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Fig.1-1 A lot of dirt adhering to contact point
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Fig.1-2 Application of abnormal voltage to load apparatus by poor contact
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Fig.1-3 Transformer and static capacity installed in power receiving equipment
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(1)

2-1

3 L1-N

N-L2

2-2

(2)

2-1

Fig.2-1 A lot of dusts inside switch at poor contact
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2-2

Fig.2-2 Rusty state of neutral line
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2-1

Table 2-1 Contact resistance of barely conducting switch

[m ]

L1 N L2

1 6.43 46.23 327.21

2 6.26 64.85 111.40

3 5.42 40.58 31.34

(1) 3

3

2-3

100V

200V

100V 100V

50 100

67V

Fridge Television

Phase-R Phase-S(N) Phase-T

low

voltage

switch

200V

50 100

Over Voltage!

133V

Phase-R Phase-T

Fridge Television

2-3

Fig.2-3 Application of over voltage by poor contact
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Fig.2-4 Number by switch for investigation
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Fig.2-5 Investigation scenery
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(a) (54 )

(b) 1 (32 )

(c) 5 (22 )

2-6 (54 )

Fig.2-6 Contact resistance at open and closed operate
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2-2

Table 2-2 Contact resistance standard deviation at open and closed

L1 N L2

0.00210 0.00202 0.00228
1 (32 )

0.02731 0.00220 0.00123

0.00141 0.00121 0.00111
5 (22 )

0.00179 0.00185 0.00132

(2)

2-6(b) 1 (c) 5

2-2 1 5

1 L1

5

(1)

54 43 ( 80%) 5A

2-7 5A 11 L1

N L2 L1-N N-L2

1

2-8 L1-N

100V
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2-8

2-9 1

( ) L1 L2

(3)

2-8 2-9

2-3 L1 N

L1 L2

N 3.62kJ 20 1

2-2

2-7 (11 /5A )

Fig.2-7 Load current of before operating switches
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2-3 1

Table 2-3 Joule heat of contact point produced at a week

[kJ]

L1 N L2

4.99 3.04 0.47

(10 ) 70.44 3.62 58.28
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(b) N

(c) L2

2-8

Fig.2-8 Example of load current of residential customer

1 6
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Fig.2-9 Example of load current of apartment

1 6
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3-1 3-2 R1

S1 T1

3
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T
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Phase-R Phase-S Phase-T

(Neutral Line)

2 2 2

Ultrasonic
wave

Voltage

Current
Oscillo

scope

Low

voltage

switch

1 1 1

3-1

Fig.3-1 Detection circuit by ultrasonic wave
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3-2

Fig.3-2 Detection situation

3-3

Fig.3-3 Ultrasonic wave application and contact resistance

Phase-R(Normal Contact)

Phase-T(Poor Contact)

Ultrasonic wave Power

Voltage

Current
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1.5mV 1.9mV

2.1mV 56.3mV

3-4

Fig.3-4 Voltage waveform at application of ultrasonic wave

(2)

3-1
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(1)

3-5 5A 3-2

100V ( )

3-1

Table 3-1 Detection procedure

1

2

3

4

Load
Loadcell

F.S.

Amp.

Ultrasonic
wave

Rregulator
Isolation

Resistor

100V
PoorSwitch
contact

Tr.
60Hz

3-5

Fig.3-5 Experiment circuit
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5A
(2) 5A

(F.S.) 28kHz (Amp.)

30N

W

(2)

3-3 3-6

30A

3

3N 6N

3-2

Table 3-2 Specification of measuring instrument

(F.S.) 1946 2ch 0-15MHz

(Amp.) 4520 4521 2.5kVA 33.3A

150W 28kHz 5.8mm

MRD-20N 0-20N DS-3100

WE7111 4ch 100MS/s

ST-500A 120V 500VA

RSA-5 100V 500VA

3-3

Table 3-3 Specifications of a model contact

[mm]

4.5

40 6 (0.25 2)

30 6 1.2
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(3)

3-4

20 30

100mV

0.1A (3)-(5)

3-6

Fig.3-6 Model contact

3-4

Table 3-4 Samples of making poor contact

24 m

10 m
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(1)

3-7

5

(a) 4W

6mV (b)

20 60mV (c) 1A

1.9W 4 V 5A 4W

(b)

5A 3-8

0.5A 83m 5A 3m
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(a)

(b)

(c)

3-7

Fig.3-7 Application of ultrasonic wave and terminal voltage value
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(2)

3-9

1A 5A

4W

(28kHz)

