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A Study on the EMF Strength Criterion in
special power distribution zone on Ship

Gi-Do Choi

Department of Radio Communication Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Along to recent rapid advances on the ship with the larger pro-—
portion of electrical and electronic equipments, expansion of the usable
frequency on the ship 1s a global trend.

Therefore, there are hazardous concern raised on the possible
health effects of Electro-magnetic fields radiated from electronic device.
However, although a study and a investment for Electro-magnetic
fields 1s continued in the terrestrial area, they are not applied to a
ship.

In this paper, ships is sampling and measure up to the special



power distribution zone. Subsequently appropriate tests and test proce-
dures Korean criterion regulation propose.

Also EMF Strength measure special power distribution zone. And
test procedure have the three cases. first the switchboard measured.
second the generator was measured. and third the transformer was
measured. The measurement process of the Korean criterion restriction
level.

As a result, data in Hanbada and car ship shows the next
value. the measured results were satisfied with the Korean criterion,
ICNIRP criterion, United Kingdom criterion. However it was not
satisfied with the Italian criterion to switchboard in Hanbada ship.

The reason is not satisfied Italian criterion, Korea criterion 1s
short-term exposure 1 EMEF. But the crew in special power
distribution worked for six hours. Therefore Korea criterion i1s not
applied to special power distribute zone in ship.

So criterion of EMF 1n special power distribution zone must be
specified by comparative analysis of data obtained by the experiment

more and be needed to construct infrastructure in government.

KEY WORDS: EMF Strength, Propulsion System, Magnetic Field
Strength, Ship
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Z3}8A) ghofof ek, A1d F A2de] AL BEEa 60Hz F3h4
e FAMNRE o5 Hgahx obydt} Al 472224182 A4
olgt AAtn} ANARI7|ES otd] T 2

2-2= Al Wd AASALErEoR AN Fhe AEE 2d
gk Aol tH14].

E. 21 duele tisk AR AT

Table. 2-1 Human for Intensity Criterion of EMF

A7 3R = A&dE

T e (A/m) (D)

1Hz ©]3} 3.2x10" 410"

1Hz ©1% ~ 8Hz v]gt 1.63x10%/f* 410"/
8Hz o)’ ~0.025kHz w3t 4,000/ 5,000/
0.025kHz 1% ~ 0.82kHz v]wt 4/t 6.25
0.82kHz 1’4 ~ 65kHz vt 5 6.25
0.065 MHz 1’ ~ 1MHz vt 5 0.92/f
1MHz 1’ ~ 10MHz vgt 0.73/1 0.92/f
10MHz ©1% ~ 400MHz vt 0.73/1 0.092

400 MHz ©1’¢ ~ 2,000 MHz v 1t 0.0037/" 0.0046f"
2GHz °’+ ~ 300 GHz vt 0.16 0.20
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E. 2-2 FdQle] tisk AR A 7=

Table. 2-2 Worker for Intensity Criterion of EMF

A7 7= A&de
oA e (A/m) (D
1Hz ©]8t 1.63%10° 2% 10°
1Hz o1 ~ 8Hz mut 1.63X10°/f* 2 10°/f*
8Hz ©1’¢ ~ 0.025kHz %t 2 10Y/f 2.5 X 10"/
0.025kHz 1% ~ 0.82kHz v]wt 20/f 25/f
0.82kHz ©1% ~ 65kHz vlgt 24.4 30.7
0.065 MHz ©)’¢ ~ 1MHz vt 1.6/1 2.0/
I1MHz 1% ~ 10MHz vg} 1.6/1 2.0/
10MHz °1’¢ ~ 400MHz w3t 0.16 0.2
400 MHz °1’¢ ~ 2,000MHz gt 0.008f"* 0.01f"2
2GHz °1% ~ 300GHz v|%t 0.36 0.45

2.4 AR IF o dig =27
2.4.1 ICNIRP 24
ICNIRP(=#] H]o]3}HAl B3 9¥3])= IRPA(TA] WAL HZE

AFDNA 19929 HYF BAe] A AR S FEA $2 AL A

A Aste FOAs ARAH Fo ARV GE LA = A E]

o

AR AR wF e E AAS A, IASE 982 sk k. ICNIRP

MM = A7 Aol dd 7l&& obdf & 2-33 #o] Fa H{15].

