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INTRODUCTION

A concern over guidance on Spark Assessment involving a combination of resistive, capacitive and inductive parameters has been raised by TestSafe AU following their consultation with various ExCBs and ExTLs.  

TestSafe have requested the matter be listed for discussion at the 2018 ExTAG meeting and to assist discussion, have prepared this preliminary draft Decision Sheet.  We also understand that the issue has been raised within the IEC Maintenance Team for IEC 60079-11.

This document is listed for discussion during the 2018 ExTAG Cannes Meeting. 
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COLLECTION OF IECEx / ExTAG DECISION
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	Clause:  

10.1.5.2
Annex A


	

	Subject:

Spark assessment for the combination of resistive, capacitive and inductive parameters is not clear. 
Clause 10.1.5.2.b.1 allow to have full capacitance value Co as per curve and table in Annex A when Li < 1% of Lo regardless of Io resistive current.
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	Background

Clauses 10.1.5.2.b, has provided the conditions for Lo and Co to be determined by the ignition curves and table given in Annex A without considering the effect of the resistive current in the circuit.

This create a condition where Li < 1% of Lo, Co could be given maximum value from the capacitive curve/table with a resistive current Io ≥ 1% to maximum from the resistive curve/table. Refer to additional information section for details. 

This will impair intrinsic safety and cause UN-SAFE situation for the combination of resistive current and capacitance. See Spark test result below.
ExCBs and ExTLs have used this clause to provide intrinsic safety parameters to give maximum value of capacitance and inductance with almost maximum resistive current given in Annex A.
“A copy of parameters given in an IECEx certificate is provided below:

Model No.

Uo (V)
Io (mA)
Po (W)
Ci (µF)
Li (mH)
Group

A

25.2

93

0.586

0

0

IIC & I

B

25.2

184

1.159

0

0

IIB & I

Group

Co (µF)

Lo (mH)

L/R Ratio (µH/Ω)

Model “A”

IIC

0.107

4.11

60

IIB

0.82

16.44

242

IIA

2.90

32.88

485

I

4.15

53.95

796

Model “B”

IIB

0.82

4.20

122

IIA

2.90

8.40

245

I

4.15

13.78

402

Note: The above load parameters apply where:

1. The external circuit contains no combined lumped inductance Li and capacitance greater than 1% of the above values or
2. The inductance and capacitance are distributed as in a cable or

3. The external circuit contains either only lumped inductance or lumped capacitance in combination with a cable.

In all other situations e.g. the external circuit contains combined lumped inductance and capacitance, up to 50% of each of the L and C values is allowed.”
Spark Test Result:
The above parameters for Group I were spark tested when Li < 1% with gas mixture safety factor of 1.5, and the following results were obtained.
For Model “A”: 

Tested at 25.2 V, 93mA, 4.15 µF – Explosion occurred.
For Model “B”: 

Tested at 25.2 V, 184mA, 4.15 µF – Explosion occurred.

Question:

Should the maximum capacitance value from Annex A be given as per clause 10.1.5.2 when resistive current (Io) is greater than 1% of allowable value from resistive curve/tables.
Answer:

No, the combination of resistive, capacitive and inductive shall be assessed or spark tested. The above spark test results had shown that explosion occurred with the combination of resistive current and capacitance given.
Additional information:

10.1.5.2 Circuits with both inductance and capacitance

The circuit shall be assessed for compliance with either of the following methods:

a) tested with the combination of capacitance and inductance, or

b) where linear (resistive current limiting) circuits are being considered

    1) the values of Lo and Co determined by the ignition curves and table given in Annex A
        are allowed for;

        – distributed inductance and capacitance e.g. as in a cable or,

        – if the total Li of the external circuit (excluding the cable) is 1 % of the Lo value or,

        – if the total Ci of the external circuit (excluding the cable) is 1 % of the Co value.

     2) the values of Lo and Co determined by the ignition curves and table given in Annex A

         shall be reduced to 50 % if both of the following conditions are met;

         – the total Li of the external circuit (excluding the cable) 1 % of the Lo value and

         – the total Ci of the external circuit (excluding the cable) 1 % of the Co value.

         The reduced capacitance of the external circuit (including cable) shall not be greater

         than 1 F for Groups I, IIA, and IIB and 600 nF for Group IIC.
Allowed to give maximum Co from curves and table when Li < 1% of Lo without considering the effect of the resistive current in the circuit.
Annex A: Figure A.1 – Resistive circuits

The resistive curve and tables are derived on resistive current only. 
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Annex A: Figure A.2 & A.3 – Capacitive circuits

The capacitive curves and tables are derived on capacitance only. 
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Annex A: A.3 Examples of simple circuits.

NOTE 4 One problem ignored in the above discussion is that, strictly speaking, the minimum igniting voltage curves for capacitive circuits in Figures A.2 and A.3 relate to a charged capacitor not directly connected to a power supply. In practice, provided the power supply considered by itself has a large safety factor, as in the above example, the reference curves can be applied. If, however, the power supply alone has only a minimum safety factor, interconnecting it with a capacitor can lead to a situation where the circuit is not intrinsically safe even though intrinsic safety may be inferred from Figures A.2 and A.3. In general, such circuits cannot be reliably assessed in the manner described above and should be tested with the spark test apparatus (see Annex B).
Contradicted from Clause 10.1.5.2, resistive current (Io) need to have a large safety factor in order to use the curves and tables.
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