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Abstract

A low voltage wire should be used considering that a load used in the end is a low voltage. In

regard to these wires, there are needs for research about the wire thickness calculation in accordance
with IEC standard because the standardization process for IEC (KS standard) was completed on June
30, 2006, and they stopped producing NEC-standard products by the order from Korean Agency for
Technology and Standards under Ministry of Knowledge Economy (former Ministry of Commerce,

Industry and Energy) since July 1, 2006.

This study compared, in terms of the thickness calculation of low voltage wire, a reduction factor

application by IEC standard about allowed current and an application for calculation of voltage drop. It
also proposed the formula for IEC standard to decrease errors and resolve the difficulty of standardized
calculation by analyzing the difference between simplified formula and standardized formula that are

the most frequently used calculation method of voltage drop.
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Table 1. Voltage Drop When Exceeding 60[m]of
Wire Length
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Fig. 1. Equivalent Circuit of Voltage Drop
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Table 5. AC Impedance Value opposed to Direct

# 3 K9l A= Current Resistance about Maximum
Table 3. Factor of K, Temperature of IEC standardized
T W A T A T wire(20[C))
Wt 24 9 A RF 2414 2 X AFA | g d9dA60HzQ/km-20C]
3% 342 V3 AXA | [2-20T] R X Z cosf
o 344 9 34 4402 1 1.5[m] 12.1 12.1000 | 0.1361 | 12.1008 | 0.9999

2.5[mr] 741 74100 | 01284 | 74111 | 0.9998
] 461 46100 | 01215 | 46116 | 0.9997
6Lnr] 3.08 3.0300 | 01165 | 3.0822 | 0.9993

7] v wFI RS i d EAA S 25 10[mr] 1.83 18300 | 01109 | 1.8334 | 09982
Ao w9 ET 2RI uet A5 AR = 16[mi] L15 | 11500 | 01082 | 1.1551 | 0.9956
i - - 5[] 0727 | 07270 | 01911 | 07517 | 09671
TR RE EAlEt . 9lom #ktst AlXE 7lo]ale
j}o} o] ﬂ;_loh plert Axrdst A & Sl | 0524 | 05245 | 01856 | 05564 | 0.9427
3 35 A&3H15] 50[mr] 0387 | 03375 | 0.1847 | 04292 | 09027
0[] 0268 | 0268 | 0.1801 | 03234 | 0.8307
B4 NOZIS U MAL CHHE AR 95{mr] 0193 | 01937 | 0.1773 | 02626 | 0.7377
Table 4. Formula of Voltage Drop and Wire 120[mr] 0.153 0.1540 | 01757 | 0.2336 | 0.6090
Thickness 150[m] 0124 | 01252 | 0.1761 | 02161 | 0579
- 18650m] | 00991 | 0.1006 | 0.1749 | 0.2018 | 0.4987
] A ur A J oL 713 q oW A
A7l g A ZLS; o C T M0 | 00754 | 00774 | 01742 | 0.1906 | 04062
F oA W AE 94 — —
WY 204 R AR MY | e= e | 5= 300im] | 00601 | 00626 | 01720 | 01830 | 03420
24 384 o 30801 | o 30801 B _ _ _
10005 1000¢ E 6 IEC 7% 219 Friesof ofet ARASiiH|
WS, AT A S rse | o 1780 WF HEHALOT)
34 4R A 10005 1000e Table 6. AC Impedance Value opposed to Direct

Current Resistance about Maximum

Temperature of IEC standardized
ZF A wire(Q[C))

: /XHg AFAT | wF 93P 2[60H[Q/km-90T]
g%l =1o] ST, AaFA| [o-w0c1| R X 7 | cos
5] | 121 | 154287 | 01361 | 154203 | 10000
25

Sl 741 9.4485 | 01284 | 94494 | 0.9999

2.3 I[EC T#&#id NEC w32 TAAHLO

= a1 AO x4 Alnr] 461 | 58782 | 01215 | 5879 | 0.9998
s R 6[m] 3.08 39273 | 01165 | 39290 | 0.999%

10[mr] 183 | 23334 | 01109 | 23361 | 0.9989

Alo|Eo] HZAFe F7)41] 7|SAL =i 16[mr] 115 | 14664 | 0.1082 | 14704 | 09973
o] o] whe} [XLPE #o]2e] o]k a2 o] 5} 25[mmj] 0727 | 09270 0.19}1 09465 | 09794
T F 47 IR0} NEC 720 12 deAse 35(mi] 0524 | 06682 | 0.1856 | 06934 | 0.9635
AT I = = L 50[mr] 0337 | 04940 | 0.1847 | 05274 | 09367
Akel Az gro g AolEe] g4 wel debA|= 70[mr] 0268 | 03422 | 01801 | 0.387 | 0.8849
AzA%2 Behth26]. vae 95k IBC 714 95[m] 0193 | 02467 | 0.1773 | 03038 | 0.8121
= . N 120fm] | 0153 | 01938 | 0.1757 | 02631 | 0.7443
o NEE Fﬁ WS HERer 354, 35 [EC 7+ 150m] | 0024 | 01591 | 0.1761 | 0.2373 | 0.6704
°|™, 3 6, 3 7> NEC 74l mhz A=A Arbd 1850m] | 0091 | 01276 | 0.1749 | 02165 | 0.58%