_12_



¥. 2-3 ICNIRP AR} 7| 4
Table. 2-3 ICNIRP for Intensity Criterion of EMF

27137 = A&dE

Fu W9 A LD
1Hz ~ 8Hz 1.63x10°/f" 0.2/t
8Hz ~ 25Hz 210"/ 0.025/f
25Hz~300Hz 8x10% 0.001
300Hz~3kHz 2.4 10°/f* 0.3/f
3kHz~10MHz 80 0.0001

ICNIRPY] w7 w29 tiat A28 #% 7125 Ugd 1g ==
1 2-4sk A AF fdA el ZVIRE kwel] ik A G

&40 A vlAsly] 9] w=EF ol vH1A].

_\?_1‘

0.4 \
0.01 g——

*
0.001

0.0001 \

magnetic flux density [T]

0.00001

1 10 100 1000 10000 100000
frequency [Hz]

9. 2-4 ICNIRP AA 7 w7]+
Fig. 2-4 ICNIRP for Intensity Criterion of EMF
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23] (FCC; Federal Communications Commission) &4 W& FXAEZ41 9

BN R e BA Anzg BEstu gk FCCAAE At

b

A ARG whet FAAN I I dwk SRle] e JFE F
A GRE FASE JTE sta Jov] AUARE Fo] XA A FE

t}. Websited| A+ AV AFE 9% Zhs AW FE Web Link & €4t

‘

Aol T & 4 e e AHEE AFsta 16l
OET RF ¢FAd Bulletins, Fact Sheet, X3 % H i A{o|A] A=A}l
tfet A So tidk Fact Sheeto} AE2F 2 PCS T4 F41719 FA5

e WAV G @ dAled el Vs ARE AT AHIG)

F. 274 V=] HAASA T E
Table. 2-4 United States of America for Intensity Criterion of EMF

A7NAR= ANRFB=
AT (V/m) (A/m)
0.3Hz ~ 1.43Hz 614 1.63
1.34Hz ~ 30Hz 824/f 2.19/f
30Hz~300Hz 27.5 0.073
300 Hz~1500Hz - -
1500H2z~100MH= - -
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(NRPB,National Radiological Protection Board)¥ 20053 49 AZH.Z =
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¥ 2-5. 9ol AR E A H S 7|+
Table. 2-5 United Kingdom for Intensity Criterion of EMF

A= ANRH=
T (V/m) (A/m)
12Hz ~ 200Hz 50 0.13
200Hz ~ 400Hz 250/ 0.66f
400 Hz~800 MH> 100 0.26
800 MHz~1550 MHz 125/ 0.33-f
1550 MHz~300 GHz 194 0.52
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ojghg]ot= dHF AAZE ol AFTE FEH= e dAEH= FA
wel WAk W& A71e 7S ICNIRP 71 div] oF 1/10 @A g7
s AASAT. olgdglolo A= FrslEl o] 7|F&S Attention Value,
Quality Goalgtxz #d3le] 7]+ ICNIRP 7]+ (Exposure Limit)¥} “-3&3}
At Attention Valuex= 3HF 4AIZE o] AF7F 4y e AEolH,
Quality Goal N7FHAFHL7E w2 Aol st ojeelope] AAS
of Ao o3 Zatd V&L T Ve e AASATI8]

. 2-6 olggole] HATAL QA K| F
Table. 2-6 Italy for Intensity Criterion of EMF

7137 = A7 %3 =
AT w (V/m) (A/m)
Exposure limits 50 -
0.1 < f= 3MH>z 60 0.2
3 < f= 3000MHz 20 0.05
3 < f= 300MH=z 40 0.10

3 277 olg]obe] At WA V&

Table 2-7. Italy for Intensity Criterion of EMF in Critical Area

A&EAT
Fu He (WD) H 3
AUFAF(G0Hz, 60Hz) 0 3t2 4AIZH o4 A R}
(Attention Value) o alel = AE
A AFIF(601Hz, 601z) 3 e INEIRIPETE o1
(Quality Goal) o alel = AE
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¥. 28 292 ARNIAE AA KT E
Table. 2-8 Switzerland for Intensity Criterion of EMF

