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Electric Shock Risk Assessment of the Human Body and
Potential Distribution Analysis by FLUX3D in a Public Bathtub
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Abstract : This paper considers the electrical shock risk of the human body due to underwater leakage current in such
places of public baths. Many submerged electric facilities in a public bath may create a severe electric shock hazard
for the human body, since wet body in an accidentally energized bathtub can result in low electrical resistance through
the human body for leakage or fault currents. Therefore a major consideration, in the context of electrical safety
underwater, is the shock risk to the bather as a result of electric current flowing through the water in bathtub. To
assess the electric shock risk and to analyze the potential distribution in a bathtub, 2 different sitvation cases are set
up, then experimental and simulation methods are adopted. The validity of 2 cases of simulation and experiment data
in a bathtub for electric distribution underwater are compared and analyzed. Also electric shock risk assessment
underwater in a real public bathtub by simulation program package, Flux 3D, was conducted herein, and the results

are presented and discussed.

Key Words : public bathtub, electric shock risk assessment, potential distribution, flux 3D

LA &

T2 ©]71]] A7 9] AHEL: AdEe
e el AFH ez Folva glon, 434
g BE FrolA AluAE BRE 9ok &
3 7171 B SHME A7E AHgske A7)
Anzt wol BEEI glon w717F B2 Aau
E717F = AaddAe dr1e F ARES #
s QA AAA FAARE WA 5 =
23 BEFA7L AldE ook dTk 5717t B
R FFolM Y ZAHAL dAYF R T
HEEA ol#slr] AsiME B dEE
kgt AL AFAZ 9 AAAT] g

o tlo o o
o o o

(e 5o
4 N o rfo

" To whom correspondence should be addressed.
dhk@chungbuk.ac.kr

2ol o3 WA =S 18 Frizt Basith
SAAM9] ZAATRE A8 AAA JRS FE=
A} FolA 7HF 223 AL £29 WA L A
Aot} &2 WRoE AAAN Axo) P &
& 9 v saves) glon o TARE
A48 & Qe w5, F58, AEFTI)B
(U9 : HEWE), BuiE F5T oy o]E
o] FAGR) upe} G20 AR} Sakx|n 7
AA#N] 754 2 Az Ert gt 229 A
A Y &30 §30) B2 ZAAF L AT
st A9 2 A Bl REE L2 M 9 A
AP E Hrksi= W 93 Aast Aok F
Zo| AL GxoA9] ZAAGE A Bl Msn
APNE HE BAG A7/ 2EHT Qo
Ayl FF 820 JFEL FrHE ATE ol F
oA 3 A @tk wEbA B AeAE 7d7]7)7]

41



& ZIAM

|
4 Hd

o

- 3 o
o AAlsh A4 2 A e AP ZeaPos
S4do] & FLUX 3D& olf3je] ik ojsey)
Felold FHoR AHgets A7IA 82014
AR A B0l ghol el 45 VnE F
sl BgAL AAT %, olF Bao 3F B9
S0 A7 Y8AET FAG 2L Rolsiel,
Zolqe) AAHzE AT 4 Ak AEE 9
Aol A7 WAL BRI Bk

2. £ZolMel AHAT

3L
o

FA% £x 2
59) 210 A F427} $A9 Yool <
Ae) Avr} EGo M WY T2 £5
Ao} A I AASE FA% Atolel whae] =4l
Hog s B4 Ar1F e AR g wEol
F3%0 A4 4537 Pok= AAANNE FT 5
7} Qleh. SN BAsks gAY AZHAY
A Aez 2R3 AMsT Y.

=0
=

2 F&o| AATL WEAE AL
AR FEA7 A £3 AA A7} 3
2 EA0] The &0y o] 2HY ZH AN 4
z5jo] Azo] WAl Agolh

2) %A% o8] 2T

2

RS

=

HAA} Qe FFANY FARFE A3 ok
718 A Fol QA FolA Ho} AAe] WAy
£ Agoltk @k
3) 54907 A
AR AEE BS
AR Qe F3N4 SANLTS BT 2
S0t QA7 3o Qo= AT BAYSHA
goit 9% WA WEL u Aol T
= Aotk
FFolN FAALE FARRA) AAAG
2} Fdsbl AR Azt ERe] A1
e 3713 2aAne) Agols B2 4%
JRAY, UR2AAY D 540 B2 W5
ge] gor FAAL F3UAL 371F 4Ha
3 29 We PFUAoE A YEAGL 7
e} WyAge Azxd 499 2529 12 34
ool ARG AHHE AP F79 A
ANE 9e TPsiol w.

