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Assessing sensitivity and stability  
of IEC spark test apparatus  

as an important parameter in testing electronic devices  
 
 

 
The article features an assessment of the sensitivity and stability of the IEC spark 
gap properties as an important parameter in testing electrical and electronic sys-
tems and devices. The assessed IEC spark gap, owned by EMAG’s laboratory, is  
a device for testing the level of intrinsic safety in the circuits of electrical and elec-
tronic devices. This is done to ensure that they are explosion-proof and can work in 
explosive atmospheres in the mining industry (methane) as well as the chemical and 
petrochemical industries (hydrogen, acetylene, propane and Liquefied petroleum 
gas, etc.). 
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1. INTRODUCTION 

 
 
The issue of intrinsic safety and the intrinsic safety 

technique have long been examined by Polish re-
search institutes engaged in the mining industry, such 
as the GIG Central Mining Institute – Experimental 
Coal Mine Barbara and the Institute of Innovative 
Technologies EMAG. These institutes have been 
conducting tests in the range of mine atmosphere 
explosions. In addition, they have been developing 
certain principles to be applied in the construction of 
explosion-proof electrical devices. This issue has also 
been discussed by world organizations involved in 
the safety of areas with explosion hazards [4].  

It can be observed that the level of dealing with gas 
(methane) explosion hazards in hard coal mines is 
still low in many countries (Ukraine, Russia, China, 
Mongolia, Poland). This situation results in methane 
explosions with catastrophic consequences. The 
emission of methane in mining excavations has been 
growing. One of the reasons is the increasing concen-
tration of mining works.  

Higher explosion hazards are observed in Poland too. 
The development of electronics and the necessity to 
apply automation and monitoring in mines have caused 
a dynamic progress in intrinsically safe devices. 

The sensitivity and stability of the IEC spark gap 
were determined on the basis of statistical tests of the 
device reliability. 

A spark test apparatus is a mechanical measuring 
device whose manufacturing accuracy is a significant 
factor to provide proper sensitivity of the device 
(manufacture of contacts, rotating elements, cadmium 
and wolfram electrodes, etc.). What decides about the 
sensitivity and, at the same time, quality of the spark 
test apparatus manufacture, is obtaining suitable min-
imum igniting currents in compliance with the PN-
EN 60079-11 standard.   

 
 

2. IEC SPARK TEST APPARATUS 
 
 
The IEC spark test apparatus is a measuring device 

used in testing electrical and electronic devices which 
affect the safety of equipment operating in explosive 
atmospheres. The applied testing methods depend on 
the group I or II [5] and the type of its electrical cir-
cuit. 

Practical intrinsic safety control of an intrinsically 
safe circuit is conducted in compliance with the fol-
lowing standards: PN-EN 60079-0: Explosive atmos-
pheres – Part 0: Equipment - General requirements, 
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PN-EN 60079-11: Explosive atmospheres – Part 11: 
Equipment protection by intrinsic safety 'i'. 

Almost all world and Polish testing laboratories use 
the IEC spark test apparatus (Fig. 1) which is a uni-
versal device recommended for testing RLC intrinsi-
cally safe circuits. 

The IEC spark test apparatus is recommended by 
the International Electrotechnical Commission. It was 
developed in Germany in 1961 and put into use by 
the standard VDE 0170 d/017 and d/2.65 [1] as an 
obligatory device for testing intrinsic safety. 

 
 

Fig. 1. Electrodes of IEC spark gap [5].  
1,5 – handle of wolfram electrodes, 2 – wolfram elec-

trode, 3 – cadmium electrode, 4 – chamber 
 
The basic data of the spark test apparatus are the fol-

lowing: 
 Four wolfram electrodes, one cadmium elec-

trode; 
 Rotational speed of the disc with wolfram elec-

trodes – 80 rotations/minute; 
 Proportion of rotational speed of the disc with 

wolfram electrodes to the cadmium disc – 50:12; 
 Volume of the chamber with the explosive mix-

ture – at least 250 cm3; 
 Capacity of the circuits at open electrodes – no 

more than 30 pF; 
 Inductance of the circuit at closed electrodes – 

no more than 3 µH; 
 Admissible currents cannot exceed 2 A in  

a normal state; if the current has a higher value, 

it is necessary to modify the spark test apparatus 
using other, thicker wolfram electrodes.  

