnical Commission (IEC) was officially founded in
1906, with the aim of securing the international co-operation as regards
standardization and certification in electrical and electronic technologies. This
association is formed by the International Committees of over 40 countries all
over the world.

The IEC publishes international standards, technical guides and reports which
are the bases or, in any case, a reference of utmost importance for any national
and European standardization activity.

IEC Standards are generally issued in two languages: English and French.

In 1991 the IEC has ratified co-operation agreements with CENELEC (European
standardization body), for a common planning of new standardization activities
and for parallel voting on standard drafts.
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1 Standards

CENELEC European Committee for Electrotechnical Standardization

The European Committee for Electrotechnical Standardization (CENELEC) was
set up in 1973. Presently it comprises 29 countries (Austria, Belgium, Cyprus,
Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary,
Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway,
Portugal, Poland, Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland,
United Kingdom) and cooperates with 8 affiliates (Albania, Bosnia and
Herzegovina, Bulgaria, Croatia, Former Yugoslav Republic of Macedonia, Serbia
and Montenegro, Turkey, Ukraine) which have first maintained the national
documents side by side with the CENELEC ones and then replaced them with
the Harmonized Documents (HD).

There is a difference between EN Standards and Harmonization Documents
(HD): while the first ones have to be accepted at any level and without additions
or modifications in the different countries, the second ones can be amended to
meet particular national requirements.

EN Standards are generally issued in three languages: English, French and
German.

From 1991 CENELEC cooperates with the IEC to accelerate the standards
preparation process of International Standards.

CENELEC deals with specific subjects, for which standardization is urgently
required.

When the study of a specific subject has already been started by the IEC, the
European standardization body (CENELEC) can decide to accept or, whenever
necessary, to amend the works already approved by the International
standardization bodly.

EC DIRECTIVES FOR ELECTRICAL EQUIPMENT

Among its institutional roles, the European Community has the task of
promulgating directives which must be adopted by the different member states
and then transposed into national law.

Once adopted, these directives come into juridical force and become a reference

for manufacturers, installers, and dealers who must fulfill the duties prescribed

by law.

Directives are based on the following principles:

® harmonization is limited to essential requirements;

* only the products which comply with the essential requirements specified by
the directives can be marketed and put into service;

* the harmonized standards, whose reference numbers are published in the
Official Journal of the European Communities and which are transposed into
the national standards, are considered in compliance with the essential
requirements;

 the applicability of the harmonized standards or of other technical specifications
is facultative and manufacturers are free to choose other technical solutions
which ensure compliance with the essential requirements;

* a manufacturer can choose among the different conformity evaluation proce-
dure provided by the applicable directive.

The scope of each directive is to make manufacturers take all the necessary

steps and measures so that the product does not affect the safety and health

of persons, animals and property.
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“Low Voltage” Directive 73/23/CEE - 93/68/CEE

The Low Voltage Directive refers to any electrical equipment designed for use

at arated voltage from 50 to 1000 V for altemating current and from 75 to 1500 V for

direct current.

In particular, it is applicable to any apparatus used for production, conversion,

transmission, distribution and use of electrical power, such as machines,

transformers, devices, measuring instruments, protection devices and wiring

materials.

The following categories are outside the scope of this Directive:

e clectrical equipment for use in an explosive atmosphere;

o electrical equipment for radiology and medical purposes;

o electrical parts for goods and passenger lifts;

o electrical energy meters;

¢ plugs and socket outlets for domestic use;

e electric fence controllers;

 radio-electrical interference;

® specialized electrical equipment, for use on ships, aircraft or railways, which
complies with the safety provisions drawn up by international bodies in which
the Member States participate.

Directive EMC 89/336/EEC (“Electromagnetic Compatibility”)

The Directive on electromagnetic compatibility regards all the electrical and
electronic apparatus as well as systems and installations containing electrical
and/or electronic components. In particular, the apparatus covered by this
Directive are divided into the following categories according to their
characteristics:

® domestic radio and TV receivers;

 industrial manufacturing equipment;

* mobile radio equipment;

* mobile radio and commercial radio telephone equipment;

* medical and scientific apparatus;

¢ information technology equipment (ITE);

* domestic appliances and household electronic equipment;

® aeronautical and marine radio apparatus;

® educational electronic equipment;

® telecommunications networks and apparatus;

¢ radio and television broadcast transmitters;

¢ lights and fluorescent lamps.

The apparatus shall be so constructed that:

a) the electromagnetic disturbance it generates does not exceed a level allowing
radio and telecommunications equipment and other apparatus to operate
as intended;

b) the apparatus has an adequate level of intrinsic immunity to electromagnetic
disturbance to enable it to operate as intended.

An apparatus is declared in conformity to the provisions at points a) and b)

when the apparatus complies with the harmonized standards relevant to its

product family or, in case there aren’t any, with the general standards.
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1 Standards

CE conformity marking

The CE conformity marking shall indicate conformity to all the obligations
imposed on the manufacturer, as regards his products, by virtue of the European
Community directives providing for the affixing of the CE marking.

When the CE marking is affixed on a product, it represents a declaration of the
manufacturer or of his authorized representative that the product in question
conforms to all the applicable provisions including the conformity assessment
procedures. This prevents the Member States from limiting the marketing and
putting into service of products bearing the CE marking, unless this measure is
justified by the proved non-conformity of the product.

Flow diagram for the conformity assessment procedures established by the Directive
73/23/EEC on electrical equipment designed for use within particular voltage range:

Technical file

The manufacturer
draw up the technical
documentation
covering the design,
manufacture and
operation of the
product

EC declaration of
conformity

The manufacturer
guarantees and declares
that his products are in
conformity to the technical
documentation and to the
directive requirements

Naval type approval

C€

The environmental conditions which characterize the use of circuit breakers for
on-board installations can be different from the service conditions in standard
industrial environments; as a matter of fact, marine applications can require
installation under particular conditions, such as:
- environments characterized by high temperature and humidity, including salt-
mist atmosphere (damp-heat, salt-mist environment);
- on board environments (engine room) where the apparatus operate in the
presence of vibrations characterized by considerable amplitude and duration.

In order to ensure the proper function in such environments, the shipping
registers require that the apparatus has to be tested according to specific type
approval tests, the most significant of which are vibration, dynamic inclination,

humidity and dry-heat tests.
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ABB SACE circuit-breakers (Isomax-Tmax-Emax) are approved by the following

shipping registers:

e RINA Registro Italiano Navale

Italian shipping register

e DNV  Det Norske Veritas

Norwegian shipping register

e BV Bureau Veritas

French shipping register

e GL Germanischer Lloyd

German shipping register

e LRs Lloyd’s Register of Shipping

British shipping register

e ABS American Bureau of Shipping

American shipping register

It is always advisable to ask ABB SACE as regards the typologies and the
performances of the certified circuit-breakers or to consult the section certificates

in the website http://bol.it.abb.com.

Marks of conformity to the relevant national and

international Standards

The international and national marks of conformity are reported in the following

table, for information only:

COUNTRY

Symbol Mark designation

Applicability/Organization

EUROPE

Mark of compliance with the
harmonized European standards
listed in the ENEC Agreement.

AUSTRALIA

AS Mark

Electrical and non-electrical
products.

It guarantees compliance with
SAA (Standard Association of
Australia).

AUSTRALIA

S.AA. Mark

Standards Association of
Australia (S.A.A.).

The Electricity Authority of New
South Wales Sydney Australia

AUSTRIA

Austrian Test Mark

Installation equipment and
materials
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COUNTRY Symbol Mark designation Applicability/Organization
AUSTRIA OVE Identification Cables
Thread
. B
BELGIUM CEBEC Mark Installation materials and electrical
- appliances
CEBEC

BELGIUM CEBEC Mark Conduits and ducts, conductors
and flexible cords

BELGIUM Certification of Installation material and electrical

[ ] Conformity appliances (in case there are no
equivalent national standards or
CEBEC criteria)

CANADA CSA Mark Electrical and non-electrical

products.
® This mark guarantees compliance

with CSA (Canadian Standard
Association)

CHINA CCEE Mark Great Wall Mark Commission for
Certification of Electrical
Equipment

Czech Republic @ EZU’ Mark Electrotechnical Testing Institute

Slovakia Electrotechnical Research and

Republic @ EVPU’ Mark Design Institute

ABB SACE - Protection and control devices
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1 Standards

COUNTRY Symbol Mark designation Applicability/Organization
CROATIA KONKAR Electrical Engineering Institute
DENMARK DEMKO Low voltage materials.
Approval Mark This mark guarantees the
compliance of the product with
the requirements (safety) of the
“Heavy Current Regulations”
FINLAND Safety Mark Low voltage material.
of the Elektriska This mark guarantees the
Inspektoratet compliance of the product with
the requirements (safety) of the
“Heavy Current Regulations”
FRANCE ESC Mark Household appliances
CONTROLE @
LIMITE A LA SECURITE
FRANCE NF Mark Conductors and cables —
Conduits and ducting —
Installation materials
FRANCE NF Identification Cables
Thread
-
FRANCE NF Mark Portable motor-operated tools
QUTILLAGE
FRANCE NF Mark Household appliances
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COUNTRY Symbol Mark designation Applicability/Organization
GERMANY VDE Mark For appliances and technical
equipment, installation accessories
such as plugs, sockets, fuses,
wires and cables, as well as other
[ ] components (capacitors, earthing
systems, lamp holders and
electronic devices)
GERMANY VDE
|dentification Thread Cables and cords
[ ——m—
GERMANY VDE Cable Mark For cables, insulated cords,
installation conduits and ducts
VDE-GS Mark Satfety mark for technical equipment
GERMANY for technical to be affixed after the product has
. been tested and certified by the VDE
equipment Test Laboratory in Offenbach; the
conformity mark is the mark VDE,
which is granted both to be used
alone as well as in combination with
the mark GS
HUNGARY Hungarian Institute for Testing and
MEEI Certification of Electrical Equipment
JAPAN JIS Mark Mark which guarantees
compliance with the relevant
Japanese Industrial Standard(s).
Jis
GIAPPONE
IRELAND IIRS Mark Electrical equipment
IRELAND IIRS Mark Electrical equipment

COUNTRY Symbol Mark designation Applicability/Organization
ITALY IMQ Mark Mark to be affixed on electrical
material for non-skilled users; it
certifies compliance with the
European Standard(s).
NORWAY Norwegian Approval | Mandatory safety approval for low
@ Mark voltage material and equipment
NETHERLANDS KEMA-KEUR General for all equipment
EMA ﬂfs
[N\
EUR| &%
POLAND KWE Electrical products
RUSSIA Certification of Electrical and non-electrical
Conformity products. It guarantees
compliance with national standard
(Gosstandard of Russia)
SINGAPORE SISIR Electrical and non-electrical
products
SLOVENIA SIQ Slovenian Institute of Quality and
Metrology
SIQ - Slovenia
SPAIN AEE Electrical products.

The mark is under the control of
the Asociacion Electrotécnica
Espafiola(Spanish Electrotechnical
Association)

10
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COUNTRY Symbol Mark designation Applicability/Organization

SPAIN AENOR AENOR Asociacion Espafiola de
Normalizacién y Certificacion.
(Spanish Standarization and

Producto Certification Association)
Certificado
SWEDEN SEMKO Mandatory safety approval for low
Mark voltage material and equipment.

SWITZERLAND Safety Mark Swiss low voltage material subject

to mandatory approval (safety).
* PZ 1

SWITZERLAND - Cables subject to mandatory

approval
+N+D+® PP

SWITZERLAND SEV Safety Mark Low voltage material subject to
mandatory approval

UNITED ASTA Mark Mark which guarantees

KINGDOM compliance with the relevant
“British Standards”

UNITED BASEC Mark Mark which guarantees

KINGDOM compliance with the “British
Standards” for conductors, cables
and ancillary products.

UNITED BASEC Cables

KINGDOM |dentification Thread

ABB SACE - Protection and control devices
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COUNTRY Symbol Mark designation Applicability/Organization
UNITED BEAB Compliance with the “British
KINGDOM Safety Mark Standards” for household

appliances

UNITED BSI Compliance with the “British
KINGDOM Safety Mark Standards”

UNITED <0 BRI, BEAB Compliance with the relevant
KINGDOM & 2 Kitemark “British Standards” regarding

9 g safety and performances
D’vb‘ 0{5
U.S.A. UNDERWRITERS Electrical and non-electrical
LABORATORIES products
Mark
LISTED
(Product Name)
(Control Number)
U.S.A. UNDERWRITERS Electrical and non-electrical
LABORATORIES products
Mark
USA. UL Recognition Electrical and non-electrical
products
CEN CEN Mark Mark issued by the European
Committee for Standardization
(CEN): it guarantees compliance
with the European Standards.
CENELEC Mark Cables
<JHAR[>
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COUNTRY

Symbol Mark designation Applicability/Organization

CENELEC

Certification mark providing
assurance that the harmonized
cable complies with the relevant
harmonized CENELEC Standards
— identification thread

— | Harmonization Mark

EC

Mark assuring the compliance
Ex EUROPEA Mark with the relevant European
Standards of the products to be
used in environments with
explosion hazards

CEEel

Mark which is applicable to some
household appliances (shavers,
electric clocks, etc).

o~ CEEel Mark

14

EC - Declaration of Conformity

The EC Declaration of Conformity is the statement of the manufacturer, who
declares under his own responsibility that all the equipment, procedures or
services refer and comply with specific standards (directives) or other normative
documents.

The EC Declaration of Conformity should contain the following information:

* name and address of the manufacturer or by its European representative;
 description of the product;

o reference to the harmonized standards and directives involved;

* any reference to the technical specifications of conformity;

 the two last digits of the year of affixing of the CE marking;

* identification of the signer.

A copy of the EC Declaration of Conformity shall be kept by the manufacturer
or by his representative together with the technical documentation.
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1.2 IEC Standards for electrical

installation

STANDARD YEAR TITLE

IEC 60027-1 1992 Letter symbols to be used in electrical
technology - Part 1: General

IEC 60034-1 2004 Rotating electrical machines - Part 1:
Rating and performance

IEC 60617-DB-12M 2001 Graphical symbols for diagrams - 12-
month subscription to online database
comprising parts 2 to 11 of [IEC 60617

IEC 61082-1 1991 Preparation of documents used in
electrotechnology - Part 1: General
requirements

IEC 61082-2 1993 Preparation of documents used in
electrotechnology - Part 2: Function-
oriented diagrams

IEC 61082-3 1993 Preparation of documents used in
electrotechnology - Part 3: Connection
diagrams, tables and lists

IEC 61082-4 1996 Preparation of documents used in
electrotechnology - Part 4: Location and
installation documents

IEC 60038 2002 |IEC standard voltages

IEC 60664-1 2002 Insulation coordination for equipment
within low-voltage systems - Part 1:
Principles, requirements and tests

IEC 60909-0 2001 Short-circuit currents in three-phase a.c.
systems - Part 0: Calculation of currents

IEC 60865-1 1993 Short-circuit currents - Calculation of
effects - Part 1: Definitions and
calculation methods

IEC 60781 1989 Application guide for calculation of short-
circuit currents in low-voltage radial
systems

IEC 60076-1 2000 Power transformers - Part 1: General

IEC 60076-2 1993 Power transformers - Part 2: Temperature
rise

IEC 60076-3 2000 Power transformers - Part 3: Insulation
levels, dielectric tests and external
clearances in air

IEC 60076-5 2006 Power transformers - Part 5: Ability to
withstand short circuit

IEC/TR 60616 1978 Terminal and tapping markings for power
transformers

IEC 60076-11 2004 Power transformers - Part 11: Dry-type
transformers

IEC 60445 1999 Basic and safety principles for man-

machine interface, marking and
identification - Identification of
equipment terminals and of terminations
of certain designated conductors,
including general rules for an
alphanumeric system
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STANDARD

YEAR

TITLE

IEC 60073

2002

Basic and safety principles for man-
machine interface, marking and
identification — Coding for indicators and
actuators

IEC 60446

1999

Basic and safety principles for man-
machine interface, marking and
identification - Identification of
conductors by colours or numerals

IEC 60447

2004

Basic and safety principles for man-
machine interface, marking and
identification - Actuating principles

IEC 60947-1

2004

Low-voltage switchgear and controlgear -
Part 1: General rules

IEC 60947-2

2003

Low-voltage switchgear and controlgear -
Part 2: Circuit-breakers

IEC 60947-3

2005

Low-voltage switchgear and controlgear -
Part 3: Switches, disconnectors, switch-
disconnectors and fuse-combination
units

IEC 60947-4-1

2002

Low-voltage switchgear and controlgear -
Part 4-1: Contactors and motor-starters —
Electromechanical contactors and motor-
starters

IEC 60947-4-2

2002

Low-voltage switchgear and controlgear -
Part 4-2: Contactors and motor-starters —
AC semiconductor motor controllers and
starters

IEC 60947-4-3

1999

Low-voltage switchgear and controlgear -
Part 4-3: Contactors and motor-starters —
AC semiconductor controllers and
contactors for non-motor loads

IEC 60947-5-1

2003

Low-voltage switchgear and controlgear -
Part 5-1: Control circuit devices and
switching elements - Electromechanical
control circuit devices

IEC 60947-5-2

2004

Low-voltage switchgear and controlgear -
Part 5-2: Control circuit devices and
switching elements — Proximity switches

IEC 60947-5-3

2005

Low-voltage switchgear and controlgear -
Part 5-3: Control circuit devices and
switching elements — Requirements for
proximity devices with defined behaviour
under fault conditions

IEC 60947-5-4

2002

Low-voltage switchgear and controlgear -
Part 5: Control circuit devices and
switching elements - Section 4: Method
of assessing the performance of low
energy contacts. Special tests

IEC 60947-5-5

2005

Low-voltage switchgear and controlgear -
Part 5-5: Control circuit devices and
switching elements - Electrical
emergency stop device with mechanical
latching function
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STANDARD

YEAR

TITLE

IEC 60947-5-6

1999

Low-voltage switchgear and controlgear -
Part 5-6: Control circuit devices and
switching elements — DC interface for
proximity sensors and switching
amplifiers (NAMUR)

IEC 60947-6-1

2005

Low-voltage switchgear and controlgear -
Part 6-1: Multiple function equipment —
Automatic transfer switching equipment

IEC 60947-6-2

2002

Low-voltage switchgear and controlgear -
Part 6-2: Multiple function equipment -
Control and protective switching devices
(or equipment) (CPS)

IEC 60947-7-1

2002

Low-voltage switchgear and controlgear -
Part 7: Ancillary equipment - Section 1:
Terminal blocks for copper conductors

IEC 60947-7-2

2002

Low-voltage switchgear and controlgear -
Part 7: Ancillary equipment - Section 2:
Protective conductor terminal blocks for
copper conductors

IEC 60439-1

2004

Low-voltage switchgear and controlgear
assemblies - Part 1: Type-tested and
partially type-tested assemblies

IEC 60439-2

2005

Low-voltage switchgear and controlgear
assemblies - Part 2: Particular
requirements for busbar trunking systems
(busways)

IEC 60439-3

2001

Low-voltage switchgear and controlgear
assemblies - Part 3: Particular
requirements for low-voltage switchgear
and controlgear assemblies intended to
be installed in places where unskilled
persons have access for their use -
Distribution boards

IEC 60439-4

2004

Low-voltage switchgear and controlgear
assemblies - Part 4: Particular
requirements for assemblies for
construction sites (ACS)

IEC 60439-5

1998

Low-voltage switchgear and controlgear
assemblies - Part 5: Particular
requirements for assemblies intended to
be installed outdoors in public places -
Cable distribution cabinets (CDCs) for
power distribution in networks

IEC 61095

2000

Electromechanical contactors for
household and similar purposes
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1 Standards

STANDARD YEAR TITLE

IEC/TR 60890 1987 A method of temperature-rise assessment
by extrapolation for partially type-tested
assemblies (PTTA) of low-voltage
switchgear and controlgear

IEC/TR 61117 1992 A method for assessing the short-circuit
withstand strength of partially type-tested
assemblies (PTTA)

IEC 60092-303 1980 Electrical installations in ships. Part 303:
Equipment - Transformers for power and
lighting

IEC 60092-301 1980 Electrical installations in ships. Part 301:
Equipment - Generators and motors

IEC 60092-101 2002 Electrical installations in ships - Part 101:
Definitions and general requirements

IEC 60092-401 1980 Electrical installations in ships. Part 401:
Installation and test of completed
installation

IEC 60092-201 1994 Electrical installations in ships - Part 201:
System design - General

IEC 60092-202 1994 Electrical installations in ships - Part 202:
System design - Protection

IEC 60092-302 1997 Electrical installations in ships - Part 302:
Low-voltage switchgear and controlgear
assemblies

IEC 60092-350 2001 Electrical installations in ships - Part 350:
Shipboard power cables - General
construction and test requirements

IEC 60092-352 2005 Electrical installations in ships - Part 352:
Choice and installation of electrical cables

IEC 60364-5-52 2001 Electrical installations of buildings - Part
5-52: Selection and erection of electrical
equipment — Wiring systems

IEC 60227 Polyvinyl chloride insulated cables of
rated voltages up to and including 450/
750 V

1998 Part 1: General requirements

2003 Part 2: Test methods

1997 Part 3: Non-sheathed cables for fixed
wiring

1997 Part 4: Sheathed cables for fixed wiring

2003 Part 5: Flexible cables (cords)

2001 Part 6: Lift cables and cables for flexible
connections

2003 Part 7: Flexible cables screened and
unscreened with two or more conductors

IEC 60228 2004 Conductors of insulated cables

IEC 60245 Rubber insulated cables - Rated voltages
up to and including 450/750 V

2003 Part 1: General requirements

1998 Part 2: Test methods

1994 Part 3: Heat resistant silicone insulated
cables

1994 Part 4: Cords and flexible cables

18
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STANDARD

YEAR

TITLE

2004

Part 4: Cord and flexible cables

1994

Part 5: Lift cables

1994

Part 6: Arc welding electrode cables

1994

Part 7: Heat resistant ethylene-vinyl
acetate rubber insulated cables

2004

Part 8: Cords for applications requiring
high flexibility

IEC 60309-2

2005

Plugs, socket-outlets and couplers for
industrial purposes - Part 2: Dimensional
interchangeability requirements for pin
and contact-tube accessories

IEC 61008-1

2002

Residual current operated circuit-breakers
without integral overcurrent protection for
household and similar uses (RCCBs) -
Part 1: General rules

IEC 61008-2-1

1990

Residual current operated circuit-breakers
without integral overcurrent protection for
household and similar uses (RCCB’s).
Part 2-1: Applicability of the general rules
to RCCB'’s functionally independent of
line voltage

IEC 61008-2-2

1990

Residual current operated circuit-breakers
without integral overcurrent protection for
household and similar uses (RCCB’s).
Part 2-2: Applicability of the general rules
to RCCB'’s functionally dependent on line
voltage

IEC 61009-1

2003

Residual current operated circuit-breakers
with integral overcurrent protection for
household and similar uses (RCBOs) -
Part 1: General rules

IEC 61009-2-1

1991

Residual current operated circuit-breakers
with integral overcurrent protection for
household and similar uses (RCBO’s)
Part 2-1: Applicability of the general rules
to RCBO’s functionally independent of
line voltage

IEC 61009-2-2

1991

Residual current operated circuit-breakers
with integral overcurrent protection for
household and similar uses (RCBO’s) -
Part 2-2: Applicability of the general rules
to RCBO’s functionally

dependent on line voltage

IEC 60670-1

2002

Boxes and enclosures for electrical
accessories for household and similar
fixed electrical installations - Part 1:
General requirements

IEC 60669-2-1

2002

Switches for household and similar fixed
electrical installations - Part 2-1:
Particular requirements — Electronic
switches

IEC 60669-2-2

2002

Switches for household and similar fixed
electrical installations - Part 2: Particular
requirements — Section 2: Remote-control
switches (RCS)

IEC 60669-2-3

1997

Switches for household and similar fixed
electrical installations - Part 2-3:
Particular requirements — Time-delay
switches (TDS)
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1.2 |IEC standards for electrical installation

1 Standards

STANDARD YEAR TITLE

IEC 60079-10 2002 Electrical apparatus for explosive gas
atmospheres - Part 10: Classification of
hazardous areas

IEC 60079-14 2002 Electrical apparatus for explosive gas
atmospheres - Part 14: Electrical
installations in hazardous areas (other
than mines)

IEC 60079-17 2002 Electrical apparatus for explosive gas
atmospheres - Part 17: Inspection and
maintenance of electrical installations in
hazardous areas (other than mines)

IEC 60269-1 2005 Low-voltage fuses - Part 1: General
requirements
IEC 60269-2 1986 Low-voltage fuses. Part 2: Supplementary

requirements for fuses for use by
authorized persons (fuses mainly for
industrial application)

IEC 60269-3-1 2004 Low-voltage fuses - Part 3-1:
Supplementary requirements for fuses for
use by unskilled persons (fuses mainly for
household and similar applications) -
Sections | to IV: Examples of types of
standardized fuses

IEC 60127-1/10 Miniature fuses -
2003 Part 1: Definitions for miniature fuses and
general requirements for miniature fuse-links
2003 Part 2: Cartridge fuse-links
1988 Part 3: Sub-miniature fuse-links
2005 Part 4: Universal Modular Fuse-Links (UMF)
Through-hole and surface mount types
1988 Part 5: Guidelines for quality assessment
of miniature fuse-links
1994 Part 6: Fuse-holders for miniature
cartridge fuse-links
2001 Part 10: User guide for miniature fuses
IEC 60730-2-7 1990 Automatic electrical controls for

household and similar use. Part 2-7:
Particular requirements for timers and
time switches

EC 60364-1 2005 Low-voltage electrical installations
Part 1: Fundamental principles,
assessment of general characteristics,
definitions

IEC 60364-4-41 2005 Low-voltage electrical installations
Part 4-41: Protection for safety -
Protection against electric shock

IEC 60364-4-42 2001 Electrical installations of buildings
Part 4-42: Protection for safety -
Protection against thermal effects

IEC 60364-4-43 2001 Electrical installations of buildings
Part 4-43: Protection for safety -
Protection against overcurrent

ABB SACE - Protection and control devices
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1 Standards

STANDARD

YEAR

TITLE

IEC 60364-4-44

2003

Electrical installations of buildings

Part 4-44: Protection for safety -
Protection against voltage disturbances
and electromagnetic disturbances

IEC 60364-5-51

2005

Electrical installations of buildings
Part 5-51: Selection and erection of
electrical equipment Common rules

IEC 60364-5-52

2001

Electrical installations of buildings
Part 5-52: Selection and erection of
electrical equipment Wiring systems

IEC 60364-5-53

2002

Electrical installations of buildings

Part 5-53: Selection and erection of
electrical equipment Isolation, switching
and control

IEC 60364-5-54

2002

Electrical installations of buildings

Part 5-54: Selection and erection of
electrical equipment Earthing
arrangements, protective conductors and
protective bonding conductors

IEC 60364-5-55

2002

Electrical installations of buildings
Part 5-55: Selection and erection of
electrical equipment Other equipment

IEC 60364-6-61

2001

Electrical installations of buildings
Part 6-61: Verification - Initial verification

IEC 60364-7

1984...2005

Electrical installations of buildings
Part 7: Requirements for special
installations or locations

IEC 60529

2001

Degrees of protection provided by
enclosures (IP Code)

IEC 61032

1997

Protection of persons and equipment by
enclosures - Probes for verification

IEC/TR 61000-1-1

1992

Electromagnetic compatibility (EMC)
Part 1: General - Section 1: application
and interpretation of fundamental
definitions and terms

IEC/TR 61000-1-2

2001

Electromagnetic compatibility (EMC)
Part 1-2: General - Methodology for the
achievement of the functional safety of
electrical and electronic equipment with
regard to electromagnetic phenomena

IEC/TR 61000-1-3

2002

Electromagnetic compatibility (EMC)
Part 1-3: General - The effects of high-
altitude EMP (HEMP) on civil equipment
and systems

ABB SACE - Protection and control devices
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2.1 Circuit-breaker nameplates

Moulded-case circuit-breaker: Tmax Moulded-case circuit-breaker: Isomax

CIRCUIT-BREAKER TYPE

Series § Size Eatelij_ ultimate short-circuit n'nT::r?Jdted CIRCUIT-BREAKER TYPE
uni
T ! rea '§g=°f§ akzty at41s vac currer?t Series Size Rated ultimate short-circuit
g C =25KA 160 A S 7 breaking capacity at 415 Vac
N =36 kA 250 A
g S =50 kA 320A S =50 kA
6 H=70kA 400 A H =65KkA
L = 85 KA (for T2) 630 A L =100 kA
7 L =120 kA (for T4-T5-T7) B 800 A
L = 100 KA (for T6)
V = 150 KA (for T7)
V =200 kA 0A
—

Rated insulation L —
voltage Ui; i.e. the
maximum r.m.s. value
of voltage which the
circuit-breaker is
capable of
withstanding at the
supply frequency
under specified test
conditions.

Rated uninterrupted
current lu

) Rated uninterrupted
Rated operational current lu

voltage Ue .
Rated operational

voltage Ue

Compliance with national and
international product Standards.
Rated impulse
withstand voltage
Uimp; i.e. the peak
value of impulse
voltage which the
circuit-breaker can
withstand under
specified test
conditions.

Rated ultimate short-
circuit breaking
capacity (Icu) at

S different voltage values.
SACE S7L lu=1250AUe=690V IEC 947-2 CEI EN 60947-2 g

75 [75
"\ 50-60Hz

Rated ultimate short-

According to the

CE marking affixed on

Compliance with the

circuit breaking capacity international Standard ~ ABB circuit-breakers to international ’ ) . . . .
(Icu) and rated service |IEC 60947-2, the circuit  indicate compliance Standard According to the According to the international CE marking affixed on
short-circuit breaking  breakers can be divided  with the following CE IEC 60947-2: international Standard IEC 60947-2, the ABB circuit-breakers to
capacity (Ics) at into Category A, i.e. directives: “Low-Voltage Standard g:lrcuﬂ-breakers can be Q|V|ded |nd|cate compl_lance
different voltage values. without a specified “Low Voltage Directive” switchgear and IEC 60947-2: into Category A, i.e. without with the following CE
short-time withstand (LVD) no. 73/23 EEC controlgear-Circuit- o “Low-Voltage a specified short-time directives:
current rating, or “Electromagnetic breakers”. § switchgear and withstand current rating, or “Low Voltage Directive”
Category B, i.e. witha  Compatibility Directive” 5 controlgear- Category B, i.e. with a (LVD) no. 73/23 EEC
specified short-time (EMC) no. 89/336 EEC. § Circuit-breakers”. specified short-time withstand “Electromagnetic
withstand current rating. 5] current rating. Compatibility Directive”
Q (EMC) no. 89/336 EEC.
2
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2.2 Main definitions

Air circuit-breaker: Emax The main definitions regarding LV switchgear and controlgear are included in

the international Standards IEC 60947-1, IEC 60947-2 and IEC 60947-3.

CIRCUIT-BREAKER TYPE

Main characteristics

Series Rated ultimate short-circuit Rated
E breaking capacity at 415 Vac uninterrupted Circuit-breaker
X1 current A mechanical switching device, capable of making, carrying and breaking
B =42 kA 06 = 630A currents under normal circuit conditions and also making, carrying for a specified
N = 65 kA (50 kA E1) 28 f> 1388 ﬁ time and breaking currents under specified abnormal circuit conditions such as
S = 75 kﬁp(\BS kA E2) 12 — 1250 A those of short-circuit.
::':_ 113?8kA (150 KA X1) %g 2 %888 ﬁ Current-limiting circuit-breaker
V = 150 KA (130 KA E3) 25 —> 2500 A A circuit-breaker with a break-time short enough to prevent the short-circuit
32 =—> 3200 A current reaching its otherwise attainable peak value.
40 =—> 4000 A in circui
50 = 5000 A Plug-lr? cwcwt—breaker . - . .
63 => 6300 A A circuit-breaker which, in addition to its interrupting contacts, has a set of
— contacts which enable the circuit-breaker to be removed.
Withdrawable circuit-breaker

A circuit-breaker which, in addition to its interrupting contacts, has a set of
isolating contacts which enable the circuit-breaker to be disconnected from
the main circuit, in the withdrawn position, to achieve an isolating distance in
accordance with specified requirements.

Moulded-case circuit-breaker

A circuit-breaker having a supporting housing of moulded insulating material
forming an integral part of the circuit-breaker.

Disconnector

A mechanical switching device which, in the open position, complies with the
requirements specified for the isolating function.

Release

A device, mechanically connected to a mechanical switching device, which
releases the holding means and permits the opening or the closing of the
switching device.

Rated uninterrupted
current lu

Rated operational )
voltage Ue Rated short-time
withstand current lcw;
i.e. the maximum
current that

the circuit-breaker can
carry during a
specified time.

1U=3200A Ue=690V

SACE E3V 32 lcw=85kA x 1s
Cat B —14- ~50-60 Hz IEC 60947-2
[230[415 [440]525] 600 friadein aly by

Fault types and currents

Overload

Operating conditions in an electrically undamaged circuit which cause an over-

Rated ultimate current.

According to the

CE marking affixed on ~ Compliance with the

international Standard short-circuit ABB circuit-breakers to  international Standard Short-circuit
IEC 60947-2, the circuit- breaking capacity indicate compliance IEC 60947-2: . ’ . ’ " )
breakers can be divided (Icu) and rated  with the following CE “Low-Voltage The accidental or intentional connection, by a relatively low resistance or

impedance, of two or more points in a circuit which are normally at different
voltages.

Residual current (1)

directives:

“Low Voltage Directive”
(LVD) no. 73/23 EEC
“Electromagnetic

service short-
circuit breaking
capacity (Ics) at
different voltage

into Category A, i.e.
without a specified short-
time withstand current
rating, or Category B, i.e.

switchgear and
controlgear-Circuit-
breakers”.

24

with a specified short-time
withstand current rating.

values.

Compatibility Directive”
(EMC) no. 89/336 EEC.
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It is the vectorial sum of the currents flowing in the main circuit of the circuit-
breaker.
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Rated performances
Voltages and frequencies

Rated operational voltage (Ug)

A rated operational voltage of an equipment is a value of voltage which,
combined with a rated operational current, determines the application of the
equipment and to which the relevant tests and the utilization categories are
referred to.