dhe FEdAM AAZL 8 A

Nl

A

o4,

==

A

R

N o > or X rlo

42

=13
o

AlZgo|d gHH

2 ATl dukg ofstEL; ZiRIFEA
2 AR AL Qe A7) &8 Fot] FFollA 9
ANRE 5495 43U} AEdol ks vins)
1, elge dolHE Rt A TF =Y &2
o] A HILE AR HolHE FHss b 1 5
g 718tk AHEY £F 29 ZA= A
Sz e 2PN case 19 BHY, AA| 5
B zdMe 29T T FEHEATL HAA
A B R HEME FH FEEA7F AAAY
Aol sgEk & AAET EF )9 A= A
714 &z AP case 20 HFHH, LA TF
Bodzxe A7t FEHE HAAAV fle 45
o sgdrt

3.1 A8 ZPIN Ex

Fig. 19] Z71A &322 3% FEE& AHEJ2
o ¥lFTE BAHOR ATk A7)A £ o)
& AFPEE O3 2 271A] case2 TEBIN
t}. case 1S AHEAY] F AAH FoH AYSAE
oF 5emE HA £XUE AYste FHPoE 3
Fa, HAEH &5 F3to AF|27F FHHA
T8t case 2] 79 case 1014 YO R
AR W5 dAE 824 AFIt 52X gL
AHE FAIERA Sxe] AHREE A3

32. AlEdold g (Flux 3D)

AEdolde BARe A e A998 4
Atk AAZ A8 A7 25 Fske] Ao
Elo} AlEH o] dlolE 9 Elgd-E EAstT A
2 B3 B4 uiRo R AA HLes] JE T
Z Ro] 82| A EY oL Eilo oA
742 AAEe d 535S T ok =3 AAE
ZE 2ot AL 433 ojEgo] Yt utet
A Fejek =5 Ao wix e A4 A F
Eavro 8.3 A7|9} AL HAA AL B
A7)E SmxSmE AT T35 &2 i §
Zothl, F71BHEWE), 47, vlsTE AX8)
o 5T FE ABHA0 dEte AFdE &
Z39oP. Fig 28 AA 3% 29 829 f88
4 29s veRf L glom, v F(material)e] Z7]d
whz} large = 2mm, medium= 1.05735mm, small =0.559
mm=z 37k4]¢] wi4(mesh)E A28t c). Fig 3]

Journal of the KOSOS, Vol. 22, No. 2, 2007



BEExofMe] FLUX3DO ofst MY a4 U olx|o| MY HI}

o] q Voltage reaswrement module
L]
= 2
N 0awEwe | = e
Voltage Source(AC} o] i
= 2 l
Jp— _——= — >
- A7
=t = .v'P
. Mdasurement point
k‘ g
kg )‘1
™ /’

A
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Fig. 5. Potential distribution of a bathtub(Simulation data of
case 1, Depth = 6cm),
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Fig. 8, Comparison of simulation data and experiment data

(case 1; bathtub).
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44

200

150

Fig. 8. Potential distribution of a bathtub (Simulation data of
case 2, Depth = 6cm),

30

Electric potential[V]
g

—e— Barirent valueM]
10 0~ Fux 3DvalueM]
ﬂ)_
0 . . . : y
2 2 -10 0 10 » ®
Distance [Om{

Fig. 9. Comparison of simulation data and experiment data
(case 2; bathiub),

Fig. 10¢] 4% &z o] A= & 29
5ol o] WA A2, Zone 1& FFUAHF
2l HEMES T Holn A-Be) A=
2VAEZ Uehdth Zone 25 AA WHo] 2w
A o] AR AP ABe| A oF 50V
2 vepdtl Zone 38 FEeHEEH)S BB
E AARoz ABo A oF 22VATE U
sort 48t $3A e BBE o},
FAM HHoE WS e E 02 Aol ¥
Qs Aok BF o] AL YgAE 4]
T3 Aol Y&ALY Ao e}t =&
A2 YAAE 5 o] AnlHQd 53 dA
A& g8hs Nole Berwrt. Zone 49 $1%
A-Be] A= 2VE YEhgT. Fig 10014 H=)

2% o o e

Journal of the KOSOS, Vol. 22, No. 2, 2007



DEexoM el FLUX3DOI olgt MALE sia U QlAlo| HAARY EIt

9} GIAEY Y w2 =R 77 Zone 2004
= ZeARe] Qg 93] A7 HuAA 55V
A AAANA Ve ¢ 343 ¥¥E& B
AAT}.

