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Requirements for instruments in Hazardous Localities
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Area Classification
CLASSES
Hazardous materials (such as gas or dust) are classified by their generic type as follows:
Class I - Flammable Gases or Vapors.
Class II - Combustible Dusts.
Class III - Fibers or Flyings (particles normally suspended in air).

CLASS I: GASES AND VAPORS
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Materials are grouped according to their level of explosion hazard. The following groups are listed in order
of the most to the least easily ignited.
Group A - Acetylene (has a tendency to form copperacetylides which are easily ignited by friction).
Group B - Hydrogen, Hydrogen Mixtures.
Group C - Ethylene, most Ether, some Aldehydes.
Group D - Alkanes (Butane, Ethane, Methane, Octane, Propane), Hydrocarbon Mixtures (Diesel Oil,
Kerosene, Petroleum, Gasoline), Alcohols, Ketones, Esters, Amines, Alkenes, Benzenoids.

CLASS II: COMBUSTIBLE DUSTS
Group E - Metallic Dusts (Resistivity<100 kohms/cm).
Group G - Non-Conductive Dusts, which include agricultural, plastic, chemical and textile dusts.
(Resistivity > 100 kohms/cm).
Note: Since 1974, a dividing line of 100 kohms/cm separates groups E & G.

DIVISIONS
Locations are classified by division according to the probability that an explosive concentration of hazardous
material may be present.
Division 1 - defines locations where there lies a high probability that an explosive concentration is present
during normal operation. To be classified Division 1, there has to be a minimum of 100 hours/year, or 1%
probability that an explosive material is present. In Europe, Division 1 is subdivided into Zone 0 and Zone 1.
Zone 0 has the highest probability of an explosive concentration being present (greater than 10%
probability). Zone classifications are not presently made in North America, but may be in the future.
Division 2 - defines locations where there lies a low probability that an explosive mixture is present during
normal operation (10 hours/year, or 0.1% of the time).
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CLOSING OF CONTACTS IN CAPACITIVE CIRCUITS
A capacitor stores energy in the
electrical field between its plates,
and this energy can present itself as a
spark in the hazardous area.
When the switch in Figure 4-2 is
open in a capacitive circuit, the
capacitor charges to a voltage “V”,
and accumulates energy equal to
one-half the capacitance (C) times
the square of the voltage.
E = 1/2 CV2
When the contacts close in a
capacitive circuit to discharge a
capacitor, a spark can form just
before the contacts touch. Because the contacts are almost touching, the size of the spark is small.
The switch shown in this example can also represent field wiring which is accidently shorted.
Figure A-1, in Appendix A, compares the ignition voltage to capacitance.

OPENING AND CLOSING OF CONTACTS IN RESISTIVE CIRCUITS
In this instance, shown in Figure 4-4, the ability to ignite
the hazardous atmosphere depends on the open circuit
voltage
(V = VOC), and the short circuit current (ISC = V/R). Energy
from the power supply could be released in the form of a
spark at the point of the circuit opening or shorting. Figure
A-3, in Appendix A, compares the ignition current to
voltage for resistive circuits.

OPENING CONTACTS IN INDUCTIVE CIRCUITS
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The energy stored in the magnetic field of an
inductor can be released in the form of a spark
in the hazardous area.
With the switch in Figure 4-3 closed, the
inductor L stores an energy equal to one-half
the inductance times the square of the current.
E = 1/2 Li2
When the switch opens, the inductor “tries” to
keep current flowing from A to B as it had
been before the switch was opened. The
voltage which attempts to continue this
current flow is determined by the equation
V = L (di/dt)
The term “di/dt” is the change in current with
respect to time. This number can be very large
because the current will change from its previous value to zero; the instant the switch is opened. If the
inductance is large, then the voltage developed (which is equal to L * di / dt) is large, and a spark could
appear between the two electrodes formed by the switch opening. The switch shown in this example can also
represent field wiring which is accidently cut. Figure A-2, in Appendix A, compares ignition current to
inductance.