Rated insulation voltage (U;)

The rated insulation voltage of an equipment is the value of voltage to which
dielectric tests voltage and creepage distances are referred. In no case the
maximum value of the rated operational voltage shall exceed that of the rated
insulation voltage.

Rated impulse withstand voltage (Uimp)

The peak value of an impulse voltage of prescribed form and polarity which the
equipment is capable of withstanding without failure under specified conditions
of test and to which the values of the clearances are referred.

Rated frequency

The supply frequency for which an equipment is designed and to which the
other characteristic values correspond.

Currents

Rated uninterrupted current (1)

The rated uninterrupted current of an equipment is a value of current, stated by
the manufacturer, which the equipment can carry in uninterrupted duty.
Rated residual operating current (lan)

It is the r.m.s. value of a sinusoidal residual operating current assigned to the
CBR by the manufacturer, at which the CBR shall operate under specified
conditions.

Performances under short-circuit conditions

Rated making capacity

The rated making capacity of an equipment is a value of current, stated by the
manufacturer, which the equipment can satisfactorily make under specified
making conditions.

Rated breaking capacity

The rated breaking of an equipment is a value of current, stated by the
manufacturer, which the equipment can satisfactorily break, under specified
breaking conditions.

ABB SACE - Protection and control devices
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Rated ultimate short-circuit breaking capacity (I¢y)

The rated ultimate short-circuit breaking capacity of a circuit-breaker is the
maximum short-circuit current value which the circuit-breaker can break twice
(in accordance with the sequence O — t — CO), at the corresponding rated
operational voltage. After the opening and closing sequence the circuit-breaker
is not required to carry its rated current.

Rated service short-circuit breaking capacity (Ics)

The rated service short-circuit breaking capacity of a circuit-breaker is the
maximum short-circuit current value which the circuit-breaker can break three
times in accordance with a sequence of opening and closing operations (O - t
- CO - t — CO) at a defined rated operational voltage (Ue) and at a defined
power factor. After this sequence the circuit-breaker is required to carry its
rated current.

Rated short-time withstand current (lcy)

The rated short-time withstand current is the current that the circuit-breaker in
the closed position can carry during a specified short time under prescribed
conditions of use and behaviour; the circuit-breaker shall be able to carry this
current during the associated short-time delay in order to ensure discrimination
between the circuit-breakers in series.

Rated short-circuit making capacity (Icm)

The rated short-circuit making capacity of an equipment is the value of short-
circuit making capacity assigned to that equipment by the manufacturer for the
rated operational voltage, at rated frequency, and at a specified power-factor
for ac.

Utilization categories

The utilization category of a circuit-breaker shall be stated with reference to
whether or not it is specifically intended for selectivity by means of an intentional
time delay with respect to other circuit-breakers in series on the load side,
under short-circuit conditions (Table 4 IEC 60947-2).

Category A - Circuit-breakers not specifically intended for selectivity under
short-circuit conditions with respect to other short-circuit protective devices in
series on the load side, i.e. without a short-time withstand current rating.

Category B - Circuit-breakers specifically intended for selectivity under short-
circuit conditions with respect to other short-circuit protective devices in series
on the load side, i.e. with and intentional short-time delay provided for selectivity
under short-circuit conditions. Such circuit-breakers have a short-time withstand
current rating.
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A circuit-breaker is classified in category B if its I, is higher than (Table 3 IEC
60947-2):

12:In or 5 kA, whichever is the greater for
30 kA for

In < 2500A
In > 2500A

Electrical and mechanical durability

Mechanical durability

The mechanical durability of an apparatus is expressed by the number of no-
load operating cycles (each operating cycle consists of one closing and opening
operation) which can be effected before it becomes necessary to service or
replace any of its mechanical parts (however, normal maintenance may be
permitted).

Electrical durability

The electrical durability of an apparatus is expressed by the number of on-load
operating cycles and gives the contact resistance to electrical wear under the
service conditions stated in the relevant product Standard.

2.3 Types of releases

A circuit-breaker must control and protect, in case of faults or malfunctioning,
the connected elements of a plant. In order to perform this function, after
detection of an anomalous condition, the release intervenes in a definite time
by opening the interrupting part.

The protection releases fitted with ABB SACE moulded-case and air circuit-
breakers can control and protect any plant, from the simplest ones to those

2.3 Types of releases

2 Protection and control devices

with particular requirements, thanks to their wide setting possibilities of both
thresholds and tripping times.
Among the devices sensitive to overcurrents, the following can be considered:

« thermomagnetic releases and magnetic only releases;
* microprocessor-based releases;
« residual current devices.

The choice and adjusting of protection releases are based both on the
requirements of the part of plant to be protected, as well as on the coordination
with other devices; in general, discriminating factors for the selection are the
required threshold, time and curve characteristic.

2.3.1 THERMOMAGNETIC RELEASES AND MAGNETIC ONLY RELEASES

The thermomagnetic releases use a bimetal and an electromagnet to detect
overloads and short-circuits; they are suitable to protect both alternating and
direct current networks.

The following table shows the available rated currents and the relevant magnetic
settings.

Cicuitbeaker |MAI -1 16 2 25 32 4 5 63 8 85 10 11 125 16 - 50 52 63 80 100 125 160 200 250 320 400 500 630 800
Magnetic type|Thermal []» - 11-16 142 1825 2232 284 355 44-63 568 - 7-10 88-125 11-16 14-20 18-25 22-32 2840 35-50 44-63 56-80 70100 88125 112-160  140-200 175250  224-320 2804400 350500  441-630  560-800
T1 TMD10xin 50 500 500 500 500 500 630 800 1000 1250 1600
T2 TMD10xin 6 20 5 2 40 50 6 80 100 125 500 500 500 500 500 500 630 800 1000 1250 1600
TMG 3xin 160 160 200 200 240 300 375 480
MF 13xin 13 21 26 3 2 5 6 8 110 145 163
MA 6-12xin 120-240 192-384 314-624 480-960  600-1200
T3 TMD10xin 630 800 1000 1250 1600 2000 2500
TMG3xin 400 400 400 400 480 600 750
MA 6-12xin|  13[A] 600-1200  750-1500  960-1920  1200-2400
T4 TMD10xin 320 320 500
TMA 5-10xIn 400-800  500-1000  625-1250  800-1600  1000-2000 1250-2500
MA 6-14xin 60-140 150-350 314-728 480-1120  600-1400  750-1750  960-2240  1200-2800
5 TMAS5-10xin 1600-3200  2000-4000  2500-5000
TMG 2.5-5xin 800-1600  1000-2000  1250-2500
T6  TMAS5-10xin 3150-6300  4000-8000
*Note: TMD Thermomagnetic release with adjustable thermal and fixed magnetic threshold

TMA Thermomagnetic release with adjustable thermal and magnetic threshold
TMG Thermomagnetic release for generator protection

MA Adjustable

magnetic only releases

MF Fixed magnetic only releases

28
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For example, a circuit-breaker type T2, with rated current In equal to 2.5 A, is

available in two versions:

- thermomagnetic with adjustable thermal current |1 from 1.8 up to 2.5 A and
fixed magnetic current I3 equal to 25 A,

- fixed magnetic only releases (MF) with I3 equal to 33 A.

23.2 ELECTRONIC RELEASES

These releases are connected with current transformers (three or four
according to the number of conductors to be protected), which are positioned

2.3 Types of releases

2 Protection and control devices

Besides the standard protection functions, releases provide:

- measuraments of currents (PR222, PR232, PR331, PR121);

- measurament of currents,voltage,frequency,power,energy,power factor
(PR223,PR332,PR122) and moreover for PR333 and PR123, the
measurement of harmonic distortions is available;

- serial comunication with remote control for a complete management of the
plant (PR212, PR222, PR223, PR232, PR331, PR332, PR333, PR121,
PR122, PR123).

CURRENT TRANSFORMER SIZE
Rated current In [A] - 10 25 63 100 160 250 320 400 630 800 1000 1250 1600

inside the circuit-breaker and have the double functions of supplying the Circuit-breaker Iu[A]
power necessary to the proper functioning of the release (self-supply) and of 12 160
detecting the value of the current flowing inside the live conductors; therefore T4 250
they are compatible with alternating current networks only. 320
The signal coming from the transformers and from the Rogowsky coils is ™ 400
processed by the electronic component (microprocessor) which compares TS ggg
it with the set thresholds. When the signal exceeds the thresholds, the trip of 800
the circuit-breaker is operated through an opening solenoid which directly 1000
acts on the circuit-breaker operating mechanism. T 800
In case of auxiliary power supply in addition to self-supply from the current 1000
transformers, the voltage shall be 24 Vdc + 20%. iggg
s7 1250
1600
Rated Current In [A] 10 25 63 100 160 200 250 320 400 630 800 1000 1250 1600
PR221 4-10 10-25 25-63 40-100 64-160 100-250 128-320 160-400 252-630 320-800 400-1000
PR222 40-100 64-160 100-250 128-320 160-400 252-630 320-800 400-1000
PR223 18-100 28.8-160 45-250 57.6-320 72-400 113.4-630 144-800 180-1000
PR231 160-400 252-630 320-800 400-1000 500-1250 640-1600
L PR232 160-400 252-630 320-800 400-1000 500-1250 640-1600
function PR331 160-400 252-630 320-800 400-1000 500-1250 640-1600
PR332 160-400 252-630 320-800 400-1000 500-1250 640-1600
PR211/PR212 400-1000 500-1250 640-1600
PR222/MP 40-100 64-160 80-200 128-320 160-400 252-630
PR212/MP 400-1000
PR221 10-100 25-250 63-630 100-1000 160-1600 250-2500 320-3200 400-4000 630-6300 800-8000 1000-10000
PR222 60-1000 96-1600 150-2500 192-3200 240-4000 378-6300 480-8000 600-10000
PR223 60-1000 96-1600 150-2500 192-3200 240-4000 378-6300 480-8000 600-10000
s PR231 400-4000 630-6300 800-8000 1000-10000 1250-12500 1600-16000
function PR232 240-4000 378-6300 480-8000 600-10000 750-12500 960-16000
PR331 240-4000 378-6300 480-8000 600-10000 750-12500 960-16000
PR332 240-4000 378-6300 480-8000 600-10000 750-12500 960-16000
PR211/PR212 1000-10000 1250-12500 1600-16000
PR221 10-100 25-250 63-630 100-1000 160-1600 250-2500 320-3200 400-4000 630-6300 800-8000 1000-10000
PR222 150-1200 240-1920 375-3000 480-3840 600-4800 945-7560 1200-9600 1500-12000
PR223 150-1200 240-1920 375-3000 480-3840 600-4800 945-7560 1200-9600 1500-12000
PR231 400-4800 630-7560 800-9600 1000-12000 1250-15000 1600-19200
I PR232 600-4800 945-7560 1200-9600 1500-12000 1875-15000 2400-19200
function PR331 600-6000 945-9450 1200-12000 1500-15000 1875-15000 2400-19200
PR332 600-6000 945-9450 1200-12000 1500-15000 1875-15000 2400-19200
PR211/PR212 2875-15000 2400-19200
PR222/MP 600-1300 960-2080 1200-2600 1920-4160 2400-5200 3780-8190 6000-13000
PR212/MP 6000-13000
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CURRENT TRANSFORMER SIZE

Rating plugs

Type of Rated In[A]

circuit-breaker current |, 400 630 800 1000 1250 1600 2000 2500 3200 4000 5000 6300
530
800

X18 - XIN 1000
250
1600
530
800

L 1000
1250
800

E1B 1000-1250
1600
800

EIN 1000-1250
1600
1600

E28 2000
1000-1250

E2N 1600
2000
800
1000-1250

E2s 1600
2000
250

F2L 1600
2500

EaN 3200
1000-1250
1600

E3S 2000

2500

3200

800
1000-1250

E3H

2.3 Types of releases
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2.3.2.1 PROTECTION FUNCTIONS OF ELECTRONIC RELEASES

The protection functions available for the electronic releases are:

L - Overload protection with inverse long time delay

Function of protection against overloads with inverse long time delay and
constant specific let-through energy; it cannot be excluded.

L - Overload protection in compliance with Std. IEC 60255-3

Function of protection against overloads with inverse long time delay and trip
curves complying with IEC 60255-3; applicable in the coordination with fuses
and with medium voltage protections.

S - Short-circuit protection with adjustable delay

Function of protection against short-circuit currents with adjustable delay; thanks
to the adjustable delay, this protection is particularly useful when it is necessary
to obtain selective coordination between different devices.

S,- Double S

This function allows two thresholds of protection function S to be set
independently and activated simultaneously, selectivity can also be achieved
under highly critical conditions.

D - Directional short-circuit protection with adjustable delay

The directional protection, which is similar to function S, can intervene in a
different way according to the direction of the short-circuit current; particularly
suitable in meshed networks or with multiple supply lines in parallel.

| - Short-circuit protection with instantaneous trip

Function for the instantaneous protection against short-circuit.

EFDP - Early Fault Detection and Prevention

Thanks to this function, the release is able to isolate a fault in shorter times than

E3v 1601 the zone selectivities currently available on the market.
2001 . -
2501 Rc - Residual current protection
2 This function is particularly suitable where low-sensitivity residual current
S; — 250 protection is required and for high-sensitivity applications to protect people
F—— 3200 against indirect contact.
! 4000 . . .
v 3200 G - Earth fault protection with adjustable delay
400 . . .
o Function protecting the plant against earth faults.
EGH, EGHIT 2 U - Phase unbalance protection
3200 Protection function which intervenes when an excessive unbalance between
E6V ;‘888 the currents of the single phases protected by the circuit-breaker is detected.
6300
Rated current In [A] - 400 630 800 1000 1250 1600 2000 2500 3200 4000 5000 6300
L PR121/PR122/PR123 ) ) ) ) ) ) ) ) ) ) ) ]
Function PR33L/PR332/PR33s 160+400 252+630 320+800 400+1000 500+1250 640+1600 800+2000 1000+2500 1280+3200 1600+4000 2000+5000 2520+6300
S PR121 400+4000 630+6300 800+8000 1000+10000 1250+12500 1600+16000 2000+20000 2500+25000 3200+32000 4000+40000 5000+50000  6300+63000
Function PR122/PR123 2404000  378+6300 480+8000 600+10000 750412500 960+16000 1200+20000 1500+25000 192032000  2400+40000 3000+50000  3780+63000
PR331/PR332/PR333
! PRIZL/PRI22IPRIZS o 6000 945+9450 1200+12000 1500+15000 1875+18750 2400+24000 3000+30000 3750+37500 4800+48000 6000+60000 750075000  9450+94500

Function PR331/PR332/PR333
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OT - Self-protection against overtemperature

Protection function controlling the opening of the circuit-breaker when the tem-
perature inside the release can jeopardize its functioning.

UV - Undervoltage protection

Protection function which intervenes when the phase voltage drops below the
preset threshold.

OV - Overvoltage protection

Protection function which intervenes when the phase voltage exceeds the preset
threshold.

RV - Residual voltage protection

Protection which identifies anomalous voltages on the neutral conductor.

RP - Reverse power protection

Protection which intervenes when the direction of the active power is opposite
to normal operation.

UF - Under frequency protection

This frequency protection detects the reduction of network frequency above
the adjustable threshold, generating an alarm or opening the circuit.

OF - Overfrequency protection

This frequency protection detects the increase of network frequency above the
adjustable threshold, generating an alarm or opening the circuit.

M - Thermal memory

Thanks to this function, it is possible to take into account the heating of a
component so that the tripping is the quicker the less time has elapsed since
the last one.

R - Protection against rotor blockage

Function intervening as soon as conditions are detected, which could lead to
the block of the rotor of the protected motor during operation.

linst - Very fast instantaneous protection against short-circuit

This particular protection function has the aim of maintaining the integrity of the
circuit-breaker and of the plant in case of high currents requiring delays lower
than those guaranteed by the protection against instantaneous short-circuit.
This protection must be set exclusively by ABB SACE and cannot be excluded.
Dual setting

With this function it is possible to program two different sets of parameters
(LSIG) and, through an external command, to switch from one set to the other.
K - Load control

Thanks to this function, it is possible to engage/disengage individual loads on
the load side before the overload protection L trips.
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2.3 Types of releases

2 Protection and control devices

The following table summarizes the types of electronic release and the functions
they implement:

PR211
PR212
PR221
PR222
PR223
PR231
PR232 Releases
PR331
PR332
PR333
PR121
PR122
PR123
Protection functions
H EEEBR H HEEEEBE B | (=kP Protection against overload
u nn H B B B EE B S](=k Protection against short-circuit with time delay
H EERN H B E B E E B S (=k Protection against short-circuit with time delay
| B | S2 (t=k) Protection against short-circuit with time delay
| B | D (t=k) Protection against directional short-circuit
E B EEBE H HEEENEBN (=X Protection against instantaneous short-circuit
L H B B EE BN Gtk Protection against earth fault with adjustable delay
| ] L H EEEE B G(t=kRPR Protection against earth fault with adjustable delay
HE H B | Gext (t=k) Protection against earth fault with adjustable delay
HE H B | Gext (t=k/I?) Protection against earth fault with adjustable delay
L H B Gext (ldn) Protection against earth fault with adjustable delay
o n O M| Rc (t=k) Residual current protection
L H B U=k Protection against phase unbalance
HE H E | OT Protection against temperature out of range
O m O m| UV (t=k Protection against undervoltage
O m O m| oV (t=k Protection against overvoltage
O n O W | RV (t=k) Protection against residual voltage
O m O W | RP (t=k) Protection against reverse active power
OoOnm O m| UF Protection against underfrequency
Om O m| OF Protection against overfrequency
H H B N H|linst Instantantaneous self-protection
[ | EF Early Fault Detection and Prevention

O Only with PR120/V for Emax and PR330/V for X1
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2.3 Types of releases

2 Protection and control devices

2.3.3RESIDUAL CURRENT DEVICES

The residual current releases are associated with the circuit-breaker in order to

obtain two main functions in a single device:

- protection against overloads and short-circuits;

- protection against indirect contacts (presence of voltage on exposed
conductive parts due to loss of insulation).

Besides, they can guarantee an additional protection against the risk of fire

deriving from the evolution of small fault or leakage currents which are not

detected by the standard protections against overload.

Residual current devices having a rated residual current not exceeding 30 mA

are also used as a means for additional protection against direct contact in

case of failure of the relevant protective means.

Their logic is based on the detection of the vectorial sum of the line currents

through an internal or external toroid.

This sum is zero under service conditions or equal to the earth fault current (I5)

in case of earth fault.

When the release detects a residual current different from zero, it opens the
circuit-breaker through an opening solenoid.

As we can see in the picture the protection conductor or the equipotential
conductor have to be installed outside the eventual external toroid.

Generic distribution system (IT, TT, TN)

L1
L2
L3
N
PE------------------o-- i -1-1-1------
! Circuit-breaker
A S e ~:
E Opening
| solenoid
Protective conductor E
R t--4 Load

The operating principle of the residual current release makes it suitable for the
distribution systems TT, IT (even if paying particular attention to the latter) and
TN-S, but not in the systems TN-C. In fact, in these systems, the neutral is
used also as protective conductor and therefore the detection of the residual
current would not be possible if the neutral passes through the toroid, since the
vectorial sum of the currents would always be equal to zero.
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ASDC008002F0201

2.3 Types of releases

2 Protection and control devices

One of the main characteristics of a residual current release is its minimum
rated residual current lp,. This represents the sensitivity of the release.
According to their sensitivity to the fault current, the residual current circuit-
breakers are classified as:

- type AC: a residual current device for which tripping is ensured in case of

residual sinusoidal alternating current, in the absence of a dc component whether

suddenly applied or slowly rising;

- type A: a residual current device for which tripping is ensured for residual

sinusoidal alternating currents in the presence of specified residual pulsating

direct currents, whether suddenly applied or slowly rising.

- type B residual current device for which tripping is ensured for residual
sinusoidal alternating currents in presence of specified residual pulsanting
direct currents whether suddenly applied or slowy rising, for residual directs
may result from rectifying circuits.

Form of residual Correct functioning of residual
current current devices
Type
/\/\ AC A B
Sinusoidal ac suddenly applied
slowly rising

suddenly applied

WAWAIAN

with or without# 0,006A . .

and)
==

slowly rising

Smooth dc { +

Pulsating dc

In presence of electrical apparatuses with electronic components (computers,
photocopiers, fax etc.) the earth fault current might assume a non sinusoidal
shape but a type of a pulsating unidirectional dc shape. In these cases it is
necessary to use a residual current release classified as type A.

In presence of rectifying circuits (i.e. single phase connection with capacitive
load causing smooth direct current, three pulse star connection or six pulse
bridge connection, two pulse connection line-to-line) the earth fault current
might assume a unidirectional dc shape.
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2.3 Types of releases

2 Protection and control devices

In this case it is necessary to use a residual current release classified as type B.
The following table shows the main characteristics of ABB SACE residual current
devices; they can be mounted both on circuit-breakers as well as on switch
disconnectors (in case of fault currents to earth lower than the apparatus
breaking capacity), are type A devices and they do not need auxiliary supply
since they are self-supplied.

RC221 RC222
Suitable for circuit-breaker type T1-T2-T3 T1-T2-T3 T4 T5
T1D-T3D T1D-T3D T4D T5D
Primary service voltage V] 85-500 85-500 85-500 85-500
Rated service current [A] 250 250 250 400
Rated residual current trip 1A, [A]  0.03-0.1-0.3- 0.03-0.05-0.1- 0.03-0.05-0.1- 0.03-0.05-0.1-
0.5-1-3 0.3-0.5-1 0.3-0.5-1 0.3-0.5-1
3-5-10 3-5-10 3-5-10
Time limit for non-trip (at 2x 1) [s]  Instantaneous Inst.-0.1-0.2- Inst.-0.1-0.2- Inst.-0.1-0.2-
0.3-0.5-1-2-3 0.3-0.5-1-2-3 0.3-0.5-1-2-3
Tolerance over trip times [%] +20 +20 +20
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Note: for detailed information, please consult the relevant technical catalogues.

Emax air circuit-breakers can be equipped with a toroid fitted on the back of
the circuit-breaker so as to ensure protection against earth faults. In particular,
the electronic release types able to perform this function are:

* PR122/P LSIRc-PR332/P LSIRc with homopolar toroid

* PR122/P LSIG-PR332/P LSIG with “Measuring module” and homopolar toroid
* PR123/P LSIG-PR333/P LSIG with homopolar toroid

which can all be provided for the following types of circuit-breakers: X1-E2 and
E3, both three and four pole version, and E4 (three pole version).

Along with the family of residual current releases illustrated previously, ABB
SACE is developing the RC223 (B type) residual current release, which can
only be combined with the Tmax T4 four-pole circuit-breaker in the fixed or
plug-in version. Itis characterized by the same types of reference as the RC222
(S and AE type) release, but can also boast conformity with type B operation,
which guarantees sensitivity to residual fault currents with alternating, alternating
pulsating and direct current components.

Apart from the signals and settings typical of the RC222 residual current release,
the RC223 also allows selection of the maximum threshold of sensitivity to the
residual fault frequency (3 steps: 400 — 700 —1000 Hz). It is therefore possible
to adapt the residual current device to the different requirements of the industrial
plant according to the prospective fault frequencies generated on the load side
of the release.

ABB SACE - Protection and control devices

2.3 Types of releases

2 Protection and control devices

ABB SACE moulded-case circuit-breakers series Isomax! and Tmax and air
circuit-breakers series Emax! can be combined with the switchboard residual
current relay type RCQ, type A, with separate toroid (to be installed externally
on the line conductors).

1 up to 2000 Arated currents

RCQ
Power supply voltage ac [V] 80 + 500
dc [V] 48+125
Trip threshold adjustements la,
1strange of adjustements  [A] 0.03-0.05-0.1-0.3-0.5
2nd range of adjustements  [A] 1-3-5-10-30
Trip time adjustement [s] 0-01-02-03-05-
07-1-2-3-5
Tolerance over Trip times [%6] + 20

Note: for detailed information, please consult the relevant technical catalogues.

The versions with adjustable trip times allow to obtain a residual current
protection system coordinated from a discrimination point of view, from the
main switchboard up to the ultimate load.

ABB SACE - Protection and control devices 39



3 General characteristics

3.1 Electrical characteristics of circuit-breakers
Tmax moulded-case circuit-breakers

3.1 Electrical characteristics of circuit-breakers

3 General characteristics

Tmax T3 Tmax T4 Tmax T5 Tmax T6 Tmax T7
250 250/320 400/630 630/800/1000 800/1000/1250/1600
3/4 3/4 3/4 3/4 3/4
690 690 690 690 690
500 750 750 750 -
8 8 8 8 8
800 1000 1000 1000 1000
3000 3500 3500 3500 3500
N S N S H L VvV N s H L v N s H L S H L VO
50 85 70 85 100 200 200 70 85 100 200 200 70 85 100 200 85 100 200 200
36 50 3 50 70 120 200 36 50 70 120 200 36 50 70 100 50 70 120 150
25 40 30 40 65 100 180 30 40 65 100 180 30 45 50 80 50 65 100 130
20 30 25 30 50 85 150 25 30 50 85 150 25 35 50 65 40 50 85 100
5 8 20 25 40 70 80 20 25 40 70 80 20 22 25 30 30 42 50 60
36 50 3 50 70 100 150 36 50 70 100 150 36 50 70 100 - - -
40 55 - - - - - - - - - - - - - - - - - -
- - 25 36 50 70 100 25 36 50 70 100 20 35 50 65 - - -
36 50 - - - - - - - - - - - - - - - - -
- - 16 25 36 50 70 16 25 36 50 70 16 20 36 50 - - - -
75% 50% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 75% 100% 100% 100% 100%
75%  50% (27 kA)  100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 75% 100% 100% 100% 100%
75% 50% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 75% 100% 100% 100% 100%
75% 50% 100% 100% 100% 100% 100% 100% 100% 100% 100%7100%® 100% 100% 100% 75% 100% 100% 75%  100%
75% 50% 100% 100% 100% 100% 100% 100% 100% 100%100%?100%> 75% 75% 75% 75%  100% 75% _ 75% _ 75%
105 187 154 187 220 440 660 154 187 220 440 660 154 187 220 440 187 220 440 440
75.6 105 75.6 105 154 264 440 75.6 105 154 264 440 75.6 105 154 220 105 154 264 330
52.5 84 63 84 143 220 396 63 84 143 220 396 63 945 105 176 105 143 220 286
40 63 525 63 105 187 330 525 63 105 187 330 525 735 105 143 84 105 187 220
7.7 13.6 40 525 84 154 176 40 525 84 154 176 40 484 55 66 63 882 105 132
7 6 5 5 5 5 5 6 6 6 6 6 10 9 8 7 15 10 8 8
A A B (400 A)® - A (630 A) B (630A - 800A)® - A (1000A) B”
IEC 60947-2 IEC 60947-2 IEC 60947-2 IEC 60947-2 IEC 60947-2
[] [] u [] [
[ M (up to 50 A) = = =
- M (up to 250 A) M (up to 500 A) e —
] - - _ B
- - u _ _
[ n [] -
- ] n ] B
= ] n ] _
_ _ _ _ ]
_ - _ _ [
_ - - _ ]
_ - - - ]
- [] n [] []
E-P-W E-P-W E-W* -W

F-FC Cu-FC CuAI-EF-ES-R

F-FC Cu-FC CuAI-EF-ES-R-MC

F-FC CUuAI-EF-ES-R-R ¢

F-FC Cu-FC CuA-EF-ES- R

F-EF-ES-FC CuAl-HR/VR

Tmax T11P Tmax T1 Tmax T2

Rated uninterrupted cur rent, lu [Al 160 160 160

Poles [Nr] 1 3/4 3/4

Rated service current, Ue (AC) 50-60 Hz Y 240 690 690

(DC) M 125 500 500

Rated impulse withstand voltage, Uimp [kv] 8 8 8

Rated insulation voltage, Ui v 500 800 800

Test voltage at industrial f requency for 1 min. v 3000 3000 3000

Rated ultimate short-ci rcuit breaking capacity, lcu B B c N N 5 H L

(AC) 50-60 Hz 220/230 V [KA] 25* 25 40 50 65 85 100 120
(AC) 50-60 Hz 380/415 V [KA] - 16 25 36 36 50 70 85
(AC) 50-60 Hz 440 V [kA] = 10 15 22 30 45 55 75
(AC) 50-60 Hz 500 V [KA] = 8 10 15 25 30 36 50
(AC) 50-60 Hz 690 V [kA] = 3 4 6 6 7 8 10
(DC) 250 V - 2 poles in serie s [KA] 25 (at 125 V) 16 25 36 36 50 70 85
(DC) 250 V - 3 poles in serie s [kA] - 20 30 40 40 bo) 85 100
(DC) 500 V - 2 poles in serie s [kA] - - - - - - - -
(DC) 500 V - 3 poles in serie s [KA] - 16 25 36 36 50 70 85
(DC) 750 V - 3 poles in serie s [kA] - - - - - - - -
Rated service short-ci rcuit breaking capacity, Ics
(AC) 50-60 Hz 220/230 V. [%6lcu] 75% 100% 75% 75% 100% 100% 100% 100%
(AC) 50-60 Hz 380/415 V [%lcu] = 100% 100% 75% 100% 100% 100% 75% (70 kA)
(AC) 50-60 Hz 440 V [%lcu] - 100% 75% 50% 100% 100% 100% 75%
(AC) 50-60 Hz 500 V/ [%6lcu] - 100% 75% 50% 100% 100% 100% 75%
(AC) 50-60 Hz 690 V [%lcu] = 100% 75% 50% 100% 100% 100% 75%
Rated short-circuit making capacity, lcm
(AC) 50-60 Hz 220/230 V. [kA] 52.5 52.5 84 105 143 187 220 264
(AC) 50-60 Hz 380/415 V [kA] = 32 525 75.6 75.6 105 154 187
(AC) 50-60 Hz 440 V [KA] - 17 30 46.2 63 945 121 165
(AC) 50-60 Hz 500 V/ [kA] - 13.6 17 30 52.5 63 75.6 105
(AC) 50-60 Hz 690 V [KA] = 4.3 5.9 9.2 92 119 136 17

Opening time (415 V) [ms] 7 7 6 5 3 3 3 3

Utilisation category (IEC 60947-2 ) A A A

Reference Standard IEC 60947-2 IEC 60947-2 IEC 60947-2

Isolation behaviour u u u

Trip units:  thermomagnetic

T fixed, M fixed TMF L} - -
T adjustable, M fixed TMD = u n
T adjustable, M adjustable (5...10 x In ) TMA — — —
T adjustable, M fixed (3 x In) TMG - - []
T adjustable, M adjustable (2.5...5 xIn ) ™G - - -
electronic PR221DS - - u
PR222DS = = =
PR223DS - - -
PR231/P = = =
PR232/P - - -
PR331/P = = =
PR332/P - = =

Interchangeability - = =

Versions F F F-P.

