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f N — 1
| Select a electric shock model | Volinge Source(ac) @
i

[- Establish shock conditions Wire fine Source [JCopper Roa(Boay)

1. Electric shock duraticn R
. 2. Current path B
+ 3. Touch voltage - o .
[i Depth of surface layer etc. steot water Tank]

il ) . . water
[ Determine electric shock parameters = L L :

(a) line source

1. Body resistance
- Hand contact resistance

~ Resistance of gloves, socks and shoes Voltage Source (ac) e
2. Thevenin equivalent resistance ~
~ Ground resistance of the human feet Jget Lamo  nting
and ground grid Box :? Capper Rod (Body)
- Mutual ground resistance .
1 . 20 Awe e i lmance,

I Estimate touch voltage and step voltage
(permissible body current, body voltage)

1. IEEE Std 80 L e

Steel Water Tank

2. IEC 479-1 ( graphical method ) L1
(b} line source in the box

Fig. 1. Block diagram for hazard Fig. 2. Experimental setup for measurement
assessment of the electric shock. of electric potential in fresh water.

EF9 Bl ¥EHE FX 4T JARYE) WIS F A5 AANYA mAE
A AAxZAL Y3 2o HH2e HAE 8x8 [m] vAIE HAvfERZ F4 5]
Aok £33 A AEEC) 2000 [R -ml2) 0.1 [m] A2 AAZo] AL FHE ¢
i glch AAle] HEAGL 390 [VIZ2 7tAs Aot dAxAe 7hH8AE HAdmaa

& 0.05914 05 [sec] Abolol A 005 [sec] tH o2 HAAstn, hAAHNIFELS 10, 50,
100, 200, 500, 1000, 2000, 3000 [Q - m]Z 7} 3te] 3 EHEZ A, HLEAAAF, AdA
Ags AAAFS 3ot

EZFo FAE 7Hdste] @ iz WM st 2% F9oe T3 AHIE
2000 [Q -m], HE AU 400 [V], TAATE 04 [seclz 747 7HASAS. ZaAF
o e FE BE FAMSY E'_W As(K)Y &S 5, 10, 15, 20 [em}s} -0.3,
-04, -05, -06, -0.7, -0.8, -09& ZZ H&3tAch ol HEAQ gholl s el
A g AT HAE BEse A7 gevElE P dF A A v wjast
o AA e HAHLHE H7tate.

TN AANIRE Hrtetr] A 2de g5 2o
 tRTolY AsHEFa 2 R A
S BASH7] el ok 10 109 HAREE A}
Age] g HYPYRLE FHs JdAALH A=
A3t Fig. 2014 HE bpe} o) 3

Fl° r&
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100X 75 [em]Q) E® 2| 4% E(fresh water)& A3 7 AE
Agde & dde HAANZ 2829 dFsin thE 3 JAHdE ¢ RES
£ YA FHFor At FAAL & Jtde AHE 5H o BoA dAs
2l(line source D& 7}2F AT HE7ES HA 2719 1/10%] 58X28%X6.7 [cm]°1
Qe &-2BdE AEste] Az 725 AFHE7E WA FHo]
2l (street-lamp control-box source ID2.Z dtE . THA A ZH 9 A= A
7b vl R A ”0} {7 &% A4S FHste] 325 A 9 Yol7l Zof BF
st /7 2 A9 EHEH dol7b 17 [em]o] iz, A7 o] 16 [em], 35

5

,,
O::.'
S

bokol ] A ol Hh‘?iOﬂ T%Qi AAE WA o] 8 [emld AR
i, A9 284 S [ale 7] H [en]st FFA W [kelol &5
€ ol &3t 717k 170 [em], FFA7F 75 [kel A E dFoz =Y
o] oF 35 [cm]Q] YEo 2 rdgd £ g L agsld BHo 7
T BRAGE 100904 220 [VIZAR 20 [V] 2HF 22 71d@st FA
2 Afolel Agol wat 3 5 10, 20, 30, 40, 50 [cn]2 AFHE FwA

23 293 Moo AAAS ABed AYS 2HHA

[o]

