
 

J. Acoustic Emission, 29 (2011) 160 © 2011 Acoustic Emission Group 

INTRINSICALLY SAFE ACOUSTIC EMISSION TRANSDUCERS 
 

RAN ZHOU and STAN HALE 

Score Atlanta Inc., 975 Cobb Place Blvd. Suite 202, Kennesaw GA, 30144 
 

Abstract 
 

Intrinsic safety (IS) is a signaling technique that protects plant and personnel from the risk of 
fire and explosions by ensuring that the energy transferred to a hazardous area is well below the 
energy required to ignite the explosive gas atmosphere. IS basic principles are presented in this 
paper. Two intrinsically safe acoustic emission (AE) transducers with integrated 20-dB pream-
plifier are described. A power adaptor is designed to provide power and signal conditioning for 
the AE transducers and is to be installed outside the hazardous area. An IS barrier is built into the 
power adaptor. The power adaptor will be constructed in an IP20 (IEC 60529) enclosure, which 
will be mounted on standard 35-mm DIN rail. The transducers and power adaptor are developed 
to meet the requirements of electrical apparatus standards UL 60079-0:2005 and UL 60079-11: 
2007. 
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Technical Terms 
countable fault – fault which occurs in parts of electrical apparatus conforming to the construc-
tional requirements of UL 60079-11. 
creepage distance in air – shortest distance along the surface of an insulating medium in contact 
with air between two conductive parts. 
fault – any defect of any component, separation, insulation or connection between components, 
not defined as infallible by UL 60079-11.  
non-countable fault – fault which occurs in parts of electrical apparatus not conforming to the 
constructional requirements of UL 60079-11. 

Introduction  

The three ingredients necessary for an explosion (fuel, ignition energy and oxidizer) make up 
the ignition triangle (see Fig. 1). In order for an explosion to occur, the three ingredients must be 
present simultaneously in the right proportions. [1]  

 

 
Fig. 1. The ignition triangle. 
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The first type of ignition source is thermal. A hot surface can cause ignition by spontaneous 
combustion. Every hazardous area has a temperature classification. The second type of ignition 
source is the spark. Sparks can be generated by the normal operation of equipment, like motor 
starters; and also can be produced by electrical equipment failure. Any electronic device, which 
stores or produces energy can cause a spark.  Minimum ignition energy (MIE) exists for every 
fuel that represents the ideal ratio of fuel to air. At this ratio, the mixture is most easily ignited. 
Below the MIE, ignition is impossible for any concentration [2]. 

 
The simplest method providing effective explosion protection to electronic instrumentation is 

intrinsic safety (IS). The basic principle of IS is to limit energy into the hazardous area. There are 
two basic types of intrinsic safety interfaces: Zener barriers and galvanic isolators.  Zener barri-
ers have been widely used as safety interfaces to meet the majority of applications in hazardous 
areas. Based on energy-diversion concept, Zener barrier is a network of components arranged as 
shown in Fig. 2. Zener barriers have good frequency response and high linearity. They are simple, 
high-accuracy and low cost devices [3]. Galvanic isolators provide isolation between hazardous 
and safe area devices, by using components, such as transformers, relays, and optocouplers, 
which must comply with requirements of safety standards to guarantee safety.  

 
Fig. 2. Zener barrier.  

Intrinsic Safety Basic Principles 

Intrinsically safe apparatus are electrical apparatus, which are incapable of causing ignition 
of a given explosive gas atmosphere, when any spark or any thermal effect is produced by the 
apparatus under normal or specified fault conditions. In intrinsic safety applications, three basic 
parts have to be considered: hazardous area devices, safety interfaces, and interconnecting cables 
[2].  

 
Hazardous Area Devices 
The field devices used in any hazardous area must be one of two types: simple apparatus, and 
intrinsically safe certified apparatus. 
 

A simple apparatus is a field device, which meets one of the following requirements [4]: 
• Passive components, for example, switches, junction boxes, resistors and simple semicon-

ductor devices; 
• Sources of stored energy with well-defined parameters, for example, capacitors or inductors; 
• Sources of generated energy, for example, thermocouples and photocells, which do not gen-

erate more than 1.5 V, 100 mA, and 25 mW.  
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Piezoelectric material produces an electrical charge when it is mechanical deformed. Any 
device, which does not fall into the category of simple apparatus, must be intrinsically safe certi-
fied. Piezoelectric acoustic emission (AE) sensors must be protected by intrinsically safe circuits 
and certified. 