Terminals fixed FC Cu FC Cu-EF-FC CuA-HR F-FC Cu-FC CuAl-EF-ES-R
plug-in = = F-FC Cu-FC CuAl-EF-ES-R
withdrawable - - -

Fixing on DIN rail - DIN EN 50022 DIN EN 50022

Mechanical life [No. operations] 25000 25000 25000

[No. Hourly operations ] 240 240 240

Electrical life @ 415 VA C [No. operations 8000 8000 8000

[No. Hourly operations 120 120 120

Basic dimensions - fixed version W [mm 25.4 (1 pole) 76 90
4 poles W [mm - 102 120

D [mm 70 70 70

H [mm] 130 130 130

Weight  fixed 3/4 poles kgl 0.4 (1 pole) 0.9/1.2 1.1/15
plug-in 3/4 poles lka] - - 1.5/1.9
withdrawable 3/4 poles [ka] - - -

TERMINAL CAPTION R = Rear orientated F  =fixed circuit-breakers " The breaking capacity for settings In=16 A

F = Front HR = Rear flat horizontal P = plug-in circuit-breakers and In=20 A s 16

EF = Front extended VR = Rear flat vertical W = withdrawable circuit-breakers

ES = Front extended spread
FCCu = Front for copper cables
FC CuAl = Front for coppe r-aluminium cables
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HR/VR = Rear flat orientated
MC = Multicable
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F-FC Cu-FC CuA-EF-ES-R EF-ES-HR-VR-FC Cu-FC CuA| EF-ES-HR-VR-FC Cu-FC CuA | - _
= EF-ES-HR-VR-FC Cu-FC CuAl EF-ES-HR-VR-FC Cu-FC CuA | EF-HR-VR F-HR/VR
DIN EN 50022 - - - -
25000 20000 20000 20000 10000
240 120 120 60
8000 8000 (250 A) - 6000 (320 A) 7000 (400 A) - 5000 (630 A) 1000 (6304) - 5000 (B00A) - 4000 (1000A) 2000 (S-H-L versions) - 3000 (v version)
120 120 60 60 60
105 105 140 210 210
140 140 184 280 280
70 103.5 103.5 103.5 154 (manual) /178 (motorizable)
150 205 205 268 268
1.5/2 2.35/3.05 3.25/4.15 9.5/12 9.7/12.5 (manual) - 11/14
2713.7 3.6/4.65 5.15/6.65 _ _
— 3.85/4.9 5.4/6.9 12.1/15.1 29.7/39.6 (manual) - 32/42.6(motorizable)

475% for TS 630

2 50% for T5 630

@ low =5 kA

“ W version is not available on T6 1000 A

S low = 7.6 kA (630 A) - 10 kA (800 A)
© Only for T7 800/1000/1250 A
7 low = 20 KA (S,H.L versions) - 15 kA (V version)

ABB SACE - Protection and control devices

Notes: in the plug-in version of T2,T3,T5 630 and
in the withdrawable version of T5 630 the
maximum rated current available is derated
by 10% at 40 °C
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3.1 Electrical characteristics of circuit-breakers

3 General characteristics

SACE Isomax moulded-case circuit-breakers

Rated uninterrupted current, lu [A]
Poles No.
Rated operational voltage, Ue  (ac) 50-60Hz [V]
(dc) v
Rated impulse withstand voltage, Uimp [k
Rated insulation voltage, Ui [V]
Test voltage at industrial frequency for 1 min. V]

Rated ultimate short-circuit breaking capacity, Icu
(ac) 50-60 Hz 220/230V  [KA]
(ac) 50-60 Hz 380/415V  [KA]
(ac) 50-60 Hz 440 V KA
(ac) 50-60 Hz 500 V KA
(ac) 50-60 Hz 690 V KA
(dc) 250 V - 2 poles in series
(dc) 500 V - 2 poles in series
(dc) 500 V - 3 poles in series
(dc) 750 V - 3 poles in series
Rated short-circuit service

SIEIES

breaking capacity, Ics [%lcu
Rated short-circuit making capacity (415 V) Icm [KA]
Opening time (415V at Icu) [ms
Rated short-time withstand current for 1 s, lcw [KA]

Utilization category (EN 60947-2)

3.1 Electrical characteristics of circuit-breakers

3 General characteristics

S7

1250 - 1600

3-4

690

8

800

3000

S H L

85 100 200

50 65 100

40 55 80

35 45 70

20 25 35

100% 75% 50%

105 143 220

22 22 22

15 (1250A) - 20 (1600A)
B

Isolation behaviour

IEC 60947-2, EN 60947-2

Releases: thermomagnetic

T adjustable, M adjustable TMA
T adjustable, M fixed 2,5 In TMG

with microprocessor

PR211/P (I-LI)
PR212/P (LSI-LSIG)

Interchangeability

Versions

Terminals

fixed

plug-in
withdrawable (1)

Mechanical life

[No. operations / operations per hours]

Electrical life (at 415 V)

[No. operations / operations per hours]

Basic dimensions, fixed 3/4 poles L [mm
D [mm
H [mm
Weights  fixed 3/4 poles kg
plug-in 3/4 poles kg
withdrawable 3/4 poles kg
(1) The withdrawable version circuit-breakers must be fitted KEY TO VERSIONS
with the front flange for the lever operating mechanism or F = Fixed
with its alternative accessories, such as the rotary handle P = Plug-in

or the motor operator
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W = Withdrawable
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F-W

F-EF-ES-
FC CuAl (1250A)
HR - VR

EF-HR-VR

10000/120

7000(1250A)-
5000(1600A)/20
210/280
1385
406
17/22

21.8/29.2

KEY TO TERMINALS

F = Front

EF = Extended front

ES = Extended spreaded front
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3.1 Electrical characteristics of circuit-breakers

3 General characteristics

Tmax moulded-case circuit-breakers for motor

3.1 Electrical characteristics of circuit-breakers

3 General characteristics

Tmax T4 Tmax TS Tmax T6 Tmax T7
250, 320 400, 630 630, 800 800/1000/1250
10...320 320, 400, 630 630 -
3 3 3 3
690 690 690 690
750 750 750 -
8 8 8 8
1000 1000 1000 1000
3500 3500 3500 3500
N B H L v N S H L Vv N S H L S H L v
70 85 100 200 200 70 85 100 200 200 70 85 100 200 85 100 200 200
36 50 70 120 200 36 50 70 120 200 36 50 70 100 50 70 120 150
30 40 65 100 180 30 40 65 100 180 30 45 50 80 50 65 100 130
25 30 50 85 150 25 30 50 85 150 25 35 50 65 40 50 85 100
20 25 40 70 80 20 25 40 70 80 20 22 25 30 30 42 50 60
100% 100% 100% 100% 100%  100% 100% 100% 100% 100%  100% 100% 100% 75% 100% 100% 100%  100%
100% 100% 100% 100% 100%  100% 100% 100% 100% 100%  100% 100% 100% 75% 100% 100% 100%  100%
100% 100% 100% 100% 100%  100% 100% 100% 100% 100%  100% 100% 100% 75% 100% 100% 100% 100%
100% 100% 100% 100% 100%  100% 100% 100% 100%” 100%®  100% 100% 100% 75% 100% 100% 75%  100%
100% 100% 100% 100% 100%  100% 100% 100%” 100%? 100%?  75%  75%  75%  75% 100% 75%  75%  75%
154 187 220 440 660 154 187 220 440 660 154 187 220 440 187 220 440 440
756 105 154 264 440 75.6 105 154 264 440 756 105 154 220 105 154 264 330
63 84 143 220 396 63 84 143 220 396 63 945 105 176 105 143 220 286
525 63 105 187 330 525 63 105 187 330 525 735 105 143 84 105 187 220
40 525 84 154 176 40 525 84 154 176 40 484 55 66 63 882 105 132
15 10 8 8
A B (400 A)® - A (630 A) BY B®
[] n n n
IEC 60947-2/IEC 60947-4 IEC 60947-2/IEC 60947-4 IEC 60947-2/IEC 60947-4 IEC 60947-2
] - - -
n n n _
_ _ - ]
[ u u -
[ u u u
F-P-W F-P-W F-w F-W

F-FCCu-FC CuAl - EF - ES - R- MC

F-FCCu-FCCuAl-EF-ES-R

F-FCCuAl-EF-ES-R-RC

F-EF-ES-FC CuAl-HR/VR

EF-ES-R - FC Cu - FC CuAl

EF-ES-R-FC Cu - FC CuAl

protection
Tmax T2 Tmax T3

Rated uninterrupted current, lu [A] 160 250
Rated service current, In [A] 1...100 100...200
Poles [Nr] 3 B8]
Rated service current, Ue (AC) 50-60 Hz Y| 690 690

(DC) ™ 500 500
Rated impulse withstand voltage, Uimp [kv] 8 8
Rated insulation voltage, Ui ™ 800 800
Test voltage at industrial frequency for 1 min. Y| 3000 3000
Rated ultimate short-circuit breaking capacity, lcu N 5] H L N S

(AC) 50-60 Hz 220/230 V [KA] 65 85 100 120 50 85

(AC) 50-60 Hz 380/415 V [KA] 36 50 70 85 36 50

(AC) 50-60 Hz 440 V [kA] 30 45 55 75 25 40

(AC) 50-60 Hz 500 V' [kA] 25 30 36 50 20 30

(AC) 50-60 Hz 690 V [kA] 6 7 8 10 5 8
Rated service short-circuit breaking capacity, Ics

(AC) 50-60 Hz 220/230 V [%lcu] 100% 100% 100% 100% 75% 50%

(AC) 50-60 Hz 380/415 V [%lcu] 100% 100% 100%  75% (70 kA) 75% 50% (27 kA)

(AC) 50-60 Hz 440 V [%lcu] 100% 100% 100% 75% 75% 50%

(AC) 50-60 Hz 500 V [%lcu] 100% 100% 100% 75% 75% 50%

(AC) 50-60 Hz 690 V [%lcu] 100% 100% 100% 75% 75% 50%
Rated short-circuit making capacity, Icm

(AC) 50-60 Hz 220/230 V [KA] 143 187 220 264 105 187

(AC) 50-60 Hz 380/415 V [kA] 75.6 105 154 187 75.6 105

(AC) 50-60 Hz 440 V [KA] 63 945 121 165 525 84

(AC) 50-60 Hz 500 V [kA] 525 63 75.6 105 40 63

(AC) 50-60 Hz 690 V [kA] 9.2 il 13.6 17 7.7 13.6
Opening time (415 V) [ms] 3 3 3 3 7 6
Utilisation category (IEC 60947-2) A A
Isolation behaviour ] ]
Reference Standard IEC 60947-2 IEC 60947-2
Protection against short-circuit

Magnetic only trip unit MA B (MF up to In 12.5 A) u

Electronic trip unit PR221DS-I - -

PR231/P-I - -
Integrated protection (IEC 60947-4-1)

Electronic trip unit PR222MP - -
Interchangeability - -
Versions E=[P [F=[2
Terminals fixed F-FC Cu-FCCuAl-EF-ES-R-FC CuAl F - FC Cu - FC CuAl -

EF - ES - R - FC CuAl
plug-in F-FC Cu-FC CuAl -EF -ES - R - FC CuAl F - FC Cu - FC CuAl -
EF - ES - R - FC CuAl
withdrawable - -
Fixing on DIN rail DIN EN 50022 DIN EN 50022
Mechanical life [No. operations] 25000 25000
[No. Hourly operations] 240 240
Electrical life @ 415 V AC [No. operations] 8000 8000
[No. Hourly operations] 120 120
Basic fixed version dimensions W [mm] 90 105
D [mm] 70 70
H [mm] 130 150
Weight fixed [kag] 1.1 1.5
plug-in [kg] — _
withdrawable [kag] 15 27

EF-ES-R-FC Cu - FC CuAl EF-ES-R-FC Cu - FC CuAl EF-HR - VR F-HR/VR

20000 20000 20000 10000

240 120 120 60

8000 7000 5000 2000 (S-H-L versions) - 3000 (V version)
120 60 60 60

105 140 210 210

103.5 103.5 103.5 154 (manual) /178 (motorizable)
205 205 268 268

2.35 3.25 9.5/12 9.7/12.5 (manual) - 11/14 (motorizable)
3.6 5.15 - -

3.85 5.4 12.1/15.1 29.7/39.6 (manual) - 32/42.6(motorizable)

TERMINAL CAPTION
F o=

EF
ES = Front extended spread
FC Cu = Front for copper cables
R = Rear orientated

44

FC CuAl = Front for CuAl cables
MC = Multicable

HR = Rear flat horizontal

VR = Rear flat vertical

HR/VR = Rear flat orientated

75% for T5 630
%'50% for T5 630
©lew =5 kA

“lew = 10 kA

© lew = 20 kA

Notes: in the plug-in version of T2,73,T5 630 and

in the withdrawable version of T5 630 the

maximum rated current available is derated by 10%

at40°c

(S. H, L version) - 15 A (V version)

ABB SACE - Protection and control devices
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3.1 Electrical characteristics of circuit-breakers

3 General characteristics

SACE Isomax moulded-case circuit-breakers for motor

protection
Rated uninterrupted, lu [A]
Rated current, In [A]
Poles No
Rated operational voltage (ac) 50-60 Hz, Ue 1
Rated impulse withstand voltage, Uimp kV]
Rated insulation voltage, Ui ]
Test voltage at industrial frequency for 1 minute 1
Rated ultimate short-circuit braking capacity, Icu
(ac) 50-60Hz 220/230V kA
(ac) 50-60Hz 380/415V KA
(ac) 50-60Hz 440V KA
(ac) 50-60Hz 500V KA]
(ac) 50-60Hz 690V KA
Rated service short-circuit braking capacity, Ics [Y6lcu]
Rated short-circuit making capacity (415Vac), lcm [KA]
Opening time (415Vac at Icu) [ms]

Utilization category (EN 60947-2)

linsulation behaviour

Reference standard

IEC 60947-2, EN60947-2

IEC 60947-4-1, EN60947-4-1

Microprocessor-based release

Interchangeability

Versions
Terminals
Fixed
Plug-in
Withdrawable
[No. of operations
Mechanical life [Operations per hour]
L [mm]
D [mm]

Basic dimensions, fixed 3 polesH [mm]

3 poles fixed [kg]

3 poles plug-in [kg]

Weight 3 poles withdrawable [kg]

KEY TO VERSIONS KEY TO TERMINALS FC CuAl = Front for copper
E = Fixed E = Front or aluminium cables

P = Plug-in EF = Extended front R = Rear threaded

W= Withdrawable
front

ES = Extended spreaded

ABB SACE - Protection and control devices

3.1 Electrical characteristics of circuit-breakers

3 General characteristics

S7 S7
1250 / 1600 1250
1000, 1250 / 1600 1000
3 3
690 690
8 8
8000 8000
3000 3000
S H L s H
85 100 200 85 100
50 65 100 50 65
40 55 80 40 55
35 45 70 35 45
20 25 35 20 25
100% 75% 505 100% 75%
105 143 220 105 143
22 22 22 22 22
B B
| | | |
[ ] [ ]
= | |
PR211/P (I) PR212/MP (L-R-I-U)
| | | |
F-W F-W

F - EF - ES - FCCUAI (1250A) - HR - VR

F-EF-ES-FCCuAl-HR-VR

EF - HR - VR EF-HR - VR
10000 10000
120 120
210 210
138.5 138.5
406 406
17 17
21.8 21.8

RC = Rear for copper or aluminium cables
HR = Rear horizontal flat bar
VR = Rear vertical flat bar

ABB SACE - Protection and control devices
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3.1 Electrical characteristics of circuit-breakers

3 General characteristics

SACE Emax air circuit-breakers

Common data

Voltages Performance levels
Rated operational voltage Ue M 690 ~ Currents: rated uninterrupted current (at 40 °C) lu (Al
Rated insulation voltage Ui V] 1000 Al
Rated impulse withstand
voltage Uimp kv] 12 G
Service temperature [°’C] -25...+70 A
Storage temperature [°FC]  -40...+70 A
Frequency f [Hz] 50 - 60 A
Number of poles 3-4 Al
\ersion Fixed -Withdrawable Neutral pole current-carrying capacity for 3-pole CBs [%lu]
Rated ultimate breaking capacity under short-circuit lcu
220/230/380/400/415 V ~ [kA]
440V~ kA]
5001525V ~ kA
660/690 V ~ [kA]
Rated service breaking capacity under short-circuit Ics
220/2301380/400/415 V ~ [kA]
V-~ ka]
500525V ~ kA]
6601690 V ~ kA]
Rated short-time withstand current lcw (1s) [kA]
() k)
Rated making capacity under short-circuit (peak value) lcm
220/230/380/400/415 V ~ [kA]
40V~ kA
5001525V ~ ka]
6601690 V ~ ka]
Utilisation category (according to CEI EN 60947-2)
Isolation behaviour (according to CEI EN 60947-2)
Qvercurrent protection
Electronic releases for AC applications
Operating times
Closing time (max) [ms]
Breaking time for I<low (max) @ [ms]
Breaking time for [>lcw (max) [ms]
Overall dimensions
F xed: H=418 mm- D =302 mm L (3/4 poles) [mm]
W thdrawable: H = 461 mm - D = 396.5 mm L (3/4 poles) [mm]

(1) Without intentional delays

W eights (circuit-breaker complete with releases and CTs, including accessories)

(2) Performance at 600 V is Fixed 314 poles kgl
100 kA W thdrawable 3/4 poles (including fixed part) [ka]
SACE Emax air circuit-breakers X1 E1B-N
Rated uninterrupted current (at 40 °C) lu [A] 800 1250 1600 800 1000-1250 1600

3.1 Electrical characteristics of circuit-breakers

3 General characteristics

X1 El E2 E3 E4 E6
B N L B N B N S L N S H v L S H \ H v
630 630 630 800 800 1600 1000 800 1250 2500 1000 800 800 2000 4000 3200 3200 4000 3200
800 800 800 1000 1000 2000 1250 1000 1600 3200 1250 1000 1250 2500 4000 4000 5000 4000
1000 1000 1000 1250 1250 1600 1250 1600 1250 1600 6300 5000
1250 1250 1250 1600 1600 2000 1600 2000 1600 2000 6300
1600 1600 2000 2500 2000 2500
3200 2500 3200
3200
100 100 100 100 100 100 100 100 100 100 100 100 100 100 50 50 50 50 50
42 65 150 42 50 42 65 8 130 65 75 100 130 130 5 100 150 100 150
42 65 130 2 5 4 65 8 110 65 75 100 130 10 % 100 150 100 150
42 50 100 2 5 4 55 65 8 65 75 100 100 85 75 100 130 100 130
42 50 60 2 5 42 55 6 8 65 75 85@ 100 8 5 80 100 100 100
42 50 150 2 50 42 65 8 130 65 75 8 100 130 5 100 125 100 125
42 50 130 4 50 42 65 8 10 65 75 8 100 10 5 100 125 100 125
42 42 100 42 5 42 55 65 65 65 75 85 8 65 % 100 130 100 100
42 42 45 2 50 42 55 65 65 65 75 85 8 65 75 8 100 100 100
42 42 15 42 50 4 8 6 10 65 75 75 8 15 75 100 100 100 100
% 3 2 L 8 - 65 65 65 65 = 5 75 75 8 8
882 143 330 882 105 882 143 187 286 143 165 220 286 286 165 20 330 220 330
882 143 286 882 105 882 143 187 242 143 165 20 286 2% 165 20 330 220 330
882 121 220 756 756 84 121 143 187 143 165 187 20 187 165 20 286 220 286
882 121 132 756 756 84 121 143 187 143 165 187 20 187 165 187 20 220 220
B B A B B B B B A B B B B A B B B B B
H B B | I | H B NN A B B B E B B B &® | |
H E B | I | H B NN A B B B E B B B &® | |
80 80 80 80 & 80 8 80 8 80 80 80 80 80 80 80 80 80 80
70 70 70 0 70 0 7 70 70 70 70 70 70 70 70 70 70 70 70
30 30 12 030 0 3N N 1 30 30 30 30 12 30 30 30 30 30
210/280 2961386 2961386 404530 566/656 7821908
284/354 3241414 324/414 4321558 594/684 810/936
11/14 45/54  45/54 50161 50/61 50/61 52163 66/80 6680  66/0 66/80 72083 97117 97117 97/117 140160  140/160
32142.6 70182 70/82 78/93 78/93 78/93 80/95  104/125 1041125 104/125 104/125 110127 147/165 147/165 147/165 210260 2101240
E2 B-N-S E2L E3 N-S-H-V E3L E4S-H-V E6 H-V

800 1000-1250 1600 2000 1250 1600

800 1000-1250 1600 2000 2500 3200 2000 2500

3200 4000 3200 4000 5000 6300

Mechanical life with regular ordinary maintenance

[No. operations x 1000] 125 125 125

25 25 25

Operation frequency [Operations/hour] 60 60 60 60 60 60

Electrical life (440 V ~) [No. operations x 1000] 6 4 3 10 10 10

(690 V ~) [No. operations x 1000] 8 2 1 10 8 8

Operation frequency [Operations/hour] 30 30 30 30 30 30
ABB SACE - Protection and control devices

25 25 25 25 20 20 20 20 20 20 20 20 15 15 15 15 12 12 12 12
60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60
15 15 12 10 4 3 12 12 10 9 8 6 2 18 7 5 5 4 3 2

15 15 10 8 3 2 12 12 10 9 7 5 15 13 7 4 5 4 2 15
3 D 30 3 20 20 20 20 20 20 20 20 20 20 10 10 10 10 10 10

ABB SACE - Protection and control devices
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3.1 Electrical characteristics of circuit breakers

3 General characteristics

SACE Emax air circuit-breakers with full-size neutral

3.2 Trip curves

3 General characteristics

3.2 Trip curves

conductor
E4S/f E4H/f  E6H/f
Rated uninterrupted current (at 40 °C) lu [A] 4000 3200 4000
[A] 4000 5000
6300
Number of poles 4 4 4
Rated operational voltage Ue vV ~] 690 690 690
Rated ultimate short-circuit breaking capacity Icu
220/230/380/400/415 V ~ [KA] 80 100 100
440V ~ [KA] 80 100 100
500/525 V ~ [KA] 75 100 100
660/690 V ~ [KA] 75 100 100
Rated service short-circuit breaking capacity Ics
220/230/380/400/415 V ~ [KA] 80 100 100
440V ~ [KA] 80 100 100
500/525 V ~ [KA] 75 100 100
660/690 V ~ [KA] 75 100 100
Rated short-time withstand current lcw
(1s) [KA] 75 85 100
(3s) [KA] 75 75 85
Rated short-circuit making capacity lcm
220/230/380/400/415 V ~ [KA] 176 220 220
440V ~ [KA] 176 220 220
500/525 V ~ [KA] 165 220 220
660/690 V ~ [KA] 165 220 220
Utilization category (in accordance with IEC 60947-2) B B B
Isolation behavior (in accordance with IEC 60947-2) [ ] ] u
Overall dimensions
Fixed: H=418 mm - D =302 mm L [mm] 746 746 1034
Withdrawable: H = 461 - D = 396.5 mm L [mm] 774 774 1062
Weight (circuit-breaker complete with releases and CT, not including accessories)
Fixed [ka] 120 120 165
Withdrawable (including fixed part) [ka] 170 170 250

ABB SACE - Protection and control devices

3.2.1 Trip curves of thermomagnetic and magnetic only releases

The overload protection function must not trip the breaker in 2 hours for current
values which are lower than 1.05 times the set current, and must trip within 1.3
times the set current. By “cold trip conditions”, it is meant that the overload
occurs when the circuit-breaker has not reached normal working temperature
(no current flows through the circuit-breaker before the anomalous condition
occurs); on the contrary “hot trip conditions” refer to the circuit-breaker having
reached the normal working temperature with the rated current flowing through,
before the overload current occurs. For this reason “cold trip conditions” times
are always greater than “hot trip conditions” times.

The protection function against short-circuit is represented in the time-current
curve by a vertical line, corresponding to the rated value of the trip threshold 13.
In accordance with the Standard IEC 60947-2, the real value of this threshold
is within the range 0.8:13 and 1.2:13. The trip time of this protection varies
according to the electrical characteristics of the fault and the presence of other
devices: itis not possible to represent the envelope of all the possible situations
in a sufficiently clear way in this curve; therefore it is better to use a single
straight line, parallel to the current axis. All the information relevant to this trip
area and useful for the sizing and coordination of the plant are represented in
the limitation curve and in the curves for the specific let-through energy of the
circuit-breaker under short-circuit conditions.

ABB SACE - Protection and control devices 51



3 General characteristics 3 General characteristics

Trip curve Trip curve
thermomagnetic thermomagnetic
release release
T1 160 T1 160
4 =
TMD = TMD V= ¥
i |
In=16+63 A % In=16+63 A I
103 ' 108
t[s] ﬂ a
102 ,A 102 ,j l
= = 5
tfs] ‘\\
10 10 =
N
1 1
In=16A0 ,=630A 1]
T T T T T TN e In=20A0 ;=630A |
Y in=16AD =50 | In=25A0 ,=630A |
101 n=2ADkzs0A | 101 In=32A0 ;=630 A
n=25A0 =508 —— IN=40A0 ;=630 A
n=32A0 k=508 —] In=50A0 ,=630A |
In=40A0 l,=500A | IN=63A0 b=10xIn |
\nTSOTSS‘A‘D\ﬁlOXIn i i i i i H
o2 1] 102 |
1 10 102 1 10 102
Xy
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3.2 Trip curves

3 General characteristics

Trip curve
thermomagnetic
release
T1 160
TMD ="
In = 80+160 A <
€I
PR
I
tls] Gt
102 La \
= X
\
10 =
\\
N\
1 N
N
101
13=10xIn
102
10t 10 102
Xy
54 ABB SACE - Protection and control devices
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3.2 Trip curves

3 General characteristics

Trip curve
thermomagnetic
release

T2 160

TMD 10¢

In=1.6+100 A

108

t[s]

|11

dln [6/alag &g

102 L=
X
\
AV
AY
AN
10
\\
1
In=16:125A0 Iy=10xin
- In=16A0 ls=500A
IN=20A0 l;=500A
10 In=25A0=50A —
IN=32A0 ,=50A  —]
In=40A0 I;=500A
In=50:100AC Iy, =10xIn |
i
o [TT]
10 102
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3.2 Trip curves 3.2 Trip curves

3 General characteristics 3 General characteristics

6GSIS0256

56

Trip curve Trip curve
thermomagnetic thermomagnetic
release release
T2 160 T2 160 -
TMD =" T™MG 0 =y
In = 125160 A < In = 16+160 A T
K] €
105 | <D RE -
— = 10 l‘
t[s] —a l‘ t[s] G ‘\
102 =G \ 102 £ \
<l ; = \\
\ \,
\
10 = 10
N
1 1
In:lSA\A:IGDA
. .
10-1 § 10t In=63A1,=200A ﬁ
— In=80..160A1,=3xIn
S i}
13=10xIn 9 Il]
| N [l
I Q IIL
3 \
102 - 102
10 1 10 102 101 1 10 102
Xy X 1
ABB SACE - Protection and control devices ABB SACE - Protection and control devices 57



3.2 Trip curves

3 General characteristics

> 1h=10xIn

Trip curve
thermomagnetic
release
T3 250 '
TMD ="
In = 63250 A —
<3
100 =&
= 10’
t[s] -ct
100 €l
=
10
1
10
102
10
58

10 102
X1

ABB SACE - Protection and control devices

3.2 Trip curves

3 General characteristics

Trip curve
thermomagnetic
release
T3 250
4
T™G ="
In = 63250 A o
€
108 €2
:
= 10 %|
t[s] —a X
v L@ \
= \\
\
10
1 In=63A0 ;=400 A
In=80A0 I3=400 A
In=100A 0 I;=400 A
In=125A0 l;=400 A
In=160A0 ;=480 A
10-1 IN=200A0 I3=600 A
In=250A0 ;=750 A
102
101 10 102
Xy

ABB SACE - Protection and control devices
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3.2 Trip curves 3.2 Trip curves

3 General characteristics 3 General characteristics
Trip curve Trip curve
thermomagnetic thermomagnetic
release release
T4 250 T4 250/320
TMD o Ea TMA 1 e ‘
In = 20+50 A | a In = 80+250 A |
€ €
108 1 €& 103 1< -
= 10 = 10} i
t[s] - \ tfs] > \
\ \
102 1 \ 102 14a \\
= 1| X = 1| X
10 \\\ 10 =
N
D N
N N
1 = 1
\\
AREE < -
101 in=3250A0 =10xn == 8 101 1
. —H § t 13=5..10xIn
N
8
N
a
102 2 10-2
10 1 10 102 101 1 10 102
X I

X Iy
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3.2 Trip curves 3.2 Trip curves
3 General characteristics 3 General characteristics

Trip curve Trip curve
thermomagnetic thermomagnetic
release release
T5 400/630 T5 400/630
TMA 10" e TMG 10* =g
In = 320+500 A < In = 320+500 A <
K] \ €
103 <4 : 100 =<
< ; Eo .
tsl G \ sl —a |
102 14a \ 102 - \
E X E ;
A% \
\ \
10 \ 10 =
A —
1 1
< =t < - S
101 § 101 : §
13=5...10x In LQ'L : =25.5xIn %
N N
a 8
7] 0
102 — 102 —
10 1 10 102 10 1 10 102
ol X1y
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3.2 Trip curves

3 General characteristics

Trip curve
thermomagnetic
release
T6 630
4
T™MA =
In=630 A K]
€3
108 | €4
<
t[s] -Gl
102 G
=
10t
1
10t 13=5...10xIn
102
101 11,05 10t 102
x In
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3.2 Trip curves

3 General characteristics

Trip curve
thermomagnetic
release
T6 800
TMA E Eon ]
In =800 A K |
€2
103 7ﬂ
= 10
t[s] Gl
102 | <
=
101
1
101 I3=5...10xIn
\\
102
104 1,05 101 102
X |y
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3.2 Trip curves

3 General characteristics

Trip curve
thermomagnetic
release
T2 160 ,
MF ="
I,=13x1n <
<
10 €3
<
e
|l <
102 L
Overload limit
<l
N
Y
N ~
10
1
13=13xIn
101
10-2
1 10 102
xIn
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Trip curve

thermomagnetic

release
T2 160/T3 250

3.2 Trip curves

3 General characteristics

MA
l,=6...12x1In

ABB SACE - Protection and control devices

1
K |
<
10 €3
<
tls] Gl
| €l
102 L
Overload limit
=
[
~N
~
10
1
< - >
101 13=6..12xIn
102
1 10 102
xIn
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3.2 Trip curves 3.2 Trip curves

3 General characteristics 3 General characteristics
Trip curve Example of thermomagnetic release setting
thermomagnetic ) o ) )
release Consider a circuit-breaker type T1 160 In 160 and select, using the trimmer for
thermal regulation, the current threshold, for example at 144 A; the magnetic
T4250 104 trip threshold, fixed at 10:In, is equal to 1600 A.
MA — Note that, according to the conditions under which the overload occurs, that is
L=6.14xIn < either with the circuit-breaker at full working temperature or not, the trip of the
8 B 0 thermal release varies considerably. For example, for an overload current of
100 | €& 600 A, the trip time is between 1.2 and 3.8 s for hot trip, and between 3.8 and
g 14.8 s for cold trip.
For fault current values higher than 1600 A, the circuit-breaker trips
t[s] G instantaneously through magnetic protection.
N
102 € S Overload limit T1 160 - In 160 Time-Current curves
<l =~ t[s] 104
*
\\
10
S 108
1
102
) I3=6...14x1 ) g
10t — E
g
N 101
6]
o
2
10-2
1 10 102
xIn
1
101 600 A
102
10t 102 1038 104

IA]
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3.2 Trip curves

3 General characteristics

3.2.2 Trip curves of electronic releases

Introduction

The following figures show the curves of the single protection functions available
in the electronic releases. The setting ranges and resolution are referred to
setting operations to be carried out locally.

LFUNCTION (overloadprotection)

t [s] 104

—
I I
—

1081

102

10t

/V

101

102

101

10t 102
X In

ABB SACE - Protection and control devices
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3.2 Trip curves

3 General characteristics

11 tl
PR221 3s-65s (@6xI1) for T2 and 12s for T4-T5-T6
PR231 (0.4...1) X In with step 0.04 X In 3s-12s (@6xI1)
PR232 35-65-125-18s (@6xI1)
PR222 (0.4...1) x In with step 0.02 x In 3s-65-9s-18s® (@6xI1)
PR223 (0.18...1) x In with step 0.01 x In 3...18s with step 0.52
PR211 (0.4-0.5-0.6-0.7-0.8-0.9-0.95-1) x In
PR212 (0.4-0.5-0.55-0.6-0.65-0.7-0.75-0.8- A=3s;B=6s,C=12s,D=18s (@6x11)
0.85-0.875-0.9-0.925-0.95-0.975-1)
PR331
PRI (0.4...1) x In with step 0.025 x In 35-125-243-365-485-725-108s-144s (@3xI1)
PR332
PR333 )
(0.4...1) x In with step 0.01 x In 3...144s with step 3s (@3xI1)
PR122
PR123
Wfor T4 In=320 A and T5 In=630A t1=12s
Here below the tolerances:
11 t1
PR221
1.05+1.3 xI1
PR211 s
PRZ 1.1+1.3 11 for T4-T5-T6) +10% (up to 6xin) (up to 2x for T2)
+20% (over 6xIn) (over 2xIn for T2)
PR331
1.05+1.2 xI11
PR333
PR332
PR121 . +10% (up to 4xin)
PR122 1051211 +20% (over 4xIn)
PR123
PR222
PR223
1.1+1.3x11 +10%
PR231
PR232

@for T4-T5-T6

ABB SACE - Protection and control devices
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3.2 Trip curves

3 General characteristics

S FUNCTION (short-circuit protection with time delay) (12t=k, t=k)
t[s] 104
103 g
102 = IZ_‘
10t
1 e
N
N
1
104 N
102
101 10t 102
xIn

72
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3.2 Trip curves

3 General characteristics

+10% (ig >6xin)

12 t2
PR221 0.15-0.25s (@8xIn with 12t=k)
—— (1-1.5-2-2.5-3-3.5-4.5-5.5-6.5-7-7.5-8-8.5-9-10) xIn -
PR231 0.15-0.25s (@10xIn with [2t=k)
0.15-0.255-0.55-0.8s (@10xIn with [2t=k)
PR232 (0.6-0.8-1.2-1.8-2.4-3-3.6-4.2-5-5.8-6.6-7.4-8.2-9-10) xIn -
0.15-0.255-0.55-0.8s (with t=k)
PR222 (0.6-10) xIn with step 0.6 x In 0.055-0.15-0.25s-0.5s (@8xIn with ’t=k,and t=k)
PR223 (0.6...10) x In with step 0.1 x In 0.05...0.5s step 0.01s (@8xIn with ’t=k,and t=k)
PR211
W (1-2-3-4-6-8-10) x In A=0.05s;B=0.15;C=0.255,D=0.5s (@8xI2 with *t=k,and t=k)
PR331 (0.6-0.8-1.2-1.8-2.4-3-3.6-4.2-5-5.8-6.6-7.4-8.2-9-10) xin  0.1s...0.8s (@10xIn with t=K)
PR121 (1-1.5-2-2.5-3-3.5-4-5-6-7-8-8.5-9-9.5-10) xin 0.1s...0.8s (@1>I2 with t=K)
PR332
PR333 0.05....0.8s with step 0.015 (@10xin with t=K)
Prizy (G2 xInwith step 0.1 xIn 0.05...0.8s with step 0,015 (@I>I2xIn with t=K)
PR123
Here below the tolerances:

12 t2

+10% (T4-T5-T6) +10% up to 6xIn (T4-T5-T6)
PR221  +10% (up to 2xin) (T2) +20% over to 6xIn (T4-T5-T6)

+20% (over 2xIn) (T2) +20% (T2)
PR222
PR223
— +10% +10%
PR231
PR232
PR211
— £10% +20%
PR212
PR331
PR332

+ 7% (g <4xIn)
PRIZL 5 10% (ig >4xin) + 15% (Ig < 4xin with t=K)
PR122 +20% (g >4xIn with t=k)
pee— + 109 ith 2t=]
PR123 the best of the two data: + 10% or 40ms (with It=k)
PR333 + 7% (Ig <6xIn)

ABB SACE - Protection and control devices
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t[s] 104

102

101

101

102

3.2 Trip curves

3 General characteristics

| FUNCTION (short-circuit istantaneous protection)

101 1 10t

1SDCO008008F0001

X
5%

ABB SACE - Protection and control devices

3.2 Trip curves

3 General characteristics

13
% (1-1.5-2-2.5-3-3.5-4.5-5.5-6.5-7-7.5-8-8.5-9-10-12%) X In
B — (15253445555657-71589-9510512) xn
PR223 (1.5...12) x In with step 0.1 x In
R (1524681012)xn
% (1.5-2-3-4-5-6-7-8-9-10-11-12-13-14-15) x I
PR332
% (1.5...15) x In with step 0.1 X In
PR123

*12xIn only for PR231/P
Here below the tolerances:

13 Tripping time:

+10% (T4-T5-T6)
PR221 + 20% (12) < 25ms
% +20% < 25ms
% +10% < 25ms
PR231
PR232
PR331 +10% < 40ms
PR332
PR333
PR121
PR122 +10% < 30ms
PR123

ABB SACE - Protection and control devices
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3.2 Trip curves

3 General characteristics

G FUNCTION (earth fault protection) (12t=k, t=k)
t [s] 104
108 H
==
102
10t
1 a
N
t=k
101 \
12t=k
102
101 1 101 102

x In

ABB SACE - Protection and control devices
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3.2 Trip curves

