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1.0 PURPOSE

This docunent is the criteria MSHA uses to evaluate electrica
apparatus, or parts of such apparatus, whose circuits are
intended to be intrinsically safe as required by Title 30 of
t he Code of Federal Regulations (30 CFR)

2.0 SCOPE
The requirenments of these criteria apply to:

2.1 Intrinsically safe instrunments, devices, and
associ ated apparatus intended for use in gassy
underground m nes or tunnels where perm ssible
equi pnment is required.

2.2 Intrinsically safe circuits that are connected to
or designed to be installed in panels on MSHA-
approved m ni ng equi pnent.

2.3 Associ ated apparatus | ocated outside the gassy
| ocati on of underground m nes and tunnels, if the
intrinsic safety of the electrical circuits or
apparatus in the gassy location may be influenced
by the design and construction of the associ ated
appar at us.

Conformance with these criteria indicates conpliance with
the intrinsic safety requirenents of 30 CFR, but all

ot her applicable requirenents of 30 CFR nust be net

bef ore an MSHA approval, intrinsic safety eval uation, or
certification will be issued.

3.0 DEFI NI TI ONS

3.1 Associ ated Apparatus - Apparatus in which the
circuits are not thenmselves intrinsically safe, but
whi ch connect to intrinsically safe circuits. An
exanpl e of an associ ated apparatus is a power
supply, located within a certified expl osi on-proof
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encl osure on a mning machi ne, that powers an
intrinsically safe control circuit.

Cl earance Di stance - The shortest di stance between
two conductive parts neasured through air.

Creepage Di stance - The shortest distance between
two conductive parts neasured al ong the surface of
the insulating materi al between them

Fault - A defect or an electrical breakdown of any
conponent, spacing, or insulation that alone or in
conbination with other faults may adversely affect
the electrical or thermal characteristics of an

intrinsically safe circuit. The primary fault and
all resulting defects and breakdowns are consi dered
to be a single fault.

Field Wring - Wring installed by the user to
I nterconnect individual pieces of intrinsically
safe apparatus or intrinsically safe and associ ated
appar at us.

Internal Wring - Wring and el ectrical connections
that are nade within the apparatus by the
manuf act urer.

Intrinsically Safe Apparatus - Apparatus in which
all circuits are intrinsically safe.

Intrinsically Safe Circuit - A circuit in which any
spark or thermal effect produced either normally or
under specified fault conditions is incapable,
under the test conditions prescribed in these
criteria, of causing an ignition of a nmethane-air
at nosphere or a coal dust |ayer.

Maxi mum Saf e- Area Vol tage - The nmaxi mum vol t age
avail able to the associ ated appar at us.
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3.10

3.11

Protective Conmponent or Assenbly - A conponent or
assenbly that is so unlikely to fail in a manner
that will lower the intrinsic safety of the circuit
that it may be considered not subject to fault when
analysis or tests for intrinsic safety are made.

Shunt Di ode Barrier Assenbly - A self-contained
networ k of fuse and/or resistor protected shunt

di odes and series current limting resistors only
that limt current and voltage to specified |evels.

4.0 PROCEDURES FOR | NTRI NSI C SAFETY EVALUATI ON

4.1

Fundanent al Requirenents

4.1.1 Intrinsically safe circuits shall be
i ncapabl e of rel easing enough electrical or
t hermal energy in normal operation and with
up to two independent fault conditions to
cause ignition of a flanmble m xture of
met hane and air of the nost easily ignitable
conposi tion.

4.1.2 The surface tenperature of encl osures and
conponents of intrinsically safe circuits
that could be exposed to coal dust in nornmal
operation and under fault conditions shall
not cause thermal ignition of a coal dust
| ayer.

4.1.3 Associ ated apparatus shall mintain the
intrinsic safety of all intrinsically safe
circuits connected to it, under nornal
conditions and with up to two i ndependent
faults in the associ ated appar at us.

4.1.4 Systens consisting of associ ated apparatus
and intrinsically safe circuits shall be
subjected to the two fault criteria on a
system basi s.
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4.1.5 Al intrinsically safe and associ at ed

4.2 Nor mal
safety
of

al |

4. 2.

4. 2.

.1

2

3

apparatus shall neet the construction
requi rements of Section 6.

Operation - For the purpose of an intrinsic
eval uati on, normal operation shall include
the follow ng:

The supply voltage will be the worst-case
condition up to:

4.2.1.1 The maxi mum full charge voltage for
battery powered circuits based on
measur ement, cal cul ati on, voltages
listed in Appendix No. 1, or the
manuf acturer's specifications,
whi chever is greater, or

4.2.1.2 1.2 tinmes the nom nal input voltage
for line powered circuits.

Tol erances and adjustnents of all conponents
in a conbination that represents the nost
unf avor abl e conditi on.

Openi ng, shorting, reversing polarity, and/or
grounding of the field wring, including
termnals, within a cable of the

intrinsically safe circuit. Conductors that
are individually shielded to a commopn ground
will not be subject to short-circuit fault to

ot her current-carrying conductors within the
cable. Each shield shall be grounded to the
associ ated apparatus at only one point. |If
the shield nmust be termnated within a
hazardous | ocation, it shall be bonded to the
associ at ed appar at us ground.
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4.2.4 Environnmental conditions of a maxi num anbi ent
tenmperature of 40°C (104°F), a maxi mum oxygen
concentration of 21 percent in air, and a
nom nal pressure of one atnosphere.

Fault Conditions - All electrical conductors,
conponents, and spaci ngs are consi dered subject to
fault in the fault analysis except for the
fol |l ow ng:

4.3.1 Protective conponents identified in Section 7
t hat have been eval uated and found to be
unlikely to fail in a manner that would
decrease circuit safety.

4.3.2 Positive physical separation between

el ectrical conductors will not be subject to
short-circuit fault if the spacing conplies
with 6.1.
Safety Factor - In the determ nation of intrinsic
safety, a safety factor of 1.5 on energy will be
used for nornmal operation and one fault analysis.
No safety factor will be used for a two fault

anal ysis. Determ nation of maxi mum surface
tenperature shall be done with no safety factor on
current or voltage.

5.0 CIRCU T EVALUATI ON METHOD

5.1

General Eval uation Approach - Circuits shall be
evaluated for intrinsic safety in the foll ow ng
manner :

5.1.1 Circuits shall be analyzed to determ ne the
wor st-case circuit paranmeters in nornal
operation and under the fault conditions
specified in Section 4. Each possible
ignition source where a circuit interruption,
short circuit, overheated conponent, or
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5.1.2

5.1.3

5.1.4

5.2 Circuit

ground fault may occur in the hazardous

| ocation shall be considered. The circuit
shall be in normal operation per 4.2 before
faults are applied.

I gnition sources such as the foll ow ng shal
be consi der ed:

5.1.2.1 Sources of Spark lIgnition
- Discharge of a capacitive circuit

- Interruption of an inductive
circuit

- Intermttent making and breaking
of a resistive circuit

- Hot wire fusing

5.1.2.2 Sources of Thermal Ignition
- Heating of a wire strand
- Gowng of a filanment

- High surface tenperature of
conmponents

Construction details shall be reviewed for
conpliance with Section 6.

Circuits shall be tested according to
procedures.

Conpl i ance Verification - Conpliance with

t he fundanental requirenments of 4.1 will be
denonstrated by the foll ow ng procedures:
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5.

2.

1

Testing the circuit according to the test
requi renments of Section 10 or conparing the
cal cul ated or neasured val ues of current,
vol t age, and associ ated i nductances and
capacitances to the appropriate figures in
Section 11 to determne if the current and
voltage levels are |less than the val ues
specified in 5.2.1.1 and 5.2.1.2. The
circuit conditions are to include all normal
and fault conditions described in this
criteria.

5.2.1.1 For normal or one fault conditions, the

current and voltage shall not exceed 90
percent of the respective val ues determ ned
fromFigure 11.1 after a OL.5safety factor
is applied to both current and vol tage.
The current shall not exceed 90 percent of
the value determned from Figure 11.2 or
11.3 after a QL. 5safety factor is applied.
The voltage shall not exceed 90 percent of
the value determned from Figure 11.4 after

a OL.5safety factor is applied.

5.2.1.2 For two fault conditions, the current
and vol tage shall not exceed 90
percent of the respective val ues
determned fromFigure 11.1. The
current shall not exceed 90 percent
of the value determ ned from Fi gures
11.2 and 11.3. The voltage shall not
exceed 90 percent of the val ue
determ ned from Figure 11.4.

Note: Circuits that cannot be readily
assessed in terns of elenentary circuits
represented by the ignition curves shown in
Figures 11.1 through 11.4, such as circuits
that enpl oy active current or voltage
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limting devices, circuits that include

i nducti ve conponents whose val ue cannot be
verified by measurenment, circuits in which
the current or voltage val ues exceed those

i ndi cated on the curves, and circuits that do
not conply with 5.2.1.1 and 5.2.1.2 are to be
eval uated by the test procedures in Section
10.

5.2.2 Verifying that the device neets the physical
construction requirenents of Section 6 where
necessary to assure intrinsic safety.