A7 7= A7 7=
Tk (V/m) (A/m)
1Hz~8Hz 10000 32000 / f2
SHz-25Hz 10000 4000 / f
0.025kHz~0.8kHz 250 / f 4/ f
0.8kHz~3kHz 2508 5
3kHz~100kHz 87 5
100kHz~150kH>= 87 5
0.15MHz~1MH>z 87 0.73/f
1MHz-10MH2z 87/ f 0.73/f
10MHz~400MHz 28 0.073
400 MHz~2000MHz 1.375 -+ f 0.0037 -+ f
2GHz~10GHz 61 0.16

. 2-9 292 Axg ARG 7 E

Table. 2-9 Switzerland for Intensity Criterion of EMF in Critical Area

A&EEE
Faa Y H] 3L
(n1)
A4F (50 Hz, 60Hz) 100 I || AN 59| 2 3|
(ICNIRP Limit) (ICNIRP) 7|Z& X &
AYF 450 Hz, 60Hz) ] Nt AR
(Installation Limit Value) (FA14, stal, B, J4)
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2. 3-2 EMI Test Antenna
Fig. 3-2 EMI Test Antenna
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9. 3-6 sulth & AR A X (A )
Fig. 3-6 Test setup in the ship(Switchboard)
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a9, 377 skt & Al A X (TR Room)
Fig. 3-7 Test setup in the ship (TR Room)
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Fig. 3-8 Test setup in the ship(Generator Room)
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Fig. 3-10 Test setup in the ship(Switchboard)
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Fig. 3-11 Test setup in the ship(TR Room)
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Fig. 3-12 Test setup in the ship(Generator)
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Table. 4-1 Comparisons of Measured Value with Korean Criterion

Ry ) A= F =2 %

z5 ] Sl ANB7} = 7)1 &3] =k
(Hz) (A/m) (mG) (mG)

Hl] 21 Wk 60.010 9.694 833 121.1

izl a=nc w el 59.950 14.121 833 443.0
k2] 7] 59.999 2.002 833 25.0
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Table. 4-2 Comparisons of Measured Value with ICNIRP Criterion

Ry ) AL F =2 %

. . Fo | ANARE | 1% =A%)
(Hz) (A/m) (mG) (mG)

uj) Ak 60.010 9.694 1000 121.1

gt s el 59.950 14.121 1000 443.0
H- 7| 59.999 2.002 1000 25.0
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Table. 4-3 Comparisons of Measured Value with United Kingdom Criterion

=3} A=} F =] %

£5 2 T R P =44
(Hz) (A/m) (mG) (mG)

w4 Rk 60.010 9.694 250 121.1

shujrts ¥ Q7] 59.950 14.121 250 443.0
HEA 7] 59.999 2.002 250 25.0

¥ 43 295 A i Ao ARG E7 T3 AA Ao A 2
Z2AXZ HkS uw vfAv A= 2F 04848, MGV A= 1.78 v, ¥hd 7]
0182 SAERN o A Ao ARG w700 apddt 2od 7= v
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Table. 4-4 Comparisons of Measured Value with Italian Criterion

== . F ot A7) 7% &= 714 SAA
(Hz) (A/m) (mG) (mG)

Hlj w5t 60.010 9.694 1.000 121.1

ghujr} s H Q7] 59.950 14.121 1.000 443.0
1 7] 59.999 2.002 1.000 25.0

T 45 AR ool AATAE £ W

Table. 4-5 Comparisons of Measured Value with Italian Criterion

=2 ) Fu5 | ANRRE| F g | FEAER | 33X
(Hz) (A/m) (mG) (mG) (mG)

Hl| ] 60.010 9.694 100 30 121.1

shilth s H Q7] 59.950 14.121 100 30 443.0
1k 7] 59.999 2.002 100 30 25.0
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E. 46 24 ) AARFEA T v

Table. 4-6 Comparisons of Measured Value with Korean Criterion

z= . F 3 A7 A} = 7)1 Nk
(Hz) (A/m) (mG) (mG)

Hlj gk 60.010 1.3273 833 16.7

A W7 59.950 0.1759 833 2.2
2 7] 59.999 1.3481 833 16.9

¥ 46 A3E 4 A I AR S A ek A 9]
Z2A2E HerS v wjAulo A= 167 (mG), A7 oA1E= 22 (mG), oA
71 169(mG) 7 SAEHJeH SAGL Ul ARG =75 5 TS

e
=
A% BN = vk Lt AR GA Tl AARFEEE B

w2 gk Qo) 6AE oY BT 2 W Mol B9l 440

416 ICNIRP AAA R w723 A=A A7 A7} vl

Aol WA, W], s A HoField SteltE o g3to] =
At Aytel ICNIRPS AAFAAE7|$S A5 vk g2 F 4-7ol A

