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Fundamental Study of Testing Apparatus for Determining Minimum
Igniting Current for Explosive Gas Atmospheres

Ryuji TANAKA*

In designing intrinsically safe electrical apparatus and circuits, the incendivity of the spark dis-
charges under the atmosphefic pressure is a vital problem. Many reports have so far been published on
the incendivity of electrical sparks for methane-air mixtures, while a few for many other inflammable
gases or vapours.

Works at the Electrical Research Association have determined minimum ignition currents for typical
various gases and vapours with a simple series inductive circuit having a 95 mH inductor. And it is
also a fact that Blanc et al. showed the minimum ignition energy for some gases and vapours by
r.ne‘ans of H.V, condenser discharges.

One of the most desirable characteristics for a testing apparatus in determining the limit of ignition
or non-ignition is that it can well simulate spark discharges encountered in practice. From this stand-
point, the minimum ignition energy.wth H.V.sparks by Blanc et al. is not appropriate to be used for
designing intrinsically safe apparatus and circuits, On the other hand, the m.1i. c. obtained at the E.R. A.
are seemed to be rather large compared with those obtained with wire-break apparatus, In 1967, I.E.
C. adopted as a testing apparatus the one proposed by the German delegations which had 4tungsten wires
(anodes) and a cadmium disc (cathode). However, the I.E.C, testing apparatus is blamed for too high
ignition sensitivity because of the use of cadmium disc.

- The auther investigates into the m.i.c. in low-voltage inductive and non-inductive circuits by means
of a copper-wire break apparatus which has a high separation speed and a little quenching effect of the
electrodes with a view to meeting with the wire-break accidents.

The results obtained are compared with those of the I.E.C. apparatus, Break-flash No. 3 apparatus
which ignition sensitivity is similar to that of E.R.A. No. 2 Apparatus, and Intermittent Break appa-
ratus which is used for testing the incendivity of slow break or capacitive sparks at the Safety in
Mines Research Establishment (Sheffield). '

.. The copper-wire. break apparatus, hereinafter refered to as copper apparatus, has a siretch of copper
wire the length of which is 40cm. Each end of the wire is led round a metal roller and when the roller

is rotated manually, the wire is stretched to be broken and discharge sparks occur between the wire
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ends. After ascertaining non-effect of the wire diameter 0.1to 0.5mm on the ignition currents with
inductive and non-inductive circuits, only 0.4mm-wires are used for determining m.i.c. for hydrogen~
and methane-air mixtures.

With inductive circuits, a 24V d.c. supply, an air-cored inductor, a current limiting resistor and
the copper apparatus are connected in a simple series, and with non~inductive circuits, the inductor -is
short-circuited. '

Fig. 4 shows the comparison of the m.i.c. for hydrogen—- or methane-air mixtures between the spark-
producers. As the m.i.c. for hydrogen-air mixtures with copper apparatus are less than the minimum
arcing currents of the electrode materials, the possibility of occurring arc discharges may be ignored.
Hence, the discharge energy required for the ignition is approximately equal to 1/2LI%. The values of
1/2L1%2 are compared with reference to the B/F No.3 apparatus. The relative discharge energy with the
copper apparatus is 0.6to 0.8and that with the I.E.C. type 0.15 to 0.55. depending on inductances.

Results with non-inductive circuits, as seen from Fig. 6, the use of I E. C type for determining the
m.i.c.is limited to more than some 20V, and within this limit the ignition sensivity of the I.E.C.
type is shown to be the highest. Up to about 20V, the copper apparatus is more sensitive to ignition
than the Intermittent break apparatus.

- The difference of the sensitivity may be atiributed to electrode separation speed, quenching effect,
discharge characteristics etc.

More are discussed on the I.E.C. type, namely, it concerns with the electrode materials. The cad-
mium disc is replaced with iron, nickel or brass electrode and each m.i.c. is compared. For inductive
circuits with larger inductances the m.i.c.are nearly the same, while differences between them gradu-
ally appear with decreasing the inductance.

Effect of electrode polarity on the m.i.c. of the I.E.C.type is also investigated. For inductive
circuits with no arc discharge occurring the m.i.c. does not depend upon the polarity. On the other
hand, for non-inductive circuits, the effect is clear and the m.i.c. of a circuit voltage of 48V increases
by approximately 209, with a cadmium anode and tungsten wire cathodes. However, when the cadmium
ig r_eplaced with iron electrode, there is no effect of reversing the polarity. Ignition sensitivity of the
I.. E.C. type seems to increase if the new surface of thé cadmium disc is more or less scratched to “aging”

by the tungsten wire ends.
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Fig.4 Comparison of minimum igniting current in low voltage d.c. inductive circuits

for hydrogen— or methane-air mixtures.
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(2) R.Holm: Electric Contact Handbook, 3rd ed., 309 (1958)
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KRBLIO 22vens LT, SAAARTHRLEE, Break-flash No.3 Apparatus,
Intermittent Break Apparatus 3510t IEC s5@i 1 PRNRKBROAES, EEE
WMOFHE s LOEHEB I >\ TR L, IEC BEORPEKERNEER L L ToL
KEEHL 1.

KT, IEC £BOBE « 3 X OVBEEHE SRR TS+ HEIe 1 THRT
W3, .
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Fundamental Study of Testing Apparatus for Determining Minimum Igniting
Current for Explosive Gas Atmospheres

R.TANAKA

Research Report of the Research Institute of Industrial Safety
RIIS-RR-17-5, 1~10 (1969) '

Minimum igniting currents in low voltage d.c. inductive and resistive circuits
are compared among Copper-wire, Break-flash No. 3, Intermittent Break and IEC
type apparatus. Incendivity of the IEC type apparatus is discussed on determin-
ing the minimum igniting current.

Effects of electrode polarities and materials on minimum igniting current are
also investigated,

An outline of automatic minimum igniting current measuring IEC type equipment
is introduced as an appendix.

(2 Tables, 9 Illus., 18 Refs. )
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