5.2.3 Testing protective conponents and assenblies
to determ ne conpliance with the test
requi rements of Section 9.

6.0 CONSTRUCTI ON REQUI REMENTS
TABLE 6.1

CLEARANCES, CREEPAGE DI STANCES, AND
DI STANCES THROUGH CASTI NG COMPOUND AND | NSULATI ONS* P

1. Nonminal Vol tage® 10 30 60 90 190 375 550 750 1000 1300 1575 3.3K 4.7 9.5 15.6
\ Kv Kv Kv

2. Oeepage D stance 1.5 2 3 4 8 10 15 18 25 36 40 67 90 160 240

(m)

3. Oeepage Distance 0.5 0.7 1 1.3 2.6 3.3 5 6 8.3 12 13.3 23 30 53 80

Under Coating (nm)

4. M ni num Conpar ati ve - -- -- - 175 175 175 175 175 175 300

Tracki ng | ndex®

5. dearance (mm) 1.5 2 3 4 5 6 7 8 10 14 16 27 36 60 100

6. Distance 0.5 0.7 1 1.3 1.7 2 2.4 2.7 3.3 4.6 5.3 9 12 20 33

Through Casting

Conpound® (m)

7. Distance Through 0.5 0.5 0.5 0.7 0.8 1 1.2 1.4 1.7 2.3 2.7 4.5 6 10 16.5

Solid Insulation (m)

2(reepage distance is to be assessed on the basis of the nmaxi numcontinuing nomnal rns voltage. Cearance is to be assessed on the basis of the

nmaxi mum nor nal peak vol t age.
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PFor circuits 1500V or greater and with high power capability the danger due to power arcing in the circuit is to be taken into account.

°The val ue of the voltage is the nomnal rns vol tage for assessing creepage distance and noninal peak vol tage for assessing clearance distance,
tol erance not considered. The voltages are to be the sumof the normal operating voltages of the circuits being considered, except if the normal
operating voltage of one circuit is less than 20 percent of the voltage of the other circuit, the voltage is to be the greater.

dUse Standard Test Method for Conparative Tracking Index of Electrical Insulating Materials, ASTM D3638-85.

®Separation di stance requirenents for the inner layers of multi-layer PC boards shall be assessed using the D stance Through Casting Conpound
Val ues.

NOTE: To convert mllimeters to inches, nmultiply by .03937.

6.1 Creepage and Cl earance Di stances - Creepage and
cl earance di stances between uninsulated |live parts
that are protected from environnental contam nation
and physi cal damage by a suitable enclosure shal
be considered not subject to short-circuit fault
i f, taking into consideration |likely novenent of
conponents, they are equal to or greater than the
val ues given in Table 6.1, except as noted in 6.1.1
t hrough 6.1.6. Where uninsulated live parts are
not protected fromthe ingress of dust by a dust-
ti ght encl osure, by encapsul ati on, by adherent
i nsul ating coating or equivalent, it shall be
assunmed that all spacings do not nmeet the creepage
and cl earance distances of Table 6.1. All
connections between live or grounded parts and
conductors are considered in the nost unfavorable
condition. The nunber of such connections is
unlimted.

6.1.1 Clearances, creepage distances, and distances
t hrough casting conpound and insul ati ons that
are at | east one third of the relevant val ues
but | ess than the rel evant val ues specified
in Table 6.1 are to be considered connected
i f connection results in the nost severe
condition. Each such connection is to be
counted as a fault subject to the
requirements in Section 5.
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1.

1.

1.

1.

If the separation between two conductors is

| ess than one third of that specified in
Table 6.1, the conductors are to be

consi dered normally connected if connection
results in a nore severe condition. This is
not to be considered a fault in the analysis.

If nore than two conductors are involved and
t he spaci ng between adjacent conductors is

| ess than one third the applicable value in
Table 6.1, the sum of the individual spacings
Is to be added until the total spacing equals
or exceeds one third the applicable val ue.
Only that nunmber of conductors is to be

consi dered connected. A single fault is to
be counted. Wthin a total dinension equal
to the applicable table value, only one such
group of conductors is to be considered
connect ed.

The requirenents in 6.1 also apply where

br eakdown between intrinsically safe circuits
could increase the energy in the circuit so
that it is no longer intrinsically safe.

The requirenents in 6.1.1 do not apply where
grounded nmetal (e.g., printed wiring or a
partition) separates an intrinsically safe
circuit fromother circuits and other parts
of the same circuit, provided breakdown to
ground does not adversely affect intrinsic
safety and the grounded conductor can carry
the maxi mum current that would fl ow

consi dering normal and fault conditions. A
grounded metal partition shall have strength
and rigidity so that it is unlikely to be
damaged and shall be of sufficient thickness
and shall have current-carrying capacity to
prevent burn-through or |oss of ground under
fault conditions. A partition at |east 0.25
mm (0.01 in.) thick attached to a rigid,
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6.1.6

grounded nmetal portion of the apparatus and
conplying with the test requirenments in 9.7
conplies with the requirenents of this
subsection. The 0.25 mm (0.01 in.) m ninmum
t hi ckness conplies fromthe standpoint of
current-carrying capacity.

The creepage di stances specified in table 6.1
apply to printed circuit boards that are
protected from environnental contam nation
and physi cal damage by a suitable enclosure.
The creepage di stances under coating apply
to printed wiring boards that are covered by
an adherent insulating coating that is:

6.1.6.1 At least two layers thick of
materials (such as two coats of
varni sh) that have a m ni mum
dielectric voltage rating of 200
volts per 0.025 mm (0.001 in.) of
t hi ckness; or

6.1.6.2 A single layer not less than 0.7 nmm
(0.028 in.) thick

6.2 Encapsul ati on

6.2.1

Where encapsul ation is used to separate
conductors and conponents of an intrinsically
safe circuit from (1) non-intrinsically safe
circuits, (2) other intrinsically safe
circuits, (3) other parts of the sane
circuit, or (4) grounded netal, the distance
bet ween el ectrical conductors shall conply
with the distance through casting conpound
values in Table 6.1 and the encapsul ant

shal | :
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6.

2.

2

6.2.1.1 Be adherent to any energing
conductors or conponents, including
printed wiring board substrates;

6.2.1.2 Have sufficient rigidity to conmply
with the test requirenents specified
in 9.13 if the encapsul at ed
encl osure is intended for use
wi t hout an additional enclosure,
such as a partition device; and

6.2.1.3 Have a tenperature rating at |east
equal to the maxi mum tenperature of
any encapsul at ed conponent or
conductor that results under normal
and fault conditions after
encapsul ati on.

If encapsulation is used to reduce the risk
of ignition of a potentially flammble

at nrosphere by the foll ow ng types of
conponents, then the m ni mum thickness of the
encapsul ant between such conponents and the
free surface shall be at |east one half of

t he di stance through casting conpound val ues
of Table 6.1, but no less than 1 mm (.04
in.):

6.2.2.1 Piezo-electric devices and their
connection to any suppression
devi ces.

6.2.2.2 Energy storage devices and their
protective conponents where breakage
of the connection could occur.

6.2.2.3 Fuses that would be a source of
ignition if broken.
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6.3

Note: |If the surface of the encapsulant is
in contact with an enclosure of electrical
insulating material, the thickness of the
encl osure is included when determ ning
conpliance with this section.

6.2.3 |If encapsulation is used to reduce surface
tenperatures, the volune of encapsul ant and
its mninmumthickness over the hot conponent
or conductor shall be at |east that necessary
to reduce the encapsul ant surface tenperature
to the acceptable | evel as neasured with
encapsul ant in place. The maxi mum operating
tenperature rating of the encapsul ant shal
be greater than the tenperature on the
hottest surface that it contacts.

6.2.4 The free surface of the encapsul ant shal
comply with the test requirenments in 9.13.1.
If the encapsulant is not protected from
shock by another enclosure or partition it
shall also conply with 9.13. 2.

Field Wring Connections - Termnals for
intrinsically safe circuits shall be adequately
separated fromternm nals for non-intrinsically safe
circuits and fromother intrinsically safe circuits
by one or nore of the nmethods in 6.3.1 through

6. 3. 3.

6.3.1 Separation may be acconplished by distance.
The di stance between adjacent term nals
separating intrinsically safe and non-
intrinsically safe circuits shall be at | east

50 mm (2 in.). The distance between adj acent
termnals of different intrinsically safe
circuits shall be at least 6 mllineters (1/4

in.). The layout of the term nals and the
wi ring nmethod used shall prevent any wire
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t hat becones di sconnected from one term nal
fromcontacting the other term nal.

Note: Additional precautions such as wiring tie
downs or special wring nethods, may be necessary
to provide adequate separation. This is especially
true when term nals are arranged one above the
other. In such cases, spacing alone will not

usual l'y provi de adequat e separati on.

6.3.2 Separation nmay be acconplished by | ocating
intrinsically safe and non-intrinsically safe
term nals in separate enclosures or by the
use of either an insulating partition or a
grounded netal partition between term nals.

6.3.2.1 Separate enclosures or partitions
Wi t hi n common encl osures shall be
designed to prevent wiring of an
intrinsically safe circuit from
contacting the wiring of a non-
intrinsically safe circuit, taking
I nto consideration stowage of excess
wire in each conpartnent.

6.3.2.2 Partitions used to separate
term nals shall extend to within 1.5
mm (0.06 in.) of enclosure walls to
provi de adequate separation.
Alternately, a partition shal
provide a m ni mrum path of 50 mm (2
in.) between the term nals when
measured in any direction around the
partition.

