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A Study on Maintenance of Distribution Voltage
by Management Improvement of Substation Bus Voltage

Se-Ho Kim*, and Jung-Hyun Lee**

ABSTRACT

This paper proposes the method maintaining the distribution voltage within specified limits by the
management improvement of substation bus voltage. It is common to install OLTC(On Load Tap changer)
equipped with AVR(Automatic Voltage Regulator) and DVM(Digital Volt Meter) at the distribution
substation to regulate load voltage against the variation of load demand. The present method of voltage
regulation has the possibility to lead to overvoltage or under-voltage because of not considering heavy or light
condition of load. In proposed voltage regulation method. load patterns are classified into three categories(peak.
normal and light load) and three DVMs are paralleled. The results shows that the voltage profile is improved.

Key Words : OLTC(On Load Tap changer), AVR(Automatic Voltage Regulator). DVM(Digital
Volt Meter), Substation Bus Voltage. Voltage Regulation
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Table 1. Influence of Voltage Variation
Consumption
Division Life Power
(77
Incande- Voi)tv;?/o 70% short | 15% increase
Seent T e 10%
Lamp odt % 1270% increase| 15% increase
own
[
Volt 10% 32% short | 27% increase
Fluores- over
cent under10%
o .
Lamp Vo;t 10% 46% short difficult to
own lamp
0
Ty | Volt 10% N0%increase
over
1-Phase | Volt 10% | power factor | efficiency
Induc- over 3% decrease | 2% decrease
tion Volt 10% | power factor efficiency
Motor down 1% increase | 1% increase

Table 2. Standard Voltage and Permission Error

Standard Voltage | ' PermisSion Error
110V 110V £ 6V
220V 220V + 13V
380V 380V + BV

At ol A7I7I7el wlAle JEL2 Table 13
Zod, HFEFA 71719 45 - & AHsh ¥R
FEgs AFEL ol BPJHY

21 HYFAl 7d

A7NAARS FAALEA AE Table 29 2ol
EZAY dgede WANNA GAHEE sojo}
a0, MALYYR “dAL AYwY AF Y 5%
HAARR 71 F&229kV-1% ~22.9kV+ 4%(22.8kV ~23.7
kVyolwl, wiadzel wace]l w4 %7t AUs
Ars RKVEI%E HEWTED

22 M=y Uy

A AE Agde A2 Fig 13 2ok

Fig. 1o} vbehd vis} o] A 232 wdh W
Ax AL Zoich Folav] AG=PZAE Table
3 EAI8HA T

S/

OLTC pII’
W
L] high low
tension tension
consumer . consumer
T/P Substation Distribution
Fig. 1. Voltage Management System.



Table 3. Voltage Regulation Apparatus
Voitage Regulation | Voltage Regulation
Apparatus " Function

o Generation(Reactive

0] Raise
/P Power Regulation) Set up and down AVR R (OLTC

o No Load Tap Set up and down riding)
Changer (Passiving Operation) o

Site

© On Load Tap Set up and down
Changer (Auto Operation)

5816 Static Condenser to set up

© Shunt Reactor to set down Lower
o No Load Set up and down (OLTC

TapChanger (Passiving Operation) DVM
D/L}o Step Voltage

Regulator
(Partial use)

descent)

Set up and down
(Auto Operation)

W, EMHt

[oh

2t Fig. 2. Parallel Operation Diagram of AVR and DVM
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Fig. 5. Time Switch Diagram with Three DVMs.
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Table 4. Load Data in Jeju Table 5. Voltage Data with One DVM
unit:MW Unit:kv
Div’ DATE Division DATE
10. 6 f 10.7 [10. 8]10. 8]10.17[10.18]10.19}10.20 10. 6 10. 7 10. 8 10.9