 
Safety Interfaces 
Safety interfaces between field devices and instruments protect the hazardous area devices by 
limiting the flow of energy under normal and fault conditions. Associated apparatus are electrical 
apparatus, which contain both intrinsically safe circuits and non-intrinsically safe circuits, and 
are constructed so that the non-intrinsically safe circuits cannot adversely affect the intrinsically 
safe circuits [4]. Associated apparatus defines maximum allowable safety parameters of the cir-
cuits connected to the hazardous area terminals of the safety interfaces. Zener barriers must be 
designed and certified as associated apparatus. 
 

Zener barriers were developed in the late 1950’s as process control computers were more 
widely applied to the chemical industry. They consist of a fuse, a resistor, and two or three Zener 
diodes (See Fig. 2). The Zener diodes are connected in the reversed biased direction. Zener bar-
riers block dangerous energy from being transmitted from the instrument to the hazardous area. 
The energy could be from a power supply, stored in capacitors, stored in inductors, or some 
combination of the three. This energy could be released due to some combination of faults (open 
circuits, shorts, grounds, etc.) occurring in the system.  

 
In normal operation, the voltage applied to the hazard area is less than the Zener voltage, and 

the barrier will be virtually transparent to the control loop. If a fault voltage appears at the safe 
area terminals of the barrier, the resulting high current flows to ground through the fuse and Ze-
ner diodes. The fuse is rated to blow in order to protect the Zener diodes from damage and to 
prevent the transfer of unacceptably high energy into the hazardous area.  During fault transient, 
the open circuit voltage (Voc) at the hazardous area terminals of the Zener barrier is clamped to 
the Zener voltage, and the short circuit current (Isc) in hazardous area is limited by the resistor. 
The two values, Voc and Isc determine the maximum allowable capacitance and inductance at the 
hazardous area terminals.  

 
Interconnecting Cables 
Cables store capacitive energy and inductive energy. The capacitance and inductance values of 
the cable (generally, given in pF/m and µH/m) are available from the cable manufacturer. In IS 
circuits, low voltage Voc and current Isc, allow the use of ordinary instrumentation cables provid-
ed that capacitance and inductance are taken into account in assessing the safety of the system; 
cable parameters seldom are a problem and long distances can be easily achieved [3]. 

 
Intrinsically Safe Integral Preamplifier-AE Transducers Design and Construction 
 

The National Electrical Code (NEC) defines hazardous locations as those areas "where fire or 
explosion hazards may exist due to flammable gases or vapors, flammable liquids, combustible 
dust, or ignitable fibers or flyings" [5]. 

Gas Groups and Temperature Classes  
Flammable materials are grouped according to the ignition energy (gas groups) and classified for 
their minimum ignition temperature (temperature class). 
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Electrical apparatus for explosive gas atmospheres are divided into two groups [6]. 
• Group I: electrical apparatus for mines susceptible to firedamp; 
• Group II: electrical apparatus for places with an explosive gas atmosphere other than mines 

susceptible to firedamp. 
According to the hazardous substance, electrical apparatus of group II are subdivided into  
• IIC: acetylene, hydrogen and hydrogen mixes; 
• IIB: ethylene, etc.; 
• IIA: propane, gasoline, natural gas, etc. 
Acetylene is a gas with extremely high explosion pressures. Group IIC has the lowest minimum 
ignition energy among group II, so apparatus marked IIC are suitable for application requiring 
apparatus of IIB and IIA.  
 

Maximum surface temperature is the highest temperature, which is attained under the most 
adverse conditions by any part or surface of an electrical apparatus, which would be able to pro-
duce an ignition of the surrounding explosive gas atmosphere [6].  Electrical apparatus of group 
II shall be marked as a function of its maximum surface temperature (See Table 1).  

Area Classifications and Protection Categories 
According to the probability of the presence of an explosive mixture, hazardous area can be di-
vided into three zones,  
• Zone 0: ignitable concentrations are present continuously or long periods of time under nor-

mal operating conditions 
• Zone 1: ignitable concentrations likely to exist under normal operations; may exist frequently 

because of repair, maintenance or leakage;  
• Zone 2: ignitable concentrations not likely to exist under normal operations or may exist for a 

short time only. 
 
Intrinsically safe certified apparatus and intrinsically safe certified parts of associated appa-

ratus shall be placed in category “ia” or “ib” [4]. Generally, the intrinsically safe circuits in elec-
trical apparatus of category “ia” are not capable of causing ignition in normal operation and with 
the application of non-countable faults or up to two countable faults; those in category “ib” are 
not be capable of causing ignition in normal operation and with the application of non-countable 
faults or one countable faults. Apparatus may be specified as both “ia” and “ib”, and may have 
different parameters for each category.  Intrinsically safe electrical apparatus in zone 0 should 
be in category “ia”, and those in zone 1 can be in “ia” or “ib”.   