3 General characteristics

14 2

PR222 (0.2-0.25-0.45-0.55-0.75-0.8-1) xin 0.1s up to 3.15x 14; 0.2s up to 2.25x14; 0.4s up to 1.6xI4;0.8s up to 1.10xI4
PR223 (0.2...1) xIn with step 0.1xIn 0.1...0.8 xIn with step 0.01s
PR212 (0.2-0.3-0.4-0.6-0.8-0.9-1) xIn A=0.1s;B=0.25;C=0.4s;D=0.8s (@ 4xl4)

0.1s up to 4.47 x14,0.2s up to 3.16 xI4; 0.4s up to 2.24xI4,0.80s up to 1.58xI4
PR331  (0.2-0.3-0.4-0.6-0.8-0.9-1) Xin (Pt=k)

0.1s-0.2s-0.4s-0.80s (with t=Kk)

0.1-0.2-0.4-0.8 s (@/=4xIn with IPt=k)
PR121 (0.2-0.3-0.4-0.6-0.8-0.9-1) xIn 0.1:0.2.0.4-0.8 5 (@l>4xIn with =K]
PR122 ) 0.1...1s with step 0.05s _(@I=4xIn with It=k)
PRizg _ (%21 Xinwith step 0.02 xin 0.L..15 with step 0.5 (@I>Mxin with t=K)
PR332 ) 0.1...1s with step 0.05s_(I=4xIn with It=k)
PRgg _ (0:2~-L)xin with step 0.02xin 0.L...1s with step 0.05s_(i>i4xin with t=K)

Here below the tolerances:
14 t4

—Eggg +10% +15%
—Eggg +20% +20%
PR121
PR122
PRI23  +7% +15% (12t=k) )
—_— the better of the two data:+ 10% or 40ms (with t=k)
PR332
PR333

ABB SACE - Protection and control devices
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3.2 Trip curves 3.2 Trip curves

3 General characteristics 3 General characteristics
Trip curve Trip curve
electronic releases electronic releases
T2 160 T2 160
104 == ———— 104 == :
PR221DS EHE: = 40080050 PR221DS =] u EESSE 1m0
L-I Functi ﬁ« i [31] T— ’ L-S Functions ﬁ ! LE
-1 Functions <3 ; < < 1
108 €4 103 €8
= 10 = 10
t[s] G t[s] ]
N R
10273 "7 -758:859- 10 < ﬂ =
65775885 9-10 NS
; = TN
N \\
101 10t N
— 102 =N N 102
I~ Uptoin=10A O 1 Uptoln=10A
N\ N N [
N N ‘\ Y
1 : 1 ~ h ‘_J
I
HEN 1 N
\~ S b [ (ot | b
10+t | | I; 101
L
T
10-2 102
8
8
s
%
103 [ 103
101 1 101 10-1 1 10 101 1 10* 101 10
X In I [KA] xIn 1 [kA]
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Trip curve
electronic releases

3.2 Trip curves

3 General characteristics

T4 250/320
T5 400/630
T6 630/800/1000 ‘
PR221DS = 0440450520 55060 64-065.012076.080 5080820
. K 1h I I I
L1 Functions € ﬁ*_ >#1‘5' B
10¢ €4 |
= 10’ :
t[s] —Gi N
100Gl N N
—<l N -
AN ANAN AN
3 N ‘\\
10 \ \\\ \\
\\\ NN \\ 102
™
1 ] \“
=
101
f P N RN VYT
| Il
102 H
]
TA,TS,TS,Té,TG L
400 630 630 800
103 I [ [T oo
10t 10 1

80

xIn

10
I [KA]

ABB SACE - Protection and control devices
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3.2 Trip curves

3 General characteristics

Trip curve
electronic releases
T4 250/320
T5 400/630
T6 630/800/1000
PR221DS R ="
: <
L-S Functions
€2 LI
10° €4
= 10’
t[s]
100 -G B
= ] £
\\ A ]
N N
10
& 102
1 N
101 [
10-2
A
5 _T5_T6 - T6 ||
800
103 200
101 1 10 10
xIn 1 [kA]
Note: for T4 In= 320A, T5 In=630A and T6 In=1000 O I,max =8,5xIn
ABB SACE - Protection and control devices 81
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3.2 Trip curves

3 General characteristics

Trip curve
electronic releases
T4 250/320
T5 400/630
T6 630/800/1000
PR222DS/P s
PR222DS/PD I}E :
PR223DS —&X
w a B | (B8 BRgRaaaguRangn
L-S-I Functions EoEis g EEss — =
(1%t const=ON)g] FaN R R Bl ®
\ N ~ 45
102 <a \:\ |\‘\ AN “\‘ 5 775
3 \\\ \\ \\ N\ \\ 8 B
N N N N g
NG 28 NN SN .
10 PN IIND N RN (
~ NN 1
S| = NI 107
1 12t ON N \ ~\\ || \\ \ T
ESELNs Y £
B N B Y R
. S
101 i
102
o’
| T4 _T15 _T5 _T6 _ T6 ||
400 630 630 800
10-3 | [ [ ] 29%
101 1 10 1 10
xIn I [KA]

82

Note:

The dotted curve of function L corresponds to the maximum delay (t,) which can be set
at 6xl, in the case where 320 A CTs are used for T4 and 630 A for T5. For all the CT
sizes t,=18s, except with 320 A CT (T4) and 630 A (T5) where t,=12s.

For T4In=320A,T5In =630 Aand T6 In = 1000 A O I,max = 8-8 x In,

I3 max =9,5x1In

@ For PR223DS the L protection function can be setto 1,=0,18... 1xIn

ABB SACE - Protection and control devices

1SDC210001F0004

Trip curve
electronic releases

T4 250/320

T5 400/630
T6 630/800/1000

3.2 Trip curves

3 General characteristics

PR222DS/P

PR222DS/PD
PR223DS
103

L-S-I Functions
(%t const=OFF) !l

B
Iu 0,7-0,72:0,74-0,76-0,78-0,8-08

4]

102 = 75
8
9
10 E
i =
N N N N 2
— < SN 10
L H 2t OFH N il I
S=0S SN NN S H
A i A N (N S e m————
101 NN NN q:‘ S oo
< X NN
102 e
I
\
| T4 _T5 _T5_T6 _ T6
400 630 630 800
10% LT [T oo
101 1 10 1 10
xIn I [KA]

ABB SACE - Protection and control devices

Note:

The dotted curve of function L corresponds to the maximum delay (t,) which can be set
at 6xl,, in the case where 320 A CTs are used for T4 and 630 A for T5. For all the CT
sizes t,=18s, except with 320 A CT (T4) and 630 A (T5) where t,=12s.

For T4In=320A,T5In =630 Aand T6 In = 1000 A O I,max = 8-8 x In,

l;max =9,5x1In

W For PR223DS the L protection function can be setto |,=0,18... 1xIn

83
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3.2 Trip curves

3 General characteristics

Trip curve
electronic releases
T4 250/320
T5 400/630
T6 630/800/1000
PR222DS 10t =
PR222DS/PD 1 |
PR223DS/EF G 05 i
103 €4 1 o8
G Function &= 10
t[s] &
100G
= 1 |
: o
1
S :§t \\\ 0.2...0.49 | ion at 4 |
™N D 1,70.2...0.49 In prevention at 4 In
\\\\\ N \\\\\\ 1,705...0.79 In prevention at 6 In
N N 1,0.8...1.00 In prevention at 8 In
10 N N\ N
102
103
101 1 10 102
xIn
Note:
For PR223DS and PR223EF the electronic settings only are available.
84 ABB SACE - Protection and control devices
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Trip curve
electronic releases
T4L 250/320
T5L 400/630
T6L 630/800/1000
PR223EF 10
Vaux ON
L-S-EF Functions
(It const = ON) 103
(It const = OFF)
102
t[s] 10
1
10t
102
108

3.2 Trip curves

3 General characteristics

EpREEEprY ]
1 a
= o' &
—a 5 <
1 <4a s "~
= : £
- N
Lo | N
It OFF [ d \
=
N\,
AN
101 1 10 10?
1 [KA]
Note:

The dotted curve for functional corresponds to the maximum delay (t,) wich can be set
at 6 x I, in the case where 320A CTS are used for T4 and 630A for T5.

For all the CT sizes the maximum delay t, is equal to 18s, except for 320 A CT (T4) and
630 A (T5) where t,=12s.

ForT4In=320A,T5In=630Aand T6In=630 A O l,max =8 -8 x1n,

l;max =9,5x1In

Only the electronic settings are available.
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3.2 Trip curves 3.2 Trip curves

3 General characteristics 3 General characteristics
Trip curve Trip curve
electronic releases electronic releases
T4L 250/320
T5L 400/630 T7
T6L 630/800/1000 800/1000/1250/1600 ‘ ‘
PR223EF 104 =— ; PR231/P 10" =— ; @
Vaux OFF < ‘ L-I Functions < ﬁ }L .
L-S-EF Functions € EEEEEETS €2 =T
(2t const = ON) NN oo | 100 =22
(I’t const = OFF) = o] = 10
—Gl = < - —Gl
S,
N N
R - | oAl IR -
10
= | . =]
hj =~ \ 1 1.12 12
[reon | N
t[s] 10 10
: 102 102
! N
N N
—-B 1
T4
101 it o»;( > 71‘5 400 101
), p————— i I . ‘ - _ _
I - T7‘S.H<
102 16 630 102 . v
F—16 800 —
[ T6 1000 T—
103 103
: 2 101 1 10 10 10
10% 1 10 x Ir:'L | [ig] xIn 1 [KA]
Note:

For all the CT sizes the maximum delay t, is equal to 18s, except for 320 A CT (T4) and
630 A (T5) where t,=12s.

ForT4In=320A,T5In=630Aand T6In=630 A O l;max =10 x In.

Only the electronic settings are available.
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3.2 Trip curves 3.2 Trip curves

3 General characteristics 3 General characteristics
Trip curve Trip curve
electronic releases electronic releases
T7 T7
800/1000/1250/1600 ‘ ‘ ‘ 800/1000/1250/1600 ‘ ‘
PR231/P 100 ‘ : @ PR232/P 10" = ‘ : =y
L-S Functions B < B ﬁ i i L-S-I Functions Iin:ﬁ f "
ﬂ - - - m | < - -1
100 =2 100 =€&2
= 1] = 10
—a i o —a % o
t[s] a [ - ScF - -1 --+ ¥ t[s] § @
102 7 102 <4 -
<l =
[ t=wr H B
N N 1 12\\ '
10 10 = =
=s|
N [ t=x H NN
1 1 ~
—— FEEE ===+ P s A B Sy [ ey |
N N
10t 101
it:klle "—T7‘S‘HL7777 T7SHL T
102 Y 102 e
10 10
10 1 10 10 10 10t 1 10 10 10°
xIn I [KA] xIn 1 [kA]
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3.2 Trip curves 3.2 Trip curves

3 General characteristics 3 General characteristics
Trip curve Trip curve
electronic releases electronic releases
T7 T7
800/1000/1250/1600 ‘ ‘ 800/1000/1250/1600
PR331/P 10* Iﬁ i o] PR331/P U= = —mm
. T T . I [
L-S-I Functions i - o G Functions < ] o
< s e e > 0.2 il e Bl el ol
10° 4a 100 =4
= i = o]
“ o I T W a
102 7 102 7
== : =
| t= i ==
S 1
N
10 S — = == = 10
E S 107 \ \
\ g L t=K/N |
1 =i=ze====zi: 1
‘ I,=0.2-0.3-0.4 In disabled at 4 In |
| t=xk H 1, = 0.6 In disabled at 6 In 1
N 1, =0.8-0.9-1 In disabled at 8 In
101 10t
— 17‘5 HL
7V t=k }
102 g 102
103 10
101 1 10 10 10° 101 1 10 102
X In I [KA] I [kA]

For T7In = 1250 A, 1600 A 0 I,max = 12 x In.
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3.2 Trip curves

3 General characteristics

Trip curve
electronic releases

T7
800/1000/1250/1600 ‘ ‘
PR332/P 10 EEFE—F ! @
L-I Functions [ ﬁ* L ﬁ
€
108 1 <
O
—G N
tfs]
102 K - |
= |
\ 15 15..15 \ 15
10
102
N
1
1071
— - T7‘S‘H, T1711
T'I‘V
102
103
101 1 10 10 10
xIn 1 [KA]
Note:
For T7 In= 1250A, 1600A (11, =12xin
92 ABB SACE - Protection and control devices

3.2 Trip cl

urves

3 General characteristics

Trip curve
electronic releases

T7
800/1000/1250/1600
PR332/P 10° = i : @
L-S-1 Functions B —— ﬁ 1
= PUELETS |
JURRRER - |
= 1]
—@Gl
s 5] @ H
102 1 < -
=
[ e | 1 15
L1 \ 15..1¢ \\
10 = =
\\; N o
g S
1 S,
|
Lt=k H
10t
T7SHL 1|
1072 ! T7‘v
1073
101 1 10 10 10°
xIn 1 [kA]
Note:

For T7 In= 1250A, 1600A O 1, =12xIn

3max

ABB SACE - Protection and control devices
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3.2 Trip curves 3.2 Trip curves

3 General characteristics 3 General characteristics
Trip curve Trip curve
electronic releases electronic releases
T7 T7
800/1000/1250/1600 800/1000/1250/1600
PR332/P 10t =28 5 o 1 PR332/P 10¢ =8 i
G Functions K 1h | - Ji ’% Rc Functions K 1n| é
a 1 0.3...30|
100 =4 100 =42
= ] = 1]
—al Gl
t[s] | a t[s] |la 5P I 1 s O I I I N O Y
102 7 102
=] =]
10 10
1 1
<] =P = |,=02.048 Indisabled at41n  H
1,=0.5..0.78 In disabled at 6 In 1]
1, =0.8..1 In disabled at 8 In 11
101 10t
oo =
102 102
102 103
10t 1 10 102 101 1 10 102
1 [KA] I [KA]
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3.2 Trip curves 3.2 Trip curves

3 General characteristics 3 General characteristics
Trip curve
Trip curve electronic releases
electronic releases T4 250/320
T5 400/630
T2 160 » T6 630/800/1000 _ , . } — :
PR221DS-I = 2] PR221DS-I =€ S 5t S B
] m m 171572 7°25:3357]4555265° 7 ,‘7,‘5, 82852910
| Function = 1 15 2 251335455565 71,7!,5 88509 10 | Function - N
103 1 € - I 103 | €3
= 101 -~ =10
tfs] < ~ tfs] <a
102 -G /\ = 100G
i Overload limit \\\ — Overload limit Overload limit
N T4 320 - T5 630 T4 250 - T5 400
N T6 1000 [ T6630/800
10 = 10 | |
it 102 102
N
1 1
101 101
e ——
! I N i ::i f
=T e im
102 S 102 . %
IS =
2 =
N A4
el |
103 2 103 100¢
101 1 10 101 1 10 101 1 10 1 10
xIn 1 [KA] xIn I [kA]
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3.2 Trip curves

3 General characteristics

3.2 Trip curves

3 General characteristics

Trip curve Trip curve
electronic releases electronic releases
T4 250
T5 400
T7 800/1000/1250 T6 800
"
PR231/P-I S PR222MP 102
| Function < .
g L Function hot
100 =€ (hot and cold trip) [ |
= o 104 M cod
—@Glt = o
K i
102 R - | t[s]
= €
sl L 10 €4 \
S 1 A\
R N R < DN
10 G2 11\ \WAN
: \\\W
10
o NN
RS
1 — N \\\\\\\\‘\\:‘\
AVAN AN
N N \\\‘
N
10'1 10 R — (S ——— — — - A‘ﬁ — -
R\
S | S—— I N
T 1N 1N
T7‘S HL \\ N
102 17V == N
— 1
103
10t 1 10 10 10°
x In 1 [KA] 10t
10 1108 10 102
Xl
11 t1
PR222MP (0.4 + 1) x In with step 0.01 X In 4-8-16-24s
Here the tolerances
11 t1
PR222MP According to IEC 60947-4-1 According to [EC 60947-4-1
98 ABB SACE - Protection and control devices ABB SACE - Protection and control devices 99
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3.2 Trip curves

3 General characteristics

Trip curve
electronic releases
T4 250
T5 400
T6 800
PR222MP 109
L Function
(hot trip with 1 or 2 I. hot I
phases supplied) 104
= on]
B i |
K=
tsl 100 €3
<
< \
R N
\\ \\‘\ N
E \\ \ \\\
ANEANN
NN
10 \‘ \\‘\‘
\\ AW \\
N
NN
ANANNK
N
1 N \‘\
= )
=)
10A
10t
10 1108 10 102
X Iy
11 t1
PR222MP (0.4 + 1) x In with step 0.01 X In 4-8-16-24s
Here the tolerances
11 t1
PR222MP +15% +15%

100

ABB SACE - Protection and control devices

1SDC210049F0004

3.2 Trip curves

3 General characteristics

Trip curve
electronic releases
T4 250
T5 400
T6 800
105
PR222MP
R-U Functions -
U function
104 [ R function
= 2]
t[s] -
K
103 €8
= 10
—Gl
102 K - |
Q%
(5]
(o}
10 E
|
1 é
101
10 105 10 102
Xl
R 15 t5
PR222MP (3-4-5-6-7-8-10-OFF) xI1 1-4-7-10s
U 16 t6
PR222MP ON (0.4 x I11) - OFF 4s
Here the tolerances
R 15 t5
PR222MP +15 % +10 %
U 16 t6
PR222MP +15 % +10%

ABB SACE - Protection and control devices
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3.2 Trip curves

3 General characteristics

Trip curve
electronic releases
T4 250
T5 400
T6 800 _
PR222MP 10° =
. < f
| Functions —a 1l L
,La
10
=
t[s]
10
1
101
10"
103
101 1 10 102
1 TKAI
13
PR222MP (6-7-8-9-10-11-12-13)xIn
Here the tolerances
13
PR222MP +15 %
102 ABB SACE - Protection and control devices

1SDC210051F0004

Trip curve
electronic releases

S7

3.2 Trip curves

3 General characteristics

4
PR211/P 10

L-I Functions

103

t[s]

102

dle/a/daana

101

10

—N—12

101

102

101 1408

Note: for PR211/P-| releases, consider the curves relevant to function | only.

ABB SACE - Protection and control devices
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3.2 Trip curves 3.2 Trip curves

3 General characteristics 3 General characteristics
Trip curve Trip curve
electronic releases electronic releases
S7 S7
PR212/P =" L PR212/P =" -
0405055060650707508 0405055060650,0,7508-
L-S-I Functions, <0 | 08508750909250 9509751 L-S-I Functions, < 0850875:0909250950975-1
S inverse short €3 [&4 mn -l»llj S inverse short €3 Py
delay 108 €2 delay 108 €4
2t — _
(1%t =constant) =] = (t=constant) =10 -
t[s] —a . t[s] —al 5 2
D
100 | €l 100 <l
= 3 4 = : :
A 6 2 Loy 6
D 8 8
o s, LA 1 a S
e T 1N
a NE
n N\ A ol N
1 N 1 6.!8.10
D
] 2 It OFF
101 It ON 00—+t | L N IN N N
— T .
— . 2 ] [,,,
ol SESE=p o
7 )
11 o
101 1108 10 102 101 1108 10 102
X In X In
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3.2 Trip curves 3.2 Trip curves

3 General characteristics 3 General characteristics
Trip curve Trip curve
electronic releases electronic releases
S7 S7
PR212/P 100 PR212/MP 108
G Function K i L Function -
€ (hot and cold trip) Il hot
108 | €2 104 . cold
=0 = 2h |
t[s] a t[s] K ih|
K]
102 4a 103 €4 L\
a g S
11\ \WAN
< \\NAW
101 102 K 2 | \ \}\ §\‘
AVAAN ANN
N Q\ AN
1 101 \ §\\\\
D ‘\\ =~ ‘\‘\V 0
N NN
AR N\ Y
ANIAN Y 0
ANANY 0
B N
NONY o
101 Al 1 N \\\\ oAl
\\ 0
AN
0A
102 <« 10t
S
3
101 1105 101 102 8 101 1105 101 102
X In X l1
11 t1
PR212/MP (0.4 + 1) x In with step 0.01 X In 4-8-16-24s
Here the tolerances
11 t1
PR212/MP According to IEC 60947-4-1 According to [EC 60947-4-1
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3 General characteristics

3 General characteristics

Trip curve
electronic releases
S7 S7
PR212/MP 108 PR212/MP 105
L Function I I R-U Functions
(hot trip with one ( M hot | U function
or two phases 104 104 M R function
supplied) — = 2h]
t[s] i | t[s] K |
K 30 K]
103 €3 108 €8
3 €
a \ o
102 a \.\\\‘ 102 K | 0
OO €l
3 \\\\ \\Q Qeé
N \Q\ Y @®
10t \‘\\\\ 10t
\\ AN ‘\
N N
ANARNY |
\\\\\‘ N,
N \% 1 i
'
= )
~ &
10 A
101
10 -
-
3
%) 1,05
101 110 100 1028 1o ! 10t 1oz
Y X 1
R 15 t5
PR212/MP  (3-4-5-6-7-8-10-OFF)x |1 1-4-7-10s
U 16 t6
PR212/MP 0.4 x 11 4s
Here the tolerances
R 15 t5
PR212/MP  +10 % +20%
U 16 t6
PR212/MP  +20 % +20 %
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3.2 Trip curves

3 General characteristics

Trip curve
electronic releases
S7
PR212/MP 108 H
B! i
| Function Ko |
102 €
=
t[s] O
10 Q
(o]
1
10t
N—
102 EEs
103
101 110 10t 102
x In
13

PR212/MP (6-7-8-9-10-11-12-13-OFF) xIn

The tolerances are according to IEC 60947-4-1.

110

ABB SACE - Protection and control devices

GSIS0219

3.2 Trip curves

3 General characteristics

Trip curve
electronic releases

Emax

PR121/P o +

PR331/P

L- | Functions 108

t[s] I 1 4

103

101 1
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Trip curve
electronic releases

Emax

PR121/P
PR331/P

L-S-I Functions,

S inverse short

time delay t[s]
(It = const.)

112

3.2 Trip curves

3 General characteristics

103 0

-
Y

103

10 1 10t 102
xIn

ABB SACE - Protection and control devices
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Trip curve
electronic releases

Emax

PR121/P
PR331/P

L-S-I Functions,
S indipendent
time delay

(t = constant)

t[s]

3.2 Trip curves

3 General characteristics

103

103

101 1 10t 102
x In
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Trip curve
electronic releases

Emax

PR121/P
PR331/P

G Function

t[s]

114

104

108

3.2 Trip curves

3 General characteristics

t=
|2 f
N T 14=0.2-0.3-0.4In repression at 4 In
N AN 14=0.6Inrepression at6In
N 14=0.8-0.9-1Inrepression at 8In

6GSIS0267

10 100
xIn

ABB SACE - Protection and control devices

3.2 Trip curves

3 General characteristics

Trip curve
electronic releases

Emax
PR122/P 10 .
PR332/P

L-I Functions

108

t[s] I t 4

102

103

101 1 101 102
xIn
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3.2 Trip curves 3.2 Trip curves

3 General characteristics 3 General characteristics
Trip curve Trip curve
electronic releases electronic releases
Emax Emax

104 104

PR122/P-PR123/P
PR332/P- PR333/P

PR122/P-PR123/P
PR332/P- PR333/P

L-S-I Functions 103 06...10 L-S-I Functions 108 06...10
S inverse short t K - ~ s t S indipendent T X = ~_—— = T
time delay t[s] } ¥ - time delay - | ¢ NC
(It = const.) (t = constant) ’ X N
=== 10 = T =====:
it= 5 f ¥ 15...15
i 1 N
5 15— —|= 4 | [ N[ pi5
101 N b =
= T
=R ~~ i
— N — 1}
| [ |
ﬁ I'E%\;ﬁéﬁ

101

103
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Trip curve
electronic releases

Emax

PR122/P-PR123/P

PR332/P- PR333/P

G Function

118

t[s]

3.2 Trip curves

3 General characteristics

104 7]

103

102

10

101

102

103

3.2 Trip curves

3 General characteristics

PR123/P release - Function L in compliance with Std.
IEC 60255-3

t[s]
Ea : The following three curves refer to the protection function L complying with
T oz ) Std. [EC 60255-3 and integrate the standard one; they are applicable in
B ih | I Trip curve — . L
. BLISFS electronic releases coordination with fuses and MV circuit-breakers.
731‘]@ Emax k=0.14 alfa=0.02
G PR123/P 1ot
| a PR332/P- PR333/P
a t[s]
Tmax
PR332/P e
N N
\
AN
L Function N \;\
- N
= (IEC 60255-3) . N Nl
B ] t=kP ﬁi I,=0,2...0,48 In disabled at 4 In B —
N N 1,=0,5..0,78 In disabled at 6 In 1
N 1,=0,8..1In disabled at 8 |
N \\ ., n disabled at 8 In
:
t=k g 10t \‘ \\
3 ~
S
Q i
é \\§\~~‘~
101 10 102 1 =
xIn
101
101 1 10t 102
xIn
11 tl
PR123/P . t1=3s...144s with step 3s (1
PR332/P-PR333/P (0.4...1) X In with step 0.01 x In (@ 1=3 x Un) p3s ()

11

Here below the tolerances:

PR123/P

PR332/P-PR333/p  1.05...1.2xIn

+20% lg>5x 13
+30%2x11<lg<5x 1y In

W The minimum trip values is 1 s, regardless of the type of curve set (self protection)
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3.2 Trip curves

3 General characteristics

Trip curve
electronic releases k=13.5 alfa=1
Emax
104
PR123/P
PR332/P- PR333/P
Tmax
PR332/P 108 \‘ \
t[s] ‘\\
AN
L Function
(IEC 60255-3) N
102 \“ \ ~
N
S
~N < N <
\
\ \ N
]_01 \ X
AN
AN
\\
. N \E
101
101 1 10t 102
xIn
11 t1
PR123/P (0.4...1) x In with step 0.01 x In t1=3s...144s with step 3s (1)
PR332/P-PR333/P (@ 1=3 x Un)
Here below the tolerances:
11
PRL23/P 1.05..1.2xIn £20%]15>5x ]

PR332/P-PR333/P

+30%2x1:<lg<5x1.In

W The minimum trip values is 1 s, regardless of the type of curve set (self protection)

120
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Trip curve
electronic releases

Emax

3.2 Trip curves

3 General characteristics

k=80 alfa=2

PR123/P 104
PR332/P- PR333/P

Tmax

PR332/P -

t[s]

L Function
(IEC 60255-3)

102

10t

pd

101

11

10t 102
xIn

tl

PR123/P
PR332/P-PR333/P

(0.4...1) X In with step 0.01 x In

t1=3s...144s with step 3s (1)
(@ 1=3xUn)

Here below the tolerances:

PR123/P

PR332/P-PR333/P 1.05..-1.2x1n

+20% lg>5x 13
+30%2x11<lg<5x 1y In

W The minimum trip values is 1 s, regardless of the type of curve set (self protection)
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Trip curve
electronic releases

3.2 Trip curves

3 General characteristics

PR 122/PR123 release — Other protection functions

The following curves refer to the particular protection functions provided for
PR122/PR123/PR332/PR333.

Emax
PR123/P w0 —
PR333/P .
Function D ts] B R R L
103
102
10t
A
.
HE T
v
1
101
102 101 1 10t 102
x In
17 t7
PR123/P . 0.2s ... 0.8s with step 0.01s
PR333/P (0.6 ...10 — OFF) x In with step 0.1 x In @1>1)
Here below the tolerances:
17 t7
PR123/P +10 % the better of the two figures:
PR333/P - + 10 % or + 40 ms
122 ABB SACE - Protection and control devices
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Trip curve
electronic releases

Emax

3.2 Trip curves

3 General characteristics

PR332/P-PR333/P
PR122/P-PR123/P

Tmax
PR332/P

Function U

t[s]

104

103

102

10t

101

e |4 - -

102 101

16

X In

t6

PR122/P-PR123/P
PR332/P-PR333/P

(5%...90% — OFF) with step 5%

0.5 ... 60s with step 0.5s

Here below the tolerances:
16

t6

PR122/P-PR123/P
PR332/P-PR333/P

+10%

The better of the two figures:
+ 20 % or + 100 ms

ABB SACE - Protection and control devices

123

1SDC200122F0001



3.2 Trip curves

3 General characteristics

Trip curve
electronic releases
Emax 0
PR332/P*-PR333/P i
PR122/P**-PR123/P m
0 - [055]
Tmax 10 s -~ @
PR332/P*
Function UV t[s]
*with PR330/V
#yith PR120/V 102
10t
B
+
) |
015 -
i
v
10t -
102
03 05 0.7 0.9 11 13
x Un
uUs t8
PR122/P-PR123/P g5 (.95 — OFF) x Un with step 0.01 x Un with U<Us

PR332/P-PR333/P

0.1 ... 5s with step 0.1s

Here below the tolerances:

Us t8
PR122/P £59% The better of two figures:
PR332/P-PR333/P + 20 % or + 100 ms
PR123/P £59% The better of two figures:
+ 20 % or + 40 ms
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3.2 Trip curves

3 General characteristics

Trip curve
electronic releases
Emax 106
PR332/P*-PR333/P
PR122/P*-PR123/P A
e = = — — - -l __ _»
Tmax 10 @
PR332/P*
Function OV t[s]
*with PR330/V
=yith PR120/V 10
10t
+
) |
i
1
v
101 0
102
1 1.05 11 115 12 1.25 13
x Un
U9 t9
PR122/P-PR123/P (1 o5 12 _ OFF) x Un with step 0.01 x Un with U<Ug

PR332/P-PR333/P

0.1s ... 5s with step 0.1s

Here below the tolerances:

U9 t9
PR122/P +50 The better of two figures:
PR332/P-PR333/P + 20 % or + 100 ms
PR123/P +50 The better of two figures:

+ 20 % or = 40 ms
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3.2 Trip curves

3 General characteristics

Trip curve
electronic releases
Emax 100
PR332/P*-PR333/P
PR122/P**-PR123/P
Tmax e
PR332/P*
108
Function RV
*with PR330/V  {[g]
**with PR120/V
102
[ i A
{ [
{ I
10t ;
1 I
i 1
1 ! |
3 v
101
0 02 0.4 0.8 1 12
x Un
U10 t10
PR122/P PR123/P (51 0.4 - OFF) x Un with step 0.05 x Un with U<Uso

PR332/P PR333/P

0.5s ... 30s with step 0.5s

Here below the tolerances:

U10

t10

PR122/P PRI23/P 5oy

PR332/P PR333/P

the better of the two figures:
+10 % or + 100 ms
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3.2 Trip curves

3 General characteristics

Trip curve
electronic releases
Emax 100 :
PR332/P*-PR333/P !
PR122/P**-PR123/P ‘
Tmax e >
PR332/P*
103
Function RP
*with PR330/V
*with PR120/V  t[s]
102
i x
! 1
10t i |
i T
[ 1
i 1
! I
! 1
1 ¥
101
0.4 0.3 0.2 0.1 0
X Pn
P11 111
PR122/P (-0.3 ... -0.1 — OFF) x Pn with step 0.02 x Pn with P<Py;
PR123/P 0.1 ... 25s with step 0.1s
Here below the tolerances:
P11 111
PR122/P-PR332/P +5 % the better of the two figures:
PR123/P-PR333/P 10 % +10% or + 100 ms
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3.2 Trip curves

3 General characteristics

Example of electronic release setting

Considering a circuit-breaker type E1B1000 fitted with a PR121/P LSl release
and with a rating plugs of 1000, it is supposed that for the system requirements,
the protection functions are regulated according to the following settings:

L 11=0.6 t1=12s
S 12=4 t2=0.3
| 13=8

The trip curve of the release is represented in the following figure (continuous

lines): it can be seen that:

«for function L, the curve is represented by the mean value between the
tolerances given by the Standard (the overload protection function must not
trip for current values lower than 1.05-In, and must trip within 1.3:In), therefore
corresponding to 1.175:In (around 700 A);

= graphically, point 1 is obtained at the intersection of the vertical part of function
L and the horizontal segment (Cg 41n-C1jn) Which connects the points relevant
to the same t1, taken from the curves with setting 0.4:In and 1:In;

= corresponding to point 2 (4000 A), the function S takes the place of function
L, as the trip time of function S is lower than the trip time of function L;

 in the same way as for point 2, for point 3 (8000 A) and beyond, function S is
substituted by function I.

ABB SACE - Protection and control devices

3.2 Trip curves

3 General characteristics

104
Tl NLILL ; )
[l RO 11=0.6, t1=12s
103 AN / T I ‘
” —1 —
S C o — C 1T
—Coan =+ Pl T
102 ) \{ NEN it
\‘\\‘1 T : T
N [N
- \ ’?W -t
10t S E=HI
~ R
AN NEENINAL
Al |
| 12=4, 12=0.3 t=k |- RN
1 | LM
| T | /IA; 3 1
T 1
| T T
10t | | |
E =
102 |
101 1 10t 102
I [kA]
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3 General characteristics

3.3 Limitation curves

130

A circuit-breaker in which the opening of the contacts occurs after the passage
of the peak of the short-circuit current, or in which the trip occurs with the
natural passage to zero, allows the system components to be subjected to
high stresses, of both thermal and dynamic type. To reduce these stresses,
current-limiting circuit-breakers have been designed (see Chapter 2.2 “Main
definitions”), which are able to start the opening operation before the short-circuit
current has reached its first peak, and to quickly extinguish the arc between the
contacts; the following diagram shows the shape of the waves of both the
prospective short-circuit current as well as of the limited short-circuit current.

Prospective
short-circuit current

1SDC008011F0001

Limited t
short-circuit current

The following diagram shows the limit curve for Tmax T2L160, In160 circuit-breaker.
The x-axis shows the effective values of the symmetrical prospective short-circuit
current, while the y-axis shows the relative peak value. The limiting effect can
be evaluated by comparing, at equal values of symmetrical fault current, the
peak value corresponding to the prospective short-circuit current (curve A) with
the limited peak value (curve B).

