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Introduction
Manufacturers of electrical and electronic systems and equipment today face unprecedented challenges. 

Maintaining a competitive edge in a fast moving global market, meeting new legislative requirements and 

responding to the demands of increasingly sophisticated consumers and investors, require management skills 

of the highest caliber.

In the context of these, and many other pressures the subject of circuit protection may at fi rst seem somewhat 

incidental. However, world class manufacturers know that nothing can be left to chance in their quest for 

market superiority. Far from being a tedious distraction, the correct choice of circuit protection will enhance 

equipment reliability, reduce cost of ownership, and play an important role diff erentiating the serious player 

from the ordinary.

This guide sets out to examine the importance of circuit protection and, in particular, the unique contribution 

made by Circuit Breakers for Equipment in establishing the image and reputations of manufacturers across a 

diverse range of industries.

Why Circuit Breakers for Equipment?
For as long as there have been electrical circuits, there has been a need for protection and control. Early equip-

ment relied on simple switches, later came the fusible link - little more than a short length of wire thinner than 

the conductor - which would melt and vaporize under fault conditions. As the demand for electricity grew, and 

power generation and distribution became more complex, the fi rst breakers were introduced to provide a more 

predictable method of circuit protection with the convenience of resettability.

Today, Miniature and Molded Case Circuit Breakers (MCBs and MCCBs), and the latest generation of fuse-

gear protect domestic and industrial mains electricity installations against the eff ects of catastrophic circuit 

failures. The use of such components is largely mandated by national regulations and there is a good measure 

of international standardization on design and performance parameters.

By contrast, the supply authorities have little interest in where electricity is put once it has been delivered to 

the outlet. The protection of machinery, appliances and other items of equipment, as well as complete sub-

systems, is the responsibility of the manufacturers who must ensure not only that their products function in 

accordance with the customers’ expectations but also that any failure does not endanger property or lives. In 

addition to mains equipment, suppliers of battery powered systems and generator driven stand alone instal-

lations face a similar challenge.

These requirements present their own diffi  culties. While the maximum potential fault current within the equip-

ment is limited by its circuitry or by supply-side protection, the risk of lower level overcurrent damage is very 
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real indeed, and can be initiated by any number of infl uences which must be anticipated and accounted for 

by the designer.

The modern user has become accustomed to high standards of equipment reliability and the manufacturer 

too may be tempted towards an over-dependence on the performance of individual components. However, it 

is dangerous to assume that age related and other problems will not occur, irrespective of how well a product 

is designed and assembled.

Electrical wiring insulation, connectors and components will all deteriorate over time, and the wear and tear on 

electromechanical systems make their own demands. User abuse and misuse must also not be overlooked. 

It is rare that any piece of equipment will be treated with complete respect, particularly in a busy commercial 

environment. Furthermore, routine servicing will all too often be neglected, and repairs may be hasty and 

inadequate. The aging process will also be accelerated by hostile infl uence such as shock, vibration, humidity 

and corrosion - especially in applications where these conditions are an integral part of the performance 

specifi cation.

These factors are among those which conspire to present a serious hazard to equipment safety and reliability. 

They will lead to overcurrent conditions - current levels in excess of the original nominal rating of the design 

- which are diffi  cult to protect against by traditional means especially when then rise in current is gradual. 

Nevertheless, complete equipment failure and fi re are likely consequences.

The diffi  culty of providing overcurrent protection is exacerbated by the need to accommodate the temporary 

and normal current surges associated with motors starting; transformer, solenoid and lamp-load inrush; and 

the varying duty the equipment demands. As good as modern fuse technology as become, fi ne discrimination 

is very diffi  cult to achieve. 

Fortunately the designer has an ideal solution to these problems, the Circuit Breaker for Equipment (CBE).

What is a Circuit Breaker for Equipment (CBE)?
Unlike circuit breakers intended for catastrophic short circuit protection, CBEs are designed specifi cally to 

provide protection characteristics which can be precisely specifi ed to the needs of the component, equipment 

or system.

IEC 60934, a CBE standard published by the International Electromechanical Commission and adopted as a 

European Harmonized Standard, EN60934, defi nes a CBE as:

“A mechanical switching device, specifi cally designed for the protection of equipment, capable of 
making, carrying and breaking currents under normal circuit conditions and also making and carrying 
current for a specifi ed time and automatically breaking currents under specifi ed abnormal conditions.”
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In North America CBE type devices have traditionally been known as Supplementary Protectors, categorized 

according to UL 1077 (United States) and CSA C22.2 Number 235 (Canada). 

To ensure that the protection needs of a diverse range of equipment can be correctly specifi ed, CBEs are 

available in a wide range of basic types and confi gurations, all based on performance characteristics and 

features. 

The Consequences of Failure

A CBE may be dormant for much of its life or it may be required to operate frequently to protect the equipment 

in which it is fi tted. Either way, operation must be totally dependable when a fault occurs. Any failure to perform 

could have disastrous consequences - endangering people, property and reputations.

A manufacturer’s image and reputation to a large extent depends on the design, performance, safety and 

reliability of its products. Customers’ expectations and needs are becoming more diffi  cult to meet, and it is 

well known that good reputations hard won are easily lost.

The selection of a circuit protection device is an important decision which should be made only once all 

the issues have been fully considered. A product which, through either incorrect selection or poor design/

construction, is prone to nuisance operation and will at best result in loss of customer confi dence, an increase 

in equipment downtime, and possible service or warranty costs. Conversely, a protection device which fails to 

operate as required is likely to have dire consequences among the most serious of which are smoke and fi re 

hazards, warranty and recall costs, product liability implications, loss of market confi dence leading to loss of 

market share, and ultimately withdrawal of investor support.

A good quality, correctly specifi ed CBE will minimize or eliminate these risks, thereby providing an excellent 

return on the  initial investment.

Types of CBEs
Thermal CBE

Thermal CBEs, which rely on the heating eff ect of current through a bimetal, remain 

one of the simplest, most reliable and least expensive protection devices available. 

The bimetal may be either snap-action or disc type and the moving contact is directly 

fi xed or the slow moving type with a latching arrangement and a separate spring 

loaded contact mechanism.