6.3.2.3 Metal partitions shall be grounded
and shall possess sufficient
strength and rigidity that they are
not |likely to be damaged when maki ng
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6.

4

field wiring connections (see
6.1.5).

6.3.2.4 Nonnetallic insulating partitions
shal |l possess sufficient thickness
and shall be so supported that they
cannot be readily deformed and can
neet the test requirenment of 9.7.

6.3.3 Plugs and receptacles used to connect
intrinsically safe circuits shall not be
i nt erchangeabl e with ot her plugs and
receptacles within the same apparatus, except
where interchange does not affect intrinsic
safety. Each plug and receptacle shall be
clearly identifiable as to proper
i nstal | ation.

Internal Wring Conductors - Internal wring
conductors which are not rigidly supported so as to
mai ntain the m ni num spaci ngs specified in Table
6.1 shall be insulated according to 6.4.1 and 6.4.2
and separated according to 6.4.3 and 6.4. 4.

6.4.1 Where breakdown nay adversely affect the
intrinsic safety of the same or separate
intrinsically safe circuits, each circuit
shall be wired with insulated conductors
havi ng a grade of insulation capable of
wi t hst andi ng an ac test voltage of 500 volts
rms or twice the normal working voltage of
the intrinsically safe circuit, whichever is
the greatest. Alternatively, a dc voltage
may be used as described in 9.6.1.1.

6.4.2 Non-intrinsically safe circuits in the sane
enclosure with intrinsically safe circuits
shall be wired with insulated conductors
havi ng a grade of insul ation capable of
wi t hstandi ng an ac test voltage of 2U + 1000
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6.

5

volts, with a m nimum of 1500 volts rnms,
where U is the sumof the rnms val ues of the
voltages of the intrinsically safe circuit
and the non-intrinsically safe circuit.
Alternatively, a dc voltage my be used. See
9.6 for dielectric test procedure.

6.4.3 Segregation of the intrinsically safe and
non-intrinsically safe wiring my be
acconpli shed by enclosing either type of
wiring in a grounded shield capabl e of
carrying the fault current that would flow if
the non-intrinsically safe circuit were to
become connected to the shield.

6.4.4 The clearance between two term nals of
different intrinsically safe circuits shal
be at least 6 mlIlimeters (1/4 in.) unless no
ignition hazard results from connecti on.

Dust - Ti ght Encl osures - For the purpose of these
criteria, an enclosure is considered dust-tight if
It has no openings and all joints are either
gasket-seal ed; threaded (m nimum 3 full-thread
engagenent); or, seal ed by continuous wel di ng,
brazi ng, sol dering, or fusion of glass.

Al ternatively, an explosion-proof enclosure or any
encl osure neeting the requirenents of an
appropriate dust exclusion test such as the one
descri bed in NEMA Publication 250, "Enclosures for
El ectrical Equi pnment (1000 Volts maxinum)," is
acceptable. A circuit assenbly encapsulated to a
depth of at least 1 nm (.04 in.) that is nounted
within a rugged enclosure (that nay or may not be
dust-tight) can also be considered dust-tight.

6.5.1 The enclosure of a portable apparatus shal
continue to be dust-tight after the drop test
described in 9.9.
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6.5.2 Each conponent of an intrinsically-safe
circuit not enclosed in a dust-tight
encl osure whose surface tenperature would
exceed 150°C (302°F) under normal and fault
conditions shall neet the requirenments of the
dust bl anketing tenperature test described in
9. 10.

7.0 PROTECTI VE COMPONENTS

7.1

7.2

General - In evaluating intrinsically safe
apparatus and associ ated apparatus, conmponents
conplying with the follow ng sections shall be
consi dered not subject to fault, if they also neet
the requirenments of 8.1.1.
Transformers - Transformers used as protective
conponents for supplying intrinsically safe
circuits shall nmeet the follow ng construction
requi rements and the test requirenents of 9.1
7.2.1 The winding supplying the intrinsically safe
circuit shall be electrically separated from
all other w ndings by one of the follow ng
types of construction:

7.2.1.1 Type 1(a): The wi ndings are side by
side on one leg of the core and
separated by an insulating partition
of not less than 0.71 mm (0.028 in.)
t hi ckness.

7.2.1.2 Type 1(b): The wi ndings are on
different |legs of the core.

7.2.1.3 Type 2(a): The w ndings are wound
one over another, wth high
tenmperature insulation between the
w ndi ngs, crossover |eads and
splices supplying the intrinsically
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safe circuit and all other w ndings,
crossover |eads, and splices.

Note: An inbedded one-tinme thermal fuse may
be used to prevent the transformer from
bursting into flanes.

7.2.1.4 Type 2(b): The w ndings are wound
one over another with a grounded
shield of copper foil or an
equi val ent wire wi nding between the
I nput wi ndi ng, and all other
wi ndi ngs, crossover |eads, and
splices (see 7.2.2).

7.2.1.5 Type 3: The transforner
construction is the same as either a
Type | (a), Type | (b), or of a Type
2(b) with at |east one shield ground
|l ead. In addition, the power
di ssipation in the windings is
i nherently limted such that no
primary fuse or other protection is
required.

7.2.2 For Type 2(b) construction, the follow ng

shal |l apply:

7.2.2.1 The thickness of the copper foil
shield or the diameter of the wire
shield shall be such that, in the
event of a short circuit between any
wi nding and the shield, the latter
will be able to withstand w thout
breakdown the current that flows
until the fuse or circuit breaker
operates. The shield is considered
to be adequate if it is made of
copper foil at least 0.13 nm (0.005
in.) thick.
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7.2.3

7.2.4

7.2.5

7.2.2.2 The shield shall be provided with
two i ndependently connected | eads to
t he ground connection, each of which
I s capable of w thstandi ng w thout
danmage the current that flows before
the fuse or circuit breaker
operates. The shield grounding
| eads are considered to be adequate
if each lead is at |east equal in
size to the primary | eads of the
transformer but not |ess than No. 24
AVG.

7.2.2.3 A wire-wound shield shall consi st of
at |least two |ayers of w ndings.

The input circuit to power supply
transfornmers of Type |(a), Type |I(b), and
Type 2(b) construction shall include a fuse
or circuit breaker in each ungrounded i nput
line. The rated current shall be indicated
on the apparatus in a position adjacent to
the fuse or on the fuse hol der.

The core of a power supply transfornmer shal
be provided with a ground connection, except
where grounding is not practicable, as with
i nsul ated toroidal core transformers used in
dc-to-dc converters.

Al'l transfornmers shall be inpregnated or
encapsul ated in order to consolidate the

wi ndi ngs. Tape-wrappi ng al one shall not be
consi dered adequate to consolidate the

wi ndi ngs.

7.3 Danmpi ng W ndi ngs - Danpi ng wi ndi ngs shall be
consi dered not subject to fault if they are of
reliabl e mechanical construction, such as seam ess
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7.4

7.5

7.6

met al tubes, w ndings of bare wire continuously
short-circuited by soldering, or the equivalent.

Current-Limting Resistors - Current-limting
resistors neeting the test requirenments of 9.2 or
resistors that are operated at no nore than two-
thirds of their power ratings under normal and
fault conditions shall be considered not subject to
short-circuit fault if they are of the netal or
nmetal oxide filmtype, or of the single |ayer

w re-wound type with nmechanical protection to
prevent unw nding of the wire in the event of
breakage, or any simlar construction whose failure
node i ncreases resistance.

Bl ocki ng Capacitors

7.5.1 Blocking capacitors connected between an
intrinsically safe circuit and a non-
intrinsically safe circuit shall be
consi dered not subject to fault if two
capacitors are connected in series and each
capacitor is rated to withstand an ac test
vol tage of twi ce the voltage across the
capacitors plus 1000 volts rms. They shal
be high-reliability types such as
hernetical ly-seal ed or ceram c capacitors.
El ectrolytic or tantalum capacitors shall not
be used for this purpose. Failure of a
single capacitor is a countable fault.

7.5.2 If the capacitors are connected in a
secondary circuit, they need not wthstand
the test voltage determined in 7.5.1 if they
are each rated for three tines the fault
vol t age across the assenbly.

Shunt Protective Conponents Fitted to Inductive
conponents - Shunt protective conponents, such as
di odes and zener diodes fitted to inductive
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7.7

Not e:
di ode

conponents, shall be considered not subject to

si mul t aneous open-circuit fault if they are
redundant (2 conponents), so that there is no
unacceptable increase in energy in the
intrinsically safe circuit if one of the conponents
beconmes defective as determ ned by the spark
ignition test requirenents of Section 10. The
protective conponent shall be nmechanically secured
to the inductive conponent by sol dering, brazing,
or welding and protected by a suitable enclosure or
potted and be connected close to the protected
conponent in such a manner that both cannot becone
di sconnected due to a single fault, unless the

di sconnection of either of the shunt conponents
results in disconnection of the protected
conponent. Breakdown of the protected conponent to
ground shall be considered. Sem conduct or
conponents used for this purpose shall be
continuously rated to carry the current that would
flow at their place of installation if they failed
in the short circuit node. For exanple, a zener
diode with a forward and reverse current rating
greater than this current satisfies this
requirenment.

Shunt Di ode Barrier Assenblies - Shunt di ode
barrier assenblies shall be considered protective
assenblies if they neet the requirenents of 7.7.1
t hrough 7.7.7.