ABB SACE - Protection and control devices

Ip [KA]

102

10t

3.3 Limitation curves

3 General characteristics

Circuit-breaker T2L160 with thermomagnetic release In160 at 400 V, for a
fault current of 40 kA, limits the short-circuit peak to 16.2 kA only, with a
reduction of about 68 kA compared with the peak value in the absence of limitation
(84 KA).

| Curve A |
184
= 68
T16.2 | =
L— | Curve B |
T
/
10t 40 102

Irms [KA]

Considering that the electro-dynamic stresses and the consequent mechanical
stresses are closely connected to the current peak, the use of current limiting
circuit-breakers allows optimum dimensioning of the components in an electrical
plant. Besides, current limitation may also be used to obtain back-up protection
between two circuit-breakers in series.

In addition to the advantages in terms of design, the use of current-limiting

ABB SACE - Protection and control devices 131
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3.3 Limitation curves

3 General characteristics

circuit-breakers allows, for the cases detailed by Standard IEC 60439-1, the
avoidance of short-circuit withstand verifications for switchboards. Clause
8.2.3.1 of the Standard “Circuits of ASSEMBLIES which are exempted from
the verification of the short-circuit withstand strength” states that:

“A verification of the short-circuit withstand strength is not required in the
following cases...

For ASSEMBLIES protected by current-limiting devices having a cut-off current
not exceeding 17 kA at the maximum allowable prospective short-circuit current
at the terminals of the incoming circuit of the ASSEMBLY...”

The example in the previus page included among those considered by the
Standard: if the circuit-breaker was used as a main breaker in a switchboard to
be installed in a point of the plant where the prospective short-circuit current is
40 kA, it would not be necessary to carry out the verification of short-circuit
withstand.

ABB SACE - Protection and control devices

3.3 Limitation curves

3 General characteristics

Limitation curves

T1 160
103
230V
Ip [KA]
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— 160A
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L 16A
1
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Limitation curves

T2 160
102

3.3 Limitation curves

3 General characteristics

230V

Ip [KA]

10
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80A+160A |||

FF{{ff-40A+63A

FHTE 25A-32A |||

e 20A

= 16A

HE 12,5A []1]]

[ 10A

- 6,3A

F;A
T
!

— 5A

A}
ALY
DY

AW\ Y
Ay

1,6A

102 101

134

10

102

103

104 105
Irms [kA]

ABB SACE - Protection and control devices

1SDC210062F0004

Limitation curves

T3 250
103
230V
Ip [kA]
102
10
1
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Limitation curves

3.3 Limitation curves

3 General characteristics

T4 250/320 102
230V
Ip [kA]
LA 100-320A
| |80A
10 B ] ——3250A T[]
= 20-25A |
7 =on N —— 10A SmEE
N A
A
7 4
1
10 102 103
|rms [kA]
136 ABB SACE - Protection and control devices

1SDC200127F0001

Limitation curves
T5 400/630

3.3 Limitation curves

3 General characteristics

230V

Ip [kA]

10
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3.3 Limitation curves

3 General characteristics

Limitation curves
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Limitation curves
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Limitation curves

3.3 Limitation curves

3 General characteristics

Limitation curves

3.3 Limitation curves

3 General characteristics
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3 General characteristics
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3.3 Limitation curves 3.3 Limitation curves

3 General characteristics 3 General characteristics
Limitation curves Limitation curves
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3.3 Limitation curves 3.3 Limitation curves
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3.4 Specific let-through energy curves

3 General characteristics 3 General characteristics

Specific let-through

3.4 Specific let-through energy curves energy curves

In case of short-circuit, the parts of a plant affected by a fault are subjected to
thermal stresses which are proportional both to the square of the fault current T1 160
as well as to the time required by the protection device to break the current. 10 7/
The energy let through by the protection device during the trip is termed “specific 230V /
let-through energy” (I12t), measured in A2s. The knowledge of the value of the
specific let-through energy in various fault conditions is fundamental for the /
dimensioning and the protection of the various parts of the installation. /
2t [106 A? 5] /

The effect of limitation and the reduced trip times influence the value of the
specific let-through energy. For those current values for which the tripping of
the circuit-breaker is regulated by the timing of the release, the value of the
specific let-through energy is obtained by multiplying the square of the effective

fault current by the time required for the protection device to trip; in other cases 1 /
the value of the specific let-through energy may be obtained from the following 7
diagrams.
The following is an example of the reading from a diagram of the specific let- -
through energy curve for a circuit-breaker type T3S 250 In160 at 400 V. [ 160A
The x-axis shows the symmetrical prospective short-circuit current, while the tlngl T
. s . = =
y-axis shows the specific let-through energy values, expressed in MA2s. = t‘lo‘OA‘
Corresponding to a short-circuit current equal to 20 kA, the circuit-breaker lets T ‘5oAl|
through a value of 12t equal to 1.17 MAZ2s (1170000 A2s). 10* — son.can 11
/ 40A-63A —H
2t [106 A2 5] 10° / e sa [
/ I 20A-25A ||
/ 1 16A
102
10-2 0
1 10 102
|rms [kA]
10!
1.17 — |
1
V o
10t %
o
g
8
Q
o
10+ g
1 10t 20 102

Irms [KA]

168 ABB SACE - Protection and control devices ABB SACE - Protection and control devices 169

1SDC210052F0004



Specific let-through

energy curves

T2 160

3.4 Specific let-through energy curves

3 General characteristics

230V

170

2t [106 A2 5]

101

10-2

103

104

105

106

m=-- 40A+63A

| 25A-82A T

120A

H16A

= — 12,5A

\\\

el il

[10A

= 2217

[1]6,3A

== 5A

A

e ssaimamte P 3 oA

1\

N

T1112,5A

2A

AT E— 1,6A

N

1A
LIl I

102

101

101 102 103 104 105
Irms [KA]

ABB SACE - Protection and control devices

TSTM0013

3.4 Specific let-through energy curves

3 General characteristics

Specific let-through
energy curves

T3 250
10
230V
2t [106 A% 5]
I 250A
1 S §20041
——1 " 160
muringmal J‘ 125A 1
— ull — 100A |
al Ll 80A | |
I 63A
101 yA
7/
7
/
//
102
1 10 102 108
Iims [KA]
ABB SACE - Protection and control devices 171

1SDC210057F0004



3.4 Specific let-through energy curves 3.4 Specific let-through energy curves

3 General characteristics 3 General characteristics
Specific let-through Specific let-through
energy curves energy curves
T4 250/320 T5 400/630
10 7 10 7
230V ya 230V /
/ /

12 [10° A? 5] / 2t [106 A2 ] /

/ 100-320A +H
80A 1 1
A — | LI /
P=s L 32-50A
1 | 20-25A | | || /
1 10A
e
Fza /
01 //J%/
y4
Yy /4
/
/
/ g
/ g g
o '
= o
/ g g
b= =]
o™ -
=] o~
S 8]
N -1 [a)
g 10 2
? 1 10 102 108 =
0.01 a s [KA]
1 10 102 108
Irms [KA]

172 ABB SACE - Protection and control devices ABB SACE - Protection and control devices 173



3.4 Specific let-through energy curves 3.4 Specific let-through energy curves

3 General characteristics 3 General characteristics
Specific let-through Specific let-through
energy curves energy curves
T6 630/800/1000 10 . T7
230V v 800/1000/1250/1600 10°
> R/ N/ FrAsiVEAsEoA
/
230V
12t [106 A% 5]
102 10?
/ 12t [105 A% 5] ——
/
’/——77
/ B
L 800A-1000A 10 /
10t / — —
/ 630A 7
7 —
y/4
v /
1
1
//
/
/ w0
1 10 10? 10°
104 I [KA]
1 10t 10° 103
Irms [KA]

174 ABB SACE - Protection and control devices ABB SACE - Protection and control devices 175



Specific let-through
energy curves

3.4 Specific let-through energy curves

3 General characteristics

T1 160
10 7
400-440 V 7
/
2t [10° A2 5]
1
/ L 160A
+ Fl : ‘L 125A
T+ [[T”H |~ 100A
—H- N — goA
7 T | F —— 40A:63A
- 1 32A }
T 20A-25A
. - 16A
. y/ A
10 I’
/
/
/
/ S
]
/ o
S
S
N
(®]
(@)
102 &
1 10 102 103
|rm5 [kA]
176 ABB SACE - Protection and control devices

3.4 Specific let-through energy curves

3 General characteristics

Specific let-through
energy curves

T2 160

400-440 V

: :
‘ ‘
: :
T T
1 AR
80A=160A [ [111

12t [106 A2 5]

25A-32A

101

]

20A

e

[ 16A

AWA\WAY

5A

102

\

103

104

“H3,2A

1 12,5A

L

105

Ny

==--16A

1A

~
N

106
10-2 101

ABB SACE - Protection and control devices

10

102

104

105
Irms [KA]

177

1SDC210055F0004



3.4 Specific let-through energy curves 3.4 Specific let-through energy curves

3 General characteristics 3 General characteristics
Specific let-through Specific let-through
energy curves energy curves
T3 250 T4 250/320 10
10 7 ya
400-440 V // 400-440 V VA
/
12t [106 A2 5] 2t [106 A2 5] /
2508 /
[‘ZOQA‘7777
1608
1 125A | | || 1
— 1008 T / = 100-320A
[ son //’,_,___ 80A
= 63A /| A | 32-5l‘)A ‘
A — ] 20-25A
vd . /ﬁ:————- 10A
el
10-1 / 0.1 /l 7
7 y/ 4
7
/ /
/
/ 3 /
: /
/
8
8
a 0.01
102 4 1 10 102 103
1 10 102 103 Irms [KA]

|rms [kA]

178 ABB SACE - Protection and control devices ABB SACE - Protection and control devices 179

1SDC200132F0001



3.4 Specific let-through energy curves 3.4 Specific let-through energy curves

3 General characteristics 3 General characteristics
Specific let-through Specific let-through
energy curves energy curves
T5 400/630 T6 630/800/1000 s
10 ] 10 7
400-440 V / 400-440 V A
/
12t [109 A2 5] / 12t [108 A? 5]
|4+ 400-630A
/ |
/ / 102 7
7
/
/
/ / s 800A-1000A |
! g 630A
10t +
y4
/
/
/

g 1

S 7/

g

101 Q
1 10 102 103 /
Irms [kA]
101
1 10t 102 10°

Irms [KA]

180 ABB SACE - Protection and control devices ABB SACE - Protection and control devices 181



Specific let-through
energy curves

T7

800/1000/1250/1600 10°

3.4 Specific let-through energy curves

3 General characteristics

400-440 V

12t [106 A% 5]

182

102

10

10t

™N

N

1 10

107 10°
s [KA]

ABB SACE - Protection and control devices

3.4 Specific let-through energy curves

3 General characteristics

Specific let-through
energy curves

T1 160
1 ]
500 V / 1
— t6AT |||
125A
A T
Z L
12t [10° A% 5] = 100A ||
7z / = L 80A | | |
L~ - o
/4% | T donsean
~ -
2 || s
/ — 2‘0A‘-25A
16A | | |
101 ’/
y 4
/
/ 3
8
5
8
N
O
102 2
1 10 102
Irms [KA]
ABB SACE - Protection and control devices 183



3.4 Specific let-through energy curves

3 General characteristics

Specific let-through
energy curves

T2 160
1 = =
1 T I T T T 1T
200V I i E02I00]
12t [106 A% 5] 7] 2| L T140AZ63AT |
/ L ' 25A-32A
107 / = 1L 20a |
// Z |
V/ 1 1
A
10-2 / il >
=g i 1
/” _/ | 1]
103 ] ==
—1] i ]
10+
A -
/) =i 1A
105 / [
7,
y/
/4
4
106
102 10t 1 10 102 103 104
|rms [kA]
184 ABB SACE - Protection and control devices

1SDC210029F0004

3.4 Specific let-through energy curves

3 General characteristics

Specific let-through
energy curves

T3 250
10 7/
500V 7
12t [106 A2 ] //
b 250A
/ Sul F 1500
N T 11601A
1 1 R
1 100A [—
——80A [
63A |
101 S/
/
7
//
102
1 10 102
Irms [KA]
ABB SACE - Protection and control devices 185

1SDC210031F0004



Specific let-through
energy curves

3.4 Specific let-through energy curves

3 General characteristics

T4 250/320
10 v
500 V 7
//
12t [106 AZ 5]
1 / - 100-320A
—T] 80/\& |
] L 3250A
/L . = | 20-25A
1 T 10A
=]
2z
A
7
0.1 /
Vs 4
/4
/4
//
0.01
1 10 102 103
|rm5 [kA]
186 ABB SACE - Protection and control devices

1SDC200133F0001

3.4 Specific let-through energy curves

3 General characteristics

Specific let-through
energy curves

T5 400/630

10

500 vV

T,
™~

12t [106 A? 5]

[— 400-630A

101

ABB SACE - Protection and control devices

10

102

103
Irms [KA]

187

1SDC210021F0004



3.4 Specific let-through energy curves

3 General characteristics

Specific let-through
energy curves

T6 630/800/1000
102
500 V
12t [105A? 5] 800A-1000A
]
g -
- 630A
10
1
7
101
10 102
|rms [kA]

188

ABB SACE - Protection and control devices

Specific let-through
energy curves

T7

800/1000/1250/1600 10°

3.4 Specific let-through energy curves

3 General characteristics

500 vV

ABB SACE - Protection and control devices

12t [10° A2 5]

102

10

10*

T7SHL

T7V

10

10?

108
s [KA]

189



Specific let-through
energy curves

3.4 Specific let-through energy curves

3 General characteristics

T1 160
1
690 V
12t [108 A2 5]
0,50
100+160A —|
/LL— 50:80A
{—16+40A | |
0,20
10t y/
0,05
0,02
10-2
10
5
lrms [KA]
190 ABB SACE - Protection and control devices

1SDC210058F0004

3.4 Specific let-through energy curves

3 General characteristics

Specific let-through
energy curves

T2 160 ’
690 V ar===
12t [10° A% 5] Lot 80A+160A | |
H—— 40A+63A ]
25A-32A TTT]
—— 20A
16
10° — 125A ]
— 108
Ir8a
‘ 6.3A
10 5A
104
= 4A.
—32A
== 25A
105 / —2A
1,6A
7/ 1A
,/
100 [
102 101 1 10 102 108
Ifl’"S [kA]
ABB SACE - Protection and control devices 191

1SDC210059F0004



3.4 Specific let-through energy curves 3.4 Specific let-through energy curves

3 General characteristics 3 General characteristics
Specific let-through Specific let-through
energy curves energy curves
T3 250 T4 250/320 )
10 7 10 7
7/
690 V / 690 V 7
/ /
12t [10° A% 5] //
2t [106 A% 5]
| |- 100-320A
1 el
R250
s a0 L1 ////< 32-50A
> ol / // | |~ 20-25A
7 |- r160 A1 T+ 10a
/ [ rizs " st
L R100
/ Lt R8O Z
/ - Res
101 /
7
7/
/
/
/ 3
S
/
8 1
10-2 = 1 10 102 103
1 10 102 108 Irms [KA]

Is [KA]

192 ABB SACE - Protection and control devices ABB SACE - Protection and control devices 193

1SDC200134F0001



3.4 Specific let-through energy curves 3.4 Specific let-through energy curves

3 General characteristics 3 General characteristics
Specific let-through Specific let-through
energy curves energy curves
T5 400/630 T6 630/800/1000
10 7 103 =
690V / 690V /
/ /
400-630A
Pt 108 A%s] / el
/ I2t [106 A2 5]
/
/ 7
7
/
! / 800A-1000A
/ 10t / L 530A
/ 7
/ )

3 1

5 y 4

: /

Q

a

101 2 /
1 10 102
Irms [KA]
10
1 10t 102 10°

Irms [KA]

194 ABB SACE - Protection and control devices ABB SACE - Protection and control devices 195



Specific let-through
energy curves

3.4 Specific let-through energy curves

3 General characteristics

T7
800/1000/1250/1600  10° 7
690 V /
2t [105 A2 5] /
10?
T7SHL -
/
10 /
VA
1
10*
10 10? 10°

196

I [KA]

ms

ABB SACE - Protection and control devices

Specific let-through
energy curves

3.4 Specific let-through energy curves

3 General characteristics

T4 250
T5 400/630 10 7
7
1000 V
/
12 [106 A% 5] /
/ L 400A-630 (T5)
| |
| 32A-50A
L 50a-2504
1
1
/
ya
101 //
7
//
102
1 10 102
Trms TKAT
ABB SACE - Protection and control devices 197



3.4 Specific let-through energy curves 3.4 Specific let-through energy curves

3 General characteristics 3 General characteristics
Specific let-through Specific let-through
energy curves energy curves
S7 . s7 10° .
230V / 400-440 V ya
7 /
12t [106 A2 5]
12t [105A%s] 102
P S7
2 S7 2
10 ~ 10 7
/ y/4
/ /'
10t // 10t //
/ /
7 /
/
' // ' //
/ /
/ /
@ ?
104 8 10+ 3
1 10t 102 108 1 10t 102 103
Irms [KA] Irms [KA]

198 ABB SACE - Protection and control devices ABB SACE - Protection and control devices 199



3.4 Specific let-through energy curves 3.4 Specific let-through energy curves

3 General characteristics 3 General characteristics

Specific let-through

Specific let-through
energy curves

energy curves
s7 X1L 10

10° 7 7
y4 y 4
690V 7 690 V~ /
Va 380/415 V~ y
12t [105 A2 5] 2t [10° A2 5] /
102 //
ya /
10” /
/
A s7 /
690
9 38‘0/41‘5
10t / / / ’,/
7 V LA
/ g
// //
10
y 4
y 4
y 4
/
/
1 : /
VA
/ /
/ B 1
g 1 10 10? 10°
10 g Irms [kA]
1 10t 102 103
Irms [KA]
201

200 ABB SACE - Protection and control devices ABB SACE - Protection and control devices



Specific let-through
energy curves

3.4 Specific let-through energy curves

3 General characteristics

E2L . .
690 V~
380/415 V~ /
//
2t [106 A2 5] /
690V
102 / 380/415 V
// A
7
/] 1/
4
A
/7
101 /
/4
1
1 101 102 10¢

202

Irms [KAT

ABB SACE - Protection and control devices

1SDC200093F0001

3.4 Specific let-through energy curves

3 General characteristics

Specific let-through
energy curves

E3L
108 7

690 V~ /
380/415 V~ yA

//

12t [106 A% 5]
690 V
/ 380/415 V

102

AN

10t

™

ABB SACE - Protection and control devices

10t

102

103
Irms [kA]

203

1SDC200095F0001



3 General characteristics

3.5 Temperature derating

Standard IEC 60947-2 states that the temperature rise limits for circuit-breakers
working at rated current must be within the limits given in the following table:

Table 1 - Temperature rise limits for terminals and accessible parts

Description of part* Temperature rise limits

K
- Terminal for external connections 80
- Manual operating metallic 25
means: non metallic 35

- Parts intended to
be touched but not metallic 40
hand-held: non metallic 50

- Parts which need
not be touched for  metallic 50
normal operation: non metallic 60

*

No value is specified for parts other than those listed but no damage should be caused
to adjacent parts of insulating materials.

These values are valid for a maximum reference ambient temperature of 40°C,
as stated in Standard IEC 60947-1, clause 6.1.1.

Whenever the ambient temperature is other than 40°C, the value of the current
which can be carried continuously by the circuit-breaker is given in the following
tables:

Circuit-breakers with thermomagnetic release

Tmax T1 and T1 1P (¥)

10°C 20°C 30°C 40°C 50°C 60 °C 70 °C
In[A] MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX
16 13 18 12 18 12 17 11 16 11 15 10 14 9 13
20 16 23 15 22 15 21 14 20 13 19 12 18 11 16
25 20 29 19 28 18 26 18 25 16 23 15 22 14 20
32 26 37 25 35 24 34 22 32 21 30 20 28 18 26
40 32 46 31 44 29 42 28 40 26 38 25 35 23 33
50 40 58 39 55 37 53 35 50 33 47 31 44 28 41
63 51 72 49 69 46 66 44 63 41 59 39 55 36 51
80 64 92 62 88 59 84 56 80 53 75 49 70 46 65
100 81 115 77 110 74 105 70 100 66 94 61 88 57 81
125 101 144 96 138 92 131 88 125 82 117 77 109 71 102
160 129 184 123 176 118 168 112 160 105 150 98 140 91 130

204

(*) For the T1 1P circuit-breaker (fitted with TMF fixed thermomagnetic release), consider
only the column corresponding to the maximum adjustment of the TMD releases.
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3 General characteristics

Tmax T2
10 °C 20°C 30°C 40 °C 50 °C 60 °C 70 °C
InN[A] MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX
1 08 11 08 1.1 07 11 07 1.0 07 09 06 09 06 08
1.6 13 18 12 18 12 17 11 16 10 15 10 14 09 13
2 16 23 15 22 15 21 14 20 13 19 12 17 11 16
25 20 29 19 28 18 26 18 25 16 23 15 22 14 20
3.2 26 37 25 35 24 34 22 32 21 30 19 28 18 26
4 32 46 31 44 29 42 28 40 26 37 24 35 23 32
5 40 57 39 55 37 53 35 50 33 47 30 43 28 40
6.3 51 72 49 6.9 46 6.6 44 63 41 59 38 55 36 51
8 64 92 62 88 59 84 56 80 52 75 49 70 45 65
10 80 115 77 110 74 105 70 100 65 93 61 87 56 81
125 101 144 96 138 92 132 88 125 82 117 76 109 7.1 101
16 13 18 12 18 12 17 11 16 10 15 10 14 9 13
20 16 23 15 22 15 21 14 20 13 19 12 17 11 16
25 20 29 19 28 18 26 18 25 16 23 15 22 14 20
32 26 37 25 35 24 34 22 32 21 30 19 28 18 26
40 32 46 31 44 29 42 28 40 26 37 24 35 23 32
50 40 57 39 55 37 53 35 50 33 47 30 43 28 40
63 51 72 49 69 46 66 44 63 41 59 38 55 36 51
80 64 92 62 88 59 84 56 80 52 75 49 70 45 65
100 80 115 77 110 74 105 70 100 65 93 61 87 56 81
125 101 144 96 138 92 132 88 125 82 117 76 109 71 101
160 129 184 123 178 118 168 112 160 105 150 97 139 90 129
Tmax T3
10 °C 20°C 30°C 40 °C 50 °C 60 °C 70 °C
InN[A] MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX
63 51 72 49 69 46 66 44 63 41 59 38 55 35 51
80 64 92 62 88 59 84 56 80 52 75 48 69 45 64
100 80 115 77 110 74 105 70 100 65 93 61 87 56 80
125 101 144 96 138 92 132 88 125 82 116 76 108 70 100
160 129 184 123 176 118 168 112 160 104 149 97 139 90 129
200 161 230 154 220 147 211 140 200 130 186 121 173 112 161
250 201 287 193 278 184 263 175 250 163 233 152 216 141 201
ABB SACE - Protection and control devices 205



3.5 Temperature derating 3.5 Temperature derating

3 General characteristics 3 General characteristics
Tmax T4 Circuit-breakers with electronic release
10 °C 20°C 30°C 40°C 50 °C 60 °C 70°C Tmax T2 160
up to 40 °C 50 °C 60 °C 70°C

IN[A] MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX Fixed o], A, A, aA] 1,
20 19 27 18 24 16 23 14 20 12 17 10 15 8 13 E 160 1 54 09 a1 088 8 08
32 26 43 24 39 22 36 19 32 16 27 14 24 11 21 EF 160 1 57 096 a1 oss o8 08
50 37 62 35 58 33 54 30 50 27 46 25 42 22 39 ES 160 1 154 0.96 141 0.88 128 0.8
80 59 98 55 92 52 86 48 80 44 74 40 66 32 58 FC Cu 160 1 154 096 141 088 128 08
100 83 118 80 113 74 106 70 100 66 95 59 85 49 75 FCCu 160 1 154 0.96 141 0.88 128 08
125 103 145 100 140 94 134 88 125 80 115 73 105 63 95 R 160 1 154 096 141 o088 128 08

130 F = Front flat terminals; EF = Front extended terminals; ES = Front extended spread terminals;

160 130 185 120 173 g 168 12 160 106 150 100 10 20 FC Cu = Front terminals for copper cables; FC CuAl = Front terminals for CuAl cables; R = Rear terminals

200 162 230 155 220 147 210 140 200 133 190 122 175 107 160

250 200 285 193 275 183 262 175 250 168 240 160 230 150 220 Tmax T2 160
up to 40 °C 50 °C 60 °C 70°C
Plug-in Imax [A] 1 Imax [A] I Imax [A] I max [A] 1,
F 144 0.9 138 0.84 126 0.8 112 0.68
EF 144 0.9 138 0.84 126 0.8 112 0.68
ES 144 0.9 138 0.84 126 0.8 112 0.68
Tmax T5 FC Cu 144 0.9 138 0.84 126 0.8 112 0.68
FC Cu 144 0.9 138 0.84 126 0.8 112 0.68
10°C 20°C 30 °C 40°C 50°C 60°C 70°C R 144 0.9 138 0.84 126 0.8 112 0.68
In [A] MIN _MAX  MIN MAX MIN__MAX MIN MAX MIN MAX MIN _MAX MIN MAX F = Front flat terminals; EF = Front extended terminals; ES = Front extended spread terminals;
320 260 368 245 350 234 335 224 320 212 305 200 285 182 263 FC Cu = Front terminals for copper cables; FC CuAl = Front terminals for CuAl cables; R = Rear terminals
400 325 465 310 442 295 420 280 400 265 380 250 355 230 325 - T4 250
500 435 620 405 580 380 540 350 500 315 450 280 400 240 345 max Up 10 40 °C 50 °C 60 °C 70°C
Fixed Imax [A] 1, Imax [A] I, Imax [A] I, Imax [A] 1,
FC 250 1 250 1 250 1 230 092
F 250 1 250 1 250 1 230 092
HR 250 1 250 1 250 1 220 088
VR 250 1 250 1 250 1 220 0.88

Plug-in - Withdrawable

FC 250 1 250 1 240 0.96 220 0.88
F 250 1 250 1 240 0.96 220 0.88
HR 250 1 250 1 230 0.92 210 0.84

Tmax T6 VR : 250 1 250 : 1 230 : 0.92 : 210 0.84
FC = Front terminals for cables; F = Front flat terminals; HR = Rear flat horizontal terminals; VR = Rear

10°C 20 °C 30°C 40°C 50 °C 60 °C 70°C flat vertical terminals.

In [A] MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX

630 520 740 493 705 462 660 441 630 405 580 380 540 350 500 Tmax T4 320

800 685 965 640 905 605 855 560 800 520 740 470 670 420 610 up to 40 °C 50°C 60°C 70°C
Fixed Imax [A] I, Imax [A] I, Imax [A] I, Imax [A] Iy
FC 320 1 307  0.96 281  0.88 256 0.80
F 320 1 307  0.96 281  0.88 256  0.80
HR 320 1 294 0.92 269 0.84 243 0.76
VR 320 1 294 0.92 269 0.84 243 0.76
Plug-in - Withdrawable
FC 320 1 294 0.92 268 0.84 242 0.76
F 320 1 307 0.96 282 0.88 256 0.80
HR 320 1 294 0.92 268 0.84 242 0.76
VR 320 1 294 0.92 268 0.84 242 0.76

FC = Front terminals for cables; F = Front flat terminals; HR = Rear flat horizontal terminals; VR = Rear
flat vertical terminals.
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Tmax T5 400

up to 40 °C 50 °C 60 °C 70°C
Fixed Imax [A] I, Imax [A] I, Imax [A] I, Imax [A] 1y
FC 400 1 400 1 400 1 368 0.92
F 400 1 400 1 400 1 368 0.92
HR 400 1 400 1 400 1 352 0.88
VR 400 1 400 1 400 1 352 0.88
Plug-in - Withdrawable
FC 400 1 400 1 382 0.96 350 0.88
F 400 1 400 1 382 0.96 350 0.88
HR 400 1 400 1 368 0.92 336 0.84
VR 400 1 400 1 368 0.92 336 0.84

FC = Front terminals for cables; F = Front flat terminals; HR = Rear flat horizontal terminals; VR = Rear
flat vertical terminals.

Tmax T5 630

up to 40 °C 50 °C 60 °C 70°C
Fixed Imax [A] I, Imax [A] I, Imax [A] I, Imax [A] Iy
FC 630 1 605 0.96 554 0.88 504 0.80
F 630 1 605 0.96 554 0.88 504 0.80
HR 630 1 580 0.92 529 0.84 479 0.76
VR 630 1 580 0.92 529 0.84 479 0.76
Plug-in - Withdrawable
F 630 1 607 0.96 552 0.88 476 0.76
HR 630 1 580 0.92 517 0.82 454 0.72
VR 630 1 580 0.92 517 0.82 454 0.72

FC = Front terminals for cables; F = Front flat terminals; HR = Rear flat horizontal terminals; VR = Rear
flat vertical terminals.

Tmax T6 630

up to 40 °C 50 °C 60 °C 70°C
Fixed Imax [A] I, Imax [A] I, Imax [A] I, Imax [A] Iy
F 630 1 630 1 630 1 598.5 0.95
FC 630 1 630 1 598.5 0.95 567 0.9
R (HR - VR) 630 1 630 1 567 0.9 504 0.8
Withdrawable
EF 630 1 630 1 598.5 0.95 567 0.9
VR 630 1 630 1 598.5 0.95 567 0.9
HR 630 1 598.5 0.95 567 0.9 504 0.8

FC = Front terminals for cables; F = Front flat terminals; HR = Rear flat horizontal terminals; VR = Rear
flat vertical terminals; R = Rear terminals; EF = Front extended.
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Tmax T6 800

up to 40 °C 50°C 60 °C 70°C
Fixed Imax [A] 1y Imax [A] I, Imax [A] I, Imax [A] |,
F 800 1 800 1 800 1 760 0.95
FC 800 1 800 1 760 0.95 720 0.9
R (HR - VR) 800 1 800 1 720 0.9 640 0.8
Withdrawable
EF 800 1 800 1 760 0.95 720 0.9
VR 800 1 800 1 760 0.95 720 0.9
HR 800 1 760 0.95 720 0.9 640 0.8

FC = Front terminals for cables; F = Front flat terminals; HR = Rear flat horizontal terminals; VR = Rear
flat vertical terminals; R = Rear terminals; EF = Front extended.