Requirements of Intrinsically Safe Integral Preamplifier-AE Transducers 
Piezoelectric devices use the piezoelectric effect to measure pressure, acceleration, strain or force 
by converting them to an electrical potential. Here, two AE transducers are developed to be 
certified as intrinsically safe integral preamplifier-AE transducers. The power adaptor is de-
signed to be an associated apparatus. A diagram of the intrinsically safe system is given in Fig. 3. 
The intrinsically safe integral preamplifier-AE transducers and power adaptor are developed to 
be in category “ia”, group IIC, and class T4.  
 

An IS voltage protection circuit is employed in the AE transducers, which have an integral 
20-dB preamplifier. Thus, the energy stored by the capacitance of the crystal is limited. To 
eliminate a current caused by metalwork contacting with other metalwork, the AE transducers 
are covered with a coat of nonconductive epoxy material.       
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Fig. 3. Block diagram of an AE transducer system for intrinsic safety application. 

 
In principle, associated apparatus do not require an enclosure since the method of protection 

is embodied within the circuit. While IS can be impaired by access to conducting parts, an en-
closure with a protection classification of IP20 (IEC 60529) is able to provide effective protec-
tion for the circuits containing infallible creepage distances in air. IP20 enclosures provide pro-
tections against test fingers and solid foreign particles of diameter 12.5 mm and greater.  The 
required creepage distances under insulating coatings are much smaller than those in air. A pro-
tective coating will reduce the dimensions of the printed circuit boards of IS circuits. The power 
adaptor with a built-in Zener barrier will be epoxy filled, and constructed in an IP20 enclosure. 

 
A Deutsches Institutes für Normung (DIN, the German institute for standardization) rail is a 

metal rail of a standard type widely used for mounting circuit breakers and industrial control 
equipment inside equipment racks. The most popular type is the 35 mm x 7.5 mm top-hat rail 
(EN 50022, BS 5584, DIN 46277-3). The IP20 enclosure will be mounted on standard 35 mm 
DIN rail.   

Voltage Protection and Zener Barrier  
The power adaptor requires a conventional +24~+28 VDC power supply. The voltage protection 
circuit within the AE transducers enables the peak-to-peak output of the power adaptor up to 20 
V.  Ideally, Zener diodes would not allow any current in the reverse direction until the Zener 
voltage has been attained. In practice, Zener diodes conduct only a small leakage current, the 
value of which increases as the applied voltage is increased. In normal operation, the current 
flows into the dangerous area is less than 0.02 A, which is much larger than the reverse leakage 
current value of the chosen Zener diodes. 
 

In general the frequency response of a Zener barrier is determined by the value of the current 
limiting resistor and the diode capacitance. A Zener barrier is similar to a passive low-pass filter 
in frequency domain. If a system frequency is higher than 50 kHz, the only solution is to try the 
system experimentally, attempting if possible to allow for the effects of interconnecting cables 
[3]. The effect of the Zener barrier on the frequency response of the AE transducers in normal 
operation has been studied. The frequency responses of the two AE transducers without and with 
the IS barrier are given in Figs. 4 and 5.  
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Fig. 4. Frequency responses of the intrinsically safe Score-Dunegan resonant AE transducer with 
and without IS barrier. 
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Fig. 5. Frequency responses of the intrinsically safe Score-Dunegan broadband AE transducer 
with and without IS barrier.  

 
The effect of the designed IS barrier on the frequency response of the AE resonant transducer 

is negligible within its operating frequency range, see Fig. 4. It is seen that the sensitivity 
degradation caused by the IS barrier is more obvious for the broadband AE transducer, especially 
at high frequency. We found that the difference between the two frequency response curves in 
Fig. 5 is no more than 2 dB below 900 kHz.   
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Summary 

This paper presents a brief introduction of intrinsic safety. The function requirements of two 
intrinsically safe AE transducers are described. It is shown that the designed IS barrier introduces 
a small sensitivity degradation below 900 kHz when the AE transducers are in normal operation. 
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Table 1. Classification of maximum surface temperatures for group II electrical apparatus [4]. 

Temperature class Maximum surface temperature  
T1 450oC 
T2 300oC 
T3 200oC 
T4 135oC 
T5 100oC 
T6 85oC 

 


