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Abstract : According to the datistics from the Ministry of labor, 70~80 people died by work-related eectric shock
accidents in the workplace and this number is about 10~20 times higher than those of the foreign countries such as
Japan and the United Kingdom in frequencies and rates per 100,000. The eectrocution desths had decreased from
severa hundred in 1990s to 67 in 2002, since then there has been little change over the last 5 years. To reduce this
number of the eectrocution deeth, it is necessary to anadyze the sources of the accidents and to implement the suitable
measures for preventing the similar accidents from occurring. But there is not any consensus standard method or pro-
cedures for accident investigation yet. And the results solely depend on the ability of the investigator. Because of the
demand of diminating technica barrier for free trading, the IEC 60364 is adopted as a regulation for low voltage
eectricd ingtdlations in Korea. The facilities designed and congtructed by IEC 60364 are increasing. The facilities
by 1EC 60364 have different feastures in comparison with the facilities by Korea eetro technica regulation, and these
features combined with parameters of eectric shock accident can greetly affect the consequences of the dectric acci-
dents. The accident andyss program for eectric shock injuries in Terra Neutrd(TN) and Terra Terra(TT) system was
developed in this paper, which was based on KOSHA Electric Shock Analysis Program(ESAP).

Key Words : dectric shock accident, accident investigation, TN system, TT system
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Table 1. Case by Touch voltages in TN-S system
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Table 2, Case by Touch voltages in TN-C—S system

Case HEAG UT Case AEA UT
cae 1 _ 4XE, caee 1 _ ZxE
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L+ Zy+ Zyt 2, I+ Iyt Zyeen 2
Case 3 M Case 3 M
Z\+ 2+ Zy+ 2, Lt Bt Zyepn t 2,
Cace 4 X BX B, Case 4 S -
Z\+ Zy+ Zy+ 2, Lt Lot Zyepn t 2
5 5 ) X e ) X

9] AL Caxe 1~Caxe 4= &4, Cae 5=
27} 22 st g,

1714 2y Q191 o] F AmAle] YE A, 2,
tFEA W olF BamAel JuEs, Zen
A HAFIA A A AR e )
g2,z 919 ol AYA) otmtaiom.

7

rr
i
e

T—

o] ke =A}F w4 tha o] 35 mn? o5l 7
Y2zt ol A7 g AT S Utk x
Xo= FQ. 20142} o] 7171 A%} 717] C9f Z
gt 72 ol

3.1.2. IN-C-S 71I501|A1°| MEMY

TN-C-S #AE-2 Fg. 31+ 7 0] |5 A1ek 7171
o] RS A7} ZEOR Ho] glon, HYZ A

Ao z/\-lkl Exﬂg]- J—EO] PENEXﬂ 5101 219‘
W A B ol Boll 44T WEE E4
BEEA7} 717]19] el dAZdEo] gl

TNCS AEolHI2] 571 %ol et 2L

Table 29} 7)) Fth AbaA] B2 0] 44 Case

1~Cese 4= &4, Cae 5= &0 A =271 2 4
FoHA Hrk
21218
.
[ == = I "
i, 21 Case 2, oo
* ] cEs
ut
Cesed Sase]
JIC |*>| J12IA
«— If N 1? i *vjti
PENS el . 22 | e o
(z3) S T =z —
‘Case 4 —
- jﬂé

= F su9

Fig. 3. TN-C-S system,

34

4714 Zi:2 AYA o1F A=A dHE X, Z,
© A T2} o] & HI LA O] AuHLX, Zypen)
A HAFolA AU FHA EA7AA 9] PEN
A9 AuEs, Zis YA o) ALY o]
dolth o] Fe B4 =A| wh#o] 35 m o
3lol AL AuE AT} ofd AT ZHS AL 2= 9)
th xi B xo= Fg. 304k o] 7]7] A} 7]7] C
of Z,o] ot Ae] Hjole,

.

3.1.3. IN-C AEdIA 2| £ -’_,TE 124

TN-C 74 oT: F|g- 49]’ E ] 7;”0
E§7‘4X]7]— FTEOF ;401 Qlom,
A Aot BB A of3e sk 9)
AsolM ) 57H4] Z-9-of ek =2 Table 3}
A Hrh AR 3R] B$ Case 1~Came
4c &, Cae 5t &4 A7) F2 AP
e

oA71A Zi2 AYF olF A=A duds,
Zopeny TRA] DA o5 PEN =A9] QJujd,
Zypen = A HAIFANA AL FHA EAA]
o PEN =49 Jull, Z Q193 o]d A

"2} 7172
PEN =417} =

z4 z1 T

Ut
Case 3 fase ]
o

J1ic J121A
Eo

Zi

«— If N x1 3 - o v

PENS A PENS A |f<—, Casd 5
(z2) Ut

(29)

e ]