Tmax T6 1000

up to 40 °C 50°C 60°C 70°C
Fixed Imax [A] |, Imax [A] 1y Imax [A] 1y Imax [A] |,
FC 1000 1 1000 1 913 0,91 817 0,82
R (HR) 1000 1 926 0,93 845 0,85 756 0,76
R (VR) 1000 1 961 0,96 877 0,88 784 0,78

FC=Front cables terminals; R=Rear terminals;HR=Rear flat horizontal terminals;VR=Rear
flat terminals

Tmax T7 1000 (V version)

up to 40 °C 50 °C 60 °C 70°C
Fixed Imax [A] |y Imax [A] Iy Imax [A] Iy Imax [A] I,
VR 1000 1 1000 1 1000 1 894 0,89
EF-HR 1000 1 1000 1 895 0,89 784 0,78
Withdrawable
VR 1000 1 1000 1 913 0,91 816 0,82
EF-HR 1000 1 1000 1 895 0,89 784 0,78

EF= extended front;HR=Rear flat horizontal;VR=Rear flat vertical

Tmax T7 1250 (V versions)

up to 40 °C 50 °C 60 °C 70°C
Fixed Imax [A] I, Imax [A] 1y Imax [A] 1y Imax [A] |,
VR 1250 1 1201 0,96 1096 0,88 981 0,78
EF-HR 1250 1 1157 0,93 1056 0,85 945 0,76
Withdrawable
VR 1250 1 1157 0,93 1056 0,85 945 0,76
EF-HR 1250 1 1000 0,8 913 0,73 816 0,65

EF=extended front;HR=Rear flat horizontal;VR=Rear flat vertical

ABB SACE - Protection and control devices 209



3.5 Temperature derating 3.5 Temperature derating

3 General characteristics 3 General characteristics
Tmax T7 1250 (S-H-L versions) Emax X1 with horizontal rear terminals
upto40°C 50°C 60°C 70°C Temperature X1 630 X1 800 X1 1000 X1 1250 X1 1600
Fixed Imax [A] |, Imax [A] [ Imax [A] I Imax [A] | [°c) % [A] % [A] % [A] % [A] % [A]
VR 1250 1 1250 1 1250 1 mes 089 10 100 630 100 800 100 1000 100 1250 100 1600
EF-HR 1250 1 1250 1 118 0,89 980 0,78
20 100 630 100 800 100 1000 100 1250 100 1600
Withdrawable 30 100 630 100 800 100 1000 100 1250 100 1600
VR 1250 1 1250 1 141 0091 1021 0,82 40 100 630 100 800 100 1000 100 1250 100 1600
EF-HR 1250 1 1250 1 1118 089 980 078 45 100 630 100 800 100 1000 100 1250 100 1600
EF=extended front;HR=Rear flat horizontal;VR=Rear flat vertical 50 100 630 100 800 100 1000 100 1250 97 1550
) 55 100 630 100 800 100 1000 100 1250 94 1500
Tmax T7 1600 (S-H-L versions) 60 100 630 100 800 100 1000 100 1250 93 1480
up to 40 °C 50 °C 60 °C 70°C
Fixed Imax [A] |y Imax [A] Iy Imax [A] 1y Imax [A] Iy
VR 1600 1 1537 0,96 1403 0,88 1255 0,78 Emax X1 with vertical rear terminals
EF-HR 1600 1 1481 0,93 1352 0,85 1209 0,76
Temperature X1 630 X1 800 X1 1000 X1 1250 X1 1600
O 0 0 0 0 0
Withdrawable [cl % A il A % A % A il A
VR 1600 1 1281 093 1352 085 1209 076 10 100 630 100 800 100 1000 100 1250 100 1600
EF-HR 1600 1 1280 08 168 073 1045 0,65 20 100 630 100 800 100 1000 100 1250 100 1600
EF=extended front;HR=Rear flat horizontal;VR=Rear flat vertical 30 100 630 100 800 100 1000 100 1250 100 1600
40 100 630 100 800 100 1000 100 1250 100 1600
SACE Isomax S7 1600 45 100 630 100 800 100 1000 100 1250 100 1600
up to 40 °C 50 °C 60 °C 70°C
Fixed A s [A] N s [A] N (Al 1y 50 100 630 100 800 100 1000 100 1250 100 1600
Front flat bar 1600 1 1520  0.95 1440 0.9 1280 0.8 55 100 630 100 800 100 1000 100 1250 98 1570
Rear vertical flat bar 1600 1 1520 0.95 1440 0.9 1280 0.8 60 100 630 100 800 100 1000 100 1250 95 1520
Rear horizontal flat bar 1600 1 1440 0.9 1280 0.8 1120 0.7
Plug-in - Withdrawable Emax E1
Front flat bar 1600 1 1440 0.9 1280 0.8 1120 0.7 Temperature  E1 800 E1 1000 E1 1250 E1 1600
Rear vertical flat bar 1600 1 1440 0.9 1280 0.8 1120 0.7 [°C] % [A] % [A] % [A] % [A]
Rear horizontal flat bar 1600 1 1280 0.8 1120 0.7 906 0.6 10 100 800 100 1000 100 1250 100 1600
20 100 800 100 1000 100 1250 100 1600
30 100 800 100 1000 100 1250 100 1600
40 100 800 100 1000 100 1250 100 1600
45 100 800 100 1000 100 1250 98 1570
50 100 800 100 1000 100 1250 96 1530
55 100 800 100 1000 100 1250 94 1500
60 100 800 100 1000 100 1250 92 1470
65 100 800 100 1000 99 1240 89 1430
70 100 800 100 1000 98 1230 87 1400
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Emax E2

Temperature  E2 800 E2 1000 E2 1250 E2 1600 E2 2000
K¢ % [A] % [Al % [A] % A % [A]
10 100 800 100 1000 100 1250 100 1600 100 2000
20 100 800 100 1000 100 1250 100 1600 100 2000
30 100 800 100 1000 100 1250 100 1600 100 2000
40 100 800 100 1000 100 1250 100 1600 100 2000
45 100 800 100 1000 100 1250 100 1600 100 2000
50 100 800 100 1000 100 1250 100 1600 97 1945
55 100 800 100 1000 100 1250 100 1600 94 1885
60 100 800 100 1000 100 1250 98 1570 91 1825
65 100 800 100 1000 100 1250 96 1538 88 1765
70 100 800 100 1000 100 1250 94 1510 85 1705
Emax E3

Temperature E3 800 E3 1000 E3 1250 E3 1600 E32000 E32500 E3 3200
€] % Al % (Al % Al % [A]l % [A] % [A] % [Al
10 100800 100 1000 1001250 1001600 100 2000100 2500100 3200
20 100800 100 1000 1001250 100 1600 100 2000100 2500100 3200
30 100800 100 1000 1001250 100 1600 100 2000100 2500100 3200
40 100800 100 1000 1001250 100 1600 100 2000100 2500100 3200
45 100800 100 1000 1001250 100 1600 100 2000100 2500100 3200
50 100800 100 1000 1001250 100 1600 100 2000100 2500 97 3090
55 100800 100 1000 1001250 100 1600 100 2000100 2500 93 2975
60 100800 100 1000 1001250 100 1600 100 2000100 2500 89 2860
65 100800 100 1000 1001250 100 1600 100 2000 97 2425 86 2745
70 100800 100 1000 1001250 100 1600 100 2000 94 2350 82 2630
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Emax E4

Temperature  E4 3200 E4 4000

[°C] % (Al % (Al

10 100 3200 100 4000

20 100 3200 100 4000

30 100 3200 100 4000

40 100 3200 100 4000

45 100 3200 100 4000

50 100 3200 98 3900

55 100 3200 95 3790

60 100 3200 92 3680

65 98 3120 89 3570

70 95 3040 87 3460

Emax E6

Temperature E6 3200 E6 4000 E6 5000 E6 6300
[C] % (Al % (Al % Al % (Al
10 100 3200 100 4000 100 5000 100 6300
20 100 3200 100 4000 100 5000 100 6300
30 100 3200 100 4000 100 5000 100 6300
40 100 3200 100 4000 100 5000 100 6300
45 100 3200 100 4000 100 5000 100 6300
50 100 3200 100 4000 100 5000 100 6300
55 100 3200 100 4000 100 5000 98 6190
60 100 3200 100 4000 98 4910 96 6070
65 100 3200 100 4000 96 4815 94 5850
70 100 3200 100 4000 94 4720 92 5600

ABB SACE - Protection and control devices
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3 General characteristics

The following table lists examples of the continuous current carrying capacity
for circuit-breakers installed in a switchboard with the dimensions indicated
below. These values refer to withdrawable switchgear installed in non segregated
switchboards with a protection rating up to IP31, and following dimensions:
2000x400x400 (HxLxD) for X1, 2300x800x900 (HxLxD) for X1 - E1 - E2 - E3;
2300x1400x1500 (HxLxD) for E4 - E6.

The values refer to a maximum temperature at the terminals of 120 °C.

For withdrawable circuit-breakers with a rated current of 6300 A, the use of
vertical rear terminals is recommended.

For switchboards with the following dimensions (mm): 2000x400x400

Vertical terminals Horizontal and front terminals

Type lu Continuous capacity Busbars section Continuous capacity Busbars section
[Al [A] [mm?] [A] [mm?]
35°C 45°C 55°C 35°C 45°C 55°C
X1B/N/L 06 630 630 630 630 2x(40x5) 630 630 630 2x(40x5)
X1B/N/L 08 800 800 800 800 2x(50x5) 800 800 800 2x(50x5)
X1B/N/ 10 1000 1000 1000 1000 2x(50x8) 1000 1000 1000 2x(50x10)
X1L 10 1000 1000 1000 960 2x(50x8) 1000 950 890 2x(50x10)
X1B/N/ 12 1250 1250 1250 1250 2x(50x8) 1250 1250 1200 2x(50x10)
X1L12 1250 1250 1205 1105 2x(50x8) 1250 1125 955 2x(50x10)
X1BIN 16 1600 1520 1440 1340 2x(50x10) 1400 1330 1250 3x(50x8)
For switchboards with the following dimensions (mm): 2300x800x900
Vertical terminals Horizontal and front terminals
Type lu Continuous capacity Busbars section Continuous capacity Busbars section
[A] [A] [mm?] [A] [mm?]
35°C 45°C 55°C 35°C 45°C 55°C
X1B/N/L 06 630 630 630 630 2X(40x5) 630 630 630 2x(40x5)
X1B/N/L 08 800 800 800 800 2x(50x5) 800 800 800 2x(50x5)
X1B/N/L 10 1000 1000 1000 1000 2x(50x8) 1000 1000 1000 2x(50x10)
X1L 10 1000 1000 1000 1000 2x(50x8) 1000 960 900 2x(50x10)
X1B/N/L 12 1250 1250 1250 1250 2x(50x8) 1250 1250 1200 2x(50x10)
X1L12 1250 1250 1250 1110 2x(50x8) 1250 1150 960 2x(50x10)
X1B/N 16 1600 1600 1500 1400 2x(50x10) 1460 1400 1300 3x(50x8)
ABB SACE - Protection and control devices
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Vertical terminals Horizontal and front terminals

Type lu Continuous capacity Busbars section Continuous capacity Busbars section
(Al [A] [mm?] [A] [mm?]
35°C 45°C 55°C 35°C 45°C 55°C
E1B/N 08 800 800 800 800 1x(60x10) 800 800 800 1x(60x10)
E1B/N 10 1000 1000 1000 1000 1x(80x10) 1000 1000 1000 2x(60x8)
E1B/N 12 1250 1250 1250 1250 1x(80x10) 1250 1250 1200 2x(60x8)
E1B/N 16 1600 1600 1600 1500 2x(60x10) 1550 1450 1350 2x(60x10)
E2S 08 800 800 800 800 1x(60x10) 800 800 800 1x(60x10)
E2N/S 10 1000 1000 1000 1000 1x(60x10) 1000 1000 1000 1x(60x10)
E2N/S 12 1250 1250 1250 1250 1x(60x10) 1250 1250 1250 1x(60x10)
E2B/N/S 16 1600 1600 1600 1600 2x(60x10) 1600 1600 1530 2x(60x10)
E2B/N/S 20 2000 2000 2000 1800 3x(60x10) 2000 2000 1750 3x(60x10)
E2L 12 1250 1250 1250 1250 1x(60x10) 1250 1250 1250 1x(60x10)
E2L 16 1600 1600 1600 1500 2x(60x10) 1600 1500 1400 2x(60x10)
E3H/V 08 800 800 800 800 1x(60x10) 800 800 800 1x(60x10)
E3S/H 10 1000 1000 1000 1000 1x(60x10) 1000 1000 1000 1x(60x10)
E3S/HIV 12 1250 1250 1250 1250 1x(60x10) 1250 1250 1250 1x(60x10)
E3S/H/IV 16 1600 1600 1600 1600 1x(100x10) 1600 1600 1600 1x(100x10)
E3S/H/V 20 2000 2000 2000 2000 2x(100x10) 2000 2000 2000 2x(100x10)
E3N/S/HIV 25 2500 2500 2500 2500 2x(100x10) 2500 2450 2400 2x(100x10)
E3N/S/HIV 32 3200 3200 3100 2800 3x(100x10) 3000 2880 2650 3x(100x10)
E3L 20 2000 2000 2000 2000 2x(100x10) 2000 2000 1970 2x(100x10)
E3L 25 2500 2500 2390 2250 2x(100x10) 2375 2270 2100 2x(100x10)
E4H/V 32 3200 3200 3200 3200 3x(100x10) 3200 3150 3000 3x(100x10)
E4S/H/V 40 4000 4000 3980 3500 4x(100x10) 3600 3510 3150 6x(60x10)
E6V 32 3200 3200 3200 3200 3x(100x10) 3200 3200 3200 3x(100x10)
E6H/V 40 4000 4000 4000 4000 4x(100x10) 4000 4000 4000 4x(100x10)
E6H/V 50 5000 5000 4850 4600 6x(100x10) 4850 4510 4250 6x(100x10)
E6H/V 63 6300 6000 5700 5250 7x(100x10) - - - -

Note: the reference temperature is the ambient temperature

Examples:

Selection of a moulded-case circuit-breaker, with thermomagnetic release, for
aload current of 180 A, at an ambient temperature of 60°C.

From the table referring to Tmax circuit-breakers (page 205), it can be seen that
the most suitable breaker is the T3 In 250, which can be set from 152 A to 216 A.

Selection of a moulded-case circuit-breaker, with electronic release, in
withdrawable version with rear flat horizontal bar terminals, for a load current
equal to 720 A, with an ambient temperature of 50 °C.

From the table referring to Tmax circuit-breakers (page 209), it can be seen that
the most suitable breaker is the T6 800, which can be set from 320 A to 760 A.

Selection of an air circuit-breaker, with electronic release, in withdrawable version
with vertical terminals, for a load current of 2700 A, with a temperature outside
of the IP31 switchboard of 55 °C.

From the tables referring to the current carrying capacity inside the switchboard
for Emax circuit-breakers (see above), it can be seen that the most suitable
breaker is the E3 3200, with busbar section 3x(100x10)mmz2, which can be set
from 1280 A to 2800 A.
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The following tables show the maximum settings for L protection (against
overload) for electronic releases, according to temperature, version and

216

terminals.
Fixed Plug-in
Tmax T2
In = 160A PR221
All terminals
40 1 0.9
45 0.98 0.88
50 0.96 0.84
55 0.92 0.8
60 0.88 0.76
65 0.84 0.72
70 0.8 0.68
Tmax T4 Fixed Plug-in - Withdrawable
In = 250A PR221 PR222/PR223 PR221 PR222/PR223
FC-F | HR-VR | FC-F |HR-VR | FC-F | HR-VR | FC-F | HR-VR
<40
45
50 1 1 1 1 1 1 1 1
55
60 0.96 0.92 0.96 0.92
65 0.96 0.92 0.96 0.94 0.92 0.88 0.92 0.88
70 0.92 0.88 0.92 0.88 0.88 0.84 0.88 0.84
Tmax T4 Fixed Plug-in - Withdrawable
In = 320A PR221 PR222/PR223 PR221 PR222/PR223
FC-F |HR-VR [ FC-F | HR-WR F FC-HR-VR| F FC-HR-VR
=40 1 1 1 1 1 1 1 E
45 0.96 0.96
50 0.96 0.92 0.96 0.92 0.96 0.92 0.96 0.92
55 0.92 0.88 0.92 0.88 0.92 0.88 0.92 0.88
60 0.88 0.84 0.88 0.84 0.88 0.84 0.88 0.84
65 0.84 0.8 0.84 0.8 0.84 0.80 0.84 0.80
70 0.8 0.76 0.8 0.76 0.8 0.76 0.8 0.76

FC = Front terminals for cables; F = Front flat terminals; HR = Rear flat horizontal
terminals; VR = Rear flat vertical terminals.
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Fixed Plug-in - Withdrawable
Tmax T5
I = 400A PR221 PR222/PR223 PR221 PR222/PR223
FC-F HR - VR FC-F | HR-VR FC-F | HR-VR FC-F | HR-VR
<40
45 1 1 1 1
50 1 1 1 1
55 0.96 0.96 0.98 0.96
60 0.92 0.96 0.92
65 0.96 0.92 0.96 0.94 0.92 0.88 0.92 0.88
70 0.92 0.88 0.92 0.88 0.88 0.84 0.88 0.84
Tmax T5 Fixed Plug-in - Withdrawable
I = 630A PR221 PR222/PR223 PR221 PR222/PR223
FC-F HR - VR FC-F | HR-VR F HR-VR F HR-VR
<40 1 1 1 1 1 1 1 1
45
50 0.96 0.92 0.96 0.92 0.96 0.92 0.96 0.92
55 0.92 0.88 0.92 0.88 0.92 0.84 0.92 0.86
60 0.88 0.84 0.88 0.84 0.88 0.8 0.88 0.82
65 0.84 0.8 0.84 0.8 0.8 0.76 0.8 0.76
70 0.8 0.76 0.8 0.76 0.76 0.72 0.76 0.72
FC = Front terminals for cables; F = Front flat terminals; HR = Rear flat horizontal
terminals; VR = Rear flat vertical terminals.
Tmax T6 Fixed Withdrawable
In = 630A PR221 PR222/PR223 PR221 PR222/PR223
F FC R F FC R EF-VR HR EF-VR HR
<40 1 1
45 1 1 1 1 1 0.96 1 0.96
50 1 1 0.92 0.94
55 0.96 0.92 0.96 0.94 0.96 0.92 0.96 0.92
60 0.92 0.88 0.94 0.9 0.92 0.88 0.94 0.9
65 0.96 0.92 0.84 0.96 0.92 0.84 0.92 0.84 0.92 0.84
70 0.92 0.88 0.8 0.94 0.9 0.8 0.88 0.8 0.9 0.8

F = Front flat terminals; HR = Rear flat horizontal terminals; VR = Rear flat vertical terminals; FC = Front
terminals for cables; R(HR) = Rear terminals oriented in horizontal; R(VR) = Rear terminals oriented in
vertical; ES = Spreaded extended front terminals; R = Rear terminals; EF = Front extended.
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Tmax T6 Fixed Withdrawable
In = 800A PR221 PR222/PR223 PR221 PR222/PR223
F FC R F FC R EF-VR HR EF-VR HR
<40 1 1
45 1 1 1 1 1 0.96 1 0.96
50 1 1 0.92 0.94
55 0.96 0.92 0.96 0.94 0.96 0.92 0.96 0.92
60 0.92 0.88 0.94 0.9 0.92 0.88 0.94 0.9
65 0.96 0.92 0.84 0.96 0.92 0.84 0.92 0.84 0.92 0.84
70 0.92 0.88 0.8 0.94 0.9 0.8 0.88 0.8 0.9 0.8
Tmax T6 Fixed
In = 1000A PR221 PR222/PR223
FC R(HR) | R(VR) ES FC R(HR) | R(VR) ES
<40 1 1 1 1 1 1
45 1 0.96 0.92 1 0.96 1 0.94
50 0.92 0.96 0.88 0.92 0.96 0.9
55 0.92 0.88 0.88 0.84 0.92 0.88 0.9 0.84
60 0.84 0.8 0.84 0.88 0.82
65 0.84 0.76 0.8 0.76 0.84 0.78 0.82 0.76
70 0.8 0.76 0.76 0.72 0.8 0.76 0.78 0.72
Tmax T7 V Fixed Withdrawable
In=1000 PR231/PR232 PR331 PR332 PR231/PR232| PR331 PR332
VR EF-HR| VR |EF-HR| VR |EF-HR| VR |EF-HR| VR |EF-HR| VR |EF-HR
<40
45 1 1 1 1 1 1 1 1 1
50 1 1 1
55 0.92 0.925 0.94 | 092 | 0.92 |0.95] 0.925 |0.95| 0.94
60 0.88 0.875 0.89 | 0.88 | 0.88 | 0.9 | 0.875| 0.9 | 0.89
65 0.92] 0.8 |095|0.825|095| 0.83 |0.84| 0.8 |0.85|0.825]0.86| 0.83
70 0.88| 0.76 |0.875|0.775]0.89| 0.78 | 0.8 | 0.76 | 0.8 | 0.775]0.81| 0.78
Tmax T7 S, H, L Fixed Withdrawable
In=1250 PR231/PR232 PR331 PR332 PR231/PR232| PR331 PR332
VR EF-HR| VR |EF-HR| VR |EF-HR| VR |EF-HR| VR |EF-HR| VR |EF-HR
<40
45 1 1 1 1 1 1 1 1 1
50 1 1 1
55 0.92 0.925 0.94 | 092 | 092 |0.95]| 0.925 |0.95| 0.94
60 0.88 0.875 0.89 | 0.88 | 0.88 | 0.9 | 0.875]0.91| 0.89
65 0.92| 0.84 ]0.925]0.825]|0.94| 0.84 | 0.84 | 0.84 |0.85] 0.825 | 0.86 | 0.84
70 0.88 ] 0.76 |0.875]0.775]0.89] 0.78 | 0.8 | 0.76 | 0.8 | 0.775]0.81 | 0.78
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Tmax T7V Fixed Withdrawable
In=1250 PR231/PR232 PR331 PR332 PR231/PR232| PR331 PR332
VR EF-HR| VR |EF-HR| VR |EF-HR| VR |EF-HR| VR |EF-HR| VR |EF-HR
<40 1 1 1 1 1 1 1 1 1 1 1 1
45 0.96 0.95 0.96 | 0.96 | 0.88 |0.95| 09 |0.96| 0.9
50 0.96| 0.92 |0.95|0.925|0.96| 092 | 0.92| 0.8 [0.925] 0.8 |0.92| 0.8
55 0.88] 0.88 | 0.9 |0.875]0.91| 0.88 | 0.88 | 0.76 |0.875] 0.75 | 0.88| 0.76
60 0.84]| 0.84 |0.85]0.825]0.87| 0.84 | 0.84 | 0.72 |0.825] 0.725 | 0.84 | 0.73
65 0.8 | 076 | 0.8 |0.775]0.82] 0.79 | 0.76 | 0.68 |0.775] 0.675 | 0.79 | 0.69
70 0.76 ] 0.72 ]0.775] 0.75 ]0.78]| 0.75 | 0.72 | 0.64 |0.75] 0.65 | 0.75] 0.65
Tmax T7 S, H, L Fixed Withdrawable
In=1600 PR231/PR232 PR331 PR332 PR231/PR232| PR331 PR332
VR EF-HR| VR |EF-HR| VR |EF-HR| VR | EF-HR| VR |EF-HR| VR |EF-HR
<40 1 1 1 1 1 1 1 1 1 1 1 1
45 0.96 0.95 0.96 | 0.96 | 0.88 |0.95| 09 |0.96| 0.9
50 0.96| 0.92 ]0.95]0.925]0.96| 0.92 | 0.92 | 0.8 |0.925] 0.8 |0.92| 0.8
55 0.88] 0.88 | 0.9 J0.875]0.91| 0.88 | 0.88 | 0.76 |0.875] 0.75 | 0.88| 0.76
60 0.84| 0.84 |0.875]0.825]0.87| 0.84 | 0.84 | 0.72 |0.825] 0.725 | 0.84 | 0.73
65 0.8 | 0.76 ]0.825]0.775]0.83] 0.79 | 0.8 | 0.68 | 0.8 | 0.675| 0.8 | 0.67
70 0.76] 0.72 ]0.775] 0.75 ]0.78] 0.75 ] 0.72 ] 0.64 |0.75] 0.65 ]0.75] 0.65

F = Front flat terminals; HR = Rear flat horizontal terminals; VR = Rear flat vertical terminals; FC = Front
terminals for cables; R(HR) = Rear terminals oriented in horizontal; R(VR) = Rear terminals oriented in
vertical; ES = Spreaded extended front terminals; R = Rear terminals; EF = Front extended.

Front flat bar Front flat bar Rear horizontal Rear horizontal
Isomax S7 |Rear vertical flat bar | Rear vertical flat bar| Front for cables flat bar flat bar
In < 1250A PR211 PR212 PR211 | PR212 PR211 PR212
F W F W F F F W F W
<40
45 1 1 1 1 1 1
50 1 1 1 1
55 0.95 0.975 0.95 0.975 0.95 0.95
60 0.95 0.95 0.9 0.9
65 0.95 09 0.975 | 0.975 0.9 0.925 0.95 08 0.95 0.85
70 0.95 0.9 0.9 0.9 0.9 0.8
Front flat bar Front flat bar Rear horizontal Rear horizontal
Isomax S7 Rear vertical flat bar Rear vertical flat bar flat bar flat bar
In = 1600A PR211 PR212 PR211 PR212
F W F W F W F W
<40 1 1 1 1 1 1 1 1
45 0.95 0.95 0.975 0.95 0.95 0.9 0.95 0.9
50 0.9 0.95 0.9 0.9 0.8 0.9 0.8
55 09 08 0.925 0.85 08 07 0.85 0.75
60 0.9 0.8 0,8 0.7
65 0.95 0.7 0.85 0.75 0.7 0.6 0.75 0.65
70 0.8 0.7 0.7 0.6
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Emax X1 630A Emax X1 800 A
PR331 PR332/PR333 PR331 PR332/PR333
<40 <40
45 45
50 1 1 50 1 1
55 55
60 60
Emax X1 1000 A Emax X1 1250 A
PR331 PR332/PR333 PR331 PR332/PR333
<40 <40
45 45
50 1 1 50 1 1
55 55
60 60
Emax X1* 1600 A Emax X1** 1600 A
PR331 PR332/PR333 PR331 PR332/PR333
<40 1 1 <40
45 45 1 1
50 0.95 0.96 50
55 0.925 0.93 55 0.975 0.98
60 0.925 0.92 60 0.95 0.95

* with horizontal rear termainals
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** with vertical rear termainals
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Emax E1 800 A Emax E1 1000 A
PR121 PR122/PR123 PR121 PR122/PR123
<40 <40
45 45
50 50
55 1 1 55 1 1
60 60
65 65
70 70
Emax E1 1250 A Emax E1 1600 A
PR121 PR122/PR123 PR121 PR122/PR123
<40 <40 1 1
45 45 0.975 0.98
50 1 1 50 0.95 0.95
55 55 0.925 0.93
60 60 0.9 0.91
65 0.975 0.99 65 0.875 0.89
70 0.98 70 0.85 0.87
Emax E2 800/1000/1250 A Ernax E2 1600 A
PR121 PR122/PR123 PR121 PR122/PR123
<40 <40
45 45 1 1
50 50
55 1 1 55
60 60 0.975 0.98
65 65 0.95 0.96
70 70 0.925 0.94
Ernax E2 2000 A Ernax E3 800/1000/1250/1600/2000 A
PR121 PR122/PR123 PR121 PR122/PR123
<40 1 1 <40
45 45
50 0.95 0.97 50
55 0.925 0.94 55 1 1
60 0.9 0.91 60
65 0.875 0.88 65
70 0.85 0.85 70
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Emax E3 2500 A Emax E3 3200 A
PR121 PR122/PR123 PR121 PR122/PR123
<40 <40 1 1
45 45
50 1 1 50 0.95 0.96
55 55 0.9 0.92
60 60 0.875 0.89
65 0.95 0.97 65 0.85 0.85
70 0.925 0.94 70 0.8 0.82
Emax E4 3200 A Emax E4 4000 A
PR121 PR122/PR123 PR121 PR122/PR123
<40 <40 1 1
45 45
50 1 1 50 0.975 0.97
55 55 0.925 0.94
60 60 0.9 0.92
65 0.975 0.97 65 0.875 0.89
70 0.95 0.95 70 0.85 0.86
Emax E6 3200/4000 A Emax E6 5000 A
PR121 PR122/PR123 PR121 PR122/PR123
<40 <40
45 45 1 1
50 50
55 1 1 55
60 60 0.975 0.98
65 65 0.95 0.96
70 70 0.925 0.94
Emax E6 6300 A
PR121 PR122/PR123
<40
45 1 1
50
55 0.975 0.98
60 0.95 0.96
65 0.9 0.92
70 0.875 0.88
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For switchiboards with the following dimensions (mm):2000x400x400 (HXLxD)

Vertical terminals
35°C 45°C 55°C
PR331 PR332/PR333 PR331 PR332/PR333 PR331 PR332/PR333
X1B/N/L 06
X1B/N/L 08 1 1
X1B/N 10 1 1
X1L 10 1 1 0.95 0.96
X1B/N 12 1 1
X1L 12 0.95 0.96 0.875 0.88
X1B/N 16 0.9 0.9 0.825 0.83
Horizontal and front terminals
35°C 45°C 55°C
PR331 PR332/PR333 PR331 PR332/PR333 PR331 PR332/PR333
X1B/N/L 06
X1B/N/L 08 1 1 1 1
X1B/N 10
X1L 10 1 1 0.95 0.95 0.875 0.89
X1B/N 12 1 1 0.95 0.96
X1L 12 0.9 0.9 0.75 0.76
X1B/N 16 0.875 0.87 0.825 0.83 0.775 0.78
For switchiboards with the following dimensions (mm):2300x900x800 (HXLxD)
Vertical terminals
35°C 45°C 55°C
PR331 PR332/PR333 PR331 PR332/PR333 PR331 PR332/PR333
X1B/N/L 06
X1B/N/L 08
X1B/N 10 1 1
X1L 10 1 1 1 1
X1B/N 12
X1L 12 0.875 0.88
X1B/N 16 0.925 0.93 0.875 0.87
Horizontal and front terminals
35°C 45°C 55°C
PR331 PR332/PR333 PR331 PR332/PR333 PR331 PR332/PR333
X1B/N/L 06
X1B/N/L 08 1 1 1 1
X1B/N 10
X1L 10 1 1 0.95 0.96 0.9 0.9
X1B/N 12 1 1 0.95 0.96
X1L 12 0.9 0.92 0.75 0.76
X1B/N 16 0.9 0.91 0.875 0.87 0.8 0.81
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Vertical Terminals 3.6 Altitude derating
35°C 45 °C 55 °C

PR121 PR122/PR123 PR121 PR122/PR123 PR121 PR122/PR123 For installations carried out at altitudes of more than 2000 m above sea level,
E1B/N 08 1 1 1 1 1 1 the performance of low voltage circuit-breakers is subject to a decline.
E1B/N 10 1 1 1 1 1 1 Basically there are two main phenomena:
E1B/N 12 1 1 1 1 ! L - the reduction of air density causes a lower efficiency in heat transfer. The
E1B/N 16 1 1 1 1 0.925 0.93 . " - L
£35 08 I I I I I T allowable heating conditions for the various parts of the circuit-breaker can
EON/S 10 1 1 1 1 1 1 only be followed if the value of the rated uninterrupted current is decreased;
E2N/S 12 1 1 1 1 1 1 « the rarefaction of the air causes a decrease in dielectric rigidity, so the usual
E2B/N/S16 1 1 1 1 1 1 isolation distances become insufficient. This leads to a decrease in the
E2B/N/S520 1 1 1 1 0.9 0.9 maximum rated voltage at which the device can be used.
E2L 12 1 1 1 1 1 1
z;;/eos 1 1 1 1 0‘325 O‘f 3 The correction factors for the different types of circuit-breakers, both moulded- case
E3S/V 10 T T T T T T and air circuit-breakers, are given in the following table:
E3S/H/V 12 1 1 1 1 1 1
E3S/HIV 16 1 1 1 1 1 1
E3S/H/V20 1 1 1 1 1 1
E3N/S/H/ V25 1 1 1 1 1 1
E3N/S/H/ V32 1 1 0.95 0.96 0.875 0.87
E3L 20 1 1 1 1 1 1
E3L 25 1 1 0.95 0.95 0.9 0.9 Rated operational voltage Ue [V]
E4H/V32 1 1 1 1 1 1 Altitude 2000[m] 3000[m] 4000[m] 5000[m]
E4S/H/V40 1 1 0.975 0.99 0.875 0.87 Tmax* 690 600 500 440
E6v 32 1 1 1 1 1 1 Isomax 690 600 500 440
EGH/ v 40 L L L L 1 L Emax 690 600 500 440
E6H/ V 50 1 1 0.95 0.97 0.9 0.92
EGH/V 63 0.95 0.95 0.9 0.9 0.825 0.83 )

Rated uninterrupted current lu [A]
Horizontal and front Terminals Altitude 2000[m] 3000[m] 4000[m] 5000[m]
35°C 45 °C 55 °C Tmax 100% 98% 93% 90%

PR121 PR122/PR123 PR121 PR122/PR123 PR121 PR122/PR123 Isomax 100% 95% 90% 85%
E1B/N 08 1 1 1 1 1 1 Emax 100% 98% 93% 90%
E1B/N 10 1 1 1 1 1 1 - -
E1B/IN 12 1 1 1 1 0.95 0.96 Excluding Tmax T1P
E1B/N 16 0.95 0.96 0.9 0.9 0.825 0.84
E2S 08 1 1 1 1 1 1
E2N/S 10 1 1 1 1 1
E2N/S 12 1 1 1 1 1 1
E2B/N/S16 1 1 1 1 0.95 0.95
E2B/N/S20 1 1 1 1 0.875 0.87
E2L 12 1 1 1 1 1 1
E2L 16 1 1 0.925 0.93 0.875 0.87
E3H/ V 08 1 1 1 1 1 1
E3S/H 10 1 1 1 1 1 1
E3S/H/V 12 1 1 1 1 1 1
E3S/H/ V16 1 1 1 1 1 1
E3S/H/ V20 1 1 1 1 1 1
E3N/S/H/ V25 1 1 0.975 0.98 0.95 0.96
E3N/S/H/ V32 0.925 0.93 0.9 0.9 0.825 0.82
E3L 20 1 1 1 1 0.975 0.98
E3L 25 0.95 0.95 0.9 0.9 0.825 0.84
E4H/ V32 1 1 0.975 0.98 0.925 0.93
E4S/H/ V40 0.9 0.9 0.875 0.87 0.775 0.78
E6V 32 1 1 1 1 1 1
E6H/ V 40 1 1 1 1 1 1
E6H/ V 50 0.95 0.97 0.9 0.9 0.85 0.85
E6H/ V 63 - - - - - -
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The characteristics of the utilization categories are detailed in Table 1 below.
The most demanding category in alternating current is AC23A, for which the
device must be capable of connecting a current equal to 10 times the rated
current of the device, and of disconnecting a current equal to 8 times the rated
current of the device.

3.7 Electrical characteristics of switch disconnectors

A switch disconnector as defined by the standard IEC 60947-3 is a mechanical
switching device which, when in the open position, carries out a disconnecting
function and ensures an isolating distance (distance between contacts) sufficient
to guarantee safety. This safety of disconnection must be guaranteed and verified
by the positive operation: the operating lever must always indicate the actual
position of the mobile contacts of the device.

The mechanical switching device must be able to make, carry and break currents
in normal circuit conditions, including any overload currents in normal service,
and to carry, for a specified duration, currents in abnormal circuit conditions,
such as, for example, short-circuit conditions.

From the point of view of construction, the switch disconnector is a very simple
device. Itis not fitted with devices for overcurrent detection and the consequent
automatic interruption of the current. Therefore the switch disconnector cannot
be used for automatic protection against overcurrent which may occur in the
case of failure, protection must be provided by a coordinated circuit-breaker.
The combination of the two devices allows the use of switch disconnectors in
systems in which the short-circuit current value is greater than the electrical
parameters which define the performance of the disconnector (back-up
protection see Chapter 4.4. This is valid only for Isomax and Tmax switch-
disconnectors. For the Emax/MS air disconnectors, it must be verified that the
values for lcw and Icm are higher to the values for short-circuit in the plant and
correspondent peak, respectively.

Switch disconnectors are often used as:

« main sub-switchboard devices;

« switching and disconnecting devices for lines, busbars or load units;
* bus-tie.

The switch disconnector shall ensure that the whole plant or part of it is not live,
safely disconnecting from any electrical supply. The use of such a switch
disconnector allows, for example, personnel to carry out work on the plant
without risks of electrical nature.

Even if the use of a single pole devices side by side is not forbidden, the standards
recommend the use of multi-pole devices so as to guarantee the simultaneous
isolation of all poles in the circuit.

The specific rated characteristics of switch disconnectors are defined by the Tablel: Utilization categories

standard IEC 60947-3, as detailed below: Utilization categories

* lcw [KA]: rated short-time withstand current: Nature Utilization category Typical applications
is the current that a switch is capable of carrying, without damage, in the of current Frequent [Non-frequent
closed position for a specific duration operation operation

* lcm [KA]: rated short-circuit making capacity: AC-20A AC-20B Connecting and disconnecting under no-load conditions
is the maximum peak value of a short-circuit current which the switch
disconnector can close without damages. When this value is not given by the AC-21A AC-21B Switching of resistive loads including moderate overloads
manufacturer it must be taken to be at least equal to the peak current Alternating
corresponding to lcw. It is not possible to define a breaking capacity Icu [kA] Current AC-22A AC-22B Switching of mixed resistive and inductive loads, including
since switch disconnectors are not required to break short-circuit currents moderate overload

- utilization categories with alternating current AC and with direct AC-23A AC-23B Switching of motor loads or other highly inductive loads
current DC:
define the kind of the conditions of using which are represented by two letters DC-20A DC-20B Connecting and disconnecting under no-load conditions
to indicate the type of circuit in which the device may be installed (AC for
alternating currgnt and DC for direct current), with ‘Z’T two digit number for t.he Direct DC-21A DC-21B Switching of resistive loads including moderate overloads
type of load which must be operated, and an additional letter (A or B) which Current
\r/?/PLesefmS the freq#enc_?l/ in ,the using. ) h d dard defi h DC-22A DC-22B Switching of mixed resistive and inductive loads, including

ith reference to the utilization categories, the product standard defines the moderate overload (e.g. shunt motors)
current values which the switch disconnector must be able to break and - B i
. DC-23A DC-23B Switching of highly inductive loads

make under abnormal conditions.
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3.7 Electrical characteristics of switch disconnectors

3 General characteristics

Tables 2, 3 and 4 detail the main characteristics of the disconnectors.

