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Safety for Electrical Equipment under Artificial Environments
——Igmtlon ‘of Flammable Solid Materials by Low Voltage Inductive Sparks——

by Ryuji Tanaka**
Kenji Ichikawa**

In a hazardous area where an explosive gas be or may be present, the technique of “intrinsic safety”
has been applied all over the world. In this paper, the authors aim at applying the techiique to designing
of safe low voltage circuits which are incapable of igniting a flammable $olid in “Oxygen-hazardous
Areas”. ; '

Flammable solid specimens are ignited by low voltage inductive sparks in pure oxygen, oxygen-
ritrogen or oxygen-helium atmospheres, at various absolute pressures of up to 1.3MPa and at various
o;éygen eoncentrations, and. minimum ignition currents are measured. . ’ o
. The specimen is attachied on the fixed electrode of the ‘Break-flash No.3 Apparatus’ and ignition of
the spec1men is  observed visually through a glass window of pressure vessel. The circuit voltage is
50 volts d.c. and circuit inductance ranges from 3 to 1, 000mH. '

Of the specimens tested, “Japanese paper” showed the lowest ignition current.

' The minimum ignition cutrents for the Japanese paper decrease with the oxygen concentration and
the total pressure, and the minimum ignition current corresponding to pure oxygen at an absolute
pressure of 0.1 MPa and to circuit inductance of 1,000 mH are 0.19 amiperes. Various combinations of
oxygen concentration and total pressure, that give the minimum ignition current of 0.19 amperes are
obtained with 1, 000mH inductance. ' ' o o '

The relations between the minimum ignition current and circuit inductance are also given for pure
oxygen at 0.1 MPa and 0.7 MPa, for 60% 0;-40% N, and 60% 0,-40% He at 0.7 MPa, These curves
show similarity in shape and slope, to those known of ignition of explosive gases in inductive circuits.

It was concluded that an intrinsically safe inductive circuit suitable for use in- “oxygen‘—enricﬁe‘d
atmospheres” could be designed within a certain limit ' of oxygen concentration, atmospheric pressure,

circiut current and inductance.

* 1975 £ 12 A, IEE Conference Publication Number 134, London KREEINALLOEMELICEDThH%S,
** ERFEE
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Table | Test specimens

E )
Specimen _ Weight . Thickness
in mg/cm? in mm
Japanese paper 1.05 0.05
Cotton fabrics 20.0 0.5
PVC film ' 5.8 0.05
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Fig. 1 Attachment of test spec1men to ﬁxed
electrode of break-flash apparatus.
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Fig. 2 Mimimum ignition current for Japanese
paper, . PVC and cotton by inductive
sparks in oxygen at various pressure.
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Influence .of inert gases and total pressure
on minimum ignition current for Japanese
paper by inductive sparks in various
atmospheres.
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- Table 2 Values of % and # in equation (1)
A (1) DkEaofE

Specimen’ Atmosphere ko n
100% O, 198 | 0.38

Japa“i;fper 609 0,-40% N, | 256 | 0.35
60% 0,-40% He | 287 | 0.30

PVC film 100% O, 358 | 0.32
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Fig. 4 Influence of oxygen and total pressure
' on minimum ignition current for Japa-
nese paper by inductive sparks in Oy/Ny
atmospheres.
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Fig. 5 Influence of oxygen and total pressure
on minimum ignition current for Japa-
nese paper by inductive sparks in 0,/He
atmospheres. '
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Table 3 Values of K and m in equation (2)
A (2) DK:mDfE

- Atmosphere K in m] m
100% O, 0.1MPa 14.3 1.71
100% 0,, 0.7 MPa 2.6 2.00
609 0,-40% N,, 0.7 MPa 4.8 1. 90
»6(.)_% _02—40% He, 0.7 MPa 8.5 1.78
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100% O, ¢y 2.6m] TH B, thbOfE%E, RU
BRNEHETHE LLAKED 2 X vEFEEF AR
S35 Y2 LI A E UKfE, 1.3mI'"c~25 &
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5 # B
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.Safety ‘for Electrical Equipment under Artificial Environments—Ignition of
Flammiable Solid Materials by Low Voltage Inductive Sparks—

R.TANAKA & K.ICHIKAWA

Research Report of the Research Institute of Industrial Safety, Japan
RIIS-RR-24-7, 1~8 (1975)

For the purpose of investigating a possibility of designing an intrinsically safe
electrical circuit that is incapable of igniting a flammable solid in oxygen-
ienriched atmospheres, minimum ignition currents are determined with low
tvoltage inductive circuits.

Specimens used were a piece of Japanese paper, cotton cloth and PVC film,
and test atmospheres were pure oxygen, oxygen-nitrogen mixtures or oxyygen-
helium mixtures, of various oxygen concentration of up to 100 vol. % and of
absolute total pressure of up to 1.3 MPa.

Influence of oxygen concentration, total pressure and circuit inductance on the
minimum ignition current are examined in details, (2 Tables, 7 Illus., 8 Refs.)
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