‘S
LES

SE-

Fig. 4. TN—C system,

Journal of the KOSOS, Val. 24, No. 6, 2009



TN % TT A SollAlel ZHALD

Table 3. Case by Touch voltages in TN-C system

Case HERG UT
Case 1 Zy3} E,
2\ Zypgny T Loy T Zy
Zyx Eo
Case 2 Zy+ Zypany t Lyt 2
Case 3 Ty X ZyX E,
Z1+ Zotpewy + Zapen t Z
Case 4 T X ZyX E,
Z+ ZZ(P/-;\') + ZS(P/-,W) + 2,
Case 5 (Zy+ Z,) X E,

Zy+ Zypeny + Zypen + 2
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Table 5. Formulas for total body impedance for a current path
hand to hand, for a large surface areas of contact
FA(Y = F A AIAQ), X = HEFAY),
ARAS R 3
Y=1050,8399.581965-113.0240547* X *0.9362769802*
power(X,2)-0.004474393524* power(X,3)* 1.249045923
E-005* power(X,4)-2.008152074E-008* power(X,5)* 1.7
20867543E-011* power(X,6)-6.080230287E-015* power
(X,7), 0.999577

Y=775,4310.267622-51.01477034* X* 0.3604699317* powe
1(X,2)-0.001339957848* power (X, 3)* 2.662868499E-00
6+ power(X,4)-2.680993831E-009* power(X,5)* 1.07430
4614E-012* power(X 6), 0.99966

Y=2278.492037-25.41406002* X +0.1773996063* power (X,
2)-0.0006353874061* power(X 3)+1.213222018E-006*
power(X,4)-1.180484929E-009* power (X 5)+4.6076403
17E-013*power(X,6), 0.999352

Y'=4608.000091-21.13835331* X * 0.0452820012* power (X,
2)*1.248935305E-005* power(X,3)-2.387531349E-007*
power (X, 4)* 3.971788534E-010* power(X  5)-2.0963528
18E-013* power(X,6), 0.999487

Y =775,2368.236829-7.46173707+ X-0.007278888681* power
(X,2)+0.0001695460724* power (X, 3)-5.56687255E-007
* power(X 4)+7.435835802E-010* power(X 5)-3.593033
884E-013* power(X,6), 0.9993

Y=575,1238,162073-2.233161705* X-0.01649415337* pow
er(X,2)*0.0001518100019* power(X,3)-4.4692816.26E-
007+ power (X, 4)* 5.660941374E-010* power(X,5)-2.628
552423E-013* power(X 6), 0.999318

Y =1774.105853-1.040799585x X -0,001327708359x pow(X
2)+1.904305976E-006xpow(X ,3), 0.999231

Y=1314.300603-0.7684411537xX-0.0009613705502x pow
(X,2)+1.364118375E-006xpow(X,3), 0.9989

Y =058.3969121* 0.5807999805* X -0.02467207654* power (
X,2)*0.0001488887876* power(X ,3)-3.931615993E-00
7+ power(X,4)* 4.761588576E-010* power (X, 5)-2.15891
0282E-013* power(X,6), 0.999421
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Table 6. Formulas for total body impedance for a current path
hand to hand, for a medium surface areas of contact

Table 7. Formulas for total body impedance for a current path
hand to hand, for a small surface areas of contact

AEME] 22 = F A PIU= (@), X = AEAY,
Ape |95

ARAS R %

Y =-51506.875+33465.15527x X -1032.39859xpow (X 2)+13.4
95%|  4191294xpow(X,3)-0.08923449573xpow(X,4)+0.0002974
798xpow(X 5)-3.95164444E-007xpow(X,6), 0.999946

Y =-36462.5+18352.74254x X -558.5562681x pow(X 2)+7.227
50|  97249xpow(X,3)-0.04781046154xpow(X,4)+0.000158987
4872xpow(X ,5)-2.107733333E-007xpow(X 6), 0.999947

my
BN

Y =-6434.375+8644,159586x X -258.8214676xpow(X ,2)+3.25
7019464xpow(X  3)-0.02094735043xpow(X, 4)+6.7856820
51E-005xpow(X ,5)-8.782222222E-008% pow (X ,6),
0.999986

5%

Y=200876.7857-3121.296176xX +28.45045455xpow(X,2)-0.1

95%| " 51810101 xpow(X,3) +0.0003178181818 xpow(X 4), 0.99965

Y=5400,73875* 1098.353147* X -67.36540948* power (X ,2)* 1.
110087646* power(X,3)-0.008692239316* power(X 4)* 3.2
67282051E-005* power(X,5)-4. 721777778E-008* power(X,
6), 0.999874

50%

o
Mo

Y =56520.08929-852.9090007xX +8.472537879xpow(X 2)-0.0
506 | 4935252525xpow(X,3)+0.0001084242424x pow(X ,4),
0.99955