Table 2: Tmax switch disconnectors

3.7 Electrical characteristics of switch disconnectors

3 General characteristics

Tmax T1D Tmax T3D Tmax T4D Tmax T5D Tmax T6D Tmax T7D
Conventional thermal current, Ith Al 160 250 250/320 400/630 630/800/1000 1000/1250/1600
Rated service current in category AC22, le [A] 160 250 250/320 400/630 630/800/1000 1000/1250/1600
Rated service current in category AC23, le Al 125 200 250 400 630/800/800 1000/1250/1250
Poles INr] 3/4 3/4 3/4 3/4 3/4 3/4
Rated service voltage, Ue (AC) 50-60 Hz v 690 690 690 690 690 690
(DC) i 500 500 750 750 750 750
Rated impulse withstand voltage, Uimp kv] 8 8 8 8 8 8
Rated insulation voltage, Ui V] 800 800 800 800 1000 1000
Test voltage at industrial frequency for 1 minute v 3000 3000 3000 3000 3500 3000
Rated short-circuit making capacity, lcm (min) switch-disconnector only [kA] 2.8 53 5.3 11 30 52.5
(max) with circuit-breaker on supply side  [kA] 187 105 440 440 440 440
Rated short-time withstand current for 1s, lcw [kA] 2 3.6 3.6 6 15 20
Reference Standard IEC 60947-3 IEC 60947-3 IEC 60947-3 |IEC 60947-3 IEC 60947-3 IEC 60947-3
Versions E F-P F-P-W F-P-W F-w F-w
Terminals FC Cu - EF - F-FC CuAl-FC Cu- F-FC CuAl-FC Cu-EF- F-FC CuAl-FC Cu-EF- F-FC CuAl-EF- F-EF-ES-FC CuAl
FC CuAl EF-ES-R ES-R-MC-HR-VR ES-R-HR-VR ES-R-RC HR/VR
Mechanical life [No. operations] 25000 25000 20000 20000 20000 10000
[No. Hourly operations] 120 120 120 120 120 60
Basic dimensions, fixed 3 poles W [mm] 76 105 105 140 210 210
4 poles W [mm| 102 140 140 184 280 280
D [mm] 70 70 103.5 103.5 268 154(manual)/178(motorizable)
H [mm] 130 150 205 205 103.5 268
Weight fixed 3/4 poles kal 0.9/1.2 15/2 2.35/3.05 3.25/4.15 9.5/12 9.7/12 5(manualy/11/14(motorizable)
plug-in 3/4 poles [kal - 2.13.7 3.6/4.65 5.15/6.65 - -
withdrawable 3/4 poles [ka] - - 3.85/4.9 5.4/6.9 12.1/15.1 29.7/39.6(manual)/32/42.6(motorizable)
KEY TO VERSIONS ~ KEY TO TERMINALS FC CuAl = Front for copper or aluminium cables VR = Rear vertical flat bar
F = Fixed F = Front R = Rear threaded
P = Plug-in EF = Extended front RC = Rear for copper or aluminium cables
W = Withdrawable ES = Extended spreaded front HR = Rear horizontal flat bar
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Table 3: SACE Isomax switch disconnectors sS7D
Conventional thermal current at 40 °C, Ith [A] 1000 / 1250 / 1600
Number of poles Nr. 3/4
Rated operational voltage, Ue (ac) 50-60Hz [V~] 690
(dc) V-] 750
Rated current, le [A] 1000-1250-1600
Rated impulse withstand voltage, Uimp [kV] 8
Rated insulation voltage, Ui V] 800
Test voltage at industrial frequency for 1 min. V] 3000
Rated short-circuit making capacity (415 V~), lcm [KA] 52,5
Rated short-time withstand current for 1 s, lcw [KA] 25
Isolation behaviour u
IEC 60947-3 L
Versions F-W
Terminals fixed F - EF - FC CuAl (1250A)
HR - VR
plug-in -
withdrawable F-HR-VR
Mechanical life  [No. of operations / operation per hour] 10000/120
Basic dimensions, fixed L (3/4 poles) [mm] 210/280
D [mm] 138,5
H [mm] 406
Weight, fixed 3/4 poles [kg] 17/22
Table 4: Emax switch disconnectors
X1B/MS E1B/MS EIN/MS E2B/MS E2N/MS E2S/MS E3N/MS E3S/MS E3V/MS E4S/MS EA4H/fMS E4H/MS E6H/MS E6H/f MS
Rated uninterrupted current [A] 1000 800 800 1600 1000 1000 2500 1000 800 4000 3200 3200 4000 4000
(a 40 °C) Iw [A] 1250 1000 1000 2000 1250 1250 3200 1250 1250 4000 4000 5000 5000
[A] 1600 1250 1250 1600 1600 1600 1600 6300 6300
[A] 1600 1600 2000 2000 2000 2000
[A] 2500 2500
[A] 3200 3200
Rated operational voltage Ue [V ~] 690 690 690 690 690 690 690 690 690 690 690 690 690 690
V- 250 250 250 250 250 250 250 250 250 250 250 250 250 250
Rated insulation voltage Ui [V ~] 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000
Rated impulse withstand
voltage Uimp [kVv] 12 12 12 12 12 12 12 12 12 12 12 12 12 12
Rated short-time
withstand current lcw (1s) [KA] 42 42 50® 42 55 65 65 75 85 75 85 100@ 100 100
(3s) [KA] 36 36 42 42 42 65 65 65 75 75 75 85 85
Rated short-circuit making
capacity (peak value) Icm
220/230/380/400/415/440 V ~ [KA] 88.2 88.2 105 88.2 143 187 143 165 286 165 220 220 220 220
500/660/690 V ~ [kA] 88.2 5.6 75.6 88.2 121 143 143 165 220 165 220 187 220 220
Note: the breaking capacity |, at the maximum rated use voltage, by means of external W1, =36kA@690V.
protection relay, with 500 ms maximum timing, is equal to the value of |, (1s). @1, =85kA@690V.
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4 Protection coordination

The design of a system for protecting an electric network is of fundamental
importance both to ensure the correct economic and functional operation of
the installation as a whole and to reduce to a minimum any problem caused by
anomalous operating conditions and/or malfunctions.

The present analysis discusses the coordination between the different devices
dedicated to the protection of zones and specific components with a view to:
« guaranteeing safety for people and installation at all times;

 identifying and rapidly excluding only the zone affected by a problem, instead
of taking indiscriminate actions and thus reducing the energy available to the
rest of the network;

containing the effects of a malfunction on other intact parts of the network
(voltage dips, loss of stability in the rotating machines);

reducing the stress on components and damage in the affected zone;
ensuring the continuity of the service with a good quality feeding voltage;
guaranteeing an adequate back-up in the event of any malfunction of the
protective device responsible for opening the circuit;

providing staff and management systems with the information they need to
restore the service as rapidly as possible and with a minimal disturbance to
the rest of the network;

achieving a valid compromise between reliability, simplicity and cost
effectiveness.

To be more precise, a valid protection system must be able to:

< understand what has happened and where it has happened, discriminating
between situations that are anomalous but tolerable and faults within a given
zone of influence, avoiding unnecessary tripping and the consequent
unjustified disconnection of a sound part of the system;

take action as rapidly as possible to contain damage (destruction, accelerated
ageing, ...), safeguarding the continuity and stability of the power supply.
The most suitable solution derives from a compromise between these two
opposing needs - to identify precisely the fault and to act rapidly - and is defined
in function of which of these two requirements takes priority.

Over-current coordination

Influence of the network’s electrical parameters (rated current and short-
circuit current)

The strategy adopted to coordinate the protective devices depends mainly on
the rated current (I) and short-circuit current (ly) values in the considered point
of network.

Generally speaking, we can classify the following types of coordination:

current discrimination;

time (or time-current) discrimination;
zone (or logical) discrimination;

« energy discrimination;

* back-up.
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Definition of discrimination

The over-current discrimination is defined in the Standards as “coordination

of the operating characteristics of two or more over-current protective devices

such that, on the incidence of over-currents within stated limits, the device
intended to operate within these limits does so, while the others do not opera-

te” (IEC 60947-1, def. 2.5.23);

It is possible to distinguish between:

« total discrimination, which means “over-current discrimination such that, in
the case of two over-current protective devices in series, the protective device
on the load side provides protection without tripping the other protective device”
(IEC 60947-2, def. 2.17.2);

 partial discrimination, which means “over-current discrimination such that,
in the case of two over-current protective devices in series, the protective
device on the load side provides protection up to a given over-current limit
without tripping the other” (IEC 60947-2, def. 2.17.3); this over-current threshold
is called “discrimination limit current Is” (IEC 60947-2, def. 2.17.4).

Current discrimination

This type of discrimination is based on the observation that the closer the fault
comes to the network’s feeder, the greater the short-circuit current will be. We
can therefore pinpoint the zone where the fault has occurred simply by calibrating
the instantaneous protection of the device upstream to a limit value higher than
the fault current which causes the tripping of the device downstream.

We can normally achieve total discrimination only in specific cases where the
fault current is not very high (and comparable with the device’s rated current) or
where a component with high impedance is between the two protective devices
(e.g. a transformer, a very long or small cable...) giving rise to a large difference
between the short-circuit current values.

This type of coordination is consequently feasible mainly in final distribution
networks (with low rated current and short-circuit current values and a high
impedance of the connection cables).

The devices’ time-current tripping curves are generally used for the study.
This solution is:

 rapid;

« easy to implement;

« and inexpensive.

On the other hand:
« the discrimination limits are normally low;
 increasing the discrimination levels causes a rapid growing of the device sizes.

The following example shows a typical application of current discrimination based
on the different instantaneous tripping threshold values of the circuit-breakers
considered.
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With a fault current value at the defined point equal to 1000 A, an adequate
coordination is obtained by using the considered circuit-breakers as verified in
the tripping curves of the protection devices.

The discrimination limit is given by the minimum magnetic threshold of the
circuit-breaker upstream, T1B160 In160.

Time-current curves

[s] 104
U | Ur = 400v
103
‘é% T1B 160 In160 102
T1B160In25
10
N
Cable 1
T1B160In160
10-1
e
T1D 160 102 y
% 10-1 1 101 I [kA]
T1B 160 In25

f/uk:m

Time discrimination

This type of discrimination is an evolution from the previous one. The setting
strategy is therefore based on progressively increasing the current thresholds
and the time delays for tripping the protective devices as we come closer to the
power supply source. As in the case of current discrimination, the study is
based on a comparison of the time-current tripping curves of the protective
devices.

This type of coordination:

is easy to study and implement;

« is relatively inexpensive;

= enables to achieve even high discrimination levels, depending on the I, of
the upstream device;

« allows a redundancy of the protective functions and can send valid information
to the control system,

but has the following disadvantages:

« the tripping times and the energy levels that the protective devices (especially
those closer to the sources) let through are high, with obvious problems
concerning safety and damage to the components even in zones unaffected
by the fault;
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« it enables the use of current-limiting circuit-breakers only at levels hierarchically
lower down the chain; the other circuit-breakers have to be capable of
withstanding the thermal and electro-dynamic stresses related to the passage
of the fault current for the intentional time delay. Selective circuit-breakers,
often air type, have to be used for the various levels to guarantee a sufficiently
high short-time withstand current;

« the duration of the disturbance induced by the short-circuit current on the
power supply voltages in the zones unaffected by the fault can cause problems
with electronic and electro-mechanical devices (voltage below the
electromagnetic releasing value);

« the number of discrimination levels is limited by the maximum time that the
network can stand without loss of stability.

The following example shows a typical application of time discrimination obtained
by setting differently the tripping times of the different protection devices.

Electronic release: L (Long delay) S (Short delay) 1 (IST)

E4S 4000 PR121-LS In4000 Setting: 0.9 Setting: 8.5 off
Curve: 12s Curve: 0.5s

E3N 2500 PR121-LSI 2500 Setting: 1 Setting: 10 off
Curve: 3s Curve: 0.3s

S7H 1600 PR211-LI In1600 Setting: 1 Setting: 10
Curve: A

Ur = 15000 V
Time-current curves
[s] 104

_@/’

r = 2500 kVA
r2 =400 V

G

E4S 4000 PR121-LSI In4000 102

103

E484000

E3N 2500 PR121-LSI In2500 1 I

101 S7H1600 E3N2500

!

‘/—/|k=60kA 1 101 102 103 1A
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Zone (or logical) discrimination

The zone discrimination is available with MCCB (T4 L-T5 L-T6 L with PR223-

EF) and ACB (with PR332/P - PR333/P - PR122 - PR 123).

This type of coordination is implemented by means of a dialogue between

current measuring devices that, when they ascertain that a setting threshold

has been exceeded, give the correct identification and disconnection only of
the zone affected by the fault.

In practice, it can be implemented in two ways:

« the releases send information on the preset current threshold that has been
exceeded to the supervisor system and the latter decides which protective
device has to trip;

«in the event of current values exceeding its setting threshold, each protective
device sends a blocking signal via a direct connection or bus to the protective
device higher in the hierarchy (i.e. upstream with respect to the direction of
the power flow) and, before it trips, it makes sure that a similar blocking signal
has not arrived from the protective device downstream; in this way, only the
protective device immediately upstream of the fault trips.

The first mode foresees tripping times of about one second and is used mainly
in the case of not particularly high short-circuit currents where a power flow is
not uniquely defined.

The second mode enables distinctly shorter tripping times: with respect to a

time discrimination coordination, there is no longer any need to increase the

intentional time delay progressively as we move closer to the source of the
power supply. The maximum delay is in relation to the time necessary to detect
any presence of a blocking signal sent from the protective device downstream.

Advantages:

= reduction of the tripping times and increase of the safety level;

= reduction of both the damages caused by the fault as well of the disturbances
in the power supply network;

« reduction of the thermal and dynamic stresses on the circuit-breakers and on
the components of the system;

 large number of discrimination levels;

« redundancy of protections: in case of malfunction of zone discrimination, the
tripping is ensured by the settings of the other protection functions of the
circuit-breakers. In particular, it is possible to adjust the time-delay protection
functions against short-circuit at increasing time values, the closer they are to
the network’s feeder.

Disadvantages:

« higher costs;

« greater complexity of the system (special components, additional wiring,
auxiliary power sources, ...).

This solution is therefore used mainly in systems with high rated current and
high short-circuit current values, with precise needs in terms of both safety and
continuity of service: in particular, examples of logical discrimination can be
often found in primary distribution switchboards, immediately downstream of
transformers and generators and in meshed networks.

ABB SACE - Protection and control devices

4.1 Protection coordination

4 Protection coordination

Zone selectivity with Emax

A
ouT
E4S 4000PR123/P IN
B R ! L
E3N 2500PR123/P ouT 3 X1N 1000PR333/P
IN
==rooT C
Ik 3 ;
D OUT
X1N 800PR332/P - X1N 800PR332/P
IN

E

The example above shows a plant wired so as to guarantee zone selectivity
with Emax CB equipped with PR332/P-PR333/P-PR122/P-PR123/P releases.
Each circuit-breaker detecting a fault sends a signal to the circuit-breaker
immediately on the supply side through a communication wire; the circuit-breaker
that does not receive any communication from the circuit-breakers on the load
side shall launch the opening command.

In this example, with a fault located in the indicated point, the circuit-breakers
D and E do not detect the fault and therefore they do not communicate with
the circuit-breaker on the supply side (circuit-breaker B), which shall launch the
opening command within the selectivity time set from 40 to 200 ms.

To actuate correctly zone selectivity, the following settings are suggested:

S to 2 selectivity time + 70 ms

| I3 = OFF

G t4 2 selectivity time + 70 ms
Selectivity time same settings for each circuit-breaker
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4.1 Protection coordination

4 Protection coordination

Zone selectivity for circuit-breakers type Tmax (T4L-T5L-T6L) with
PR223 EF releases

A
ouT
T5L 630 PR223/EF IN
OuT ouT: | !
T4L 250 PR223/EF IN  T4L 250 PR223/EF E@ IN  T4L 250 PR223/EF
B C D
Ik v

The example above shows a plant wired through an interlocking protocol
(Interlocking, IL), so as to guarantee zone selectivity through PR223 EF release.
In case of short-circuit, the circuit-breaker immediately on the supply side of
the fault sends through the bus a block signal to the protection device
hierarchically higher and verifies, before tripping, that an analogous block signal
has not been sent by the protection on the load side.

In the example in the figure, the circuit-breaker C, immediately on the supply
side of the fault, sends a block signal to the circuit-breaker A, which is
hierarchically higher. If, as in the given example, no protection on the load side
is present, the circuit-breaker C shall open in very quick times since it has
received no block signal.

Everything occurs in shorter times (10 to 15ms) than in the case of zone selectivity
with the Emax series air circuit-breaker (40 to 200ms), thus subjecting the plant
to lower electrodynamic stresses, and with a consequent cost reduction for
the plant.

ABB SACE - Protection and control devices
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4.1 Protection coordination

4 Protection coordination

Energy discrimination

Energy coordination is a particular type of discrimination that exploits the current-

limiting characteristics of moulded-case circuit-breakers. It is important to

remember that a current-limiting circuit-breaker is “a circuit-breaker with a break
time short enough to prevent the short-circuit current reaching its otherwise

attainable peak value” (IEC 60947-2, def. 2.3).

In practice, ABB SACE moulded-case circuit-breakers of Isomax and Tmax

series, under short-circuit conditions, are extremely rapid (tripping times of about

some milliseconds) and therefore it is impossible to use the time-current curves
for the coordination studies.

The phenomena are mainly dynamic (and therefore proportional to the square

of the instantaneous current value) and can be described by using the specific

let-through energy curves.

In general, it is necessary to verify that the let-through energy of the circuit-

breaker downstream is lower than the energy value needed to complete the

opening of the circuit-breaker upstream.

This type of discrimination is certainly more difficult to consider than the previous

ones because it depends largely on the interaction between the two devices

placed in series and demands access to data often unavailable to the end user.

Manufacturers provide tables, rules and calculation programs in which the

minimum discrimination limits are given between different combinations of circuit-

breakers.

Advantages:

« fast breaking, with tripping times which reduce as the short-circuit current
increases;

« reduction of the damages caused by the fault (thermal and dynamic stresses),
of the disturbances to the power supply system, of the costs...;

« the discrimination level is no longer limited by the value of the short-time
withstand current I.,, which the devices can withstand;

 large number of discrimination levels;

« possibility of coordination of different current-limiting devices (fuses, circuit-
breakers,..) even if they are positioned in intermediate positions along the
chain.

Disadvantage:

« difficulty of coordination between circuit-breakers of similar sizes.

This type of coordination is used above all for secondary and final distribution
networks, with rated currents below 1600A.

Back-up protection

The back-up protection is an “over-current coordination of two over-current
protective devices in series where the protective device, generally but not
necessarily on the supply side, effects the over-current protection with or without
the assistance of the other protective device and prevents any excessive stress
on the latter” (IEC 60947-1, def. 2.5.24).

Besides, [EC 60364-4-43, 434.5.1 states: “... A lower breaking capacity is
admitted if another protective device having the necessary breaking capacity is
installed on the supply side. In that case, characteristics of the devices, must
be co-ordinated so that the energy let through by these two devices does not
exceed that which can be withstood without damage by the device on the load
side and the conductors protected by these devices.”
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4.1 Protection coordination

4 Protection coordination

Advantages:

 cost-saving solution;

= extremely rapid tripping.

Disadvantages:

« extremely low discrimination values;

= low service quality, since at least two circuit-breakers in series have to trip.

Coordination between circuit-breaker and switch
disconnector

The switch disconnector

The switch disconnectors derive from the corresponding circuit-breakers, of
which they keep the overall dimensions, the fixing systems and the possibility
of mounting all the accessories provided for the basic versions. They are devices
which can make, carry and break currents under normal service conditions of
the circuit.

They can also be used as general circuit-breakers in sub-switchboards, as
bus-ties, or to isolate installation parts, such as lines, busbars or groups of
loads.

Once the contacts have opened, these switches guarantee isolation thanks to
their contacts, which are at the suitable distance to prevent an arc from striking
in compliance with the prescriptions of the standards regarding aptitude to
isolation.

Protection of switch disconnectors

Each switch disconnector shall be protected by a coordinated device which
safeguards it against overcurrents, usually a circuit-breaker able to limit the
short-circuit current and the let-through energy values at levels acceptable for
the switch-disconnector.

As regards overload protection, the rated current of the circuit-breaker shall be
lower than or equal to the size of the disconnector to be protected.
Regarding Isomax and Tmax series switch disconnectors the coordination tables
show the circuit-breakers which can protect them against the indicated
prospective short-circuit currents values.

Regarding Emax series switch disconnectors it is necessary to verify that the
short-circuit current value at the installation point is lower than the short-time
withstand current I,y of the disconnector, and that the peak value is lower than
the making current value (lgm)-

ABB SACE - Protection and control devices

4 Protection coordination

4.2 Discrimination tables

The tables below give the selectivity values of short-circuit currents (in kA)
between pre-selected combinations of circuit-breakers, for voltages from 380
to 415 V, according annex A of IEC 60947-2. The tables cover the possible
combinations of ABB SACE Emax air circuit-breakers series, ABB SACE Isomax
and Tmax moulded-case circuit-breakers series and the series of ABB modular
circuit-breakers. The values are obtained following particular rules which, if not
respected, may give selectivity values which in some cases may be much lower
than those given. Some of these guidelines are generally valid and are indicated
below; others refer exclusively to particular types of circuit-breakers and will be
subject to notes below the relevant table.

General rules:

« the function | of electronic releases of upstream breakers must be excluded
(I3 in OFF);

« the magnetic trip of thermomagnetic (TM) or magnetic only (MA-MF) breakers
positioned upstream must be = 10:I, and set to the maximum threshold;

« it is fundamentally important to verify that the settings adopted by the user for
the electronic and thermomagnetic releases of breakers positioned either
upstream or downstream result in time-current curves properly spaced.

Notes for the correct reading of the coordination tables:

The limit value of selectivity is obtained considering the lower among the given
value, the breaking capacity of the CB on the supply side and the breaking
capacity of the CB on the load side.

The letter T indicates total selectivity for the given combination, the corresponding
value in kA is obtained considering the lower of the downstream and upstream
circuit-breakers’ breaking capacities (Icu).

The following tables show the breaking capacities at 415Vac for SACE Emax,
Isomax and Tmax circuit-breakers.

Tmax @ 415V ac Isomax @ 415V ac Emax @ 415V ac
Version Icu [KA] Version Icu [KA] Version Icu [kA]
B 16 S 50 B 42
C 25 H 65 N 65*
N 36 L 100 S 75
S 50 H 100
H 70 L 130%*
L (for T2) 85 \ 150****
L (for T4-T5-T7)120 *  For Emax E1 version N Icu=50kA
L (for T6) 100 *  For Emax E2 version S Icu=85kA
V (for T7) 150 **+  For Emax X1 version L Icu=150kA
\ 200 ***% For Emax E3 version V Icu=130kA

Keys

For MCCB (Moulded-case circuit-breaker) For MCB (Miniature circuit-breaker):

ACB (Air circuit-breaker) B = charatteristic trip (13=3...5In)

TM = thermomagnetic release C = charatteristic trip (13=5...10In)
— TMD (Tmax) D = charatteristic trip (13=10...20In)
— TMA (Tmax) K = charatteristic trip (13=8...14In)
- T adjustable M adjustable (isomax) Z = charatteristic trip (13=2...3In)

M = magnetic only release
— MF (Tmax)
— MA (Tmax)

EL = elettronic release
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4 Protection coordination

Example:

From the selectivity table on page 265 it can be seen that breakers E2N1250
and T5H400,correctly set, are selective up to 55kA (higher than the short-circuit
current at the busbar).

From the selectivity table on page 258 it can be seen that, between T5H400
and T1IN160 In125, the total sectivity is granted; as aleady specified on page
241 this means selectivity up to the breaking capacity of TIN and therefore up
to 36 KA (higher than the short-circuit current at the busbar).

§ Time-current curves
t[s] 10

Ur= 0w
108
E2N 1250 In1250
E2N1250 In125
102
Cable
10!
Ik=50kA : T5H400 Ind0
i TIN160 In125)
T5H400 104 ]
102 =
Cable
1, =22kA 10 100 2kA  50KA | [KA]
T1N160 In125
From the curves it is evident that between breakers E2N1250 and T5H400
time discrimination exists, while between breakers T5H400 and T1N160 there
is energy discrimination.
242 ABB SACE - Protection and control devices
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4 Protection coordination

Discrimination tables MCB-MCB

Supply s.
S290 S500
Char. D D
lcu [kA] 15 50
] 6 10 15 25 In [A] 80 | 100 | 32 | 40 | 50 | 63
= o = o <2
- = o = 3
= = = o 4
= S200 S200M S200P 6 105 T 15| 2 3 |55
= S200 S200M S200P 8 105 T 15| 2 3 |55
i - S200 S200M S200P 10 5 8 1]15|2 | 3
§ B - S200 S200M S200P 13 45| 7 152 | 3
8 - S200 S200M S200P 16 45| 7 2 |3
= S200 S200M S200P 20 35| 5 2.5
= S200 S200M S200P 25 35| 5
- S200 S200M-S200P - 32 4.5
- S200 S200M-S200P - 40
- S200 S200M-S200P - 50
= S200 S200M-S200P - 63
Supply s.
S290 S500
Char. D D
lcu [kA] 15 50
| 6 10 15 25 In [A] 80 | 100 [ 32 | 40 | 50 | 63
= S200 S200M S200P <2 T T T | T |T T
- S200 S200M S200P 3 T| T 3|6 |T|T
- S200 S200M S200P 4 T | T 2|3 |6 |T
S200L S200 S200M S200P 6 105 T 15| 2 3 |55
S200L S200 S200M S200P 8 105 T 15| 2 3 |55
3 S200L S200 S200M S200P 10 5 8 1 ]15]2 3
% c S200L S200 S200M S200P 13 45| 7 15| 2 3
S S200L S200 S200M S200P 16 45| 7 2 |3
S200L S200 S200M S200P 20 35| 5 25
S200L S200 S200M S200P 25 35| 5
S200L S200 S200M-S200P - 32 4.5
S200L S200 S200M-S200P - 40
= S200 S200M-S200P - 50
- S200 S200M-S200P = 63
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4.2 Discrimination tables 4.2 Discrimination tables

4 Protection coordination 4 Protection coordination

Discrimination tables MCB-MCB

Supply s. Supply s.
S290 S500 S290 S500
Char. D D Char. D D
lcu [KA] 15 50 Icu [KA] 15 50
| 6 10 15 25 In[A] | 80 [100 | 32 | 40 |50 | 63 6 10 15 25 in[A] | 80 | 100 | 32 |40 | 50 | 63
- 5200 5200M S200P <2 Tl T T[T [T T | ) 5200 ) S200P < | T 1T |77 T]|7
- 5200 S200M S200P 3 T T |3|6|T]|T . S200 _ S200P 3 T T |36 |T|T
- 5200 §200M S200P 4 T T ]2|3|6]T ] 5200 ) S200P 4 T 1|2 3|6 |T
- S200 S200M S200P 6 [105 T [15]|2 |3 |55 . S200 - S200P 6 |105] T |15|2 |3 |55
- S200 S200M S200P 8 [105 T [15]2 |3 |55 _ - _ P — s |05l T 1512 | 3 55
i - S200 S200M S200P 10 5 8 1 15| 2 3 - S200 = S200P 10 5 8 1 |15] 2 3
@ )
3 |p - S200 - S200P 13 3 |5 152 3|z - - = S200P 13 45| 7 1 [15]2 |3
S - S200 S200M S200P 16 3 5 2 S - S200 o S200P 16 45| 7 1 ]15|2 |3
- $200 S200M S200P 20 3|5 N S200 _ S200P 20 |35 5 151 2 |25
- S200 S200M S200P 25 4 - S200 - S200P 25 35| 5 2 |25
- S200 S200M2S200H - 32 - $200 S200P - 32 |3 ]45 2
- $200 S200M-S200P 5 40 _ o e - o 3 a5
- S200 S200M-S200P - 50 - ST SEE . 50 3
- S200 S200M-S200P - 63 - S200 S200P = 63
Supply s.
S290 S500
Char. D D
lcu [kA] 15 50
] 6 10 15 25 In [A] 80 | 100 | 32 | 40 | 50 | 63
= S200 S200M S200P <2 T T T T | T |T
- S200 S200M S200P 3 T T 3 6 | T | T
= S200 S200M S200P 4 T T 2 3 6 T
- S200 S200M S200P 6 105 T 15| 2 3 |55
- S200 S200M S200P 8 105 T 15| 2 3 |55
. - S200 S200M S200P 10 5 8 15| 2
% K - - - S200P 13 3|5 15] 2
] = S200 S200M S200P 16 3 5 2
o S200 S200M S200P 20 3 5
- S200 S200M S200P 25 4
- S200 S200M-S200P - 32
- S200 S200M-S200P - 40
- S200 S200M-S200P - 50
= S200 S200M-S200P - 63
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Discrimination tables MCB/MCCB - S500

4.2 Discrimination tables

4 Protection coordination

4.2 Discrimination tables

4 Protection coordination

Version B,C,N,S,H, LV B,C,N,S,H,LV
Release ™ ™ EL
Supply s. S290 D T2 T1-T2 T1-T2-T3 T3 T4 T2 T4-T5
200+ 100+
Load s. Char. lcu [kA] In[A] 80 | 100 | 125 | 16 | 20 25 | 32 | 40 | 50 63 | 80 | 100 125 | 160 | 200 | 250 | 20 | 25 32 50 80 | 100 | 125 | 160 | 250 | 10 25 63 | 100 | 160 | 630
6 6 10 | 45 | 55 | 65 | 55| 55 | 55 | 55 | 105 15 | 20 25 36 36 36 75 | 784 | 75 | 75 16 T T T T 36 36 | 36 36 T
10 6 10 450 | 45 | 45 | 45 | 45 8 10 | 20 25 36 36 36 65 | 654 | 65 | 65 1 T T T T 36 36 | 36 36 T
13 6 10 4.5 45 | 45 |45 | 75| 10 | 15 25 36 36 36 65 | 54 | 65 | 65 il T T T T 36 36 | 36 36 T
16 6 10 450 | 45 | 45 | 75| 10 | 15 25 36 36 36 54 | 65 | 6.5 11 T T T T 36 | 36 36 T
B,C 50 20 6 75 4.50 45 | 75| 10 | 15 25 36 36 36 49 | 65 | 65 1 T T T T 36 | 36 36 T
25 45 6 450 1 6 10 | 15 20 36 36 36 6.5 1 T T T T 36 | 36 36 T
32 6 4.50 75 | 10 20 36 36 36 6.5 8 T T T T 36 | 36 36 T
40 50 1 10 20 36 36 36 56 6.5 T T T T 36 36 T
50 50 | 7.5 15 36 36 36 540 | 75 T T T 36 36 T
63 50 60 36 36 36 56 7 T T 36 T
6 6 10 | 45 | 55 | 55 | 55 | 565 | 55 | 55 [105 | 15 | 20 25 36 36 36 75 | 759 | 75 | 75 16 T T T T 36 36 | 36 36 T
10 6 10 450 | 45 | 45 | 45 | 45 8 10 | 20 25 36 36 36 6.5 | 659 | 65 | 65 1 T T T T 36 36 | 36 36 T
13 6 10 450 45 | 45 | 45 [ 75 | 10 | 15 25 36 36 36 50 6.5 11 T T T T 36 36 | 36 36 T
16 6 10 450 | 45 | 45 | 75 | 10 | 15 25 36 36 36 6.5 1 T T T T 36 | 36 36 T
20 6 |75 4.50 45 | 75 | 10 | 15 25 36 36 36 6.54 | 11 T T T T 36 | 36 36 T
S500 D 50 25 45 | 6 450 | 6 10 | 15 20 36 36 36 654 | 11 T T T T 36 | 36 36 T
32 6 4.50 75 | 10 20 36 36 36 8 T T T T 36 | 36 36 T
40 50 | 10 20 36 36 36 6.5¢4 | T4 T T T 36 36 T
50 50 | 7.6@ 15 36 36 36 754 | TW T T 36 36 T
63 50 6@ 36 36 36 74 | TW T 36 T
<5.8 T T 36 | 36 36 | 36 | 36 36 | 36 | 36 | 36 | 36 36 50 T T 40 | 404 40 40 40 T T T T 50 50 50 50 | 50 T
50 53..8 10 T | 45955 | 55| 55|55 | 55| 55 |105| 36 | 36 36 50 T T 6 64 6 6 40 T T T T 50 50 50 | 50 T
73.11 | 75 | T 450 45 | 45 | 45 | 45 8 36 | 36 36 50 T T 50 5 5 40 T T T T 50 50 50 | 50 T
10..15 | 45 | 10 450 45 | 45 | 45 | 75| 10 | 15 T T T T 54 5 12 T T T T T T T T T
K 14...20 45 | 6 450 | 45 | 45 | 75 | 10 | 15 T T T T 5 12 T T T T T T T T
18...26 45 4,50 45 | 75 | 10 | 15 T T T T 54| 124 T T T T T T T T
30 23..32 450 1 6 10 | 15 20 T T T 54 | 126 | TW T T T T T T T
29...37 4.50 75 | 10 20 T T T 504) 8 TA T T T T T T
34..41 501 10 20 T T T 64 | T@ | T T T T T T
38...45 500 | 7.50 15 T T T 64 | 8w ™ | TY T T T T

0 Value for the supply side magnetic only T2 circuit-breaker.
@ Value for the supply side magnetic only T2-T3 circuit-breaker.
@ Value for the supply side magnetic only T3 circuit-breaker.
@ Value for the supply side magnetic only T4 circuit-breaker.
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4.2 Discrimination tables 4.2 Discrimination tables

4 Protection coordination 4 Protection coordination

Discrimination tables MCCB - S2..