Certain requirenents of 7.7 may not apply to shunt
barrier networks which are an integral part of

associ at ed appar at us.

7.7.1 Barrier conponent failures shall not increase
the energy in the intrinsically safe circuit
to an unacceptabl e | evel upon application of
t he maxi rum voltage to the assenbly. For the
pur poses of this criteria, the maxi num
vol tage of the non-intrinsically safe circuit
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is assuned to be 250 volts rms unless a

hi gher value is specified. This is the
maxi num saf e- area vol tage; application of
this voltage is normally considered a fault
condi ti on.

7.7.2 Construction of the shunt diode barrier
assenbly shall conply with the foll ow ng:

7.7.2.1 Barrier current-limting resistors
shall nmeet the requirenents of 9.2;

7.7.2.2 Resistor-protected diodes shall neet
the requirenments of 9.3.2;

7.7.2.3 The fuse of a fuse-protected barrier
shal | operate at |east 10 tinmes
faster than the open circuit tine of
the shunt diode, as detailed in
9.3.4; and

7.7.2.4 Barrier shunt diodes shall be
duplicated so that the assenbly
remains effective if one of the
di odes open-circuits.

7.7.3 The design of shunt diode barriers shall be
such that the assenbly can readily be seen to
be nmounted correctly.

7.7.4 At |least one term nal or connection shall be
provi ded on each barrier or barrier assenbly
for connecting the barrier circuit to ground.

The grounding term nal or connection shal

be sized to accommopdate a No. 12 AWG m ni mum
groundi ng conductor. The foll ow ng
constructions or their equivalents are

consi dered suitable:
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7.7.

8

7.7.4.1 A No. 8 wire binding screw that
engages the termnal plate by at
| east two full threads. The
term nal plate shall be no | ess than
1.25 mm (0.05 in.) thick, and shal
be provided with upturned |ugs or
the equivalent to hold the conductor
i n place.

7.7.4.2 A pressure-type wire conductor that
conplies with the requirenments for
such connectors. (Sol dering |ugs,
push-in conductors, quick-connects,
or simlar friction fit connectors
are unacceptable.)

7.7.4.3 Bolting the barrier to a grounding
bus.

The ungrounded termnals of the intrinsically
safe circuit shall be separated fromthe
ungrounded termnals of the non-intrinsically
safe circuit by no less than 50 mm (2.0 in.).
They shall be protected to prevent

accidental contact with | eads connected to

ot her term nal s.

Fuse-protected shunt di ode barriers shall be
ei ther encapsul ated or constructed so that
the fuse is not accessible for replacenent.

Wher e conponents are not encapsul ated, the
housi ng shall be constructed so as to prevent
access to the conponents and to provide

equi val ent protection to encapsul ati on.

A shunt di ode barrier assenbly tested and
listed by a nationally recogni zed testing
| aboratory may be considered suitable for use
as a protective device in equipnment if the
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test report and the manufacturer's
specifications indicate the barrier neets the
requi rements of 7.7.1 through 7.7.7.

7.8 Optical Isolators - Optical isolators are to be
consi dered not subject to a short-circuit fault
bet ween the input and output circuits if they
conply with the construction requirenents of 6.1
and the test requirements of 9.12.

Exception #1: Optical isolators that are operated at not
nore than 2/3 of their ratings under normal and fault
conditions shall not be subjected to the test

requi renments of 9.12 if they nmeet the construction

requi renents of 6. 1.

Exception #2: Optical isolators shall not be subjected
to the construction requirenents of 6.1 if each device
that is used in MSHA-eval uated equi pnent is tested
according to 9.12.1.

.0 OTHER COVPONENTS REQUI REMENTS
8.1 Derating of Discrete Conponents

8.1.1 All conponents affecting intrinsic safety
shal |l be operated, in normal operation, at
not nore than 2/3 of their rated current,
vol t age, or power, as appropriate.

Exception: Transformers need not conply with this
requirenment.

8.1.2 Sem conductor devices used as shunt energy
limting conponents and their nountings shal
not fail in the open condition when subjected
to the current that would flow if the
sem conductor device short-circuited and the
condi tions of Section 4 are assunmed, taking
i nto account overcurrent protection devices.
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8.4

Conponents that exceed their ratings under
these conditions will be subject to test.

Pl ug-1 n Boards and Conponents - Plug-in boards and
conponents shall not be interchangeable with

noni denti cal boards or conponents in the sane

equi pnment if intrinsic safety is affected by such
I nt er change.

Rel ays - Where intrinsically safe and non-
intrinsically safe circuits are connected to the
sane relay, the relay shall withstand a dielectric
strength test (see 9.6) of 4U, or 2500 V, whichever
I's greater, where U, is the highest nom nal
operating voltage of the device. The creepage and
cl earance distances shall comply with 6.1. The
current and voltage switched by the contacts in the
non-intrinsically safe circuits shall not exceed 5
anps and 250 volts, dc or rnms, and in addition the
product of the current and voltage shall not exceed
100 VA.

For higher values, the circuits shall be connected
to the sane relay only if the circuits are
additionally separated by a grounded netal
partition or an insulating partition. A grounded
metal partition shall not be used where breakdown
to ground woul d adversely affect intrinsic safety.
A nmetal partition at least 0.25 nm (0.01 in.)
thick, attached to a grounded netal part of the
device, or an insulating partition at least 0.7 nmm
(0.028 in.) thick conplies with this requirenent.
A partition thinner than 0.7 mm (0.028 in.) nust
neet the test requirenents of 9.6 and 9.7. A

thi cker insulating partition my be required to
take into account ionization due to operation of
the rel ay.

Cells and Batteries - These requirenents shal
apply to battery-operated apparatus in which the




Title/Subject: Citeria for the Evaluation and Test of Intrinsically Safe Apparatus and Associ ated Apparatus

CDS No.:  ACR 2001

Page No. 31 of 67

Oiginal |ssue Date: 8/8/95 Fol | ow Up Revi ew Date: 4/21/03 Revi sion Date: 4/19/00

Signature/lnitial:

entire assenbly, including batteries, is intended
to be used in a hazardous | ocation and is not

provi ded with other neans of protection, such as an
expl osi on- proof enclosure. These requirenents
shall apply to both primary (nonrechargeabl e) and
secondary (rechargeable) cells and batteries.

8.4.1 Battery cells shall be of a type from which
there can be no spilling of electrolyte or
shall be enclosed to prevent attack of
circuits that affect intrinsic safety by the
el ectrolyte. Conpartnments containing
batteries which emt flammble gas shall be
ventilated to prevent accunul ati ons of
i gni tabl e concentrati ons.

8.4.2 For the purpose of evaluation and test, the
battery voltage shall be considered to be the
maxi mum open circuit voltage of a fresh or
fully charged battery.

8.4.3 For the purpose of evaluation and test, the
battery short-circuit current shall be the
maxi mum current under short-circuit
conditions as determ ned by the flash current
test of 9.8.

8.4.4 When conducting tests that require applying a
test factor of 1.5, one of the follow ng
nmet hods, or their equivalents, shall be used:

8.4.4.1 Additional individual cells
identical to the cells used in a
multi-cell battery pack may be added
in series or parallel, as
appropriate, to yield a sinulated
battery with at least 1.5 tines the
capacity of the battery used in the
appar at us;
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8.4.4.2 The battery voltage or current
val ues, as appropriate, may be
simul ated with a suitable power
supply or high capacity battery and
the val ues increased so that the
energy level is increased by a
factor equal to 1.5; or

8.4.4.3 The intended batteries may be used
either two in series for double
voltage or two in parallel for
doubl e current, as appropriate,
yielding a test factor greater than
1.5.

Note: Option 8.4.4.3 may be a nore stringent
test than 8.4.4.1 and 8.4.4.2 but may be used
if it sinplifies testing. Failure to pass
this test does not inply the circuit is
unsafe. Intrinsic safety may be determ ned
by use of 8.4.4.1 or 8.4.4.2.

VWhen batteries are used for a spark ignition
test, four tests with fresh or fully-charged
batteries, two for each polarity, shall be
conduct ed.

Battery-operated apparatus in which the
battery requires energy-limting conmponents
for intrinsic safety shall have the
energy-limting conponents as an integral
part of the battery assenbly or use

repl aceabl e batteries with the energy-
limting conponents contai ned separately
within the equipnment.

8.4.6.1 When an energy-limting conponent is
necessary and is provided as an
I ntegral part of the battery
assenbly, it shall forma conplete
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replaceable unit with the battery
assenbly. The construction of the
assenbly shall prevent the energy-
limting conponent from being
bypassed. The assenbly shall be
intrinsically safe even under the
rough-use conditions as described by
the drop test in 9.9.

8.4.6.2 When the energy-limting conmponents
are contained separately within the
apparatus, they shall be | ocated as
close to the battery term nals as
practical, and the apparatus shal
be constructed as follows:

- The battery housing or attachnent
shall be arranged so that
batteries can be installed and
replaced wi thout short-circuiting
t he battery output and w t hout
applying the battery output to the
| oad side of the energy-limting
conmponents.

- For hand-hel d portabl e apparat us,
such as radi o receivers and
transceivers, the construction
shal |l prevent the ejection or
separation of the batteries from
t he apparatus even under rough-use
conditions, as represented by the
drop test described in 9.09.