The disc type thermal circuit breaker is usually lower in cost but its performance can 

be sensitive to the size of the conductors used and its time/current characteristics may 

age through stress changes with time within the bimetal. The slow moving bimetal is 
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more substantial with mechanical and electrical stability. Its most obvious advantages are seen through the 

spring loaded contact mechanism which is triggered upon overcurrent, providing a positive snap action and 

large separation distances.

Thermal CBEs of this type are ideally suited to the protection of a broad range of components and systems 

- from motors and transformer windings, to the extra-low voltage installations of road vehicles, boats and 

battery powered machines.

Such applications all require the ability to discriminate between safe switch-on surges or transients, and 

harmful sustained overcurrents. Bimetal operated CBEs can withstand higher level surges, arising from lamp 

loads or motor starting, for example. At the same time, they aff ord protection against the eff ects of genuine 

failure such as motor locked rotors.

The hot wire element, with extremely fast switching characteristics, off ers an alternative to bimetal technology 

and has facilitated a reduction in component size. Hot wire type CBEs provide a low cost solution for printed 

circuit board protection, among other applications.

Thermal-Magnetic CBEs 

Thermal-magnetic CBEs typically feature a latching type bimetal combined in 

series with a solenoid to provide the joint benefi ts of delayed operation for low-level 

overcurrent protection and fast magnetic operation on higher value overloads.

Energization of the solenoid, causing rapid opening of the main contacts is according 

to design. In fast response types, operation of the solenoid will occur at fi ve times the 

CBE rating, for example, whereas the solenoid of delayed response types will not take 

eff ect until an overcurrent in excess of 10 - 12 times the CBE rating is experienced.

This choice ensures that uncompromising circuit protection decisions can be reached; 

temporary power surges of varying intensity can be allowed for without aff ecting the selection of CBE rating, 

with the penalties this would entail in terms of larger conductor sizes and component ratings.

Communications and control systems, which require precise and dependable protection for high value capital 

equipment, are very common thermal-magnetic CBE applications.

Hydraulic-Magnetic CBEs

Hydraulic-magnetic CBEs include a main contact assembly which is held in the closed position by a spring 

loaded mechanical latching mechanism. This is triggered by operation of a solenoid which is energized when 

the current reaches or exceeds a predetermined level.

The very fast switching characteristics which this design provides may result in discrimination diffi  culties, i.e., 
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the device will not be able to detect the diff erence between an inrush current and an overload situation.

A hydraulic dashpot is used to introduce a deliberate and defi nable switching delay. Alterations to the 

design of the dashpot and the viscosity of the fl uid allow a very wide range of tripping characteristics to 

be off ered with short, medium or long delays to suit a multitude of applications.

Magnetic CBEs

Magnetic CBEs feature solenoid release only without any additional delay mechanism. Designs available 

are either based upon the hydraulic-magnetic style or on a non-latching design 

where the contacts are held closed by a permanent magnet. Upon overcurrent 

the solenoid exerts a force in opposition to the permanent magnet, causing a 

spring loaded contact assembly to open.

Permanent magnet types can be very compact, with fast and precise tripping 

characteristics and are particularly well suited for protecting printed circuit 

boards.

The speed of operation of all magnetic CBEs is limited only by the mechanical 

inertia of the mechanism, thus extremely quick disconnection is possible. It is important however to 

ensure that switch-on surges and transients are restricted to avoid nuisance tripping.

Electronic Hybrid CBEs

While the speed of operation of modern CBEs is suitable for the majority of equipment applications, 

ultra-sensitive solid state circuitry may require faster protection under overcurrent conditions than an 

electromechanical assembly can achieve.

For such requirements the electronic hybrid CBE is often the answer. These combine electronic current 

sensing and limiting with any of the previously described CBE confi gurations to both provide the 

protection characteristics necessary and the security of physical current interruption.

The design of electronic hybrid CBEs allows, in many cases, their performance characteristics to be 

customized to individual requirements.

High Performance CBEs

CBEs intended for aerospace, defense, marine and similarly demanding industrial applications do not 

have their own IEC classifi cation as they could be any of the functional categories already described.

A high performance CBE will, however, be distinguished by its special contacts with high short circuit 

current capability, its housing designed for high arcing temperatures, and its robust construction to 

ensure compliance with the rigorous environmental performance requirements of the market for which 
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they are intended.

High performance CBEs off er a remarkable combination of engineering sophistication and small 

physical size for applications with uncompromising duty, safety and reliability requirements.

IEC CBE Classifi cations

The International Standard IEC 60934 uses the following terminology to describe the functional 

categories of CBEs available.

• R-type - CBEs which automatically disconnect in the event of overload and are manually reset.

• M-type - R-type CBEs with the ability to occasionally manually disconnect, but are not intended 

for regular use as a switch.

• S-type - CBEs combining automatic overload disconnection with a means for regular on/off  

manual operation under normal load conditions.

• J-type - CBEs which automatically disconnect in the event of overload and reset automatically 

(note: J-type CBEs may be provided with means for manual operation also, in this case, the 

relevant requirements concerning the other types are applicable).

CBE Terminology Explained
Time/current tripping characteristics

Unlike some types of fuses whose stated rating is the current at which they will open, all CBEs are 

designed to carry their full rated current continuously without tripping at a specifi ed ambient temperature. 

At overcurrents in excess of their rating, CBEs will trip, their speed of operation depending upon the 

type of mechanism and the magnitude of the overcurrent: the higher the overcurrent, the faster the trip 

time.

The variety of characteristics provided by the principal types of CBEs available ensures that virtually 

every overcurrent situation can be precisely matched - from equipment requiring a deliberate tripping 

delay to circuits where instantaneous protection is necessary.

CBE characteristics are usually shown as a graph of tripping time plotted against percentage of rated 

current, where 100% represents the normal rating. To allow for slight deviations between current ratings 

within the same CBE series and the eff ects of manufacturing tolerances, time/current graphs will 

normally show an operating band enclosed within minimum and maximum trip limit curves.

While standard time/current characteristics will be suitable for the majority of applications, special 
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factory calibration is often possible for unusual requirements.