W

60Hz

5A 60Hz

1A 60Hz

146mW

W

5A 4W 60Hz

3-8

Fig.3-8 Application of ultrasonic wave and contact resistance in case of dried grass
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Vertical axis Voltage [V], Horizontal axis Time [s]

Current 1A Current 5A

before application under application before application under application

3.67W 3.68W

166mW 244mW

11mW 161mW

72mW 292mW

146mW 4.01W

3-9

Fig.3-9 Terminal voltage waveform between before and under at application of ultrasonic wave

Current
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(1)

3-5 10

20 30A 30A

3.3.1

(2)

3-11

5 (a) 30A

(b) 3.3.2 5A

5A 2

10A 1.29

1.5

0.96 20A 0.9 30A

3-10

Fig.3-10 Poor contact states and ultrasonic wave output power
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1.06

(a)

(b)

3-11 30A

Fig.3-11 Increase of terminal voltage in case of 30A
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3-12

Fig.3-12 Experiment circuit in commercial switch

(1)

3-12

3-13

28kHz (Amp.)

30N
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(2)

2.3 30 60A 8

3-5 3-14

A B 2 A 30A

B

R

3-13

Fig.3-13 Experiment scenery

3-5

Table 3-5 Specification of used switches

[A] R [N]

30A 30 A 2.9 A

30A 30 A 7.0 B

30A 30 A 7.2 C

30A 30 B 11.3 D

60A 60 B 10.6 C

60A 60 B 4.9 B

100A 100 B 7.5 B

200A 200 B 19.1 B
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3-4 3

20

30 mV

(3)

0.1A

10W

5

0.1A

(1)

3-15 5

(a) 10W

(b)(c)(d)

20mV

110mV

2.9 19.1N 8

20N 200A

(a) A (b) B

3-14

Fig.3-14 Structure of copper plate
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(c)

(d)

3-15

Fig.3-15 Application of ultrasonic wave and terminal voltage value in case of

commercial switches
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(2)

3-16

(a) (b) (c)
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(a)

(b)

(c)

3-16

Fig.3-16 Switch capacity and ultrasonic wave power
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(1)

4-1(a) (b)

m Vn Vs

4-2(a)

m Vn Vs (b)

Vn

(2)

4-1

Vn

I

×
Vs 0.9V Oscilloscope

Diode Commutation
Circuit

(a) (b)

4-1

Fig.4-1 Detection circuit by diode commutation circuit
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(1)

100/200V 4-3

3 (N )

100V 30A(30A

4-1

Table 4-1 Detection procedure

1

2

3

4

(a) (b)

4-2

Fig.4-2 Voltage waveform of diode end
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VS 0.9V) 4-1(b)

0 2 Rn

(2)

L1 L2 4-2

In 0 30A In Rn

Rn=0 In In

(2) IL1 IL2 1A

5A 20A 3kW

In 0 30A

4-2 In Rn 0 2 ( )

VL1-N VL2-N Vn

Diode Commutation
Circuit

1 3W

100/200V

VL1-N VL2-N

Vn

Nichrome wire

Rn 0~2

× × ×

L1 N L2

In

L1 L2

OscilloscopeVs 0.9V

4-3

Fig.4-3 Experimental circuit by diode commutation circuit
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(1)

4-4 In 0 1 5 30A Rn 0 0.1 1

Vn 0.025 Rn

0 (a) In 5 30A

Vn ( 10m )

0.29V Rn 0.1 Vn (b) In 1 5A

30A 0.99V

Rn 1 (c) In 1A

0.56V 5A 30A

1.1V

3kW

(2)

Vn (=Rn In) VS

In Rn

In Rn 4-3

In Rn

4-2

Table 4-2 Load conditions

In[A](Rn=0 )
L1 [kW] L2 [kW]

0 1.65 1.65

1 3.00 2.90

2 2.80 2.60

5 2.80 2.30

10 3.00 2.00

30 3.40 0.40
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In=0A Rn In 1A 1.0

5 30A Rn 0.2 0.035 m

Rn

m

0.01

20A In 1A

In 1 30A Rn 4-5

In=1A 1

(a)Rn=0 (b) Rn=0.1 (c) Rn=1

4-4 In 0 1 5 30A Vn

Fig. 4-4 Example of diode end voltage waveform at neutral line current In=0, 1, 5, and 30 A
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In 30A

0.035 In 1A

Vn Vs

VL1-N VL2-N 101 6V

4-6

4-5

Fig. 4-5 Neutral line current and detectable contact resistance

4-3

Table 4-3 Resistance in which rectangular wave-like voltage began to appear

In[A] 0 1 2 5 10 30

Rn[ ] --- 1.0 0.5 0.2 0.07 0.035
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CT(Residual Current Transformer) CT 3