- The equi pment shall be marked to
war n agai nst replacenent of the
batteries in a hazardous | ocation.

8.4.7 Apparatus or battery packs that are provided

with external contacts for recharging the
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batteries shall be provided with neans to
prevent the batteries fromdelivering

i gnition-capable energy to the contacts when
any pair of the contacts is accidentally
short-circuited. This may be acconplished by
one or nore of the foll ow ng:

8.4.7.1 Providing blocking diodes or series
resistors in the charging circuit.
Unl ess the bl ocking di odes or
resistors are protective conponents,
they shall be considered subject to
fault.

8.4.7.2 Recessing at |east one contact of a
pair of contacts so that a circul ar
disc probe 1.2 mm (3/64 in.) thick
and 18 mm (45/64 in.) in dianeter
wi Il not touch the contact. 1In this
case, short-circuiting of the pair
of charging contacts shall be
counted as one fault.

8.4.7.3 Separately recessing each contact of
a pair of contacts so that a
circular disc probe as defined in
8.4.7.2 cannot touch either contact.
In this case, short-circuiting of
the pair of charging contacts shall
be counted as two faults.

8.4.7.4 Separately recessing each contact of
a pair of contacts at least 0.5 mm
(0.02 in.) below the plane of the
surroundi ng surface and separating
the two contacts such that two
circular disc probes as defined in
8.4.7.2 may touch the contacts but
cannot be arranged in any way to
si mul taneously touch and conplete a
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8.4.8

8.4.9

8.4.10

short circuit between the two

cont act s. In this case,
short-circuiting of the pair of
chargi ng contacts shall be counted
as one fault.

If the charging contacts are not arranged in
accordance with 8.4.7.2, 8.4.7.3, or 8.4.7.4,
short-circuiting of the charging contacts
shall be considered a condition of normal
oper ati on.

If the charging contacts are not separated in
accordance with the m ni num di st ances
required in Section 6.1, short-circuiting of
the charging contacts shall be considered a
condition of normal operation.

Lithium batteries shall neet the preceding
requi renments applicable to batteries used in
intrinsically safe circuits and the
foll ow ng:

8.4.10.1 Lithiumbatteries shall not expl ode
or cause a fire when tested per the
Underwriters Laboratory Inc.:
"Standard for Lithium Batteries -
UL 1642," for technician-
repl aceabl e batteries.

Note: Underwriters Laboratory (UL)
recognition of a lithiumbattery does not
necessarily indicate whether any sanpl es of
the battery expl oded or caused a fire during
the tests.

8.4.10.2 Lithiumbatteries shall not be
repl aceabl e by the user.
Encapsul ating the battery in a
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solidified insulating material is
recommended. Alternate nethods may
be acceptable to conmply with this
requi rement. A warning | abel shal
be placed on or near the battery to
indicate the battery is not to be
repl aced by the user. Location of
this | abel shall be acceptable to
MSHA.

8.4.10.3 A lithiumbattery used in a circuit
with anot her power source (which
may i nclude other |ithium
batteries) shall not expl ode or
cause a fire when up to 1.5 tines
t he maxi mum fault voltage and
current is applied to the battery.
The maxi mum vol tage and current
that could be applied to the
lithiumbattery shall be determ ned
using a worst-case, two-fault
anal ysis of the circuit. Both
battery-aiding and battery-opposing
currents shall be considered in the
anal ysi s.

Pi ezo-El ectric Conponents - A piezo-electric
conponent mounted as it would be in its intended
application shall not generate an el ectrical output
t hat exceeds 1500 m crojoul es when tested according
to 9.14.

Fuses
8.6.1 Fuses shall not be considered to be effective
to prevent a spark ignition hazard.

8.6.2 Fuses shall be considered when they are used
tolimt current in circuits to protect
conmponents from becom ng thermal ignition
sources. The fuse shall be rated to open
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8.8

9.0 TESTS

9.1

within a maximumtinme period of two nmi nutes
at two tines its rated current.

8.6.3 Fuses used to protect conponents shall be of
the solder-in type or replaceable only by use
of a special tool. They should not operate,
when considering up to two faults, at nore
than two-thirds of their maxi muminterrupt
current and voltage rating as specified by
t he manufacturer of the device.

Conponent Thermal Consi derations

8.7.1 Each conponent identified as a potenti al
source of thermal ignition shall be tested to
determ ne its maxi num surface tenperature
under worst-case conditions.

8.7.2 Conponents that exceed a maxi num surface
t emperature of 150°C (302°F) under nornmal or
fault conditions shall neet the test
requi rements of 9.10.

8.7.3 Conponents that exceed a maxi num surface
tenperature of 530°C (986°F) under nornmal or
fault conditions shall neet the test
requi renments of 9.5.

Lanps - The heated filanment of an incandescent |anp
or the arc of a gaseous-discharge | anp shall not
ignite an explosive m xture of methane-in-air when
t he gl ass envel ope is broken. Testing shall be
conducted in accordance with 9.11

Tests For Protective Transforners

9.1.1 Routine Tests
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9.1.1.1

Transforners for direct connection
to a supply voltage shall be

eval uated for dielectric strength
by bei ng capabl e of withstanding
the tests of 9.6 using the

follow ng test voltages, where U,
Is the highest rated voltage of any
wi ndi ng under test:
Test Vol tages (rns) Where Applied
4U, or 2500V, whichever is Bet ween i nput and out put
gr eat er w ndi ngs
2U, or 1000 V, whichever is Bet ween al |l output w ndings
gr eat er and the core and screen
2U, + 1000 V or 1500 V, Bet ween each wi ndi ng
whi chever is greater supplying an intrinsically
safe circuit and every other
out put w ndi ng
9.1.1.2 For transformers not intended for
direct connection to a supply
vol tage, the test voltage between
i nput and out put w ndi ngs shall be
2U, + 1000 volts rnms or 1500 volts,
whi chever is greater.
9.1.2 Type Tests
The transformer shall be eval uated for

dielectric strength by being subjected to the
appropriate type test descri bed bel ow,

foll owed by a voltage test of 2U, + 1000
volts rnms or 1500 volts, whichever is
greater, between any w nding used to supply
the intrinsically safe system and all other
wi ndi ngs (see
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Section 9.6). No type test is nornmally
required for Type 2(b) construction.

9.1.2.1 Type 1(a) and Type 1(b)
Tr ansf or ner s

The transformer's secondary

wi ndi ng or wi ndings shall be
short-circuited or |oaded in such
a way as to give the highest

i nput current not exceeding 1.5
times the fuse or circuit breaker
rating. The protective fuse or
circuit breaker in the primary
circuit shall be bypassed for

t hi s purpose.

The tenperature rise of the
transformer shall not exceed the
perm ssi ble value for the class
of insulation used when in

conti nuous operation for at | east
6 hours or up to the nmonent when
t he i mhedded one-tinme thernal
fuse, if any, functions.

| f an output winding is fitted
with a current-limting resistor
so arranged that a short circuit
cannot occur directly across the
wi ndi ng, the test shall be
carried out with the resistor in
the circuit.

9.1.2.2 Type 2(a) Transforner

The test shall be carried out by
| oadi ng the secondary w ndi ng(s)
to draw maxi mum primary current

with the input w nding subjected
to its rated input voltage. The
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9.1.2.3

i nput current shall not be
[imted.

- The transformer shall be tested
for 6 hours or until failure,
whi chever occurs first. Either
the i nput wi nding or the output
wi ndi ng(s) may short-circuit to
the core during this test,
provi ded shorting of the output
wi nding(s) to the core does not
result in non-intrinsically safe
energy levels in the hazardous
| ocati on.

- The transfornmer shall not burst
into flames during the test.

Note: An inbedded one-tinme thernal
fuse may be used to prevent the
transformer from bursting into
flames.

Type 3 Transfornmer - The
transformer shall be operated with
any or all secondary w ndi ngs
short-circuited, depending on which
represents the nore severe
condition of heating, and with
rated voltage applied to the input
wi nding until thermal equilibrium
is established. Any thermal fuse
or other current- or
tenperature-sensitive protective
devi ces shall be short-circuited
during this test. The tenperature
rise of the transforner shall at no
poi nt exceed the perm ssible val ue
for the class of insulation

enpl oyed.
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9.2 Current-Limting Resistor Test

9.2.1 Current-limting resistors shall be tested up

to 1.5 tines the maxi mum fault voltage across
the resistor to determne if the resistor
woul d decrease in resistance by nore than 10
percent. The voltage and current shall be
nonitored during the following tests to

cal cul ate the change in resistance val ue:

9.2.1.1 The resistor shall be tested at 1.5
times the maxi mum fault voltage
across the resistor. Unless
protected by a non-repl aceabl e
fuse, the resistor shall neet the
requi renments of 9.2.3.

9.2.1.2 If the resistor is protected by a
non-repl aceabl e fuse, the resistor
shall be subjected to the follow ng
two tests: (1) at a voltage of 1.5
times the maxi mum fault voltage
with the fuse connected in series
with the resistor, and (2) at a
current of two tinmes the rating of
the fuse without the fuse in the
circuit.

9.2.1.3 If the resistor or fuse open
circuits during the tests described
in 9.2.1.1 or 9.2.1.2 above, the
resi stor shall be tested by
i ncreasing the voltage or current
(whichever is limting) to 1.5
times the maxi mum vol t age across
the resistor in steps to detern ne
i ts maxi mum decrease in resistance
val ue.
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9.3

9.

