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A Study on the Development of Simulating Tool for
Evaluation of Electrostatic Discharge
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Abstract : Explosion and fire cause about 30 reported industrial major accidents a year by ignition source which
discharge of electrostatic generated to flammable gas, vapor, dust and mixtures. It brings economically and humanly
very large loss that accident was caused by fire and explosion from electrostatic discharge. Thus, it is very important
that electrostatic discharge energy is to be control below not to be igniting flammable mixtures. There are two kinds
of analysis model for electrostatic discharge; human body model and machine model. Human body model is available
the parameter of human's electrical equivalent that capacitance is 100 pF, resistance is 1.5 kS2. To simulate and visu-
alize the electrostatic discharge from human body need a very expensive and high voltage simulator. In this paper,
we measured the value of capacitance and resistance concerned with test materials and sizing of specimen and the
value of charged voltage concerned with test specimen and distance to develop an electrostatic charge/discharge simu-
lating tool for teaching with which concerned industrial employee and students. The result of experiments, we con-
formed that the minimum ignition energy of methane-oxygen mixtures meets well the equation W=1/2 CV?, and
found out that the insulating material and sizing of equivalent value having human body mode are the poly ethylene
of 200 mm and 300 mm of diameter. Developed electrostatic charge/discharge simulating tool has many merits; simple
mechanism, low cost, no need of electric power and so on.

Key Words : Electrostatic Discharge(ESD), ignition hazard, Human Body Model(HBM), Minimum Ignition Energy
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Fig. 1. Schematic diagram of experimental apparatus for MIE
measurement using high voltage capacitor,
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Table 1. Measurement value of capacitance and resistance concerned with test materials and sizing
