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Development of Level of "ia" Class Intrinsically Safe Zener Barrier
for 2-wire Transmitter and Relay
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Abstract Equipment protection by intrinsic safety level "i' means explosion-proof construction based on
limiting the electrical energy in equipment exposed to an explosive atmosphere to a level below which
ignition may occur. An associated apparatus is configured so that non-intrinsically safe circuits do not
adversely affect intrinsically safe circuits. Currently, the adoption of intrinsically safety apparatuses is on
the rise due to the increase in explosion and fire accidents leading to great damage worldwide. However,
the number of cases of development of intrinsically safety apparatuses and associated apparatuses by
domestic manufacturers is low.

This is due to a lack of understanding of the strict verification procedure of intrinsically safe apparatus
certification IEC60079-11. Even if a product passes the certification of electric energy below the ignition
limit, the product may not operate in the field, so products certified in other countries are used. In this
study, we performed parameter setting, component selection, and circuit design of an associated
apparatus that can be connected to a two-wire signal transmitter and a relay switch among intrinsically
safety apparatuses most commonly used in the field. As a result, we developed Zener Barriers with a
reliable Ex [ia] IIC -20C < Ta < +60T rating that satisfies the requirements of IEC60079-11.

Keywords : Intrinsically Safe Apparatus, Associated Apparatus, Zener barrier, 2-wire Transmitter, Switch

*Corresponding Author : Eung-Sik Kim(Hoseo Univ.)

email: eskim@hoseo.edu

Received February 17, 2023 Revised March 28, 2023
Accepted April 7, 2023 Published April 30, 2023

328



HE5H ‘12”9 244 AzdE7] 9 Fo] AH7&

20

Aufefzio] A

=

—

1. M
1.1 &7 iE & =5

MY E= 7FAA kA, 371 2 B 5 A &
o] gi7deiolA Z719 sl g E717H A
249 4 = FPSO(Floating Production Storage
and Offloading), Al5A1(Drillship), 7FAAFAIA, st
5t ZHE, 257, LNGA 59 ZHAEF4(Hazardous
area)’t F7F6taL Qloh E3L, 40 |R|9] ARgo] &
A E3L Qlo] BIEAH= 3 sold AoE A
o} ol=jgt Ao A" Hu|, 717] € AS7E] 9
3t 2016~202171A] SEEHE AL A=t A=
ol#f Table 13} ZtH1]

Table 1. Current status of fire explosion accidents in
korea(2016~2021)

Current status of fire explosion accident

(Criteria for disaster investigation)
Total ‘16 ‘17 ‘18 ‘19 20 |21.10
Fire
explosion |19 | 35 | 97 | 29 | 42 | 41 | 25
accident
(case)

Number

of deaths 203 39 26 33 39 45 21

(persons)

v A 7&‘%0:101]5 Eeta Aehfie] v
A= RE FgAEE ARkl Sl @Aolth W
EQ1Z5 %S TAok= IECExOIA 2-wrie Transmitter
o AdIS U= Ao} AlE-Z Table 2004 =
Hiel 231 ol 7)o AaE 5= U= AH
of AEL =S g2 & & A2l

Table 2. 2-wire transmitter Zener barrier certification
status for Domestic Companies(2009~2022)

Manufacturer
HANLA IMS CO., LTD.
FLOWNIX Co., Ltd.
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Fig. 1. Zener barrier concept diagram
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Table 3. Function of essential parts of Zener barrier

Function

Limits fault current passing through the
Zener diode

Component

Fuse

Limit maximum current flowing into the
Hazardous area

Current Limit
Resistor

Limit overvlotage current flowing into the

Zener Diode
Hazardous area

Earth Return of Zener diode fault current
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Fig. 2. Enclosure of Zener Barrier
(2) Molding circuit parts
(b) Color separation of I/O terminals
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Fig. 3. Zener Barrier for 2-wire transmitter circuit
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Comparison of output signals by circuit
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Fig. 4. Comparison of output signals by circuit
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Fig. 5. Measurement of transient cut-off by Zener
barrier
(a) Oscilloscope waveform before improvement
(b) Oscilloscope measurement before improvement

(c) Oscilloscope waveform after improvement
(d) Oscilloscope measurement after improvement
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Fig. 6. Relay switch for circuit generated by relay
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Table 4. Parameters of 4-20mA transmitters by domestic companies certified by IECEx and the parameters

of associated apparatus of developed

Intrinsically safety apparatus Associated apparatus Development
A B C D E F Verification criteria product
33 V 30 V 28 V 28 V 28 V 30 V Ui = Uo 30 V
100 mA 130 mA 93 mA 93 mA 93 mA 100 mA li > Io 95.8 mA
0,7 W 0,75 W 0,65 W 0,65 W 0,651 W 0,75 W Pi = Po 0.65 W
0 uF 40 nF 38 nF 0,065 uF 30 uF 3,5 nF Ci < Co 0,066 uF
0 uH 104 uH 74 uH 0,0044 mH 0,074 uH 3,6 uH Li < Lo 3,87 mH
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Fig. 7. Characteristic curve of zener diode before and
after transient test
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(c) Comparison of characteristic curves
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(2 b)