9.

2.

2.

2

3

Shunt

9.

9.

9.

3.

3.

3.

1

2

3

The above tests shall continue until the
resi stor tenperature becones stable or there
is no further change in resistance.

During each test, the resistor shall not:
(1) decrease in resistance by nore than 10
percent of its pre-test value; (2) flame; or
(3) deform such that an adjacent conductor
could short-circuit the resistor.

Di ode Protective Barrier Assenbly Tests

Barrier current-limting resistors that
affect intrinsic safety shall satisfy the
test requirenments for current-limting
resistors in 9. 2.

Resi stor-protected barrier diodes shal
wi t hstand continuously (i.e., until
tenmper atures have become stable or until it
is obvious that no further deterioration wll
occur) or fail without rendering the barrier
i neffective when subjected to 1.5 tines the
maxi mum current which will flow continuously
t hrough the resistor when up to the maxi mum
safe-area voltage is applied to the barrier.
Any ot her result based on testing would
constitute a failure.

Zener di ode maxi mum vol tage shall be
determ ned by one of the follow ng or
equi val ent met hods:

9.3.3.1 The summtion of the nom nal zener
vol t age, maxi mum tol erance of the
zener, and the zener voltage change
with current and tenperature shall
be consi dered under fault current
fl ow through the zener. The fault
current for a fuse protected zener
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shall be equal to 200 percent of
the fuse current rating.

The formula to cal cul ate Vmax, the zener diode
maxi mum vol tage, is as foll ows:

Vmax =V + Vtol + ?Vter'rp

Where Vmx = Zener Di ode Maxi mum Vol t age

V
Vt ol

?Vt enp

9.3. 4

Zener Di ode Nom nal Voltage

"+" voltage tol erance of Zener Di ode

Change in Zener Voltage due to change in
t enperature

9.3.3.2 Operation of the zener diode at a
current |level sufficient to
initiate thermal breakdown, thus
determ ning the vol tage across the
zener just prior to breakdown. The
zener di ode maxi mum vol t age shal
be the highest voltage neasured
during tests.

The adequacy of the fuse in preventing open
circuiting of the zener diode shall be
determ ned by one of the foll ow ng nethods:

9.3.4.1 The barrier assenbly fuse shall be
substituted by a simlar type fuse
havi ng an anperage rating 10 tines
greater. The substituted fuse
shall open prior to diode open-
circuit failure, upon application
of up to the maxi num safe-area
vol t age.

9.3.4.2 A current flow of 200 percent of
the fuse current rating shall be
applied to the barrier assenbly,
wi t hout the fuse, for 10 tines
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9.4

| onger than the operating tine of
the fuse without open circuit diode
failure that woul d render the
barrier ineffective. The operating
time of the fuse shall be

determ ned by test or taken from

t he manufacturer's operating tine
versus current curve at 200 percent
of its current rating.

Tenperature Tests

9.4.1 Except as otherw se noted, tenperatures shal

9.

9.

9.

4.

4.

4.

2

3

be neasured either by thernocouples
consisting of wires not |arger than No. 24
AWG or by equival ent neans.

A thernocoupl e shall be used for determ ning
the tenperature of a coil or winding of a
protective transfornmer if it can be nounted
wi t hout renoval of encapsul ating conmpound or
simlar material: (1) on the integrally
applied insulation of a coil w thout a w ap,
or (2) on the outer surface of a wap that is
not nmore than 0.8 mm (1/32 in.) thick and
consi sts of cotton, paper, rayon, or simlar
mat eri al (but not of asbestos or simlar
thermal insulation). The change- of

resi stance nmethod of 9.4.6 shall be used if
t he thernocoupl e neasurenent cannot be
conducted in accordance with the foregoing
consi derati ons.

Tests shall be conducted until constant
tenperatures are attained.

The tenperature shall be considered constant
when t hree successive readi ngs, taken at
intervals of 10 percent of the previously

el apsed duration of the test (but no |ess
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9. 4.

begi nni ng

6

than 5-m nute intervals) indicate |less than a
5 percent change in tenperature.

A thernmocoupl e junction shall be securely
held in thermal contact with the surface of
the material whose tenperature is being
measur ed.

The formula for obtaining the tenperature
rise of a protective transformer w nding by
the resistance nethod is as follows (w ndings
are to be at anmbient tenperature at the start
of the test):

?t = B(k"‘tl) - (k+t2)
r

where ?t = the tenperature rise, °C

R = the resistance of the coil at the end of
the test, ohns

r = the resistance of the coil at the
begi nning of the test, ohns

t; = the roomtenperature, °C, at the
of the test

t, = the roomtenperature, °C, at the end of
the test

k = 234.5 for copper, 225.0 for alum num
el ectrical conductor (EC grade).

If the tenperature of the wires of a circuit
under eval uation exceeds 530°C (986°F),
during normal operation or under fault
conditions, the wire shall neet the test
requi rements of
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9.5.

Smal | Conponent Thermal Ignition Test - Snal
conponents and small gage wire with a surface
tenmperature greater than 530°C (986°F), under nornal
or fault conditions, shall not cause ignition of a
met hane-in-air m xture when tested according to
9.5.1 through 9.5.5. The conponents shall be
tested according to the procedures of the
Tenperature Test in 9.4. Conponents which are

| ocated in an MSHA-certified expl osion-proof

encl osure are exenpt fromthis test.

9.5.1 The flammble test gas m xture used shall be
7.7 percent + 0.2 percent methane-in-air.

9.5.2 |If practical, the conmponent shall be nmounted
in the equi pnent as intended. The flammable
m xture shall be introduced into the
equi prment encl osure so as to assure contact
bet ween the m xture and the surface of the
conponent being tested. |If this is
i npractical, such a condition shall be
simul ated so as to assure representative test
results, taking into consideration other
parts of the equipnent in the vicinity of the
conponent being tested that could affect the
tenperature of the m xture and the flow of
the m xture around the conponent due to
ventilation and thermal effects.

9.5.3 The test shall be conducted under the normal
or fault conditions specified in Section 4,
whi chever produces the maxi num surface
tenperatures on the conponent.

9.5.4 The test shall al so be conducted under the
normal or fault conditions that produce the
maxi mum r el ease of thermal energy whenever
this is different than the conditions of
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9. 5.

5

9.5.3 and the tenperature exceeds 530°C
(986°F) .

The tests specified in 9.5.3 and 9.5.4 shal
continue until thermal equilibrium (see
9.4.4) of the conmponent under test and
surrounding parts is attained or until the
tenperature of the conmponent under test drops
to a value equal to or less than 530°C
(986°F) as a result of failure of the
conponent, whi chever occurs first. |If
failure of the conmponent term nates the test,
five additional sanples shall be tested to
assure that ignition will not occur up to the
maxi mum fault current. [If no ignition
occurs, the mxture is to be ignited by other
neans to verify presence of a flanmable

m xture.

9.6 Di el ectric Test

9.6.1 The following test nmethod shall be used:

9.6.1.1 The test shall be made with an
alternating voltage of a
substantially sinusoidal wave form
at a frequency between 48 Hz and 62
Hz or alternately with a dc voltage
having no nore than a 3 percent
peak to peak ripple at a |level of

(2 tines the specified ac voltage.

9.6.1.2 The power supply shall have
sufficient volt-anpere capacity to
mai ntain the test voltage, taking
into account any | eakage current
whi ch may occur.




Title/Subject: Citeria for the Evaluation and Test of Intrinsically Safe Apparatus and Associ ated Apparatus
DS No.:  ACR 2001 Page No. 48 of 67
Oiginal |ssue Date: 8/8/95 Fol | ow Up Revi ew Date: 4/21/03 Revi sion Date: 4/19/00

Signature/lnitial:

9.

9

9.6.1.3 The voltage shall be increased
steadily to the specified value in
a period not |ess than 10 seconds
and then maintained for at |east 60
seconds.

9.6.2 There shall be no breakdown of the insul ation
bet ween the test points during testing.

Mechani cal Test - Partitions shall w thstand a
force of 30 Newtons (6.75 | bs-force). The force
shall be applied using a rigid test rod having a 6
mm (0.24 in.) dianeter ball at the point of
contact. The force shall be applied to the weakest
point on the partition, or, if the weakest point
can not be determ ned, at the approxi mte center of
the partition for 10 seconds. There shall be no
deformati on of the partition that would defeat its
pur pose.

Fl ash Current Test - Batteries shall be tested and
t he hi ghest neasured short circuit current will be
used for analysis and test. Transients during the
first 20 m croseconds of the test will be

di sregar ded.

Drop Test - Portabl e apparatus shall be subjected
to the followng drop test:

9.9.1 The apparatus shall be dropped six tinmes with
not nore than one inpact at the sanme point
froma height of 0.9 m (36 in.) onto an oak
pl at f orm

9.9.2 If appropriate, a nonrestrictive guide may be
used to assure a free-fall drop on the
surface to be tested.

9.9.3 There shall be no separation or ejection of
the battery or batteries fromthe apparatus,
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9.10

nor other fault that could affect intrinsic
safety.

Dust Bl anketi ng Tenperature Test - Conponents that
may be covered by coal dust and exhibit a surface
tenperature greater than |50°C (302°F), under

normal, single fault, or two fault conditions shall
not ignite a coal dust |ayer when tested according
to 9.10.1 through 9.10.5. Conponents that are

| ocated in a dust-tight enclosure or an MSHA-
certified explosion-proof enclosure are exenpt from
this test.