B2 el Rold.
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X3 AFAT | 1f{ 9E260H)[Q/km-90T]
A [Q-20T] R X Z cosf
240(mr] 0.074 0.0978 | 01742 | 01997 | 0.48%4
300[mr ] 0.0601 0.078 | 01720 | 01891 | 0.4158

Erd 7. NEC 7t ZtMo| =|cH=20f CHst
AFXNEH| 17 Am|HAZH20[TC])

Table 7. AC Impedance Value opposed to Direct
Current Resistance about Maximum
Temperature of NEC standardized

wire(20[C])
XWg AFAY | wF 92 [60Hz)[Q/km-20C]
AdatAs | [Q-20T] R X Z cosd
2.0[mr ] 9.42 9.42 02075 | 9.4222 0.99
3.5(mr] 53 5.3 01995 | 5.3036 0.99
5.5(mr] 34 34 01899 | 3.4053 0.99
8[mn] 2.34 2.34 0184 | 2.3473 0.99
14[mr] 1.34 1.34 01752 | 1.3514 0.99
22[mr] 0.849 0849 | 01721 | 0.8662 098
38[mr] 0.491 0.4915 | 0.1639 | 05181 094
60[mr] 0.311 0.3114 | 01618 | 0.3509 0.88
100(mr ] 0.187 0.1877 | 01618 | 0.2478 0.75
150[mn] 0.124 0.1252 | 01571 | 0.2009 0.62
200(mr ] 0.0933 0.0949 | 01582 | 0.1845 051
250(mr] 0.0754 0.0774 | 01552 | 0.173H 0.44
325(mr] 0.0579 0.0605 | 0.1538 | 0.1653 0.36
T 8. NEC 14 7}/\1o| 7<||:|'| ZOf CHEt
AFX S| W7 Ao|HAZHOT)

Table 8. AC Impedance Value opposed to Direct
Current Resistance about Maximum
Temperature of NEC standardized

wire(90[C))
XA AFAY | wF I 2[60H2)[Q/km-90C]
FARARTA [Q-20C] R X / cosf
2.0[mr] 942 12011 | 02075 | 12013 | 099
3.5(mr] 53 6.7580 | 0109 | 6.7589 | 0.99
5.50mr] 34 43353 | 0109 | 43367 | 099
8lmr] 2.34 29837 | 01059 | 29856 | 0.99
14{mr] 1.34 17086 | 00993 | 17115 | 099
22 mn] 0849 | 1.0825 | 00984 | 1.0870 | 099
38[mn] 0491 | 06260 | 00925 | 06328 | 098
60[mr] 0311 | 03976 | 00921 | 04082 | 097
100[mn] 0187 | 02397 | 00928 | 02570 | 093
150(mn] 0124 | 01602 | 0.0892 | 01834 | 087
zH - A7)Aneks) =4 A243 A123, 2010 129
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X AFAT | wf 9" A[60H)[Q/km-90TC]
AXTFA | [Q-20C] R X 7 cosf
200[m’] 0.0933 0.1215 | 0.0905 | 0.1516 | 0.80
250(m’] 0.074 0.09% | 00887 | 0.1334 0.74
325(mi] 0.05679 0.0783 | 0.0867 | 0.1169 0.67
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Table 9. Result Table of AC conductor Effective

Resistance Calculation
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Table 10. Values of S, Zy, Hocymo

A A (] Zeno Heemo)

15 15.4294 23.144
2.5 9.4494 23.623
4 5.8794 23.517
6 3.9290 23.574
10 2.3361 23.361
16 1.4702 23.523
25 0.9683 24.207
35 0.6755 23.712
50 0.5043 25.215
70 0.3558 24.906
95 0.2643 25.108
120 0.2170 26.040
150 0.1850 27.750
185 0.1584 29.304
240 0.1350 32.400
300 0.1205 36.150
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Fig. 6. Graphs of Quardratic Fit
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Table 11. Error Analysis of Each Formula by IEC
wire Standard
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250046 | 50
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(] o] 3
9 0.49657 1.84887 | 50[mir]o]’d
10 0.49569 1.84893 | 50[mir]el’d
11 0.31418 1.14488 | 50[mrf]e]d | AA
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Table 12. Comparison Chart of Standardized,
Simplified, Research-type Voltage Drop