Ambient temperature - derating factors

To ensure optimum matching of CBE performance to the system requirements, thermal and thermal 

magnetic CBEs are not normally compensated for fl uctuations in ambient temperature. The CBE is 

typically subjected to the same heat source as the system so will automatically track its protective 

requirements: trip times reduce as ambient temperature increases and extend with drop in temperature.

However, some applications require the circuit breaker to operate continuously in either high or low 

ambients. In this case, the CBE manufacturer’s published data should be consulted for the factor by 

which the continuous rating of the system should be multiplied in order to determine the correct rating 

for the CBE. Alternatively, some applications may demand that the CBE tripping characteristics are 

fi xed, even within a fl uctuating ambient temperature range  and for these, hydraulic magnetic CBEs may 

off er the most appropriate choice. The tripping characteristics of hydraulic magnetic CBEs are stable 

within defi ned upper and lower temperature limits.

For some high performance applications which are best served by thermal CBEs, for example the 

protection of aircraft electrical installations, it is likely that the CBE will be installed in a diff erent 

environment from that of the wiring and equipment to be protected.  

For this requirement thermal CBEs with temperature compensation are available: the eff ects of 

changing ambient temperature are corrected by a compensating bimetal, such that the time/current 

characteristics will not alter signifi cantly within a defi ned temperature range.

Rated voltage

For standard applications CBEs are connected in series with the load and are current sensing.  

Manufacturers’ performance specifi cations will indicate rated voltages which are defi ned as the 

maximum DC and/or AC system voltages up to which the CBE may be specifi ed/used.

Within these limits the performance of the CBE will not be aff ected, irrespective of the voltage, although 

for very low voltage applications the internal resistance of the CBE should be allowed for in calculating 

voltage drop fi gures. CBEs with specially designed internal circuitry and contacts are available for 

requirements where voltage drop could be critical.

Interrupting capacity

To achieve an international harmonized standard, IEC 60934 has had to accommodate two diff erent 

but well established philosophies, resulting in the publication of PC1 and PC2 conditional short circuit 

performance categories off ering alternative approaches.
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PC1

Category PC1 refl ects established North American practice and defi nes the value of rated conditional 

short circuit current (interrupting capacity) for which the prescribed conditions do not include fi tness of 

the CBE for its further use.

The North American approvals agencies place the onus of responsibility for the selection of a suitable 

CBE, or Supplementary Protector, on the equipment designer but specify some demanding test 

requirements to ensure that the risk of fi re is minimized. Application of a high value short circuit current 

should not constitute a fi re or injury risk.  Provided the CBE fails safe with no ignition of test cotton 

wrapped around the actuator in a prescribed manner, its inability to reset would not be regarded as a 

failure to comply with the specifi cation.

In other words, it is a matter between the equipment manufacturer and CBE supplier if a CBE is 

damaged through being subjected to overcurrent, but compliance with the standard will minimize the 

risk of a safety hazard.

PC2

By contrast, category PC2 follows the practice of European approvals agencies in specifying a value of 

rated conditional short circuit current for which the prescribed conditions do include fi tness of the CBE 

for its further use.

In this case the specifi er of a CBE will need to ensure that its interrupting capacity is compatible with 

the potential prospective current under fault conditions (the current that would fl ow in the circuit if each 

pole of the CBE were replaced by a conductor of negligible impedance).

Specifi ers should exercise caution as current levels quoted in accordance with PC1 are likely to be 

signifi cantly higher than those shown for PC2 compliance, although reputable CBE manufacturers will 

make the distinction clear.

Trip-free

A trip-free CBE is one which cannot be held closed in the event of an overcurrent condition - i.e. the 

switching mechanism will not be overridden by forcibly holding the actuator ON.

In a fully trip-free (or positively trip-free) design the main contacts will remain open even if the actuator 

is held ON, while a cycling trip-free type will allow the main contacts to open and close repeatedly in 

this event.

A non trip-free CBE, which can be held forcibly closed, should not be used where access is possible 

without the use of a tool.



Guide to Circuit Breakers for Equipment  | 12 www.e-t-a.com

An automatic reset circuit breaker which automatically resets itself and cycles on and off  under persistent 

fault conditions, is intended for applications where manual supervision is not possible. Caution is 

necessary when using and specifying such devices to ensure that safety hazards are not introduced.  

Equipment that initially stops during an overload condition and then automatically re-starts presents 

obvious dangers.  Since cycling times may be faster than the cooling time of the equipment to be 

protected, a gradual but steady heat build up is possible which may permanently damage equipment 

and create safety risks.  Circuit breakers of this type are not classifi ed as CBEs.

Environmental performance

Depending upon the application for which they have been selected, CBEs operate in clean, dry and 

undemanding environments or may be required for equipment subjected to shock, vibration, humidity, 

salt spray and other hostile infl uences.

The performance specifi cations published by CBE manufacturers should include guidance on the 

environmental conditions their devices have been designed to withstand.

Specialized applications such as aerospace, will require additional data for tests including acceleration, 

altitude, explosion-proof duty, chemical and fungal resistance.

Additional Features of CBEs
In their simplest form, CBEs are intended for connection in series with the load and provide a main 

contact reset by means of an actuator.

Additional features, enabling CBEs to perform further functions thereby enhancing their cost 

eff ectiveness, include: 

Auxiliary contacts

Contacts electrically separate from the main contact and suitable for alarm and sequence switching. 

In the event of CBE operation, a central monitoring unit can be alerted and/or a local alarm given. 

Auxiliary contacts can also be used to automatically switch in back-up systems and to provide signals 

to computer controlled installations.

Dual control (remote trip)

Dual control CBEs combine two electrically separate sensing elements to provide, for example, 

conventional overcurrent protection and disconnection by means of a remote actuator or sensor.

Double/multi pole protection

CBEs with two or more protected poles, the operation of any of which causes the other pole/poles to 

operate simultaneously. These poles will be connected in the same circuit (i.e. line and neutral) or in 
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electrically separate circuits (normally of the same voltage).  

Manual operation

A manual trip feature intended for occasional use (see M-type) or enabling the CBE to be used as a 

regular ON/OFF switch (see S-type).