9.10.1 The device shall be nounted in its nornal
position and shall be covered with coal dust
until no nmore dust will stay on the
encl osure or conponent or to a depth of 12
mm (0.48 in.), whichever is |less. The dust
used shall be Pittsburgh Seam Coal Dust fine
enough to pass through a 200 nesh screen.

9.10.2 The device shall be operated under fault
conditions appropriate to the device until
all tenperatures beconme constant.

9.10.3 The tenperature shall be considered constant
when t hree successive readi ngs, taken at
intervals of 10 percent of the previously
el apsed duration of the test (but no |ess
than 5-mnute intervals), indicate |ess than
a 5 percent change in tenperature.

9.10.4 The test may be perforned using a | aboratory
power source and with the conponent placed
in a fixture provided that the test
simulation is no |l ess severe than if the
device itself was tested.
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9.12

9.10.5 The conponent fails the test if there is
evi dence of snoldering or ignition of the
coal dust.

Lamp Breakage Test - The heated filament of an

I ncandescent |anp or the arc of a gaseous-di scharge
| anp shall not ignite an explosive m xture of 7.7 +
0.2 percent nethane-in-air when the glass envel ope
is broken while the bulb is energized.

9.11.1 A series of 30 tests shall be conducted with
a safety factor of OL.5 on the maxi mum fault
vol tage applied to the lanmp. A |ower
vol tage may be applied if premature burnout
of the bulb occurs. The envelope is to be
br oken quickly and conpl etely and the
filament is not to be broken by the breakage
of the envel ope.

9.11.2 If the | anphol der assenbly contains a
speci al ejection device or a
filament-quenchi ng device, the gl ass
envel ope shall be broken within the test
chanmber without intentionally affecting the
operation of the circuit breaking device.

Optical I|sol ator Test

9.12.1 Each optically-coupled isolator shall
wi thstand a m ninum di el ectric vol tage of
ei ther 2500 volts (rms) or four tines the
maxi mum saf e- area vol tage (whi chever is
greater) between its input and output. The
test voltage shall be applied between its
intrinsically safe and non-intrinsically
safe pins. The voltage is to be increased
fromzero to the mnimumdielectric voltage
in 10 seconds and then maintained at that
vol tage for 60 seconds.
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9.12.2

9.12.3

9.12. 4

9.12.5

Apply the maxi rum safe-area voltage to the
non-intrinsically safe side of the isolator
for 1 mnute. Determne if the isolator
continues to withstand the m ni mum
dielectric voltage as tested per 9.12.1.

Ranp the voltage connected to the non-
intrinsically safe side of the isolator from
zero to the maxi mum safe-area voltage in a
10 mnute period. Determne if the isolator
continues to withstand the m ni mum
dielectric voltage as tested per 9.12.1.

Ranp the voltage connected to the
intrinsically safe side of the isolator from
zero to the maximum fault voltage in a 10

m nute period. Determne if the isolator
continues to withstand the m ni mum
dielectric voltage as tested per 9.12.1.

For acceptabl e perfornmance each sanpl e of
the isolator nust withstand the specified
dielectric vol tage.

9.13 Encapsul ati on Test

9.13.1

9.13.2

An encapsul ant shall w thstand a force of 30
Newt ons (6.74 | bs.-force) applied using the
flat end of a 6 mMm (.24 in.) dianeter solid
test rod. The force is to be applied for at
| east 10 seconds in a direction

per pendi cul ar to the surface of the

encapsul ant. The encapsul ant may
transiently nove during the test but shal

not permanently deform or be damaged in a
way that inpairs the protection provided.

An encapsul ant that is not protected from
shock by anot her enclosure or partition is
al so to be subjected to an inpact test of 2
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joules (1.48 ft.-Ibs.). A test mass having
a hardened steel inpact head 25 mm (0. 98
in.) in dianmeter shall be allowed to fall
vertically. The direction of the inpact is
to be normal either to the flat surface
being tested, or to a tangent to the surface
if the surface is not flat. The encapsul ant
may transiently nmove during the test but
shall not permanently deform or be damaged
in a way that inpairs the protection

provi ded.

9.14 Piezo-Electric Conponent Test

9.14.1

9.14.2

9.14.3

A test mass having a hardened steel inpact
head 25 mm (0.98 in.) in dianmeter shall be
allowed to fall vertically such that the
apparatus containing the piezo-electric
conponent is inpacted with an energy of 20
joules (2 kg at 1 m). The direction of the
inpact is to be normal either to the flat
surface being tested or to a tangent to the
surface if the surface is not flat.

The test shall be conducted twi ce on those
surfaces which are accessi bl e when the
apparatus is nounted as it would be in its
i ntended application.

For acceptabl e performance, the maxi num

out put energy generated by the piezo-

el ectric conmponent during the test shall not
exceed 1500 microjoules. The maxi num

el ectrical energy generated by the piezo-

el ectric conponent shall be cal cul ated from
the fornula E=1/2CV? where Cis the
nmeasur ed capacitance of the device and V is
t he maxi num out put vol tage gener at ed.

10. 0 SPARK | GNI TI ON TEST
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10.1 GCeneral Requirenents

10.

2

10.1.1 Each circuit requiring spark ignition
testing shall be tested to ensure that it is
i ncapabl e of causing ignition under the
conditions specified in Section 4.

10.1.2 Normal and fault conditions shall be
sinmul ated during the test using suitably
rated conmponents. Factors shall be added as
described in 10.2. The test apparatus
described in 10.3 shall be used. The test
apparatus contacts shall be operated in a
chanmber filled with the gas m xture and
verified in accordance with 10. 4.

Test Factors - The safety factor of 1.5 required by
Section 4 at the point of test is to be achieved by
t he nethods given in 10.2.1, 10.2.2, or 10.2.3

bel ow. An equi val ent neans, such as using a nore
easily ignitable test gas, may be used if it is not
possi ble to achieve the safety factor using these
met hods.

10.2.1 Resistive circuits (L £5 pH). The energy
shall be increased at the point of test by a
factor of 1.5 using one of the follow ng
met hods in order of preference as foll ows:

10.2.1.1 Increasing the test voltage OL.5
tinmes.

10.2.1.2 Decreasing the value of limting
resistance to obtain 1.5 tines the
test current.

10.2.1.3 Increasing both the voltage and
current to obtain the 1.5 safety
factor on energy.
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10.2. 2

10. 2.3

| nductive circuits (L > 5 pH). The energy
at the point of test shall be increased by a
factor of 1.5 using one of the follow ng

nmet hods in order of preference as follows:

10.2.2.1 Increasing the supply voltage QL. 5
tines to obtain OL.5 tines the
test current.

10.2.2.2 Decreasing the value of limting

resistance to obtain OL.5 tines
the test current.

Capacitive circuits. The energy shall be
increased at the point of test by a factor
of 1.5 by increasing the test voltage OL.5
tinmes.

10.3 Spark Test Apparatus

10.3.1

10.3. 2

The spark test apparatus to be used for
conducting the spark ignition tests required
by these criteria shall be as specified in

| EC Publication 79-3, Part 3: "Spark-test
Apparatus for Intrinsically Safe Circuits.”

The paraneters of the spark test apparatus
may be varied to adequately test the circuit
under evaluation. This would include:

10.3.2.1 Renmoving two or nore of the wire
el ectrodes or varying the speed to
al | ow adequate charging tine for
capacitive circuits.

10.3.2.2 Changing the wire el ectrode
diameter or material to prevent
hot wire ignitions when currents
greater than 5 anperes are tested.
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10 ml (.010 in.) tungsten
el ectrodes are to be used for
currents from5 to 10 anperes.
No. 24 AWG copper el ectrodes are
to be used for currents exceedi ng
10 anperes.

10.4 Calibration of Spark Test Apparatus

10.4.1 The sensitivity of the spark test apparatus

10. 4.2

10.4.3

10.4. 4

shal|l be checked before and after each test
conducted in accordance with 10.5. Wen a
circuit being tested has an inductance of

| ess than or equal to 5 puH, a resistive
calibration in accordance with 10.4.2 shal
be used. For circuits with an inductance of
5 uH or nore, an inductive calibration in
accordance with 10.4.3 shall be used.

For resistive calibration, the spark
apparatus shall be connected to a 24 volt
D.C. supply or battery that is limted to a
1.45 + .05 anperes short circuit current by
a non-inductive resistor.

For inductive calibration, the spark
apparatus shall be connected to either a 24
volt D.C. power supply or to a 24 volt
battery, in series with an air core

i nductance of 100 + 10 mIlihenries (with
the actual value known within 2 percent) and
non-i nductive resistance added to the
circuit to reduce the current to 106 + 1
mllianperes.

The spark test apparatus shall be run for
400 revolutions of the tungsten wi re hol der
with the holder at positive polarity.
Ignition of the test gas during this period
val i dates calibration.
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10.5 Spark Test Procedure

10.

6

10.5.1 The spark test apparatus shall be inserted
in the circuit under test at each point
where it is considered that an interruption,
short circuit, or ground fault may occur in
the hazardous area.

10.5.2 The test gas shall be 8.3 + 0.2 percent
met hane-in-air, except that a nore easily
ignitable test gas, such as propane, may be
used to achieve the required safety factor.