The IEC spark test apparatus is now the most 
commonly used device for testing intrinsically safe 
devices, circuits, lines, etc. 

 
 

3. CONTROLLING SENSITIVITY  
AND STABILITY OF SPARK TEST  
APPARATUS PROPERTIES 

 
 
In order to put the IEC spark test apparatus into 

use, it is necessary to test its sensitivity and to repeat 
the measurements in order to have better knowledge 
about the measuring device. 

An important parameter of the spark test apparatus 
is to obtain the lowest possible value of minimum 
igniting current Izm [2, 3]. This current differs de-
pending on the parameters of the DC control circuit, 
e.g. for inductance circuit at 24 V, with inductance 
from 95 mH to 100 mH, the minimum igniting cur-
rent is 110 mA. It also depends on the test mixture 
which is different for different groups and subgroups 
of devices [1]. 

 
The sensitivity of the spark test apparatus depends 

on many factors, such as:  
 Type and selection of electrodes; the most sensi-

tive were four wolfram electrodes and one cad-
mium disc electrode. 

 Settings and proper installation of wolfram elec-
trodes. 

 Parameters of the control circuit (precision of 
contacts, etc.) 

The repeatability of measurements depends on: 
 Explosive mixture put into the chamber. 
 Accuracy of the spark gap manufacture (preserv-

ing its parameters in time). 
 Settings of wolfram wires – whether they are 

straight or curved, whether they were cut proper-
ly.  

The sensitivity of the spark gap was tested based on 
the spark gap owned by the EMAG Institute. The 
device was designed and manufactured in compliance 
with PN-EN 60079-11, by EMAG’s employees.  

The tests were conducted during 40 successive 
days for a standard inductive circuit with the follow-
ing parameters: 
 voltage: 24 V,  
 inductance: 95 mH,  
 current: 110 mA, 107,5 mA, 105 mA, 102,5 mA, 

100 mA.  
The results of the tests are placed in Table 1. 
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Table 1.  
Dependence of probability p on current I for standard inductive circuit  

 

 
110 mA 107,5 mA 105 mA 102,5 mA 100 mA 

 
p* m/n p* m/n p* m/n p* m/n p* m/n 

series 1 0,0943 20 / 212 0,0402 14 / 348 0,0246 14 / 568 0,0070 14 / 1991 0,0034 14 / 4089 

series 2 0,1042 20 / 192 0,0407 14 / 344 - -/- - -/- - -/- 

series 3 0,1031 20 / 194 0,0358 14 / 391 0,0274 14 / 511 - -/- - -/- 

series 4 0,1143 20 / 175 0,0419 14 / 334 - -/- 0,0066 14 / 2119 - -/- 

series 5 0,0870 20 / 230 0,0401 14 / 349 0,0250 14 / 560 - -/- - -/- 

series 6 0,0935 20 / 214 0,0439 14 / 319 - -/- - -/- 0,0033 14 / 4298 

series 7 0,1105 20 / 181 0,0426 14 / 329 0,0261 14 / 536 0,0066 14 / 2112 - -/- 

series 8 0,1000 20 / 200 0,0390 14 / 359 - -/- - -/- - -/- 

series 9 0,1205 20 / 166 0,0420 14 / 333 0,0297 14 / 471 - -/- - -/- 

series 10 0,0823 20 / 243 0,0427 14 / 328 - -/- 0,0064 14 / 2178 - -/- 

series 11 0,0913 20 / 219 0,0447 14 / 313 0,0278 14 / 504 - -/- 0,0035 14 / 3979 

series 12 0,1058 20 / 189 0,0414 14 / 338 - -/- - -/- - -/- 

series 13 0,1156 20 / 173 0,0419 14 / 334 0,0265 14 / 529 0,0067 14 / 2087 - -/- 

series 14 0,0939 20 / 213 0,0439 14 / 319 - -/- - -/- - -/- 

series 15 0,1183 20 / 169 0,0390 14 / 359 0,0320 14 / 437 - -/- - -/- 

series 16 0,0897 20 / 223 0,0397 14 / 353 - -/- 0,0070 14 / 1992 0,0035 14 / 3970 

series 17 0,0926 20 / 216 0,0401 14 / 349 0,0238 14 / 589 - -/- - -/- 

series 18 0,0840 20 / 238 0,0426 14 / 329 - -/- - -/- - -/- 

series 19 0,0939 20 / 213 0,0393 14 / 356 0,0257 14 / 544 - -/- - -/- 

series 20 0,0995 20 / 201 0,0420 14 / 333 - -/- 0,0066 14 / 2109 0,0032 14 / 4420 ΣmΣn  0,0985 
400 / 
4061 