2A A5 NE RECAL = AT ME RICAL
A8 g gy | AR | A | AAsw | Aw | AL o AR | A | RAsR | AR
(mm) (mm) | mm) | (pF) | (k) | (mm) (mm) | mm) | OF) | (O
#1 100 5 152.17 1.22 #1 100 5 47.17 27.17
#2 | 150 5 140.66 421 #2 | 150 5 46.37 22.46
P. C. #3 200 5 161.21 1.63 P. C. #3 200 5 55.82 7.43
#4 300(1) 5 240.79 2.40 #4 300(1) 5 67.11 12.48
#5 | 300(2) 5 260.67 2.81 #5 | 3002) 5 75.80 8.85
#1 150 5 148.73 332 #1 150 5 60.35 9.25
P. E. P. E.
300 #2 | 200 5 163.00 4.24 150 #2 | 200 5 57.53 4.89
#1 | 100(1) 3 302.99 6.20 #1 | 100(1) 3 110.37 40.31
#2 100(2) 5 164.32 3.92 #2 100(2) 5 61.73 7.84
#3 | 150 5 193.16 1.59 #3 | 150 5 90.43 15.30
Acrylic #4 200 5 206.52 3.65 Acrylic #4 200 5 78.07 10.95
#5 300(1) 5 323.66 1.43 #5 300(1) 5 94.70 8.63
#6 | 300(2) 3 648.69 9.89 #6 | 3002) 3 177.39 36.16
#7 300(3) 3 626.70 9.74 #7 300(3) 3 173.16 38.85
#1 | 100 5 73.40 3.68 #1 | 100 5 29.32 24.53
#2 | 150 5 69.50 494 #2 | 150 5 27.94 29.27
P. C. #3 200 5 86.60 1.60 P. C. #3 200 5 33.64 26.24
#4 | 300(1) 5 110.34 8.25 #4 | 300(1) 5 35.69 50.76
#5 300(2) 5 120.96 3.34 #5 300(2) 5 39.71 34.07
#1 150 5 82.95 271 #1 150 5 30.37 4.16
P. E. P. E.
#2 | 200 5 96.15 231 #2 | 200 5 32.76 3.75
200 100
#1 100(1) 3 159.17 19.1 #1 100(1) 3 77.65 80.24
#2 | 1002) 5 89.12 2.63 #2 | 1002) 5 42.08 24.76
#3 | 150 5 117.05 6.79 #3 | 150 5 43.24 6.74
Acrylic #4 200 5 14233 4.85 Acrylic #4 200 5 41.65 8.39
#5 | 300(1) 5 152.66 2.04 #5 | 300(1) 5 49.39 577
#6 300(2) 3 286.85 21.53 #6 300(2) 3 90.02 80.42
#7 300(3) 3 286.25 22.60 #7 300(3) 3 83.40 82.24
Charged Plate Induced Plate
Test Test
Electrode Specimen
-
R-L-C =A 7] = | Electrostatic Volt Meter
el (KSD-01038)
Turn Table
(x-y-2)
Fig. 3. Experimental set—up to measure of charged voltage
measurement from distance of charging circular plate,
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Fig. 5. Minimum ignition voltage and energy versus capacitance
in capacitive spark ignition at methane—oxygen mixture,
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Table 2, Measurement value of charged voltage concerned with test specimen and distance—1(rubbing material; nylon)

Ad P. C. P. E. Acrylic
s=d | FE | # #2 #3 #4 #5 #1 # #1 # #3 #4 #5 #6 #7
(417; mm) A | A | A | AY | Ak | AY | A | A | AY | Aok | A | AR | A | AY | At
(cm) | ®V) | &V) | &YV) | ®V) | &V) | &V) | &V) | &V) | V) | V) | V) | V) | (V) | (kV)
0 0| -04 | 21 |-145 | -136 | -102 | -95 09 1 1.4 12 15 38 3.1
1 0| 02| -1.9 | -123 | -112 | 91 | -86 0.8 0.9 12 11 1.4 34 29
2 0.1 0| -1.8|-107 | -98 | -81 | -75 0.8 0.8 11 1 13 31 26
3 0.1 01| -16 | -10| 85| -74 | -68 0.8 0.7 1 1 12 28 24
4 0.1 02 | 15| 78| 713 | 67 | -61 08 0.7 0.9 0.9 1.1 2.6 2.2