Fig. 112 22 #mo] Ax=o] 9 24T
TR0 A FEEXNE HAAR A48t
Zone 12] A-B9] A xp= oF 2VE Vel i, Zone
29] A-Bole oF 5Ve] HAAE Btk Zone 39|
A-B¢] A= <k 64VAES 21, Zone 49] A-B
9] AYAE 10VE 7P & he2 YeRTh Zone
12 A3 UHA] RRAA FAARE 2743 A
Y4E BT =8 AP sEEAE 92
B APoZ AAZ A AA FF 2] &2
A= HRAAY A7t x| AHER I
& HH 1 QS-S & 5 I Fig 12 HENE
FAS 7HRE T FEEXE HAAZ AZHA

Fig. 10, Potential distribution for a real public bathtub(leakage

source = exposed lighling, grounded metallic =
bubble producer, drainpipe, kneader using water),

220 _:1

Fig. 11. Potential distribution for a real public bathtub(leakage
source = exposed lighting, grounded metallic =
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Fig. 12. Potential distribution for a real public bathtub(leakage
source = bubble producer, grounded metallic =
faucet),
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source only),

45



Z2FH 443 o

2ol Szuel AAZ FAHA o} AAT
Zo| Qlo|E BAALA BAIEA g} oA
el 98 WAAE BAY 5202 Soi7] 4

3 HAR AdelolA g g Yo Mol WA

o
uy

g
&gt Hele) Sxue] FHL
AA gAY FHAES T8t
«1 H3E Aoz Btk A
A A dlo]Ej9} A Ego}e &gt
}&l Nxﬂ FF Ro|&R A A

o}m : 1:1

1) AL ZA7)A &z2] A4 case 1~case2ol A4 <]
AdolEist AgHolH BlolE g HmEAHF 2
3 AAHQ RALE Aeo] NZ FATE 1
Ak

2) AA 2el8z Ageolig St
gz Auroz 4% SxUs] AANE
skl AAAEAS Ukt on, sEHES]
AA] AT FAT AYEE7T P HHs
e} £go] 879k

3) A 29 FRINE wEE
A 5ol e ANTTY BHNN B
o A% QA % WAL 2HAGo ol
= azolA A7laue) nFo= FHo] AT o
omh;(} o] £Z717 A o] o= AL ehdch

T2 Sagel Yoid §x 9ol Ty
°ﬂ THE}O% *‘%’o}iﬂ Z2aPor Ags
7l oleiglon Zastae 7hs4el g 4
B% T 2 A i @A7E A
FEFA, Seo] A& el uhgel g 7}
T A5 4% 5, o2 A% Pz
o) §4 2 WA /Al e A%H
T7F gash ol

él-tj

SEECE R

o dm o lo ot
olﬂﬂmlogﬂoﬂr

Lo

A2 wPoR §2

M9l FEHE MAE F de THY dHs
o] a7Hrh
46

ZALE] & o] =R 20068135 FEuiet
SredrALAY Y A7) Ao Sjste] A
A

_“JFJ

it

e

1 2?

1) L. E. Virr, BSc, PhD, CEng, FIEE, “Increased
electric shock risk underwater due to electrode
configuration and insulating boundaries”, IEE Pro-
ceedings, Vol. 5, No. 5, 1990.

2) AAA, AFR 9, “wFolAe] Aol g A
7%‘14@*3 4", =2t A), ALY, AL,
2006.

3) AER, AR 9, SR AARE o
g B3 97AE 994 BoP, TR
X, 224, A1z, 2007.

4) Electrical shock safety criteria, international Sym-
posium Electrical Shock, 1983.

5) 5B REFLRIAGUN, EREDHT KeE
X 1970.

6) T. Bemnstein, “Electrical Shock Hazards and Safety
Standards”, IEEE Trans. on Education, Vol. 34,
No. 3, pp. 216~222, 1991.

7) CH. Lee, and A.P. S. Meliopoulus, “Comparison
of Touch and Step Voltages Between IEEE Std 80
and IEC 479-1”, 1EE Proceedings of Generation,
Transmission and Distribution, Vol. 146, No. 6,
pp. 593~601, 1999.

8) JE. Bridges, “New Developments in Electrical
Shock Safety”, IEEE International Symposium on
Electromagnetic Compatibility, pp. 22~25, 1994.

9) FFHZIPAFAL Bimo] YEAIY 7]
o) tist AAAS ATAH D AR A
T, 7P F AL 2006.

10) A$71%, “http://www.jaewoo.com”.

Journal of the KOSOS, Vol. 22, No. 2, 2007