Calculation

mes| agag | T SR o e | sa

o/ [;f/f{m [g/m | oA | A

wiN | 00 | g | o | @ | @ | @
15[ 121 1185439 JENVACA) B4 1778 AR

25(m] T4 71129 943305 262 1778 238

4m] 461 444560 580560 AR 1778 28

6lm] 308 296373 393044 257 1778 PAB

10[mn] 183 17784 23086 236 1778 2358

16[mm] L15 L1140 147391 AR 1778 238

pa kil 0721 0.71130 094331 UN 1778 238

3lm] (524 050807 067379 AN 1778 AR

0[] 0.387 0.35565 0.493% pay/) 1778 470

T0(m] 0.268 0.20403 03814 291 1778 ANl

95(m] 0193 0.18718 0.27028 Hll 1778 D8

120(nr] 0.153 (.14819 022034 2604 1778 64
150(nr] 0124 0.1185% (18378 NG 1778 257
185mm] 0,091 009612 (.14686 2930 1778 2117
240[m] 0,074 0.07409 0.13464 240 1778 3231
300[m] 0.0601 005928 0.12206 %15 1778 3662

[B17] A5 3xtElolA SISt 2

2.5 A7

2 =Rl HAT ATHE Aol d4) A4
Fo @yl AWYHE Ak T AW
o AL, 7ol S AR ANE Fdto] T %
SR ELTE

2 HUHH bl & 2l S ol2EH(va)
(Fot8) a | 4 | et [22xa
LMW-501A 3 4 380/220 174,000 135,720
LM-501B 3 4 SE0/220 240,000 146,400
LMW-502A 3 4 3807220 167,000 130,260
LW-502B 3 4 380,220 240,000 146,400
LM-503 3 4 3307220 204,000 134,640
LMW-504A 3 4 330220 252,000 166,320
LM-504B 3 4 380/220 234,000 154,440
LM-505 3 4 3307220 300,500 165,275
LM-510 3 4 380/220 293,500 161,425
LM-506A 3 4 3607220 254,000 154,940
LMW-506B 3 4 3807220 174,000 135,720
LW-507 3 4 380/220 428,000 222,560
LM-508 3 4 3307220 414,000 215,280
LW-509 3 4 330220 413,000 218,890
LW-511 3 4 380/220 279,500 162,110

33 7. FotAIMA
Fig. 7. Load Statement

17 Bow olFol4 lar A714 Aghutel A 7}
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E 13 4 S MYIENRIe e
Table 13. Distance from Each Building to Electricity
Room
& A2 [m]
1 248
2 293
3 314
4 235
5 202
6 249
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& 71 [m]
7 179
8 48
9 110
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11 243
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P P 20400

K,V V3.V /3-+3%0

E 1S ol g3l %
A7, drder 77

= =309.95[4] (17)

AJ7ds) e[ VIE ro|AlAke], A
Fahe ofe)sl e,

K,+I+L 178 «309.95 « 314

ZFol 2 = = =1.
e(IH) =~ 0004 1000 « 240 722V}
(1)
e(H2) = Freel T2 19 A4 =13.14[ V] (19)
K, +I+L 3231 «309.95 « 314
o] v = =
( a4 = 1000 « A4 1000 « 240 =13 10“/1 (20)

At FeeR dehw golAude A$
3.28[%], A2AIA e] -5 5.97[%], 5.9B[%]= et
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2 4 sk

1~1159] AY73ers Axkste] wshd ¥ 133
7L1:1r_ xqu-ﬂo} /n ] % ]_ }0% 71”;\].3L 7ﬂo
]t AaHE{oc]oll A Thol 2ol nlste] Alo]E-o] T
Aol we} Hdf 3[9%¢]ol] o]2= eaHE Btk 2oy

m

ol Al
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%1 - A7) = A A2438 A1235, 2010 129

o~
of,
N
juisd
ol
ot
e
=
rdo
oY,
1
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A4S A gstel ANYE wel= Al LA of
05196191 ka7 Liebeteh. e 7ol 42 Abgahe
LA 25 A9743 S 8u9le] LEaAT 427

S S AN 1) 5 FAN B
WA BEro] Hebgst 518

" 14. ZF AMEAlof mE Metzkot Aot Aotz
Table 14. Result Chart of Voltage Drop by Each
Calculation Method

o (@] ] e | 44 | e
s | g2 (7| 7 lagnas|agras|agaee

vl (| M g | g | e
1 | 174000 | 248 | 264.37 354 551 548
2 | 167,000 | 293 | 253.73 3.25 5.35 496
3 | 204,000 | 314 | 309.95 3.28 5.97 596
4 | 252,000 | 235 | 382.87 394 6.48 6.01
5 | 300,500 | 202 | 456.56 403 6.64 6.16
6 | 293500 | 200 |445.93 390 6.42 59
7 | 254,000 | 249 | 38591 420 6.92 6.41
8 | 428,000 | 179 | 650.28 392 7.14 712
9 | 414,000 | 48 |629.01 1.32 217 2.02
10 | 413,000 | 110 | 627.49 3.02 497 461
11 | 279500 | 243 | 424.66 451 743 6.89
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