Shunt terminal

An unprotected circuit tap, switched through the main contacts of the CBE and connected to one of the 

terminals of the main circuit, facilitating many special connection possibilities.

Undervoltage release

A separate voltage rated actuator fi tted within a CBE, which causes the main contacts to open when 

the voltage across the device falls below a predetermined value.

CBEs with undervoltage release are widely specifi ed as ON/OFF controls for cord-connected appliances 

which are required by safety legislation to return to the OFF position if electrical power is removed, by 

unplugging for example. This avoids the danger of an appliance re-starting unexpectedly if power is 

restored with the switch in the ON position.

Visual indicator

A CBE which also serves to provide a visual indication of its ON/OFF status by means, for example, of 

the position of the actuator, a legend or indicator on the actuator, or internal illumination.

Selection of a CBE
Diff erent specifi ers inevitably will have diff erent requirements for their main selection criteria; some may 

be seeking a particular mounting method or switching design, while others may need to concentrate 

initially on tripping characteristics or environmental performance.

Whatever the primary focus, decisions will have to be reached on the following design issues at some 

stage during the selection process, not necessarily in the order shown.

1. Functional type according to:

• The thermal dissipation properties of the equipment to be protected and its ability to withstand 

the eff ects of ovecurrent.

• The eff ect of ambient temperature on the protection needs of the equipment

• Thermal: with inversely proportional time/current tripping characteristics provide discrimination 

between high inrush currents and sustained overcurrents.
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• Thermal-magnetic: combines thermal protection, as above, with faster magnetically controlled 

tripping response on higher value fault currents.

• Hydraulic-magnetic: combines hydraulically delayed operation with faster tripping response on 

higher value fault currents.

• Magnetic: provides extremely fast protection once specifi ed overcurrent levels are exceeded.

• Electronic Hybrid: combines “instantaneous” solid state sensing with the reliability of 

electromechanical physical circuit interruption.

• While thermal-magnetic and hydraulic-magnetic types may at fi rst seem similar, there are physical 

and performance diff erences between the two designs. As thermal-magnetic types are not 

compensated for ambient temperature change, the tripping characteristics will tend to track the 

characteristics of the equipment protected. Like thermal devices, Thermal-magnetic CBEs are 

highly resistant to shock and vibration, and are not infl uenced by mounting position.

• The tripping characteristics of hydraulic-magnetic CBEs are not signifi cantly aff ected by ambient 

temperature change within defi ned limits and may therefore be a more appropriate choice where 

fi xed tripping performance is needed. Hydraulic-magnetic CBEs, however, are sensitive to 

mounting attitude and must be installed in accordance with manufacturers’ recommendations to 

minimize the infl uence of shock and vibration.

2. Principal type of operation: R-, M-, S- or J-type according to individual needs.

3. Current rating: 

• CBE ratings should not normally be higher than the continuous rating of the equipment/installation 

to be protected, ensuring that any derating infl uences (temperature, altitude, cable bunching) and 

temporary surge conditions (motor start up, transformer/lamp switch on are accounted for).  

• non-steady-state conditions, for example frequent start, run and stop cycles or circuits with 

varying load characteristics, will require careful investigation. In some situations an evaluation of 

CBE samples under actual operating conditions may be the best approach.

• Thermal and thermal-magnetic CBEs respond to eff ective current, the meter readings for which 

may diff er from RMS values. Care should be taken to measure or calculate eff ective values.

4. Voltage: the equipment/system voltage must be within the maximum limits specifi ed for the CBE. 

Otherwise operation of the CBE is largely independent of voltage.

5. Comparison of prospective fault current with CBE interrupting capacity performance.
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6. Number of poles required.

7. Actuator type and design.

8. Mounting method.

9. Termination.

10. Environmental performance.

11. Standards agency requirements.

12. Additional features.

13. Other engineering requirements.

14. Commercial considerations.

The advantages of CBEs

• A cost eff ective means of providing reliable no-compromise equipment/systems protection, 

reducing cost of ownership and maintaining a competitive advantage.

• Nuisance-free operation when subject to high inrush currents or transients, so ratings can be closely 

matched to the needs of the system, enabling the most effi  cient sizing of wiring and components.

• Wide selection of types and operating characteristics enables tailoring to many diff erent applications. 

• Availability of double and multi-pole models eliminates the dangers of double and multi-pole fusing 

- a dangerous practice which can leave equipment live.

• Quality design ensures resistance to premature failure through corrosion, fatigue, shock or vibration.

• Unlike fuses, no need for replacement inventory. Risks of using temporary inappropriate substitutes 

are eliminated, and warranty costs are reduced.

• Convenient resetting to reduce downtime and service repair costs.

• Many types also function as ON/OFF switches, simplifying installation - fewer components mean 

higher overall reliability.

• Positive physical circuit interruption of the circuit is ensured. There is no risk of equipment remaining 

live.

• Fail-safe action if operated beyond specifi ed performance limits. Alternative PTC devices, such 
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as resettable fuses, may arc and fl ame; also they require power to be removed before they can be 

reset.

• Internationally approved, avoiding the need for special variants to meet diff erent national standards.

The Full Feature CBE

As already discussed, CBEs from diff erent suppliers - though they may be of similar appearance - are 

not all the same.

Diff erent test samples may all perform satisfactorily at fi rst but their ability to continue to do so, reliably 

and consistently, can only be assured through attention to design and constructional detail.

Prospective users seeking CBE performance which can be depended upon should focus on the 

following points:

• Contacts should be properly selected for their electrical and physical properties to minimize the 

risk of welding and pitting, and reduce electrical resistance. Metal-to-metal switching surfaces are 

likely to weld on all but the lowest  overcurrents.

• Double insulated construction will protect users and service personnel from the risk of electric 

shock. Rivets and other exposed metal parts which can become live under any circumstances are 

a safety hazard.

• Molded housings and parts should be stable, especially under changing temperature and 

humidity conditions. Poor quality parts can distort, impairing the correct operation of the switching 

mechanism.

• Internal metal parts should be non-corrosive or plated for optimal performance. When housings 

are riveted closed, plated rivets are recommended.