CT

4-3

3P30A 30mA 0.1

In=1A 1

0.035 (In=30A)

4-7

L1 N L2

Residual CT

Diode Commutation

Circuit

In

4-6

Fig. 4-6 Detection used residual current operated circuit breaker
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(a) Vn (b) Id

4-7 (In 5A Rn=1 )

Fig. 4-7 Example of waveform immediately after closing of earth leakage breaker

(a) (b)

A 3

In=1A 1

0.035
(3)

CT
(4)-(5)

4-8

(a) (b) (c)

T

100W

T 0.034

Vd 0.043 0.5V

Vs

30mA 1 (0.0167 )
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0.034

0.043

Vs

0.056

Vd=0V

(a) Vd

0.043

Vd Id (

CT 30mA

)

0.056

Id=0A

(b) Id

Io=1Arms

0.054 Io

3.04A( +

)

0.056

Io=0A

(c) Io

4-8

Fig.4-8 Wave example on applied ultrasonic wave

1A
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CT

3

3

3 (N ) Rn

In

( )

( )

N (Rn

In) Vs ( Vs 0.9V)

Vs

101 6V

4-3 Rn 0 2

VL1-N VL2-N

4-9

( In=1A) (a)

Rn 2 VL1-N VL2-N 101V

100V 104V In 5 30A

(b) (c) Rn VL2-N

Vn(Rn )

1V (b) (c) In VL1-N VL2-N

101 6V
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(7)

3 (135V)

4-3

L1 L2 400W 250W

4-10 (a)

0.3 VL2-N 172V

Without diode commutation circuit

With diode commutation circuit

(a) In=1A (b) In=5A (c) In=30A

4-9

Fig. 4-9 Effect of abnormal voltage protection to load apparatus
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0.05 VL1-N VL2-N 100V

100V

2

3

A

A

(a) (b)

4-10

Fig. 4-10 Comparison of residual current operated circuit breaker with neutral line

protected
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4-4

4-5 4-11

4-6 4-12

CT

4-4

Table 4-4 Evaluation of ultrasonic wave and diode commutation circuit method

A

A
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4-5

Table 4-5 Detection procedure in case of mold case circuit breaker

1 0 10W

2 VD Vs(0.9V)

3

4-6

Table 4-6 Detection procedure in case of residual current operated circuit breaker

1 0 10W

2

CT

3 VD VS (0.9V)

4
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1

2
VD

VD Vs

3

VD Vs

4-11

Fig.4-11 Detection flow in case of mold case circuit breaker
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CT

1

2

4

VD

VD Vs

3
VD Vs

4-12

Fig.4-12 Detection flow in case of residual current operated circuit breaker
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(1)

5-1 3P30A

(F.S.)

(Amp.) 100V/60Hz 2kVA 60Hz

2 3 5A
(3) 500W

5-1

(2)

5-2

(2.0N m)

1

3

100V

60Hz+ n

Low Voltage Switch

Load
500W

Amp.

F.S.

5-1

Fig.5-1 Harmonics experiment circuit
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5-1

Table 5-1 Specification of measuring instrument

(F.S.) WF1966 2ch,0-50MHz

(Amp.) 4520 2kVA,16.7A

WE7111 4ch,100MS/s

RTD500CN 1 5N m

(1)

5-3

(c)

5-2

Fig.5-2 Appearance of poor contact terminal
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(a)

(b)

(c)

(d)

5-3

Fig.5-3 Waveform of normal contact and poor contact
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(2)

5-4 5-3(c)

2% 2 3

2 5.3% 3 7%

2 3

2 3

(1)

5-1 60Hz 2 3

(a) (b)

5-4

Fig.5-4 Harmonics content of switch terminal
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5.2.1

0 0.01 0.02 0.05 0.1 0.2 0.5 1 2 5 10%

Zn n (5-1)

IL

(0% ) Zn

2

1

j
n

j
nj

n eI
eVeZ (5-1)

(2)

5-5 2 3 2

Z2 3 Z3 (a) Z2

Z2 16

1% 21

21

(b) Z3 21

Z2

IL 2 0.0073A 3

0.0136A

(a) 2 Z2 (b) 3 Z3

5-5

Fig.5-5 Harmonics impedance
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(1) 2 Z2

5-5(a) Z2

Z2 16 21

(a)