EXPLOSION PROOF ENCLOSURES (HOUSING)
The use of explosion-proof enclosures is a
method which allows ignition to occur, but
prevents any significant damaging results from
the ignition. The explosion-proof enclosure
contains the explosion so that it does not spread
to the surroundings and cause damage to the
plant and the personnel. There are bolt-on
enclosures (shown) and screw-on enclosures
available. Both types do not allow the explosive
energy to completely escape the enclosure. Care
must be taken not to mar the flanged surfaces.
Also, all bolts must be torqued down correctly.
One missing or loose bolt or scratched surface
could provide a path for the explosion to reach
the outside world. Explosion-proof enclosures
are designed to resist the excess pressure created by an internal explosion. They are built with a variety of
materials, including cast aluminium, cast iron, welded steel and stainless steel.
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REDUCTION OF HAZARD BY PURGING (PRESSURIZATION)
Purging prevents explosions by maintaining a
protective inert gas within the enclosure at a
pressure that is greater than the external
atmosphere. This method prevents the dangerous
air/gas mixture from entering the enclosure.
Pressure may be preserved with or without a
continuous flow of the inert gas. Pressure loss or
opening of enclosure causes the system to alarm
or power down depending on the type of purge.
There are three types of purging methods, each of
which reduce the area classification within an
enclosure. Type X reduces classification from
Division 1 to Non-Hazardous. Type Y reduces
classification from Division 1 to Division 2. Type
Z reduces classification from Division 2 to NonHazardous. Certain criteria must be met in order
for a purging process to get rated as Type X, Y or Z (and thereby reduce the area classification accordingly).
These criteria are listed in Figure 3-4.

INTRINSIC SAFETY
Intrinsic Safety (I.S.) removes the ignition source from the ignition triangle. The official definition is as
follows: Intrinsically safe equipment and wiring shall not be capable of releasing sufficient electrical or
thermal energy under normal or abnormal conditions to cause ignition of a specific atmospheric mixture in
its most easily ignited concentration.
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How Intrinsic Safety Works

I.S. BARRIER INTERCONNECTION
As illustrated in Figure 5-1, an intrinsic safety barrier is inserted in the non-hazardous or safe area between
the instrument and the field device. The barrier blocks dangerous energy from being transmitted from the
instrument to the hazardous area. This 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.
The field devices used in any hazardous area must be one of two types:
Simple Apparatus - Barriers may be used with devices which qualify as “simple apparatus” without
specific approval for the simple apparatus. A simple apparatus is a field device which meets the following
requirements:
Device does not store more than 1.2 Volts or 20Joules.
Device does not draw more than 100 mAmps.
Device does not dissipate more than 25 mWatts.
Some examples of simple apparatus include: thermocouples, RTD’s, switches and LED’s.
I.S. Certified Apparatus - Any device which does not fall into the category of simple apparatus must be
I.S. Certified. This includes transmitters, current to pressure convertors, solenoid valves, et. al. Certification
may come from FM, CSA, BASEEFA, or the regional qualifying agency (see chapter 8 for more details).
An intrinsic safety barrier is used to connect a non-certified piece of electrical equipment in a safe area to a
certified or simple field device in a hazardous area. A barrier cannot be used to make an uncertified device
safe in a hazardous area. If a field device is uncertified, it can have internal energy storing components.
These components, in the case of a fault, may cause a spark, which in turn may start the combustion process.
The barrier only protects the non-certified device in the safe area from transmitting dangerous energy to the
hazardous
area.
In
summary, the barrier is an
energy limiting device
placed on the electrical
wires between the safe and
hazardous areas.
There are two basic
varieties of intrinsic safety
barriers: the zener barrier
and the active barrier. Let’s
review each of them in a
little detail.
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ZENER BARRIER
The zener diode barrier works by diverting potentially dangerous energy to ground before it can reach the
hazardous area. The zener diodes limit the fault voltage to the hazardous area. There are two such diodes for
redundancy. The series resistor limits current to the hazardous area, and is considered an infallible
component. The arrow in Figure 5-2 shows the resultant path if excess current enters the barrier as a result of
excess voltage input from the instrument.
Since a zener barrier is powered by the loop and it has a current limiting resistor, it has a voltage drop across
it. This barrier, in addition to protecting against dangerous energy entering the hazardous area, must allow
the loop to function normally.

The example in Figure 5-3 shows a 24 V, 4-20 mA transmitter loop.
In this example, the sum of the voltage drops around the loop can be calculated and verified that they are
less than 24 V. Instead, since the maximum resistance of the barrier is specified (RMAX END TO END), Ohm’s
law is used (V = IR) to calculate the total resistance available in the loop.
Either method (loop voltage or loop resistance) works identically. What we are trying to decide is whether or
not the resistance of the barrier will adversely affect the loop.

ACTIVE BARRIER
An active barrier uses transformers, opto-isolators or relays to provide isolation between the hazardous area
and the non-hazardous area. It does not require an intrinsically safe ground connection. Either or both the
hazardous area or the non-hazardous area signals may be grounded.
This may be the most logical barrier choice if a high quality I.S. grounding point is not available.
Figure 5-4 shows a diagram of an active barrier. The barrier requires a 24Vdc power supply and can
typically drive larger loads than a loop powered zener barrier.
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