• Contact fl utter and marking will reduce life expectancy and create in-service diffi  culties,  

especially when electronic data storage is involved. Correctly designed latching type mechanisms 

will ensure electrical continuity in the closed position and provide snap opening of contacts for 

positive circuit interruption.

• For long term electrical effi  ciency, terminals should not be prone to corrosion or tarnishing.

• Quality CBEs will exhibit consistency in time/current operating performance. Devices calibrated 

beyond their limits may drift outside their published performance specifi cation with age.

• Trip-free operation will eliminate operator abuse. Devices which can be overridden by holding the 
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actuator in the on position should  generally be avoided.

• Good repeatability of disc-type bimetal thermal CBEs can only be achieved if the bimetal is 

correctly aged during the production process.

Circuit protection can be compared to an insurance policy. The cheapest solution is likely to prove 

worthless when it really matters.  

Selecting an E-T-A CBE

The main criteria to be considered when selecting a particular CBE type are shown under “Selection 

of a CBE” in the previous section of this guide.  This section includes some tips, applied specifi cally to 

the E-T-A product range.

Choice of functional type

When discrimination is required between temporary overcurrents (for example motor start, transformer in-

rush, extra-low voltage wiring) and sustained faults, the use of thermal only (TO) CBEs is recommended.

A range of models off ers R, M and S-type operation with a design, actuator and styling choice and a 

selection of current ratings to facilitate close matching of the CBE rating to that of the load and/or wiring 

being protected.

PCB applications can be catered for by E-T-A thermal devices, with hot wire types recommended for 

sensitive loads requiring fast- acting protection.

For equipment which needs the discrimination characteristics of a thermal solution at lower levels of 

overcurrent and faster protection as the fault current increases more rapidly, an E-T-A thermal magnetic 

(TM) CBE is likely to be the ideal solution. These are also suitable for equipment where shock and 

vibration will be experienced, and can be densely packed due to their ultra slim profi le.  E-T-A thermal 

and thermal-magnetic devices are not infl uenced by mounting position.

While insensitivity to ambient temperature change is often undesirable in a CBE, there are some 

applications that require fi xed tripping characteristics while operating in fl uctuating or extremes of 

temperature. For this requirement the hydraulic magnetic (HM) CBE may be the appropriate choice. 

Delayed medium and fast time/current characteristics are available. Hydraulic-magnetic CBEs are 

sensitive to mounting position, please consult E-T-A’s technical documentation on the website for notes 

on correct installation.

Magnetic only (MO) CBEs provide very fast response times for sensitive equipment. Care should be 

taken to ensure that nuisance operation is not encountered through switch-on surges or transients. 

Delayed thermal or hydraulic-magnetic types may be preferable if surges cannot be suppressed.
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E-T-A high performance CBEs are specifi cally designed for applications with requirements that are 

uncompromising. These devices are particularly suitable for aerospace, marine, defense and heavy 

duty industrial usage.

Current rating

One of the fi rst questions that needs to be considered in selecting a CBE rating is whether the device 

is needed to protect the cable, the equipment, or both.

Very low current circuitry may often be connected by conductors of a higher rating for reasons of 

mechanical strength and handling, and to restrict volt drop. In this situation, CBEs selected according 

to the conductor rating may not adequately protect the load, and it may be advisable to consider 

installing an additional CBE at the equipment itself.

The CBE rating should normally not be higher than the continuous rating of the equipment and/or wiring. 

Where cables are bunched together in a loom or harness, or where free air circulation around cables is 

restricted, it is advisable to remember that their ratings should be reduced - see cable manufacturers’ 

data for guidance. A lower CBE rating will be required.

For operation at temperatures constantly higher or lower than normal ambient (considered to be 23°C), 

E-T-A’s technical documentation on the website should be consulted for advice on the factor to apply 

to the load rating before deciding upon a thermal or thermal-magnetic CBE current rating.

The operating characteristics of E-T-A hydraulic-magnetic, magnetic and some high performance 

models are not signifi cantly infl uenced by changing ambient temperature. This is a benefi t when the 

CBE is installed in an environment diff erent from the load to be protected. Conversely the ability of 

E-T-A thermal and thermal-magnetic CBEs to track the characteristics of the load during temperature 

change ensures optimal electrical protection and enables effi  cient sizing of components, conductors 

and connectors.

For non-steady state conditions, attention will need to be paid to the maximum current which can fl ow 

and the time intervals involved, before the CBE rating is decided upon.

Voltage rating

Standard type E-T-A CBEs are current sensitive.  They are not infl uenced by voltage provided this is 

within the maximum stated value for the model concerned. Very low voltage circuits may require the use 

of E-T-A models specially developed for this purpose, to avoid power loss diffi  culties.

Time/current characteristic curves

Trip time zones (determined at 23°C), plotted in graph form as time against current, are shown in the 

E-T-A technical datasheet for each product type. The upper and lower extremities represent the limits 
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of adjustment tolerance within which all E-T-A CBEs can normally be expected to remain during their 

service life.

It is important to know that the trip/time bands published cover a range of current ratings. For individual 

ratings their operating zone will be narrower than shown although the performance of diff erent ratings 

will fall within diff erent parts of the overall zone - for example the performance of a 5A rating of a 

particular CBE model may tend to be towards the upper limit of the zone whereas the performance of 

a 25A rating of the same CBE model may tend to be towards the lower limit.

Double and multi-pole operation

For maximum safety and to meet standards agency requirements, it is preferable when applying double 

pole E-T-A CBEs to specify overcurrent sensing on both poles. These devices are ideal for the protection 

and disconnection of circuits supplying power to intrinsically safe areas, and for applications where the 

correct orientation of live and neutral cannot be guaranteed.

The use of a double pole CBE with dual pole sensing will eliminate any temptation to fi t a fuse in each 

pole - a dangerous practice which still persists, even though the safety hazard of only the neutral fuse 

blowing should be obvious.

The operation through overcurrent of any one pole of an E-T-A double pole or multi-pole sensing CBE 

will cause simultaneous disconnection of the remaining pole(s).  

Actuator type and design

E-T-A provides a wide choice of CBE actuators, to meet individual operational and styling needs.