Fig. 8. Measurement of separation distances
(a) Measurement position
(b) Measurement of separation distances

Table 5. Measurement of separation distances

Product Position Measured Requirements
(F1 < R1) 5.715 mm
(D1 <« D2) 5.750 mm
(D3 < R2) 3.179 mm
(D3 < D4) 3.286 mm
. 2rwire (D8 « DY) 4536 mm
ransmitter
(D12 < R2) 5.357 mm
(D10 < R4) 3.500 mm 2.0 mm
(R3 < R4) 3.679 mm (at Uo =
R4 < D7) 5.893 mm 30V
(F3 < R5) 5.772 mm
(D19 < D20) 5.643 mm
(D21 < R6) 3.164 mm
Switch
(D21 « D24) 3.214 mm
(D28 « D29) 5.714 mm
(D39 < RO6) 5.357 mm

22N dFE F+= FE9 4% [EC60079-11
7.8 QAR et Yol e W ARARE A3}
HEo] A A= 2/3 FZ 2I5HA] &S o
Table 6o4] Hi: Hie} Zro] FRISHYCE

Table 6. Verification of ratings of safety components

Power .
Component Value used Maximum | W1/W
W2) power(W1)[9] 2
7 13V, 5W 1.16 5.0 4.31
sner 10V, 5W 0.89 5.0 5.62
diode
28V, 5W 2.5 5.0 2.0
Power Maximum
Component Value used power(W1) le/w
(W2) [13,14]
500, 1%,
Resistor 3W 0.36 5.0 8.33
2509, 5%,7W 1.89 7.0 3.0
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Table 7. Temperature test

Conditions
Voltage Current Power Safety Factor Remark
30V 0.07 A 2.1 W 1.0 in According to IEC60079-11 5.2 Output terminal short circuit
Results Calibration result (maximum temperature)
Component Max. temperature Amb. temperature Sercive Temperature Max. temperature
2-wire (©) (©) (Max.) (C) correction (C)
transmitter
Zener 39.8 203 60 79.5
diode
Resistor 75.0 20.3 60 124.4
Results Calibration result (maximum temperature)
Component Max. temperature Amb. temperature Sercive Temperature Max. temperature
(©) (©) (Max.) (C) correction (C)
Switch 7
ener 3.1 18.7 60 84.4
diode
Resistor 85.1 18.7 60 126.4
Zener diode max. operating temperature 200 C[9]
Resistor max. operating temperature 250 C[14]
Epoxy max. operating temperature 130 TI[15]
2.7.3 2™ e AoUch 54 23} A ETHe] 3 ES YH]

IEC60079-11 5.630] wet LEAlgo] @7Alge] = 20 mm Het Ik 22 Sieletgln AaHoR ¢
w2} ofd Table 73} Fig. 99 2 A9 Az @giey.  WEFEUE Ak,
A=A U BYH F@ BES LuE ARAL Glo]elA]
Eof PAE ATANGLE 222 YA 9SS Slalgick

2271122
Zitaiiz1

<1500>.

S0,

i

E0.95 TA: 32.5 ALAH: OFF  Z0OM:OFF

Fig. 10. Measurement of track width

(a)
% Temperature Test Table 8. Track width measurement of printed circuit
board
70°C
0°C Product No. Measured Requirements
0 ‘ 01 2.571 mm
o | 2-wire 02 2,500 mm
o | Transmitter 03 2.571 mm
30C/
0! 04 2.607 mm 2.0 mm
Oh th % 3h 01 2500 mm | (@t Uo = 30 V) [16]
® 02 2.536 mm
Switch
Fig. 9. Temperature for components in circuit 03 2.500 mm
(2) Thermal imaging measurement 04 2.536 mm
(b) Temperature graph
2.7.4 QAM3Z 7|T EY L4H| X 2.7.5 29 FX9| Hatd Al

IEC 60079.11 Clause 8.8 b) 2)& L AFgo| wkat FZ7F E90] Hof gl A9 [EC60079-11 10.6.2
ol Fig. 103} o] &45}0] ol Table 83 &2 2 Aof wg} o &EA] £A7F 2 YHZ S0 5 A=A
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Table 9. Test condition of the acceptability of fuses
requiring encapsulation

Conditions Results
Fuse (250 +20)°C 26.1 °C
temperature
Water (0.0 + 2.0) °C 51.9 °C
temperature
.Depth ,Of At least 25 mm 30 mm
immersion
Test time At least a 1 minute 1 min 10 sec
Number of 5 ea 5 ea
fuses
Test results Fuse does not bubble during the test.

(b)

(a)

Fig. 11. Test of the acceptability of fuses requiring

encapsulation
(a) Surface temperature of fuse
(b) Fuse flooding test
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of Ralol= A4 e 2-wire Transmitter %

Switch-& Ex [ia] IIC -20C < Ta < +60TC 55 7
Aufg]olE et det. A, 2-wire Transmitter-&
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