10.5.3 Each circuit shall be tested for 1000
revol utions of the tungsten wire holder in
t he spark test apparatus. The polarity of
t he spark apparatus el ectrodes shall be
reversed after 500 revolutions. An ignition
of the test gas indicates failure of the
circuit under test.

10.5.4 If ignition does not occur during the test,
calibration of the spark test apparatus
shall be repeated. |If the calibration does
not conply with the requirenents of 10.4,
the spark test of the circuit under test
shall be considered invalid.

Spark Testing of Hi gh Frequency/Hi gh Voltage
Circuits - When evaluating the intrinsic safety of
ac electrical circuits operating with both voltage
| evel and frequency exceedi ng 24V peak and 60Hz,
respectively, or ac circuits exceeding either 24V
peak or 60Hz and not readily assessable fromthe
published ignition curves, the circuits shall only
be accepted on the basis of spark ignition testing
with the tests conducted under the foll ow ng

condi tions:
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10.6.1

10.6.2

10.6.3

10.6. 4

10.6.5

The test conditions at the point of test
shall be nodified by electrical neans to
achieve the required safety factor. The
test gas used shall be an 8.3 + 0.2 percent
met hane-in-air mxture. The use of a nore
easily ignitable test gas, such as propane
or oxygen-enriched nethane-in-air m Xxtures,
shall not be used to obtain the safety
factor.

Spark ignition testing shall be conducted on
t he spark test apparatus for 1000

revol utions of the electrode holder. The
connecting leads to the spark test apparatus
shall be reversed after 500 revol utions.

Two spark ignition tests shall be conduct ed.
One test shall be conducted with tungsten
el ectrodes and cadm um disc in the spark
test apparatus. The second test shall be
conducted with No. 24 AWG copper el ectrodes
and copper disc in the apparatus. The
circuit under test is considered to pass if
no ignitions are obtained during both tests.

The sensitivity of the spark test apparatus
shall be checked before and after each test
with a 24 vdc inductive or resistive
circuit, whichever is nore appropriate to
the circuit being tested.

For inductive circuits, current |evels shal
be limted to 160 + 2 m | lianperes by using
an air core inductance of 100 + 10
mllihenries (with the actual val ue known
within 2 % in series with the power supply.
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10. 7

10.6.6

10.6.7

O her

10.7.1

10.7.2

10.7.3

For resistive circuits, current |evels shal
be limted to 3.6 + .1 anperes short circuit
current by a non-inductive resistor.

The spark test apparatus shall be run for
400 revolutions of the electrode holder with
the hol der at positive polarity. Ilgnition
of the test gas during this period validates
cal i bration.

Consi der ati ons

El ectric motors used in intrinsically safe
circuits shall be tested for spark ignition
in the "locked rotor” condition if this
represents the "worst-case” condition

Gscillators, especially those used in dc-to-
dc converters, shall be tested considering
the "worst-case" tol erance values and faults
of associ ated conponents.

The spark ignition testing of circuits
powered by constant voltage transfornmers
shal |l be conducted using the maxi mum

vol tage/current fromthe transforner
considering the tol erance value and faults
of capacitors used across transforner

wi ndi ngs.

11.0 I GNI TI ON CURVES

The ignition curves shown in Figures 11.1 through 11.4
be used to determne if a circuit under evaluation
can be accepted wi thout testing.

shal
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12. 0 MARKI NG

Al'l information necessary for external connections

affecting safety shall be provided with the equi pnent
(e.g., maxi mum vol tage, m ni num resistance, maxi num

i nduct ance,

or in special cases a specific type of

apparatus to be connected). As nuch information as

possi bl e shal
is inpracti cal

be provided on the apparatus label. If it
to mark sone smal |l pieces of apparatus

with all the required information on the apparatus | abel,
it shall be provided on the wiring diagramand in an
installation or operation manual .

12.1 M ni num Mar ki ng/ Approval Plate - The m ni num

mar ki ng on an approval plate shall include the
foll ow ng:
12.1.1 The manufacturer's nane, the MSHA | ogo, the

12.1.2

12.1.3

approval nunber, serial number (if not
identified el sewhere), nodel or part nunber,
and the word "Perm ssible" foll owed by the
generic nane of the approved equi pnent.

The statenment, "Tested for Intrinsic Safety
in Methane Air Mxtures Only."
A list of the applicable conditions of use

or a reference to the docunent that lists
the conditions of use.

12.2 Mnimum Marking/Intrinsic Safety Eval uati on Label -
The m ni mum marking on an intrinsic safety
eval uation | abel shall include the foll ow ng:

12. 2.1

The manufacturer's nane, the intrinsic
safety eval uati on nunmber, the nodel or part
number, and the generic name of the
assenbl y.
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12.

12.

3

12.2.2 A list of the applicable conditions of use
or a reference to the docunent that |ists
the conditions of use.

Addi tional Marking/lIntrinsically Safe Apparatus -
VWhere practicable, the apparatus shall be marked
with the follow ng information:

12.3.1 An indication that the apparatus is
intrinsically safe.

12.3.2 \Where repair is possible, a |label worded,
"WARNI NG Any substitution of conponents or
nodi fication to the circuit nmay defeat
intrinsic safety.”

12.3.3 A reference to acconpanying literature if it
provi des special installation, maintenance,
or operating instructions.

12.3.4 The MSHA eval uati on nunmber, when
appropri ate.

Addi ti onal Marking/ Associ at ed Appar at us -
Associ at ed apparatus shall have the follow ng
mar ki ngs:

12.4.1 Where repair is possible, a |label worded,
"WARNI NG Any substitution of conponents or
nodi fication to the circuit nmay defeat
intrinsic safety.”

12.4.2 A reference to acconpanying literature if it
provi des special installation, maintenance,
or operating instructions.

12.4.3 Any other necessary information, in
particul ar, an indication of any other type
of protection required and its
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12.

12.

12.

5

6

7

characteristics such as a warni ng statenent
i ndi cating that the apparatus nust be

| ocated in fresh air or housed in a
certified expl osion-proof enclosure.

12. 4.4 The MSHA eval uati on nunmber, when
appropri ate.

Battery- Powered Apparatus Marking - Battery-powered
apparatus shall be marked with a warning statenent
to indicate the size and voltage of the batteries
used. Alternatively, a warning statenent

i ndicating a specific battery (e.g., by
manuf act urer and nodel nunber) shall be used.
Apparatus with replaceable cells also need a
warning statement to indicate that all cells nust
be replaced with fresh cells at the sane tinme and
that cells fromdifferent manufacturers nust not be
m xed. If the batteries are not intrinsically
safe the apparatus shall be marked, "Warning:
Batteries nust only be changed in a fresh air

| ocation.™

Term nal Marking - Term nals, term nal boxes, and
pl ugs and receptacles of intrinsically safe
circuits shall be clearly nmarked, as with a | abel
"Intrinsically Safe" and shall be clearly

di stingui shable. Where a color is used for this
purpose it shall be bright blue.

Per manence of Markings

12.7.1 Al permanent markings shall be |egible and
prom nent and | ocated so they are visible
after installation of the equipnment except
as follows:

12.7.1.1 The permanent marking required for
associ at ed apparatus need not be
| ocated on the outside of the
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encl osure of apparatus that is
i ntended for the use in a custoner
supplied certified expl osion-proof
encl osure provided it is readily
vi si bl e by renmoving a cover after
install ation.

12.7.1.2 The permanent mar ki ng concerni ng
battery replacenment that is
required to be on apparatus need
not be | ocated on the outside of
t he enclosure of small portable
battery-operated apparatus if the
marking is located so that it is
readily visible when repl aci ng
batteries.

12.7.2 The marking shall be nol ded, die-stanped,

pai nt-stencil ed, stanped or etched neta
that is permanently secured.




Title/Subject: Citeria for the Evaluation and Test of Intrinsically Safe Apparatus and Associ ated Apparatus

DS No.:  ACR 2001 Page No. 67 of 67

Oiginal |ssue Date: 8/8/95 Fol | ow Up Revi ew Date: 4/21/03 Revi sion Date: 4/19/00

Signature/lnitial:

13. 0 REFERENCE

Conformance with these criteria indicates conpliance with
the intrinsic safety requirenments of 30 CFR

14. 0 REVI EW

This docunent will be reviewed once every three years.

15. 0 DI STRI BUTI ON

Intrinsic Safety & Instrumentation Branch (I SIB)
personnel and other interested parties.

16. 0 RESULTS

To provide |ISIB investigators and other interested
parties with the criteria used to evaluate and test
intrinsically safe apparatus and associ ated apparatus for
intrinsic safety.

17.0 AUTHORI TY

30 CFR, Sections 18.20(b), 18.68(a)(1), 19.1(b),
20.1(c)(2), 22.6, 23.6, and 27.20(a).
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APPENDIX NO. 1

Nominal voltege for
Peak open-circult voltage for comgpanent surface
spark ignition hazard temperature assessment
Cell Type v v
Nickakcadmitm
Lead-acid (dry)
- Lead-acid (wet)
Akgline-manganese
Mercury-zine
Mercury-manganese dioxide-zin¢
Sikver- zine
Zinc-air
Lithium-manganese dioxide
Zinc-manganesa dioxide (zinc-carbon
Leclanché)
NickeHhydride