These include push button for press-to-reset devices, two color push buttons to show the OFF position 

on switchable models, rockers, batons and toggles/levers. E-T-A aerospace and high performance 

types feature a push/pull actuator requiring a deliberate pull-to-disconnect action, designed to minimize 

the risk of accidental switching.

Mounting method

Panel, surface, socket, PCB and built-in mounting are all catered for within the E-T-A product range. 

Panel mounting is generally threadneck with fastening nuts, screw fi xing or snap-in.

The fl exibility of socket mounting proves an extremely popular approach in some industries, enabling 

complex systems to be assembled and wired and allowing current rating decisions for the CBE to be 
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delayed until the last moment.

Socket mounting also provides a valuable safety feature - CBEs may be conveniently removed by 

service personnel to ensure a positive means of isolation for equipment to be worked on.

Some E-T-A models for automotive applications are designed to plug in to standard fuse blocks or a 

purpose-built E-T-A socket with surface and rail mounting possibilities.

Termination

The convenience of push-on terminal connection is increasingly favored in series production 

environments, and E-T-A blade terminals are designed to accommodate modern industry standard 

connectors off ering excellent mechanical retention and electrical properties. These terminals are also 

suitable for soldering.

Other terminal designs available include solder pin for PCB mounting; screw type for higher current 

ratings and to meet shock and vibration specifi cations and studs or bolts for higher current ratings.

Glossary of CBE terminology
This glossary introduces the most common standard terminology applied to the design, performance 

and application of Circuit Breakers for Equipment (CBE).

Protecting electrical and electronic equipment - ranging from the commonplace to the most sophisticated 

products and systems - requires mutually understood defi nitions. This glossary is a compilation of 

widely used and internationally accepted terminology.

It is hoped that this guide will assist users in their understanding and selection of modern CBE devices.

The following terms are widely applied to the design, performance and application of Circuit Breakers 

for Equipment (CBEs). The defi nitions and additional qualifi cations (in italics) shown, reference wherever 

possible, established international standards, in particular IEC 60934/EN 60934.

A

• AC Alternating Current: CBE performance specifi cations assume conventional sinusoidal wave 

forms, for alternative requirements it is recommended that selection advice is requested.

• Altitude: The height above sea level at which the CBE is installed. For operation at altitudes higher 
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than 2000 M, it may be necessary to take into account the dielectric strength of the CBE and the 

cooling eff ect of the air.

• Ambient air temperature: The temperature, determined under prescribed conditions, of the air 

surrounding the complete CBE (e.g. for an enclosed CBE, it is the air outside the enclosure).

• Approval authorities: Internationally accredited agencies competent to test CBE devices to recog-

nized national and/or international standards.

• Auxiliary circuit: All the conductive parts of a CBE intended to be included in a circuit other than 

the main circuit and the control circuit of the CBE. I.e. a circuit within a CBE electrically separate 

from the main and (if fi tted) control circuit(s).

B

• Bimetal: Two dissimilar metals with diff erent co-effi  cients of expansion bonded together such that 

the bimetal defl ects on heating, typically through overcurrent in the case of a CBE application, to 

directly or indirectly cause the contacts to open.

• Bimetal, disc type: A bimetal of small cross-sectional area, usually stamped from a strip, and 

mechanically formed to provide the bimetal with “snap” characteristics which are evident upon 

heating.

• Bimetal, strip type: A bimetal of larger cross-sectional area than a disc type, the defl ection rate of 

which is in proportion to temperature, usually overcurrent generated in the case of a CBE.

• Bus Bar: Current-carrying conductor, usually rigid, used in an electrical distribution system as a 

common feed and/or common return.

C

• Calibration - CBE: Individual adjustment of a CBE mechanism to ensure its time/current tripping 

performance complies with published data.

• Cascade circuit: A series arrangement of more than one CBE connected between the power 

source and the load. Especially suited to higher voltage DC circuits to minimize the eff ects of 

arcing.

• Catastrophic fault: An unintended situation (for example short circuit) which results in an overcur-

rent likely to cause rapid and irreversible damage to equipment, or components and conductors 

thereof.

• Circuit breaker, automatic reset: An automatic reset circuit breaker (cycling circuit breaker) which 
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automatically resets itself and cycles on and off  under persistent fault conditions. Intended for 

applications where manual supervision is not possible, caution must be exercised when using/ 

specifying such devices to ensure that safety hazards are not introduced. Equipment that initially 

stops during an overload condition and then automatically restarts presents obvious dangers. 

Since cycling times may be faster than the cooling time of the equipment to be protected, a grad-

ual heat build up is possible which may permanently damage equipment and create safety risks. 

Circuit breakers of this type are not classifi ed as CBEs.

• Circuit Breaker for Equipment (CBE): A mechanical switching device, specifi cally designed for the 

protection of equipment, capable of making, carrying and breaking currents under normal circuit 

conditions and also making, carrying for a specifi ed time and automatically breaking currents 

under specifi ed abnormal circuit conditions. IEC 60934 covers CBEs which are either intended for 

automatic interruption and non-automatic resetting only, or intended also for performing manual 

switching operations.

• Circuit breaker operation, cycling trip-free: A CBE, the moving contact(s) of which return to the 

open position when the automatic opening operation is initiated after the initiation of the closing 

operation, and which will then re-close repeatedly and momentarily, whilst the closing command 

is maintained. I.e. upon overcurrent the CBE mechanism will cycle to open and close the con-

tact(s) repeatedly if the actuator is maintained in the ON position.

• Circuit breaker operation, trip-free (Also referred to as positively trip-free): A CBE, the moving con-

tact(s) of which return to and remain in the open position when the automatic opening operation 

is initiated after the initiation of the closing operation, even if the closing command is maintained. 

I.e. upon overcurrent the CBE mechanism will cause the moving contact(s) to open and remain 

open, even if the actuator is maintained in the ON position.

• Clearance: The shortest distance in air between two conductive parts.

• Closed position: The position in which the predetermined continuity of the main circuit of the CBE 

is secured i.e. when the CBE actuator is in the ON position the main contact will be closed.

• Contact(s): Circuits within a CBE are opened/closed by at least one pair of contacts - one fi xed, 

one moving - which may be formed metal parts or purpose-designed contacts according to their 

intended duty.