TAL 1227912305 | 224.2 1 238.1 | 232.2 | 236.0 | 240.3 | 238.9 1A} 23.25 23.12 23.16 23.34
2A1 ]208.3213.8 2098|2158 | 214.5 ] 215.9 | 218.0 | 219.3 24| 23.36 23.18 23.33 23.44
3A] 1196.0 | 203.7 | 198.6 | 206.2 | 200.4 | 204.0 | 206.0 | 206.8 3A| 23.41 23.39 23.28 23.42
4A] 1188.5 | 194.1 [ 193.0 | 198.6 | 294.8 [ 196.6 | 198.4 | 199.8 4Al 23.44 23.28 23.23 23.40
S5A| J187.0]194.0191.41197.2[193.3 | 195.0 | 198.6 | 196.2 5A| 23.33 23.33 23.28 23.36
6Al 1189.8 ] 196.6 | 193.7 | 201.4 | 195.3 | 198.2 | 202.6 | 199.0 6Al 23.30 23.29 23.25 23.34
TAL ]197.1 [ 203.6 | 201.4 | 210.2 | 202.6 | 205.1 | 209.7 | 206.8 TAl 23.23 23.27 23.20 23.27
8A| 12133 ]2138217.0 | 2238 | 216.2 | 220.2 | 221.0 | 216.7 BA| 23.31 2341 23.29 23.18
9A| 1227312108 228.0|231.2|227.2 | 231.0 | 235.3 | 231.0 9A| 23.29 23.27 23.34 23.26
10A] | 2405 | 218.4 | 244.2 { 243.8 [ 241.2 | 2455 | 243.2 | 239.3 10A] 23.26 23.26 23.25 23.13
1Al | 245.2 { 225.4 | 251.7 | 251.1 | 246.8 | 247.6 | 251.2 | 2499 1Al 23.22 23.24 23.35 23.10
12A] | 246.1 | 227.1 [ 258.2 | 250.5 | 248.4 | 247.4 | 252.0 | 248.4 12A] 23.21 23.21 23.23 23.21
13A) {242.1 [ 2239 249.2 [ 241.8 | 243.4 | 240.2 | 245.8 | 242.2 13A] 23.26 23.33 23.32 23.17
14A1 | 247.3 [ 227.1 | 256.1 | 243.7 | 246.6 | 249.8 | 249.9 | 2516 14Al 23.26 23.23 23.22 23.09
15A] [ 249.2 [ 226.9 | 255.4 [ 243.9 | 248.0 | 244.6 | 248.1 [ 2488 154) 23.33 23.22 23.28 23.09
16A] | 248.6 | 224.9 | 256.9 | 243.8 | 249.3 | 248.2 | 248.6 | 252.2 16A| 23.35 23.24 23.36 23.13
17A1 | 247.7 [ 225.8 [ 257.0 | 241.5 [ 249.2 | 250.6 | 248.9 | 253.2 17A] 23.34 23.26 23.35 23.14
18A1 §250.1 | 234.5 | 260.3 | 250.6 ] 251.7 | 258.8 | 255.4 | 259.6 18A] 23.31 23.18 23.25 23.09
19A] 1 2744 | 257.8 | 283.2 | 275.0 [ 268.7 | 287.7 | 283.7 | 281.7 19A] 23.12 23.06 23.21 23.44
20A1 | 284.0 | 268.0 | 291.4 | 283.8 | 287.1 | 288.3 { 288.3 | 284.1 20A] 23.30 23.31 23.42 23.52
21A) 12796 | 262.6 | 287.9 | 273.2 [ 280.9 | 282.1 | 2798 | 277.7 21A) 23.34 23.43 23.39 23.50
22A1 12679 256.5 | 278.1 | 263.2 | 274.5 | 272.7 | 2706 | 269.5 224 2341 23.42 2341 23.33
23A1 1269.0 | 260.7 | 275.0 | 265.4 | 277.5 ] 269.7 | 273.2 | 271.6 23A1 23.45 23.46 23.41 23.34
24A1 12474 | 243.7 [ 2545 ] 249.6 | 258.1 | 256.4 | 257.6 | 239.0 24A| 23.41 23.39 23.40 23.32
ki)

00
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Table 6. Voltage Data with Three DVM

Unit: kv
Division DATE
10.17 10.18 10.19 10.20
1A] 22.99 22.93 22.85 22.90
2A] 23.02 2291 22.85 22.84
3A| 23.05 22.96 22.93 22.83
4A| 23.05 22.99 22.85 22.85
5A] 22.88 22.89 22.93 22.84
BAl 23.08 22.99 22.88 23.03
TA| 23.06 22.96 22.93 23.08
BA| 23.10 23.26 23.05 23.25
9Al 23.01 23.22 23.01 23.09
10A{ 23.25 23.12 23.10 23.16
11A} 22.97 23.03 23.03 23.07
12A] 22.95 23.02 23.02 23.07
13A] 23.20 23.10 23.12 23.15
14A] 23.04 22.98 23.02 23.15
15A| 23.M 23.10 23.03 23.18
16A] 23.09 23.19 23.05 23.17
17A] 23.11 23.28 23.07 23.03
18A| 23.16 23.13 23.02 22.94
19A] 23.25 23.32 23.12 23.38
20A! 23.37 23.37 23.07 23.33
21A| 23.37 23.35 23.03 23.25
22A1 2242 23.33 22.93 23.36
23A 22.97 22.91 22.89 22.91
24A| 22.95 22.94 22.48 22.91
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Voltage Profile with Three DVMs.
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