0,0411 
280 / 
6817 

0,0267 
140 / 
5249 

0,0067 
98 / 

14588 
0,0034 

70 / 
20756 

 
Where: 
n – number of rotations of the disc with wolfram electrodes, 
m – number of initiated explosions, ݌ = ୫୬   - probability of the explosive mixture ignition. 

 
The above table presents how the probability of 

explosion changes with the changing amperage of the  
current in the control circuit. If the current decreases 
by 10%, the probability of the explosion mixture 
ignition drops by almost 30 times. Therefore it is so 
important to check the sensitivity of the spark test 
apparatus before each testing with the use of a suita-
ble testing set (24 VDC/ 110 mA DC and 95 mH). 

The calculation of minimal currents of the ignition 
is more complicated as it is necessary to determine 
the calibration curve of the spark test apparatus  
(Fig. 2), along with its uncertainty.  

The below formulas [1] are indispensable to deter-
mine the straight: 
 X = log I (1) 
 
 Y = log p (2) 
 

 ܾଵ = ΣሺX౟ିXഥሻሺY౟ିYഥሻ
ΣሺX౟ିXഥሻమ  (3) 

 ܾଵ = ΣሺX౟ିXഥሻሺY౟ିYഥሻ
ΣሺX౟ିXഥሻమ  (4) 

 
 ܾ଴ = Yഥ − bଵXഥ (5) 

 
 

Fig. 2. Calibration curve of the spark test apparatus 
with the considered measurement uncertainty  
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Confidence interval: 
 

 Pቆ୫୬ − kට౤ౣቀଵି౤ౣቁ୬ < ݌ < ୫୬ +kට౤ౣቀଵି౤ౣቁ୬ ቇ (6) 

where: 
k  – coverage factor k = 2, 

m  – number of initiated explosions (trials), 
n  – total number of rotations of the disc with wolf-
ram electrodes for the given trial. 

Minimum igniting currents Izm for the tested spark 
test apparatus were the following:  

 

Minimum igniting currents Izm [mA] Average minimum igniting current ࢓ࢠࡵതതതതത [mA] 

98,5; 101,5; 97,3; 99,7; 96,1; 98,6; 99,2; 101,3; 98,2; 99,2; 
98,0; 101,2; 99,0; 99,4; 97,3; 98,6; 97,6 

98,8 

 
As it can be observed, the minimum current of the 

ignition is lower than in a typical control circuit. This 
results from the assumption that the calibration curve 
is linear and that there is a probability of the mixture 
ignition. 

 
 

4. CONCLUSIONS 
 
 
The conducted tests demonstrated that the spark 

test apparatus manufactured in compliance with the 
standard [5] and used by the EMAG Institute is  
a very sensitive device with a high level of the tests 
repeatability. The achieved minimum igniting cur-
rents Izm, and their repeatability prove that the meas-
urement device ranks high in its category and is com-
petitive against the devices used in other institutes. 
The spark test apparatus enables to carry out tests in 
compliance with testing procedures stipulated by the 
standard [5] and ensures the tests reliability. 

Further works related to the IEC spark test appa-
ratus in EMAG will focus on conducting comparative 
tests for a properly prepared testing circuit – the tests 
of intrinsically safe power supply units [6]. These 
works will be done in co-operation with institutes 
which have PCA accreditation (Polish Centre of Ac-
creditation) in the scope of testing intrinsic safety of 
electrical devices and have IEC spark test apparatus 

at their disposal (GIG Institute – Barbara). The tests 
are indispensable for EMAG to begin the PCA ac-
creditation process. 

 
The author wishes to thank Prof. Jerzy Frączek and 

Dr Piotr Cieślik for their assistance in pursuing the 
subject of this article.  
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