95% | Y=-17.81190476xX+10204.46429, 0.996125

50% | Y=-13.19047619xX+7558.928571, 0.996118

o2
S

Y =3400,5441. 25+ 12.3882634* X-0.8439229992* power (X 2)*
0.01378620047* power (X, 3)-0.000110434188* power (X, 4)
*4,240410256E-007* power (X ,5)-6.257777778E-010* pow
er(X,6), 0.999943
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Table 8. Formulas for total body impedance for various current
paths by using hand to hand total body impedance

= = - value
SRR FAY = 3 QA PAEX (@, X = HEAD),
Al | o] = ARAZ R 7 Z BRAARRY F QA i
Chaluiks SUITR & SRR | g g3 gues zo 123 sy
959, | Y=3525,58987.5-052.34B4848x X +5.719090909xpow(X 2) — :
®| " .0.01174545455xpow(X,3), 0.999455 gk Zil2+Z0x0.8-Z0/2
A% | 5005 | Y=31014.28571-487.8005238x X +2.88952381%pow(X . 2)- At Zi/2+Z0%0.4-Z0l4
U= 0,005866666667xpow(X,3), 0.999497 dx o= 2124702
5y | Y=16562.5-254.0638528X +1.483311688xpow(X ,2)-0.0 o=x g Zi/2+70x0.8-20/2
02993939394xpow(X,3), 0.999566
QEET Zil2+Z0%0.4-Z0l4
Y =8650,147268.75* 1465.575699* X -111.9237145* power — :
g5 |  (X:2)1886971329 power(X,3)-0.01488410256* power P Zil4+Z0x0.8-Z0/2
gé é);gﬁé?)?%&é %;)%%52* power(X,5)-8.149333333E- oFZ= okt Zi/4+70%0.4-Z0l4
e sg-e2se Zil2+Z0/2)/2
Py Y =2200,9718.75* 75.91462704* X -5.507207848* power(X, °1_a] ( f/ o2
P | 20.09160862471* power(X,3)-0.000726 7008547 power &g)-9e (Zil2+Z0/2)I2
®1 (X,4)*2.785641026E-006* power (X 5)-4.124444444E - PENpYpy (zilzezoi2)2
009* power(X,6), 0.999786 = 9; =
7hE-dE i
5y | Y =5973.67-40.696429xX +0.0883333xpow(X, 2), ' (Zif2+2012)/2
" | 0998675 7hs-gE (@il2+Zol4)/2
Y=6750,10904.375-64.18275641* X * 1.245839744* power LE&YGHo] (Zil2+Z0al2)I2
(X,2)-0.01710948718* power(X,3)* 0.0001235487179* PP ,
9% ower(X 4)-4.466051282E-007* power (X, 5)* 6.AE-010 A9l (Zif2+Z0l2)/2
*power(X,6), 0.999987 ¥4l (Zil4+Zol2)I2
AR :
(i [ 50% | Y=-1428571429xX +2450.464286, 09997 Sk o 2 0.3xZi+0.3xZ0
Y=1350,2194.375-34.53942308* X * 1.092817521* power
(X,2)-0.01711615385* power(X,3)* 0.0001378598291* ol olall o - -
5% | dower(X,4)-5.468717949E-007* power(X 5)*8.391111 HEZP A A EAE o8-8t 5%, 50%, 95%
111E-010* power(X,6), 0.999305 B SHAF ALSIGTE 3 FHAAF A
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Table 9. Simulated electric shock accident
A 7 A

Azt oiAAY 220v

ASER TT A%

ZUEAW~717] A4 AF IV 35mm’ 20m)

: 541 x 20 /1000 = 0.11Q

Z2AEAW~717] HAZA A |V 35mm® 20m)

: 541 x 20 /1000 = 0.119

z4(xd ~E-u A4AF DV 5.5mm” 30m)
: 347 x 20 /1000 = 0.1Q

Ra(7]7] B 54 A A 3: 1000

Rb(AIZAAE): 52

1A ZHd Z3E) Case 5

D 1A7)7] REEARS} gt

ERAAR . o
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Table 10, Simulated electric shock accident
A A

AUl g AE 2713 E(380V, AL 220v)l
A A FEF S AEE

ASER T A%

Zl(—Er’ﬂ‘%‘l 7171 A4 A& IV 35mm’ 30m)
5.41 x 30 /1000 = 0.16Q

Z2(3- 7 ~7)7] HAZA A% IV 35mm’ 30m)

: 541 x 30 /1000 = 0.16Q

ZAA A ~EA A48 DV 55mm’ 30m)

: 347 x 20 /1000 = 0.1Q

Ra(7|17|BEHAAE): o QHA A4 L, 1,0002714)

Rb(AI B A A #): 52

QA 77 e Case 5

A7) REEAR A7

SRR &g

A5 - AFZEA o, 43
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Fig. 10. Apply the result to time—current zone curve of IEC
60479,
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