• Contacts, auxiliary: A contact included in an auxiliary circuit and mechanically operated by the 

CBE.

• Contacts, changeover: A moving contact which together with a fi xed contact provides a pair of 
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closed contacts when the CBE is in the ON position and which is operated by the CBE to provide 

a pair of closed contacts together with an alternative fi xed contact when the CBE is in the OFF 

position.

• Contacts, control: A contact included in a control circuit of a CBE and mechanically operated by 

the CBE.

• Contacts, main: A contact included in the main circuit of a CBE, intended to carry, in the closed 

position, the current of the main circuit.

• Contacts, normally open: Contacts which are closed when the CBE is in the ON position and the 

main contacts are closed, and which are open when the main contacts are open.

• Contacts, normally closed: Contacts which are open when the CBE is in the ON position and the 

main contacts are closed, and which are closed when the main contacts are open.

• Contacts, self-cleaning: A moving contact which opens/closes with a mechanical wiping action 

across the fi xed contact. This self-cleaning action helps to minimize contact contamination, there-

by keeping resistance low and extending contact life.

• Control circuit: A circuit (other than a path of the main circuit) intended for the closing operation or 

opening operation, or both, of the CBE.

• Cost of ownership: The true cost of a CBE including the costs of initial acquisition, installation and 

use calculated over the life cycle of the equipment into which it is fi tted. The cost of replacing a 

CBE which fails prematurely for reasons of design or workmanship should be allowed for.  (The 

pain of in-service quality problems continues long after the pleasure of a low cost purchase has 

passed).

D

• DC Direct Current: From a battery source or full wave rectifi ed.  For alternative requirements it is 

recommended that selection advice is requested.

• Dual control: A CBE combining two electrically separate sensing elements. To facilitate, for exam-

ple, overcurrent protection and voltage operated disconnection by means of an external sensor.

E

• Exposed conductive part: A conductive part which can be readily touched and which is not nor-

mally live but which may become live under fault conditions.
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F

• Fault: A circuit condition in which current fl ows through an abnormal or unintended path. This 

may result from an insulation failure or the bridging of insulation. Conventionally the impedance 

between live conductors or between live conductors and exposed or extraneous conductive parts 

at the fault position is considered negligible.

• Fault current: A current resulting from a fault.

• Full feature: A CBE with a latching type positively trip-free mechanism, self-cleaning contacts, 

capable of providing safe and reliable operation for a wide range of commercial, industrial and 

professional applications. 

H

• High performance CBE: A CBE of robust design and construction - typically featuring special con-

tacts, a housing resistant to high arcing temperatures and a heavy duty mechanism - providing a 

high level of resistance to the eff ects of shock, vibration, salt spray, humidity and similar infl uenc-

es.

• Hot wire: A hot wire CBE mechanism features a stretched length of conductive material of small 

cross-sectional area connected to the trip mechanism. Upon heating through overcurrent, this 

“wire” will expand causing the contacts to open. This CBE type typically exhibits very fast switch-

ing characteristics.

I

• Interrupting capacity (rupture capacity): The current which a CBE will switch under overcurrent 

conditions without damage to itself. CBE performance specifi cations will often show fi gures for 

maximum and normal interrupting capacity; the current values which the CBE will survive for a 

minimum of three switching cycles and fi fty switching cycles respectively.  See also rated condi-

tional short circuit.

M

• Main circuit (of a CBE): All the conductive parts of a CBE included in the circuit which it is de-

signed to close and open.

• Mains supply: The electricity supplied by a system connected to the utility distribution grid.

• Miniature Circuit Breaker (MCB): A circuit breaker intended typically for the protection of AC 

mains supply circuits. This type of circuit breaker is normally physically larger than a CBE, often 

signifi cantly so.
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• Method of operation (R, M, S types): CBEs for automatic interruption and non-automatic (man-

ual resetting only) are classifi ed as R-type. CBEs for automatic interruption and non-automatic 

(manual) resetting, provided with means for manual operation designed for occasional manual 

switching, but not designed for regular manual switching operations under normal load conditions 

are classifi ed as M-type. CBEs for automatic interruption and non-automatic (manual) resetting, 

provided with means for manual operations and designed for regular manual switching operations 

under normal load conditions are classifi ed as S-type.

• Mode of tripping

• Electronic Hybrid (EH): Electronic Hybrid CBEs combine solid state overcurrent sensing with 

the reliability of electromechanical  physical circuit interruption. Typically overcurrents will be 

electronically limited to a safe level while an electro-mechanical CBE physically disconnects the 

circuit.

• Hydraulic Magnetic (HM): CBEs which are operated by a solenoid, the plunger of which moves 

upon overcurrent to release a latching mechanism causing the contacts to open. Hydraulic fl uid 

damping is employed to introduce deliberate and defi nable delays, depending upon design and 

the viscosity of the fl uid used, thereby providing a versatile selection of characteristics for many 

diff erent types of application.

• Magnetic (MO): Magnetic solenoid operated CBEs, similar to hydraulic magnetic types but with-

out a delay. These CBEs provide extremely fast protection once specifi ed overcurrent levels are 

exceeded. Switch-on surges must be controlled to avoid nuisance operation.

• Thermal (TO): CBEs which are operated by a bimetal, hot wire or similar element sensitive to the 

heating eff ect of overcurrent. The element will either open the contacts directly or will release a 

latching mechanism causing the contacts to open.

• Thermal Magnetic (TM): Thermal magnetic CBEs include a solenoid in series with a thermal ele-

ment to provide a more rapid response to higher value overcurrents.  For overcurrents in excess 

of a predetermined value the solenoid operates and causes the contacts to open.

• Mounting

• Base/surface type: A CBE intended to be mounted, usually by means of a tool (i.e. typically bolt 

or screw fastened) to a fl ush surface, either directly or onto an intermediate base.

• Integral type: A CBE which is kept in place by fi xation means and does not require any other 

mounting means. I.e. a CBE which may be held within a molded receptacle, for example.
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• PCB type: A CBE with pins for printed circuit board insertion and soldering.