300 5 0.2 03 | -14 | 66| 66| 61| -54 08 0.7 0.9 0.9 1 24 2
6 0.2 04 | 13| 55| 59| 56| 47 0.8 0.7 0.8 0.8 1 22 1.9
7 0.2 05 | -12 | 45| 48 | 51| -42 0.8 0.7 0.8 0.8 1 2.1 18
8 0.3 06 | -12 | 35| 44| 47| -36 08 0.7 0.7 0.8 0.9 2 1.6
9 0.3 07 | <12 | 29| 38| 42| -33 08 0.7 0.7 0.8 0.9 1.9 1.6
10 04 07 | <12 | 21| 33| 37| -29 0.8 0.7 0.7 0.7 0.9 1.8 1.5
0| -02 0| -27|-178 | -161 | -112 | -167 13 1.3 24 24 22 49 4
1] -01 01 | 25| -141 | -138 | 93 -14 12 12 22 2.1 2 43 36
2 0 03 | 22 | -123 | -121 -8 | -11.9 1.1 11 2 19 1.9 39 33
3 0 04 | -19 | -103 210 | <67 | -109 1 1.1 1.8 1.7 1.7 35 3
4 0.1 05 | -17 | 87| 85| 55| 91 1 11 1.6 1.6 15 3.1 2.7
200 5 0.1 06 | -16 | 74 | 73| 45| -18 09 1 15 14 13 27 25
6 0.2 07 | -15| 61| 63| 37| -68 09 1 14 13 12 25 23
7 0.2 08 | -14 | 58 | -53 3| 56 0.9 1 13 12 1.1 22 2.1
8 0.3 09 | -14 | 53| 47| 23| 49 09 1 1.2 1.1 1.1 2.1 2
9 0.3 1| <14 | -44 | 39| 17| 39 0.9 1 12 1 1 1.9 1.8
10 0.4 L1 | <14 | 37| 31| 11| 32 0.9 1 11 1 1 17 18
0| -08 | -05]| -33|-188 | -17.1 | -135 | -177 1.6 17 3.1 17 31 62 44
1| -05| -03 | -28 | -161 | -154 | -108 | -155 14 15 26 15 29 54 39
2| 04 | 01| 25| -143 13| 91 | -134 13 1.4 23 1.4 2.7 5 3.6
30 -03 0 2| -123 | 112 | 73 | -116 12 1.3 2 1.3 25 44 32
4| -02 01 | -18 | -107 | -98 6 | 97 12 12 18 12 23 39 29
150 50 -01 02 | 17| 93| 86| 49 | -86 1.1 12 1.6 11 2.1 36 27
6 0 03 | -16 | 85| -15 4| 5 1.1 12 1.5 1.1 2 34 25
7 0 04 | 15| 78 7| 33| -64 1.1 12 1.4 1.1 1.9 3.1 23
8 0.1 06 | -15| 68| 62| 26| -54 1 12 1.3 1 1.8 2.8 2.1
9 0.1 07 | -15 6| 52| -17| -48 1 12 13 1 18 27 2
10 0.2 08 | -15 | 54| 45| -11| -41 1 12 12 1 17 25 1.9
0| -L1 | -06 | -44 | -183 20 | -13.6 | -16.7 1.8 1.4 32 2.7 37 7.1 45
1| 07| 03| -39 -162 | -177 | -11.7 | -147 1.6 12 2.7 24 33 62 4
20 <06 | 01| 34 |-136 | -145 | 97 | -126 14 11 2.5 22 3.1 57 37
3 -04 0] -31 212 | -124 | <79 | -105 13 1 2.1 2 28 5 35
4| -03 01 | 27 | -106 | -113 | 68 | 98 12 1 19 18 25 45 3
100 50 -02 02 | 25| 96| 98| 55| -18 1.1 0.9 1.7 1.7 23 4.1 2.7
6 | -0.1 04 | 23| 86| -89 | -47 -7 11 0.9 1.6 1.5 2.1 37 26
7 0 05| 23| 78 | 83| 38| -61 1 0.9 15 14 19 34 25
8 0 06 | 22| 71| 25| 31| 52 1 0.9 14 14 18 32 23
9 0.1 07 | 22| 65| 68| 24| -44 1 0.9 14 13 1.7 29 22
10 0.2 09 | 21| 58| 62| -18 | -37 1 0.9 13 13 17 27 2.1
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Table 3, Measurement value of charged voltage concerned with test specimen and distance—2(rubbing material; cotton)

Ad P. C. P. E. Actylic
s=d | TR | # #2 #3 #4 #5 #1 # #1 # #3 #4 #5 #6 #7
(417; mm) A | A | A | AY | Ak | AY | A | A | AY | Heb | AY | AR | A | AY | At
(cm) | ®kV) | &V) | &YV) | ®V) | &V) | &V) | &V) | &V) | V) | V) | V) | V) | V) | (kV)