Fig. 394 BAFZE
Aol 04 [secl?l A

—_

x4 &-&°] 1000, 2000, 3000 [Q - mlE A wg} A
HEHEHLL IEC 479-190 7% 581, 679, 758 [VIelxm
IEEE Std 80%1 A $-ol& 635, 757, 852 [VIZ F7tste ZA#dS Bod. £3 gz Ziﬁo
Eo] 2000 [Q -m]¥ EAAZE) 0.1, 02, 0.3, 04, 05 [sec]lZ2 Z7}8 S IEC
479-1) of g FH-EHEHAAL 2041, 1402, 1010, 679 [VIZ ZAadE A2 BJc F
o ZAZEANA AR AFE o) 1000, 2000, 3000 [R - mIEZ F7Hge) wat AAHF
o} AAHG2 Zhzt 96.2, 816, 72.8 [mAlS} 152, 135, 125 [VIZ BT 7Asch

B rr Ho

§

2500 %0
+ Tre graptrcal metroa mors coreenvatve | The graphcal methed more consenvative The praphcnl metrod more consenvative
g tren [EEE Sw 80 g than EEE S 8 g than IEEE St @0
3= 7 e 3 a0l
w w w
u I w :
u w g
g w0y T w0} N ’fﬂ)‘}
z e %
é‘ 1000 g 1000} g rmi
g | 2 : g |
2 w0 2 w0 sl
1EEE St 80 rmore corservatve ﬁ t
than the grephics! metrod 1EEE S10 80 more conservave 1EEE Sta £0 mare conservatve
1han the graphca! method v than the graprcal method
a . . . 5 . . N pi . o oL . N
0 50 1000 1500 a0 20 [ 50 1 1500 2000 %0 0 50 w00 1500 2000 200
Permssibie touch vottage [ V | (Graphical method) Permissible touch vottage { V } {Graphical method) Permissible touch voltage { V ] (Graphical mathod)

(a) soil resistivity of 1000[Q - m] (b) soil resistivity of 2000[Q * m] (c) soil resistivity of 3000{& - m]
Fig. 3. Permissible touch voltages by the graphical method against IEEE Std 80.
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Fig. 4. Comparison of permissible Fig. 5. Comparison of permissible
touch voltages by IEEE Std 80. touch voltages by IEC 479-1.
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Fig. 6. Comparison of body currents by Fig. 7. Comparison of body voltages
IEC 479-1. by IEC 479-1

Fig. 4% Fig. 5914 B FE FE5HL E29 A7 5 [em]o)z wHAMAI 47} -0.9%)
7§ IEEE Std 803 IEC 479-12 T8 ghto] z+7} 322.1, 3242 [VIZ HAA+ FX)E
o] &3t I HEHEHNG] A A%, UM HEZ FI FEHFAYE 47
4706, 4646, 483.3 [V]3} 4458, 440.8, 456.1 [VIZ A9 H]=3ih. 259 FAH7 5
[em]ol 2 WFAAIS7E 09, -0.7, -05, -0322 F/1¥52 F(X)o 23 IEEE Std 80
02 7§ HEHEHLS 3221, 3887, 466.2, 558.1 [V]e} wkAMAIS=7} -090] 2 E &9
FA7 5, 10, 16, 20 [m]o2 F71E4E TS HHo2 7 FHEHZAYL 3221,
476.7, 5636, 596.1 [V]2 EZ9 FA9 wAAFe go] AZAS-E HEFHFALLS A
Ae A% Bdu &3, Fig 6914 RdFE AXNE ZFY FAZ 185 Jx
BRAAI L $l9f BUS 2HoE MY AS JAAFE 1924, 159.8, 1338, 112.3 [mA]
o] i1, HIAMAIF7E mAFH a FEo FAI Yo FUdY 2Pz WYy A9 UA
AFE 1924, 1309, 1112, 1054 [mA]l2 FZ9] FAY WA AST 9 Zto] AZFE UA
AFE #astn, 29 547 5 [enlolz #BAMAIS7E -09%9 3% FX)E o] &34
T AAMAFY A7I7E 1924 [nAlY] WA yH A AEE o]&stey T gl 1326,
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Distance {om

Fig. 8 Electric potential with a line Fig. 9. Electric potential with a street-lamp
source | in case of submerged depth control-box source II in case of submerged
=5[cm] and rod diameter=1.6 [cm]. depth=5 [cm] and rod diameter=1.6 [cm].

100 (- s m e e

~— source | (depih = § cm, diam, 6 om)

—  source |- 1 {depth = 8.5 om kX
50 — — source It (deplih = § cm, diameter = 1.6 cm)
i —  source It~ 1 (depth = 8.5 cm. diameter = 3 5 cm)

voltage {V |

urrent [mA |

Body c

Separation [cm | Distance [c¢m )

Fig. 10. Source voltage vs. separation in Fig. 11. Body current vs. distance at
case of permissible touch voltage, 2.5 [V]. 220 [V].
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