• Plug-in type: A CBE with terminals designed to be accommodated by a mating receptacle. The CBE 

can typically be push-fi tted into the receptacle and withdrawn as required, without the use of tools.

• DIN Rail-mounted type: A CBE intended for mounting on a DIN rail, normally to an international 

standard.  Some CBE models feature a combi-foot design which facilitates their mounting on rails of 

several diff erent designs.

• Screw-in panel mounting: A CBE intended to be fi xed to a panel by means of bolts or screws.

• Snap-in panel mounting: A CBE intended to be push-fi tted into a panel mounting aperture.   The 

design of the mounting arrangement is unidirectional, i.e. the CBE can readily be push-fi tted into the 

panel, it is withdrawn only with diffi  culty.

• Threadneck panel type: A CBE fi tted with a threaded mounting bush intended for insertion through a 

panel aperture and secured by means of fi xing nuts.

O

• Open position: The position in which the predetermined clearance between open contacts in the main 

circuit of the CBE is secured.

• Operation of a CBE

• The transfer of the moving contact(s) from the open position to the closed position or vice versa. If dis-

tinction is necessary, an operation in the electrical sense (for example make or break) is referred to as a 

switching operation and an operation in the mechanical sense is referred to as a mechanical operation.

• Overcurrent: Any current exceeding the rated current of the CBE.

• Overload current: An overcurrent occurring in an electrically undamaged circuit.

P

• Pole (of a CBE): That part of a CBE associated exclusively with one electrically separated conducting 

path of its main circuit provided with contacts intended to connect and disconnect the main circuit itself 

and excluding those portions which provide a means for mounting and operating the poles together.

• Pole, protected: A pole provided with a means to detect overcurrent, in which event a contact is caused 

to open.

• Pole, switched neutral: A pole, only intended to switch the neutral, and not intended to have a condition-

al short-circuit capacity.
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• Pole, unprotected: A pole without any means to detect overcurrent but otherwise generally capable of 

the same performance of a protected pole of the same CBE.

R

• Rated conditional short-circuit performance: IEC 60934/EN 60934 defi nes interrupting capacity as the 

rated conditional short circuit current performance of a CBE. According to category PC1, this is the value 

of rated conditional short circuit current (interrupting capacity) for which the prescribed conditions do not 

include fi tness of the CBE for its further use. PC2 is defi ned as the value of rated conditional short circuit 

current for which the prescribed conditions do include fi tness of the CBE for its further use.

• Rated current: The nominal current that a CBE will carry in uninterrupted duty without tripping, at a spec-

ifi ed reference ambient temperature.

• Rated frequency: The power frequency for which the CBE is designed and to which the values of the 

other characteristics correspond.

• Rated voltage (for a current sensitive CBE): The maximum DC and/or AC system voltages up to which 

the CBE may be safely specifi ed/used. The rated operational voltage of a CBE is the value of voltage to 

which the performance is referred.

• Relay trip: A separate control circuit, electrically isolated from the main circuit of the CBE, the energiza-

tion of which will cause the main contact (s) to open. Relay trips are available for either voltage sensing 

or current sensing.

• Residual current: The vector sums of the instantaneous values of current fl owing through all live conduc-

tors of a circuit at a point in the electrical installation.

• Residual current device: A mechanical switching device or association of devices intended to cause the 

opening of the contacts when the residual current attains a given value under specifi ed conditions.

S

• Short circuit current: An overcurrent resulting from a fault of negligible impedance between two points 

intended to be at diff erent potentials in normal service.

• Shunt circuit (of a CBE): An unprotected circuit tap switched through the main contacts of the CBE.

• Supplementary Protector: In North America CBE type devices are defi ned as Supplementary Protec-

tors by Underwriters Laboratories and the Canadian Standards Association. The relevant standards are 

UL1077 and C22.2 number 235 respectively. It should be noted that these standards normally reference 

rated conditional short circuit current performance in accordance with IEC 60934 category PC1.
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T

• Tease-free mechanism: A mechanism which will not allow the main contact(s) to be intentionally or 

unintentionally held closed until the set position of the mechanism has been correctly attained: tease-

free mechanisms are usually of the snap action type and minimize the risk of contact contamination and 

welding.

• Terminals

• Push-on type: Male terminals designed to accept female connectors, in various sizes, to international 

standards.

• Screw type: A terminal in which the conductor is clamped under the head of the screw. The clamping 

pressure may be applied directly by the head of the screw or through an intermediate part, such as a 

washer, a clamping plate or an anti-spread device.

• Stud type: A threaded stud onto which conductors or ring connectors are fi tted. The clamping pres-

sure may be applied directly by a suitably shaped nut or through an intermediate part such as a wash-

er, a clamping plate or an anti-spread device.

• Tripping time: The time interval from the instant at which the associated tripping current begins to fl ow in 

the main circuit to the instant when this current is interrupted (in all poles).  

• Tripping characteristics: The time-current characteristic above which the CBE shall trip.

• Tripping curves: A graph showing the relationship between overcurrent (normally expressed as a per-

centage of rating) and the CBE tripping time. Typically graphs will show a time-current operating zone 

defi ned by the minimum and maximum limits of manufacturing tolerance.

• Trip-free: See circuit breaker operation.

• Typical life: The number of mechanical and/or switching operations at defi ned values of current and volt-

age which a CBE will perform and be within specifi ed limits.

U

• Undervoltage/Zero voltage release: A release which causes a CBE to open, with or without a delay, when 

the voltage across the terminals of the release falls below a predetermined value.

V

• Voltage trip: An intended operation of a CBE, with or without a delay, when a defi ned voltage is applied 

across the terminals of the complete CBE or a control circuit within the CBE - see relay trip.
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About E-T-A:

E-T-A Circuit Breakers is a world leading manufacturer of circuit breakers and is a single-source supplier for 

most circuit protection technologies: thermal, thermal-magnetic, magnetic, electronic and high performance. 

Additionally, E-T-A is a leading manufacturer of solid state remote power controllers (SSRPCs).  All E-T-A circuit 

protection devices are RoHS compliant. With North American headquarters in Chicago, the company serves 

industrial OEMs and end-users. To learn more about E-T-A and its products, please visit www.e-t-a.com.
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