0| -08 | -L1 | 29 |-105 | 92 | -69 -8 02 0 05 0.8 0.7 2.7 1.6
1| -07 1| 26| 94 8| 62| -14 02 0 04 0.7 0.6 24 1.3
20 <07 ] 09| 23| 83| 72| 55| 67 02 0 04 0.7 0.5 22 12
3] -06 | -08 | -21 7| -63 5| -64 02 0.1 04 0.6 0.5 19 11
41 06| 07| -18 | 63| 58| 44 | 54 02 0.1 04 0.6 0.5 1.7 0.9
300 50 05| 06| 17| 55| -51 4| 47 02 0.1 04 0.5 0.4 1.5 0.8
6| 05| 05| -15| 49 | 45| 36| -42 02 0.1 04 0.5 03 14 0.7
70 <05 ] -04 | -13 | -41 4| 32| 37 02 0.1 04 0.5 03 12 0.6
8| 05| 03| 12| 37| 36| 29| -33 02 02 04 04 03 11 0.6
9 | 04 ] 02| 11| 32| 31| 26 3 02 02 04 0.4 03 1 0.5
10| -04 ] 01| 09| 25| 26| 23| -26 0.2 0.2 0.4 0.4 0.3 0.8 04
0| -14 | -18 | 31 | -146 | -136 | 94 | -11 02 02 0.8 0.7 11 44 2.1
1| <12 | -1.6 | -27 | -128 | -11.1 | 75 | 93 02 02 0.7 0.6 0.9 38 1.7
2 | 13| 24| 113 | 95| -66 | -8.1 02 02 0.6 0.5 0.8 3.1 1.4
30 09| 11| 21| 91| 79| 55| -69 02 02 05 0.5 0.7 2.6 1.2
41 <08 1] 09| -18 | -76 7| 46 -6 02 02 05 0.4 0.6 2.1 1
200 50 07| 07| 16| 68| 61| 39| 53 03 02 05 0.4 0.5 18 0.8
6| -06| -06| -14| -55 5| 33| 46 03 02 04 03 0.4 1.6 0.7
70 06| 05| 12| 48 | -44 | 25| -41 03 02 04 03 04 14 0.6
8| 06| 04| -11 | 42| -37 2] 36 03 03 04 03 0.4 12 0.5
9| <05 ] 02| 09| 35| 31| -16| -31 03 03 04 03 03 1 04
10| -05] -01 ] -08 3| 24 ;1| 28 03 03 04 03 03 0.8 04
0| -13 ] -19 4 | 157 | 1157 | 83 | -124 03 0.1 12 15 1.6 43 29
1 S| 17| 35| <137 | <134 | <54 | -104 03 0.1 1 12 13 37 25
2| 08 | <15 | 29 | -119 | <113 | 46 | -92 03 0.1 09 1 1.1 29 2.1
30 -07 | -13 | 24| 96 9| 28| -19 03 0.1 0.8 0.9 0.9 24 1.8
41 <06 | -11 | 21| -84 | -79 2| -66 03 02 0.7 0.8 0.8 19 15
150 50 05| 09| 18| 72| 65| -13| 57 03 02 0.6 0.7 0.6 17 13
6| 05| 07| -1.6| -63 | -57| -04 -5 03 02 05 0.6 0.6 1.5 1.1
70 04| 06| -13| 54| -48 02 | -42 03 02 05 0.5 0.5 12 0.9
8 | 04 | 05| -11| 45 -4 07 | -36 03 02 04 0.5 0.5 11 0.8
9| 03] 03] 09| 37| 37 12 | -31 03 03 04 0.5 0.4 0.9 0.7
10| -03] -02] -08| 28| -28 16 | 26 03 03 04 0.4 0.4 0.7 0.6
0| -14 | 27| 48 | -175 | -165 | 97 -11 05 0 1 1 23 54 2.7
1 -1 22 4| 15 | -157 | 68 | 93 04 0 0.8 0.8 1.9 44 22
2| <08 | -19 | 35 |-136 | -127 | 53| -85 04 0 0.7 0.7 1.6 39 1.8
30 206 | -16 | 29 | -115 | -11.1 4| 72 03 0.1 0.6 0.6 13 32 1.6
41 <05 ] -13 ] 25 [-102 | 97| 28| -53 03 0.1 05 0.5 11 27 1.4
100 50 -04 | -11 | -21 9 | -87 2| 44 03 0.1 05 0.5 1 24 1.3
6| 04| 09| -19| 77| 79| -13 | -37 03 0.1 04 0.4 0.9 2.1 11
71 <03 ] 08| -16| 68| -69 | -03 3 02 0.1 04 0.4 0.8 19 1
8| 03| 07| -14 6 | -62 04 | -26 02 02 04 0.4 0.7 17 0.9
9| 03] 05| -12 | 53| -56 1| =22 02 02 04 04 0.6 14 0.8
10 | -02 | -04 21| 45 5 14 | -17 02 02 03 0.4 0.5 12 0.8
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