I2C I2in

I2in 5-6(a) 3 I2C I2in

2 I2C I2in I2C/I2in

1/2 1/33 I2C Z2 16

1% 21

Load
500W

60Hz

100V

2
I2in

Load
500W

260Hz

100V

2
I2in

I2c

(a) (b)

5-7 Z2

Fig.5-7 Equivalent circuit of Z2

(a) 2 (b) 3

5-6

Fig.5-6 Harmonics current at poor contact
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Z2 5-7 Z2

(a)

(b)

(2) 3 Z3

5-5(b) Z3

I2C
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Z3 3

IL 2 2 3 I3C

IL Z3

I3C Z3

3 5 (4)

3

Z3 Z3

2 Z2

5 Z2

(1)
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(1) SF6

B 111 5 pp.562-569 (1991)

(2)

pp.43-63 (2005)

(3)

Vol.21 No.12 pp.1031-1032 (2001)

(4)

OHM 3 pp.56-58 (2002)
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100/200V

2 5

6,600V

3 1

3 1 85% 95%
(1) Hf PWM (2)-(3)

100 90%
(4) 3 1

(5)

6,000

(APFC)

25
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6-1

Fig.6-1 Ratio of transformer capacity installed in customer

(1)

6,600V

6,000

(2)

6-1 6,000 ( )

90% 500kVA
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(3)

6-2 ( SC/Tr )

(

SC/3 Tr )

100kVA 30%

3 1 SC/Tr SC/3

Tr 100kVA

(1)

6.2.1 6,000

310

( SC SC )

6-2

Fig.6-2 SC ratio versus transformer capacity
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(2)

6-3 6,000

5.2%

1,001kVA 30% 3 1

(3)

SC SC

6-4 6-5

6-4 70%

SC

6-5

6-3

Fig.6-3 Installation rate of APFC versus transformer capacity
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6-4 SC

Fig.6-4 Combination of regulation SC

6-5 SC

Fig.6-5 Ratio of regulation SC on high voltage or low voltage use
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(4)

SC ( SC/3

Tr ) 6-6

SC/3 Tr 201 300kVA 30%

6.2.1 6,000 SC/3 Tr

SC SC 3 1

201 300kVA SC/3 Tr 1 300%

SC/3 Tr 40 110%

SC/3 Tr SC SC

SC SC/3 Tr 10 50% SC 20 60%

SC 3 1

SC 3 1
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(a)

(b)

6-6 SC SC/3 Tr

Fig.6-6 Capacity on regulation/un-regulation SC and ratio of SC/3 Tr for

three-phase transformer
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6

(1)

200kW

500kW

25

1

(2)

2

5

(3)

6-7(a) (PFR) (b)

1 1

1 1

1 1
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(a)

(b)

6-7

Fig.6-7 PFR of high voltage customer
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(4)

P Q

Q ( )

Q P 6-8 25

AM8 PM10

0.79

2 0.9 0.95 (2)-(4)

(1) 85% 95%

3 1

6-8

Fig.6-8 Estimation result of load power factor
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3 1
(5)-(6) (7)

6.3.1

(1)

0.995

1.00 6.3.1

8 P Q

0.995

6-9 SC SC

Fig.6-9 Actual capacity and required capacity of SC
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(2)

6-9 ( SC )

( SC ) SC SC

8 7

5

SC 3

(3)

6-10 SC ( SC/3

Tr ) SC/3 Tr 8 7 30% 5

11%(9 1) 9

1

3

SC/3 Tr 25 50%

6-10 SC

Fig.6-10 Ratio of required capacity versus three-phase transformer
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(4)

3 1 9 1

9 1

( )

(7)

(1)

6-11 6-1

100 300 500kW

0.9 200kvar

L 4km Z 0.313+j0.355 /km(12)

6-11

Fig.6-11 Simple distribution model
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6-1

Table 6-1 Trial calculation conditions

+

1 2 3

500kW 100~500kW 100~500kW

0.9 +0.9 +0.55 0.99 1.0

200kvar 48 240kvar

2,000kW/

1.0

(2)

6-12 (a) 1 2,000kW

0.9 D 350V

0.9 100V

2 (b)

0.9 200kvar 100 300 500kW

500kW 100kW (

) 0.99 0.55

260V 35V 300V

3 (c)

1.0 500 300 100kW

240 145 48kvar 1.0

190V

(3)
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( ) 2 35V

300V( 5V)

1

3
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(a) 2,000kW

(b) ( SC:200kvar )

(c) ( :1.0)

6-12

Fig.6-12 Voltage drop of high-voltage distribution line
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6,000
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