Version B,G,N, S, H, L B,G,N,S,H,LV
Release ™ ™ EL
Char. | Icuka] Supply s. 2 T1-T2 T1-T2-T3 T3 T4 5 T2 T4 5
320+ 100 | 250 [320+
6 10 15 25 InfA] [125| 16 | 20|25 | 32 | 40|50 |63 80 | 100 | 125 | 160 200|250 20 | 25 | 32| 50 | 80 | 100| 125| 160 | 200| 250| 500| 10 | 25 | 63 | 100| 160 160 | 320 | 630
N - - = > <«
= = - = 3
- - = > 4
- S200 S200M S200P 6 550 | 55| 55|55 | 55 | 55|55 [105 T T T | T T | T|75|750| 75/ 75| T | T|T|T|T|T|T T T T |T|T|T]|T
- $200 S200M S200P 8 55|55 | 55| 55|55 [105 T T T T[T | T 757597575 T | T | T|T|T|T|T T T T[T |T1|T|T
- S200 S200M $200P 10 |3 | 3| 3|45 |75 85|17 | T | T| T | T|5|50 | 5|65/ 9 |T|T|T|T|T|T T T | T|[T|T1T|T7|T
g B - $200 S200M S200P 13 30 3| 3|45 |75 75 12|20 | T|T|T 50| 5658 | T| T|T|T|T|T T T | T[T |T1T|T7|T
3 - S200 $200M S200P 16 3 | 3 45 | 5 75 1220 | T|T|T 39| 565/ 8 | T| T|T|T[T|T T T T|T|T]|T
- $200 S200M S200P 20 30 3 5 sl 17|11 575/ 111 /1171 71|T P N I
- $200 S200M $200P 25 3 | 5 61015 T|T|T 5075 T| T|T|T|T|T T T T|T|T]|T
- $200 S200M-S200P - 32 30 6|75 12| T T|T 50 75| T | T | T | 717|717 TlitltltltlT
- $200 $200M-S200P - 40 550 7512 | T| T|T 65| T| T|T|T|T|T T|T|T7T|T|T
- $200 S200M-S200P - 50 30| 52| 75105 T | T s T| T |T|T|T|T 105/105)| T | T|T
- $200 $200M-S200P - 63 50| 69 | 105 T | T Tl Te| T T T|T 05| T | T|T
- - - - 80
- - - - 100
: - - - 125

™ Value for the supply side magnetic only T2 circuit-breaker.
@ Value for the supply side magnetic only T2-T3 circuit-breaker.
@ Value for the supply side magnetic only T3 circuit-breaker.
@ Value for the supply side magnetic only T4 circuit-breaker.
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4.2 Discrimination tables 4.2 Discrimination tables

4 Protection coordination 4 Protection coordination

Discrimination tables MCCB - S2..

Version B,C,N,S H,L B,C,N, S, H, LV

Release ™ ™ EL
Char. Icu [kA] Supply s. T2 T1-T2 T1-T2-T3 T3 T4 T5 T2 T4 T5
320+ 100 | 250 {320+
] 6 10 15 25 In [A] 125 16 | 20|25 | 32 | 40 |50 | 63 80 | 100 | 125 | 160 200 | 250 | 20 | 25 | 32 | 50 | 80 | 100 | 125| 160 | 200 | 250 500] 10 | 25 | 63 | 100 | 160 | 160 | 320 | 630
- S200 S200M S200P <« T T, T |T T T|T T Tt Tt Tfry @ T T T T TITITITITNIT|TITITITITNTNT
- S200 S200M S200P 3 T T, 17T T T|T T Tty Tty Tfry T T T T T T TITITITNT|TTITITITNTNT
- S200 S200M S200P 4 T T| T |T T T|T T T/ T T | 7T T]T|M| 7T T| T | T[T/ T|T[T|T|T [T |T|T|T}|T|T]T
S200L | S200 S200M S200P 6 550 | 55| 55|55 | 55| 55|55 |105 TV T | T | T T | T|75|7580|75|75| T | T | T | T |T|]T|T T|IT|T|T)T|T|T
S200L | S200 S200M S200P 8 55|55 | 55 | 55|55 |105 T T | T | T T | T|75(750075|75| T | T | T | T |T|]T|T T|T| T | T|T17T| 7|71
S200L | S200 S200M S200P 10 30| 3 3 3 |45 |75 85/ 17| T | T| T | T|5 |5 5|65/ 9| T | T |T|T|T|T T T| T | T|T7T| 7|71
S200L | S200 S200M S200P 13 30 3 3 |45 |75 7501202 | T T|T 51 51658 | T| T| T |T|T|T T T\ T T|T|T7T|T
% S200L | S200 S200M S200P 16 31 3 |45 5 7501212 | T T|T 3| 516508 | T | T|T | T|T|T TIT|TT|T|T
§ ¢ S200L | S200 S200M S200P 20 30 3 5 61015 | T|T|T 5075/ T | T | T |T|T|T TIT|TT|T|T
S200L | S200 S200M S200P 25 30 |5 6101 | T[T |T 5175/ T | T | T |T|T|T TIT|TT|T|T
S200L | S200 S200M-S200P - 32 30 6|75 12| T|T|T 50 /75| T | T| T | T|T|T TI T T[T 7T
S200L | S200 S200M-S200P - 40 550 75112 | T| T | T 65| T | T | T | T| T|T T T T, 7T
- S200 S200M-S200P - 50 30| 50 17511050 T | T 59 T| T| T |T|T|T 105105 T | T | T
- S200 S200M-S200P - 63 500160 | 105 T | T To 1o T | T T|T 05| T| T|T
- - S290 - 80 49110 | 15 5 |11 T T 41T T T
- - S290 - 100 49 17501 15 5018 T T 4120 T T
- - S290 - 125 7.5 849 121 T 4 T T

(M Value for the supply side magnetic only T2 circuit-breaker.
@ Value for the supply side magnetic only T2-T3 circuit-breaker.
® Value for the supply side magnetic only T3 circuit-breaker.
@ Value for the supply side magnetic only T4 circuit-breaker.
® Value for the supply side T4 In160 circuit-breaker.

250 ABB SACE - Protection and control devices ABB SACE - Protection and control devices 251

1SDC008008F0201



4.2 Discrimination tables 4.2 Discrimination tables

4 Protection coordination 4 Protection coordination

Discrimination tables MCCB - S2..

Version B,C,N,S,H,L B,C,N,S, H, LV
Release ™ ™ EL
Char. Icu [kA] Supply s. T2 T1-T2 T1-T2-T3 T3 T4 T5 T2 T4 T5
320+ 100 | 250 |320+
| 6 10 15 25 In[A] 125 16| 20|25 | 32 | 40 | 50 | 63 80 | 100 | 125 | 160| 200 | 250 20 | 25 | 32 | 50 | 80 | 100 | 125 | 160 | 200 | 250| 500 | 10 | 25 | 63 | 100 | 160 | 160 | 320 | 630
= S200 S200M S200P <2 T T T|T T T T T T 171t Ttfr 17|17 T T T | T | T T | T|TfT)T|T|T|T|T|JT|T]|T
= S200 S200M S200P 3 T T T|T T T|T T T T T T{T7 |7 T 7| T/ 7T | T|T|T|T1T[T7|T|T|[T|T|T|T|T1|T]|T
= S200 S200M S200P 4 T T T|T T T|T T T/ T 17|77 7|7 1@ T/ T|T| T | T | T | T|TfT)T | T |T|T|T|T|T]|T1
= S200 S200M S200P 6 550 55| 55|55 | 55| 55|55 [105 T T T | T T | 1775|750/ 75|75| T | T | T |T|T|]T|T T|T|T|T|T|T]|T
= S200 S200M S200P 8 55|55 | 55| 55|55 [105 2T | T | T T | T|75|76% 75|75 T | T | T|T|T|T|T T|T|T|T|T|]T|T
= S200 S200M S200P 10 30| 3 3 3|3 5 85|17 | T | T| T | T|565 |5 | 5|59 |T| T |T|T|T|T T|T|T|T|T|T]|T
% D - S200 - S200P 13 200 212 3 518|185 T| T|T 54 4 /55| T | T|T|T|T|T T|T|T|T|T7T]|T
S = S200 S200M S200P 16 200 212 3 518|185 T| T|T 4055 T | T | T | T|T|T T T|T|T|T|T
- S200 S200M S200P 20 20 2 3 45065 11 | T T | T o 5\ T T T T T|T T T|T|T|T|T
= S200 S200M S200P 25 20125 41 6|95 T T|T 49145 | T | T| T | T|T|T T T|T|T|T|T
- S200 S200M-S200P - 32 416 |95 T T|T 45400 T | T | T | T| T|T T T|T|T|T|T
- S200 S200M-S200P - 40 3| 5 8 T T T 454 T@ T T T T T T T T T T
- S200 S200M-S200P - 50 201321 5 |95 T | T TO| T8 | T | T| T|T 95195 T | T | T
- S200 S200M-S200P - 63 321501951 T | T TO TE | T OTLT 95| T | T | T
o = S290 - 80 40110 | 15 5 11| T|T 4l T|T
- - S290 - 100 49 17.50| 15 8| T| T 41120 T | T
- - - - 125

™ Value for the supply side magnetic only T2 circuit-breaker.
@ Value for the supply side magnetic only T2-T3 circuit-breaker.
® Value for the supply side magnetic only T3 circuit-breaker.
@ Value for the supply side magnetic only T4 circuit-breaker.
® Value for the supply side T4 In160 circuit-breaker.
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4.2 Discrimination tables 4.2 Discrimination tables

4 Protection coordination 4 Protection coordination

Discrimination tables MCCB - S2..

Version B,C,N,S,H, L B,C,N,S, H, LV
Release ™ ™ EL
Char. [ lou [kA] Supplys. [ T2 T1-T2 T1-T2-T3 T3 T4 15 12 T4 |15
320+ 100 | 250 {320+
6 10 15 25 In[A] [125] 16| 20|25 | 32 | 40 |50 | 63 80 | 100 | 125 | 160] 200 | 250 20 | 25 | 32| 50 | 80 | 100 | 125 | 160 [ 200| 250 500 | 10 | 25 | 63 | 100 | 160 | 160 | 320 | 630
] - $200 S200M S200P @ Tl T T T | T T |T (T Tl T T | T T T T T T[T T|T|T | T | T[T|T]T|T|T
- $200 S200M S200P 3 Tl T T T | T 1|17 (T Tyt r |t | T T T T T T T T T T T T[T T]T|TfT
- $200 S200M S200P 4 LI L O T T O I O Tl r vt | T T T T T T T T T T T T|T|TfT
- $200 S200M S200P 6 550 | 55| 55|55 | 55 | 55|55 |105 T T T |1 |75(788 75(75| T| T|T|T|T|T|T Tl T T|T|T|T"T
- $200 $200M $200P 8 55|55 | 55 | 55|55 |105 )T T T[T | T|75(789 76( 76| T | T|T|T|T|T|T T T T |11 ]T|T
- $200 $200M S200P 10 3|3 | 3] 33 |6 85| 17| T | T[T|T 59| 5] 5] 9 | T|T|T|T|T|T T T T |71 |T|T
2| « - - = S200P 13 | 3|3 [5 75010185 T T|T 59| 5] 5|8 | T|T|T|T|T|T T|T T |T|1|T|T
S - S200 S200M S200P 16 20| 3|3 [45 7510|185 T T|T 5 5 8| T T T[T |T]|T T T 7|1 |T7|T"T
- S200 S200M S200P 2 il 3 |35 55065 11 | T| T|T 5|6 | T[T T |T|T|T T|T|T|T|T|T
- S200 S200M 8200P 2% 20 [ 35 55| 6 95| T[T |T 5ol60 | T T T |T|T|T T T 7|1 |T|T"T
= S200 S200M-S200P - 32 450 6 |95 | T| T | T solgo [Tl T T Tl T T IR R
- S200 S200M-S200P o 40 30 5 8 T T T 554| TW | To T T T T T T T T T
- S200 S200M-S200P = 50 |30 6 |95 T| T so | Te | Te 0| T T[T oslos| T 1Tl T
- S200 S200M-S200P o 63 30 (5508 95| T T ol T0 | TO [ TO| T T sl T T T
- - 5290 - 80 o 1015 s (1|11 sl T[T
N N $290 N 100 49 17.50| 15 500 8| T|T 41| T T
§ - - - 125

M Value for the supply side magnetic only T2 circuit-breaker.
@ Value for the supply side magnetic only T2-T3 circuit-breaker.
® Value for the supply side magnetic only T3 circuit-breaker.
@ Value for the supply side magnetic only T4 circuit-breaker.
® Value for the supply side T4 In160 circuit-breaker.
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4.2 Discrimination tables 4.2 Discrimination tables

4 Protection coordination 4 Protection coordination

Discrimination tables MCCB - S2..

Version B,C,N,S,H,L B,C,N,S,H,LV
Release ™ ™ EL
Char. Icu [KA] Supply s. T2 T1-T2 T1-T2-T3 T3 T4 15 T2 T4 T5
320+ 100 | 250 | 320+
] 6 10 15 25 In [A] 125 16 | 20| 25 32 40 | 50 63 80 | 100 | 125 (160 | 200 | 250| 20 | 25 | 32 | 50 | 80 | 100 | 125 | 160 | 200| 250 500 | 10 | 25 | 63 | 100 | 160 | 160 | 320 | 630
- S200 - S200P < T T| T |71 T T|T T T/ 77T {77 || T T| T | T | T | T | T | Tf{T|T | T |T|T|T|JT|]T]|T
- S200 - S200P 8 T T| 17|71 T T|T T T/ T 7T {7 7|7 T T|T| T | T | T | T|T{T|T|T|T|T|T|T|]T]|T
= S200 = S200P 4 T T T T T T T T T|T| T T T| T T || T|T|T]|T T| T T| T T|T T T T T T | T|T
- S200 - S200P 6 550 | 55| 55|55 | 55 | 55|55 |105 T T T T[T | T |75|768 76|75 T | T | T | T |T|T|T T T T | T|T|T7|T
= S200 - S200P 8 55|55 | 55| 55|55 105 T|T| T T T| T|75|759|75(75| T | T T| T T T|T T T T T T |T|T
- S200 - S200P 10 30| 3 3 3 |45 | 8 85|17 | T |T | T | T|5 |54 | 5|65 9| T | T|T|T|T]|T T T| T | T|T7T| 17|71
= - - - S200P 13 30 3 3 |45 |75 7511212 |T | T|T 59 | 5165 8 | T | T | T | T|T|T TIT|T|T|T7T|T7|T
§ z = S200 = S200P 16 30 3 |45 5 7512120 | T T T 549 | 45065 8 | T T| T T T|T T TIT)T|T|T
- - S200 - S200P 20 30 3 5 6101 |T | T|T 5165 T | T | T | T|T|T T|T|T|T7T|T7|T
= S200 - S200P 25 30 5 6 10|15 |T T T 5165 T T T T T|T T TIT)T|T|T
= S200 S200P = 32 30 6 75|12 |T T T 50165 T T T T T|T T TIT)T|T|T
- S200 S200P - 40 5507512 | T | T | T 5 T | T | T | T T|T TIT|IT|T|T
- S200 S200P - 50 40| 50 | 75 105 T | T s T T | T | T|T|T 1050105 T | T | T
- S200 S200P - 63 500160 105 T | T ™| T T|T|T|T 1050 T | T|T
= = = = 80
- - - - 100
= = = = 125

™ Value for the supply side magnetic only T2 circuit-breaker.
@ Value for the supply side magnetic only T2-T3 circuit-breaker.
® Value for the supply side magnetic only T3 circuit-breaker.
@ Value for the supply side magnetic only T4 circuit-breaker.
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4.2 Discrimination tables 4.2 Discrimination tables

4 Protection coordination 4 Protection coordination

Discrimination tables MCCB - MCCB

[Supplys.] 71 T2 T3 T4 T4 T5 T6 7 s7
Version E’, N,SH.L NS N,S,H.LV N,SH.LV N,SH,.LV N,S,H,L SH,LV™* SHL
Release T™[mm|  EL ™M ™M EL ™ EL | ™M EL EL EL
1, A 160[160| 160 250 250 250  |320] 400 |[630] 400 (630 630 | 800 | 630 [800 [1000| 800 1000(1250(1600] 1250 [1600
Load s, 1,[A] |160160 | 25 [ 63 [100] 160|160 [200|250] 20 | 25 | 32 | 50 | 80 |100[ 125160 |200|250 100 | 160 | 250] 320] 320| 400|500 {400 400|630 630 | 800 | 630 |800 |1000 {800~ 10001250]1600}1000]1250[1600]
16 [3]3 3[3[3]|3]4]5 10* [10 [ 10{10[10[10 10 olofofwofT|T{T|t|T|{T|[Tt T[T [T T|T[T|T|T]|T
20 [3]3 3[3[3]|3]4]5 10|10 [10{ 10|10 |10 10 wolofofwofT|T|{T|T|T|{T|[T T[T [Tt T|T[T|T|T]|T
2% [3]3 3[3[3]3]4]5 10° [10 [ 10| 10|10 [10 | 10 woltoftofwofT|T|{T|T|T|{T|[T T[T [Tt T|T[T|T|T]|T
2 [3]3 3|3]3|4]s 10" 10 10] 10 [10 | 10 woltoftofwofT|T|{T|T|T|{T|[T|T |1 |{T|T]T[T|[T]T|T|[T]|T
" B | 160 L2 [3]3 3|3]3|4]s 10*{ 10| 10] 10 [10 | 10 wo|wofofwoft|T{t]|t|T|{T[r Tt [v]r|t]t|t]T[T]T]T
c 5 [3]3 3|3]a|4]s 10°) 1010 [10 | 10 wo|wofofwoft|T{T]|t|T|{T[Tv T[T [T T[T T|T|T]|T
63 [3]3 3|3 |4]s 10" 10 [ 10 | 10 wolofoftofr{r|rfr(r|r| T[T ([T [T[T|T[T|T|T[T[T[T]8
N 80 3 45 10 (10 | 10 wlwofofr{r{r|r{r|t{r [ttt ]7]7]8&
100 5 10*{10 | 10 wo[tofwo|f Tttt Tttt 7]7]7]8
125 10°{ 10 w[wo|T[t|r[T[T[t vttt [ [ [ [7[7[7]8
160 oottt |ttt [v[r[t][7]1]q

* Value for the supply side magnetic only circuit-breaker.
**Values valid only with PR232/P, PR331/P and PR332/P electronic releases
***Available only with lu < 1250A

258 ABB SACE - Protection and control devices ABB SACE - Protection and control devices 259



T0204€T08000AST

4.2 Discrimination tables
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4 Protection coordination
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4.2 Discrimination tables
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T
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B
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10
10
10

10
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160|160

T™ [TMM
10
10
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1,[A] |160{160 | 25 | 63 |100| 160|160 200|250 20 | 25| 32 | 50 | 80 | 100|125 (160|200 | 250
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4 Protection coordination

[Supply s.J 71
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I, [A]

160

™

Release

EL

Version

T2

Load s.

Discrimination tables MCCB - MCCB
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**Values valid only with PR232/P, PR331/P and PR332/P electronic releases

* Value for the supply side magnetic only circuit-breaker.
***Available only with lu < 1250A
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4.2 Discrimination tables

4 Protection coordination

Discrimination tables MCCB - MCCB

4.2 Discrimination tables

4 Protection coordination

[Supply s]T1 T2 T3 T4 T4 T5 6 T7 S7
Version B,
©} N,S,H,L N,S N,S,H,LV N,S,H,LV N,SH.LV N,S,H,L SHLV™ SHL
N
Release TM ™, M EL T™M.M T™M.M EL ™ EL ™M EL EL EL
I, [A] 160|160 160 250 250 250 320| 400 |[630| 400 (630|630 (800 (630 (800 |1000| 800| 1000/1250/1600] 1150 |1600)
Load s. I,[A] [160]160 | 25| 63 [100| 160f160|200{250| 20 | 25| 32 | 50 | 80 |100|125/160 200 | 250 100160 250| 320 | 320{ 400|500 | 320|400 (630|630 (800 | 630 | 800 | 1000 {800**(1000**|1250{1600]1000|1250|1600|
63 31415 T T|7 77| 7|7 |25|25|25|25(25(25| T (T | T (T | T|T| T |T|T|T|T|T
80 3|45 7|7 777252525 |25(25(25| T (T[T (T | T|T| T |T|T|T|T|T
N 100 415 T 7 T| 7)) 7|25|25|25|25(25(25)40( T |40| T | T | T | T |T|T)T|T|T
T3 ™ 160 | 125 7 7| 7]2|20|20(20(20({20|36(T |36|T | T | T | T|(T|T|T|T|T
S 160 77 20(20(20|20| 36| T | 36| T | T | T | T|T|T|T|T|T
200 7 20020020030 T (3T | T|T| T |T|T|T| T|T
250 2002020 30(40| 3040 [ 40| T | T | T|T|T|T|T
* Value for the supply side magnetic only circuit-breaker.
**Values valid only with PR232/P, PR331/P and PR332/P electronic releases
***Available only with lu < 1250A
Supply s. T5 T6 T7 S7
Vol N,SHLV N,SHL SHLV: SHL
Release ™ EL T™,M EL EL EL
I,[A] 400 |630| 400 |630]630(800(630({800(1000] 800 1000[1250[1600] 1250 |1600|
Load s. 1, [A] [320 400 500{320 | 400{630 |630(800|630|800|1000§800"*|1000**(1250|1600{10001250|1600|
20 T|IT|T|T|T|T|T|T|T|T|T TIT|IT|T|T|T|T
25 | T[T | T|T|T|{T|T|T|T|T|T|T|T|T|T|T|T|T
| T[T | T|T|T|{T|T|T|T|T|T|T|T|T|T|T|T|T
5 |T|T|T|T|T|{T|T|T|T|T|T|T|T|T|T|T|T|T
8 [T |T|T|T|T|{T|T|T|T|T|T|T|T|T|T|T|T|T
N. ™ 250 100 50(50(50|50|50 (T |[T|T|T|T TIT|IT|T|T|T|T
S. 125 50(50(50(50 | T |T|T|T|T T T|T|T|T|T|T
T4 H. 160 5050|650 | T|T|T|T|T TIT|T|T|T|T|T
L. 200 50 (50|50 | T|T|T|T|T ) T|T|T|T|T|T|T
Vv 250 50|50 T|[T|T|T|T T T|T|T|T|T|T
100 |50 (50 (50|50 (50|50 | T |T|T|T|T T|T|T|T|IT|T|T
i 250 | 160 |50 |50 (50|50 | 50|50 | T |T|T|T|T | T|T|T|T|T|T|T
250 50 50|50 | T|T|T|T|T T T|T|T|T|T|T
320 | 320 SO|T|T|T|T|T|T|T|T|T|T|T|T

*Available only with lu < 1250A

**Values valid only with PR232/P, PR331/P and PR332/P electronic releases

ABB SACE - Protection and control devices
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4.2 Discrimination tables

4 Protection coordination

Discrimination tables MCCB - MCCB

[Supply s. T6 T7 S7
Version
N,S,H,L SH,LV* SHL
Rell T™,M EL EL EL
I, [A] 630800 | 630/800|1000| 800| 1000/1250[1600] 1250 |1600
Load s. 1. [A] |630(800 | 630|800|1000]800**|1000*[1250|1600[10001250|1600|
400 1.320 3013013003030 [ T| T | T|T|T|T|T
N, ™ 400 30 || T|T|T|T|T|T]|T
5 ﬁ: 630 | 500 IE) R R
L 400 1320 130030130030 30 T|T [T[T|T|T]T
% EL 400 |30(30 |30 (30|30 | T|T [T |T|T|T|T
630 | 630 [Tt [T[T|[T[T]T

264

*Available only with lu < 1250A
**Values valid only with PR232/P, PR331/P and PR332/P electronic releases

Supply s.| T7 S7
version SHLV* SHL
Release EL EL
1,[A] 800| 1000/1250{1600] 1250 |1600|
Load s. I, [A] |800*{1000*|1250 {1600/1000(1250(1600
630 630 40 | 40 40 | 40
N, ™
S, 800 800 40 | 40 40 | 40
T6 H, 630 630 | 40 | 40 |40 [40 |40 |40 | 40
L, EL 800 800 | 40 | 40 |40 |40 |40 |40 | 40
v 1000 | 1000 40 |40 40 | 40

*Available only with lu < 1250A, maximum selectivity values is 15kA
**Values valid only with PR232/P, PR331/P and PR332/P electronic releases

ABB SACE - Protection and control devices

4.2 Discrimination tables

4 Protection coordination

Discrimination tables ACB - MCCB

[Suplys| X1 E1 E2 E3 E4 E6
Version BIN[L[B]N[B]N[STJLC[N][S[JHJV]L[S[H]JV]H]V
Release EL EL EL EL EL EL
Loads. 1,11 ['800 [ 800 [ 800 800 [ 800 | 1600] 1000 800 [ 1250|2500 1000 | 800 | 800 | 2000] 4000] 32003200 | 4000 [3200
1000 | 1000 1000| 1000 | 1000 | 2000/ 1250 | 1000 | 1600 | 3200 | 1250 | 1000 | 1000 | 2500 4000 [ 4000 | 5000 | 4000
1250 [ 1250 1250] 1250 | 1250 1600 | 1250 1600 [ 1250 | 1250 6300 | 5000
1600 | 1600 1600 | 1600 2000 | 1600 2000 | 1600 | 1600 6300
2000 2500 | 2000 | 2000
3200 | 2500 | 2500
3200 | 3200
B TlT (1|1 |ttt T |71 | T[T [T T[Tt T[T ]|T]T
mlc | ™Ml |[ T[T [ttt [ttt [ttt ]1]T
N Tl vt sl sl ]T
N Tttt vttt [ttt T[T 71T °7]T
o TTM,EL 979 I N N N A 0 A I
H Tttt [tls]es [ T[T [T[T][t[1[T][7][T
L Tl [ttt t[s]es [T T[T (st T[T T1T[T][T]T
S I VY ) AN I N N A I A I
S Tl vt 7]T™
N Tt T | T[T [T | T[T [T T | T T[T [T T[T [T [T]T
S Tl vttt [ttt T1]T™
T [ o e | BT [T [T [T [T [T e | T T[T [T [T [T [T[T][T T[T
L T 1|t v v [ 1t ][5 |6 [100] T[T [75 |8 [100] T] T [100] T |100
v Tt T[T 1|56 [100] 7] 7 758 [100] 1] 71 [100] T [100
N T(T 11T | T | T ] T T T[T [T [T ] T[] T[T ]7T]7T
S Tl T[T T[Tt [T [T T[T [t [Tt T[T [ 71T [°7][°T
5 [H | TMEL ggg TIT (T T | 7| T | 66| T 7] 7T 7 | T T[T [T |7 |17
L Tl T T T 756 [100] T[T [75]8 [100] T[T [100] T |100
[V | T T [T T[T 1|56 [0 T[T [75 |8 [100] T[T [100] T [100
N TIT 61T [T ] T 7] T ] 717177777 T[T [7T1]7T
76 S | TR ggg Tl st Tttt [T T[T [T [Tt [ T[T [ 71T T[T
H oo T T[T T T8 [6 [T [ T[T [T [T[T[T[T|T[T][T
L Tl T s T[T TS| T T[T [T [T T[T [T][T
S 300 Tl T 111 [T [Tt [T [Tt T[T]T[T1]T
m LH g | 1000 Tttt vttt [71]™"
L 1250 T T |78 | T | T [T | T | T[T T[T T |[T]|[T]|T
v 1600 Tl T T]ss]es [ T 11 [T T T]T][T1T]T
S T[T T 7171 [T [T T[T [T [T T[] 7T]7T][7T]7T
s [H | B | a0 T T | T % | T | T | T | T[T | T | T[T T |7 |7T]|T
L T[T |75 |6 | T | 1|71 |78 ]| T | T T[T |T]|T
Table valid for Emax circuit-breaker only with PR121/P, PR122/P and PR123/P releases
*Emax L circuit-breakers only with PR122/P and PR123/P releases
**Available only with lus1250A
ABB SACE - Protection and control devices 265
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4 Protection coordination 4 Protection coordination

Example:

From the coordination table on page 269 the following conclusion is derived:
the circuit-breakers type T5H and T1N are coordinated in back-up protection
up to a value of 65 KA (higher than the short-circuit current measured at the
installation point), although the maximum breaking capacity of TIN, at 415V, is

4.3 Back-up tables

The tables shown give the short-circuit current value (in kA) for which the back-
up protection is verified for the chosen circuit-breaker combination, at voltages
from 380 up to 415 V. These tables cover all the possible combinations between

ABB SACE moulded-case circuit-breakers Isomax and Tmax and those between 36 kA.
the above mentioned circuit-breakers and ABB MCBs.
Notes for a correct interpretation of the coordination Ur = 400V
tables:
T5H
Tmax @ 415V ac Isomax @ 415V ac Emax @ 415V ac
\Version Icu [kA] Version Icu [KA] \Version Icu [kA] o
B 16 S 50 B 42 §
C 25 H 65 N 65* P_— g
N 36 L 100 S 75** 2
S 50 H 100 §
H 70 L 130*** ]
L (for 72) 85 v 1507+ i
L (for T4-T5, 120
L Efor T6) ) 100 *  For Emax E1 version N Icu=50kA TIN160
**  For Emax E2 version S Icu=85kA
V (for T7) 150 *** For Emax X1 version L Icu=150kA
v 200 % For Emax E3 version V Icu=130kA f/k = 60KA
Keys
For MCCB (Moulded-case circuit-breaker) For MCB (Miniature circuit-breaker):
ACB (Air circuit-breaker) B = charateristic trip (13=3...5In)
TM = thermomagnetic release C = charateristic trip (13=5...10In)
— TMD (Tmax) D = charateristic trip (13=10...20In)
— TMA (Tmax) K = charateristic trip (13=8...14In)
— T adjustable M adjustable (Isomax) Z = charateristic trip (13=2...3In)
M = magnetic only release
— MF (Tmax) Supply s. | S200L | S200 |S200M S200P S280 S$290 | S500
— MA (Tmax)
EL = elettronic release Char. C B-C B-C B-C | B-C B-C (¢} B-C
Load s. lcu [KA] 10 20 25 40 40 20 25 100
In [A] 6..40 |0.5..63 |0.5..63 | 0.5..25 | 32..63 | 80, 100 | 80..125 | 6..63
S931 N @ 45 2..40 10 20 25 40 25 15 15 100
8941 N B,C 6 2..40 10 20 25 40 25 15 15 100
S951 N B,C 10 2..40 10 20 25 40 25 15 15 100
S971 N B,C 10 2..40 10 20 25 40 25 15 15 100
S200L C 10 6..40 20 25 40 25 15 15 100
S200 B,CKZ 20 0.5..63 25 40 25 100
S200M B,C,.D 25 0.5..63 40 100
B, C, 40 0.5..25 100
S200P
D, K, Z 25 32..63 100
S280 B,C 20 80, 100
S$290 CD 25 80..125
S500 B,C,D 6..63
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4.3 Back-up tables

4 Protection coordination

Supplys. | s200L| s200 | s200m S200P s280 | s290 | s500
Char. © BCc | BCc | BC |BC | BC © B-C
Load s. Icu [KA] 6 10 15 25 15 6 15 50
infA] | 6.40 [0.5.63[0.5.63 ] 0.5..25 [32..63 |80, 100 [ 80..125| 6.63
S200L € 6 6..40 10 15 25 15 15 50
5200 |BCKZ| 10 | 05.63 15 25 15 15 50
s200M | BCD | 15 | 05.63 25 50
sooop | BC | 25 | 0525 50
D, K Z| 15 32.63
$280 B.C 6 80, 100
$290 c,D 15 | 80..125
S500 B.CD | 50 6..63
suppys. [T1 [ 11|12 [m3]ma]re [18]ma]m2|ma[m2| 1 [ 4
Version B C N S H L L A"
Loads. Char. In [A] lculkA] | 16 | 25 36 50 70 85 | 120 | 200
S200L @ 6.10 6 16 | 25 [ 30| 36 1 %6 | 36 | 35 140 40 (40| 40 | 40 | 40 | 40
13..40 16 16
$200 B,C,K,Z 05.10 10 16 | 25 |30 | 36 1 %6 | 36 | 35 40| 40 | 40| 40 | 40 | 40 | 40
13..63 16 16
S200M B,C,D i, 15 16 | 25 |30 | 36 122 36 [ 50 22 40 2 40 |22 40 | 40
13..63 25 25 60 60
0.5..10 30| 36 | 36 |36 |50 | 40 |40 |70| 40 | 85 | 40 | 40
s200p | B:G.D 13.25 2 30| 36 |30 |36 |50 | 30|40 60| 40|60 40 | 40
Kz 32..63 15 16 | 25 | 30| 36 | 25 |36 [ 50 | 25 |40 | 60| 40 | 60 | 40 | 40
$280 B,C 80, 100 6 16 | 16 | 16| 36 | 16 |30 [ 36 | 16 |30 | 36| 30 | 36 | 30 | 30
$290 C,D 80,125 15 16 | 25 | 30] 36 | 30 |30 [ 50 | 30 [30 [70] 30 [ 85| 30 | 30
S500 B,C,D 6..63 50 70| 70 | 85 | 120 | 200
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4.3 Back-up tables

4 Protection coordination

Supply s.[T1[T1 [r2 [T3] T4 [T5] 76 [72] T3] T4] 15[ 677 [ 5712 [ 14] T5] T6 [T7[S7[ T2 [T4 [ T5 [ T6[T7 [S7[ T4 [ T5
Version | C N S H L L L "
Load side] Version | Icu [kA] 36 50 70 6585 | 120 100* 200
T1 B 16 |25]36[36[36]30[30[30[50[50]36 [36]36 70]40[40 40 8550 [50 |50 85] 85
T1 € 25 36 [36 [36 /363636 |50 [ 5040 [ 40150 [50]50 | 70]65 65 [65[50]50] 85|85 [85 |70 [50]50]130[100]
T1 50 5050 [ 50{50 [ 505070765 [65]6550]50] 85 [100]100] 70 | 50 [ 50 [200[120]
T2 505050 | 5050 [50{50|70]65 [65 [ 6565|6585 f[100/100| 85 |