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Abstract 

Intrinsically safe (I.S.) design is a particularly challenging form of engineering.  It involves concepts 

that are outside the norm for ordinary design work.  This guide will explain some of the essential 

concepts of I.S. design, which must be considered in order to achieve I.S. certification. 

 

 

Limiting Energy 

The first essential concept is that of energy limitation.  I.S. devices are designed such that the total 

amount of energy available in the apparatus is simply not enough to ignite an explosive atmosphere.  

The energy can be electrical (in the form of a spark) or thermal (in the form of a hot surface). 

 

This concept leads to several fundamental limitations in I.S. design.  As energy must be limited, all 

potential sources of energy must be considered and appropriately limited to safe levels.   

 

However, except for very simple apparatus, all electrical and electronic devices must contain energy 

to operate.  This represents a fundamental contradiction.  It is the role of the designer to find an 

appropriate compromise design, which is often challenging. 

 

Energy limitations are best addressed from the very beginning of the design.  If not, the situation 

becomes similar to converting a production-line family sedan into a high-performance stock car: it is 

possible, but also very risky, expensive, and time-consuming. 

 

One solution is to locate only very simple apparatus, such as thermocouples, inside the hazardous 

area.  Another is to limit the total energy in the entire design.  The most appropriate approach is 

dictated by the design requirements.   

 

The design margin for electronic designs that are both operable and safe is often narrow, and can be 

difficult to find.  There are few, if any, reliable references that can provide guidance; those that do 

exist are difficult to interpret.  Designers must always be cautious about relying on theoretical 

predictions for allowable energy. 
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Faults 

A second essential concept is that of fault tolerance.  Designers are often concerned with reliability, 

but the approaches taken to ensure safety in intrinsically safe design differ markedly from 

conventional measures of reliability. 

 

Typical reliability metrics rely on analysis of the probability of failure, and lead to metrics such as 

estimated working life.  I.S. design, however, does not concern itself with these types of measures. 

 

Instead, I.S. designs are analyzed based on the premise that circuit faults are a certainty.  Moreover, 

the premise is extended to assume that a nearly unlimited number of simultaneous faults can occur at 

the same time.  The probability of failure is irrelevant and is not considered. 

 

Initially, these assumptions regarding failure may seem unreasonable, but they are not.  In the field 

of hazard and risk analysis, it is not always enough to say that something is simply unlikely to 

happen; devastating consequences demand extra caution.  Circuit faults are therefore considered 

inevitable in order to evaluate the possible effects. 

 

Different levels of certification provide for different levels of fault tolerance, which are denoted by 

letters.  ‘a’ level designs are the most stringent, and are currently the only designs allowed in the 

most hazardous areas (Zone 0). 

 

This is followed by ‘b’ level, which is allowed in Zone 1 areas.  Lastly, ‘c’ level designs are 

possible, but are not generally accepted for use except in the least risky (Zone 2) areas. 

 

Fault tolerance is also related to energy limitation.  With failures being guaranteed, the circuit 

designer will likely find that the total energy in the circuit is higher than in a ‘normal’ situation.  This 

makes the task of limiting the total energy even more difficult. 

 

While difficult, the situation is usually not hopeless if addressed early.  The number of potential 

circuit failures can be reduced by following specific design criteria laid out in the I.S. standards.  

These rules provide the designer a measure of control to make the design both practical and safe.   
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The Worst-Case Scenario 

This leads us to the final concept, that of the worst case.  This concept makes the task of analyzing 

complex designs manageable, by reducing the possible number of situations that must be considered.   

 

I.S. designs are always considered from a worst-case perspective in order to achieve maximum 

safety in their intended application.  Of course, this again makes the designers task more difficult. 

 

Note that the worst case may not actually be the situation with the maximum number of circuit 

failures (known as ‘faults’).  In some cases, a single fault results in a worse situation than multiple 

faults.  Generally, however, the worst case occurs at the maximum number of allowable faults. 

 

The worst case is also inherently linked to the ideas of energy limitation.  Generally, the worst 

possible energy case for any design occurs when all sources of energy available in the entire circuit 

are added up.  This represents the total available energy; the design can not physically exceed this 

total. 

 

With appropriate design techniques, it is possible to segregate circuits from each other, limiting the 

energy transferred from one section to another.  While this can raise the allowable energy limits 

significantly, there are specific criteria that must be followed. 

 

Even with this worst case analysis, there is a measure of uncertainty – designs can never be analyzed 

perfectly.  To account for this, margins of safety are routinely applied to account for any 

unanticipated effects.   

 

 

Summary 

The limit on allowable energy is the single biggest challenge in intrinsically safe design.  It is the 

single biggest obstacle to achieving a working design; it is also the single biggest reason why 

designs fail to meet I.S. requirements. 

 

Fault requirements and worst case analysis both work against the designer, making retroactive 

changes extremely difficult.  Addressing energy limitations, circuit fault requirements and worst case 

analysis from the very beginning of the design is the best approach for maximizing the possibility of 

success. 
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About Spark Institute 

Spark Institute is a full-service consultancy that specializes in intrinsically safe and hazardous 

locations design services.  Our experience covers North American, ATEX, and IEC requirements. 

 

 

Design Consulting 
 

Know what you want, but don’t know how?  Put our years of experience to work for you.  We can 

design hazardous locations products to your specifications. 

 

 

Design Evaluation 
 

Have an existing product, design, or concept?  Spark Institute can help evaluate your design to the 

relevant standards to help ensure compliance.  Take advantage of our experience to reduce your risks 

before making costly mistakes. 

 

 

Training Services 
 

Good designers aren't born - they're trained.  Our training courses will drastically shorten the learning 

curve for both new and experienced designers.  Courses can be tailored to your product lines on 

request. 

 

 

Contact us today at:  www.sparkinstitute.ca 

 

 