LHER A
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E. 4-7 23 %3 ICNIRP A4 w759 vlal

Table. 4-7 Comparisons of Measured Value with ICNIRP Criterion

. . o5 | ANARE | 7R =%
(Hz) (A/m) (mG) (mG)

Bl 7wk 60.010 1.327 1000 16.7

| 7] 59.950 0.175 1000 2.2
aH4 7 59.999 1.348 1000 16.9

Anre] Axpab v vlate] gl zdlo] obd Ankelel YES A
Bttt A=Al A e ARt r|E SAgS s Hoks u BE
= 7ro] ICNIRPY] 7|50 w&Eslqdc}. o] U] ARt wr|ae] 7|t

o] ¥i= ICNIRPS| ARSI =Y]Eo] H7lem|E o A83l7] Hioltt

417 = AARZL=7|EH A A 239 vu

AwAel WA, W], WA A HoField ST o] §5te]

=

o2
B
(i
&
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o2

o] AAFAEIES AS v e #4894
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E. 48 2ARI 4= AARFE T

Table. 4-8 Comparisons of Measured Value with United Kingdom Criterion

. . o | ANRRE | AR Z%
(Hz) (A/m) (mG) (mG)

Bl 7wk 60.010 1.327 250 16.7

| 7] 59.950 0.175 250 2.2
aH4 7 59.999 1.348 250 16.9

3 48 495 A slEWH A5 ARSI EH AA] dutel A 9
ZAANE BYS v AFmAde] ERAA Bul oA B HAxgR 7 A5
AAA 7| EE 2084 &t ol otk ARkl ghuitt Fof H]sf
o] A Akl Apwade] PR I|A] ZF AAREE e Apol & Qleto] )

At A7), AT oA T H = AH e Aol mEolt,

418 oletd]ol AARA L |EF3 A=A A3 Ao vl

Amae] A

=
il
2

I

Wetz] whd 7)o A H-Field <t
At Aol olgglole] AARAETIEE S Alud @S F 4-9%

F 410904 HERR A

’
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Table. 4-9 Comparisons of Measured Value with Italian Criterion

. . e | ARE | 12N &%)
(Hz) (A/m) (mG) (mG)

Bl 7wk 60.010 1.327 1.000 16.7

| 7] 59.950 0.175 1.000 2.2
aH4 7 59.999 1.348 1.000 16.9

T 410 2473 olgtelo} AATAETEe] L

Table. 4-10 Comparisons of Measured Value with Italian Criterion

2= .. FaF | A= | FY g | FEAERE | 5HA
(Hz) (A/m) (mG) (mG) (mG)
uj gk 60.010 1.327 100 30 16.7
A=A ¥ et 59.950 0.175 100 30 2.2
9 7] 59.999 1.348 100 30 16.9
* 499 A3E A sEd olde|ol AA bt E YT AAl vk
Ao EAAE BS W dnile] gt == %5 ICNIRP 7|Eo] A&

FmmEel gle wel B BE 58l
7k olg ol V& vhESka gl
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419 A=A} stupct oA FAEE= A7 H|

411 AvAs duidse] 474 Fw Hla
Table. 4-11 Comparison of the Car ship and Hanbada Ship for the

magnetic field strength

Chia 23] o A7 3=
(Hz) (A/m)
Hj 2 \F 60.010 1.327
A=A H et 59.950 0.175
k7] 59.999 1.348
1l 2 W 60.010 9.694
skutt} & H Q7] 59.590 14.121
=127 59.999 2.002

i
o2,

gubek sh AmAY SAWEE BAT SPPHoR Sgstgov]
bt 59 AEMAN Z4
(A/m)E HelFa gk

suleh seo] widukelA] 7k Eedo] Hujali: Aewe 700 kWolu] 3}

»

o
i)

HAF94= 60Hz thgellA 71 e

wale] ARl Zh Foe] Ruhshs A e 400 kwolth, mheby] B
Aol w sl A AT A Abolsh WA A 2t Fedo] gujE A

gatolst Qla] AATGE Aol shukk 7 AmAeA A @&

(1.32 A/m)ell BlsfiA oF 7.2v 2 969 A/m=E 54 HAvh =3 w7
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