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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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Table 2-1 Contact resistance of barely conducting switch

HAT : [(mQ]
B E A L1 #H N #H Lo #H
1[=H 6.43 46.23 327.21
2 [F]H 6.26 64.85 111.40
3\l H 5.42 40.58 31.34
Phase-R Phase-S(N) Phase- T Phase-R Phase- T
200V 200V
100V 100V
f?]iéjiitrj r?]ikitrj
o | Do Uk M LD Y
e \ \
switch o o o ‘ ‘ o o ‘
L_dl _d] jjgf‘ ) 4,4,L]4J
67V _ | 133V
500 100Q 500 100 Q
Fridge Television Fridge  Television
Over \oltage!

2-3  PERRE AR RIS K D@ E O

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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Table 2-2 Contact resistance standard deviation at open and closed
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#2-3 1HEMNCAE SR Y 2 — L3
Table 2-3 Joule heat of contact point produced at a week

BANZ : [kdJ]

L1 A N4 Lo

— X FE B P AR 4.99 3.04 0.47

HEAETERREPAZAQ0 #5)) | 70.44 3.62 58.28
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Fig.2-8 Example of load current of residential customer
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Fig.2-9 Example of load current of apartment
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Fig.3-1 Detection circuit by ultrasonic wave
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Fig.3-3 Ultrasonic wave application and contact resistance
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Fig.3-4 Voltage waveform at application of ultrasonic wave
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Table 3-1 Detection procedure
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Fig.3-5  Experiment circuit
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Table 3-2  Specification of measuring instrument

Z4 PR -V R G (-
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# 3-3 T/ BARASEEE SRR

Table 3-3 Specifications of a model contact

ZZ i/ M B A AX[mm]
e HEe Bemifk ¢ 4.5
Al E b7 D ATFER | 40X6X(0.25X2)
[ o Bk 1 il 30X 6X1.2
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Fig.3-6 Model contact
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Fig.3-7 Application of ultrasonic wave and terminal voltage value
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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
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Fig.3-9 Terminal voltage waveform between before and under at application of ultrasonic wave
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Fig.3-13  Experiment scenery
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Table 3-5 Specification of used switches
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30A0 30 A 2.9 A f
30A®@ 30 A 7.0 B
30A® 30 A 7.2 C
30A@ 30 B 11.3 D #t
60AD 60 B 10.6 C
60A@ 60 B 4.9 Bt
100A 100 B 7.5 Bt
200A 200 B 19.1 B #t:
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commercial switches
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Table 4-2 Load conditions
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Fig. 4-4 Example of diode end voltage waveform at neutral line current 1,=0, 1, 5, and 30 A
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Table 4-3 Resistance in which rectangular wave-like voltage began to appear
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Fig. 4-5 Neutral line current and detectable contact resistance
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Fig. 4-6 Detection used residual current operated circuit breaker
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Fig. 4-7 Example of waveform immediately after closing of earth leakage breaker
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Fig.4-8 Wave example on applied ultrasonic wave
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Fig. 4-9 Effect of abnormal voltage protection to load apparatus

ZOXIICARBREDT 3T ZARETHMAGEANEZMARZE Z 9 &, ATk
(CHREBELAMISE BN D DN, ¥ A A4 — FRIREE ORI L W Z 0 REELED
FIMEREEIZP T E %,
4.5.3 HHERRBRENSFEESEDLER
B SNIC—RFEITIT, RRBRROIZ X0 PSR R AR RGBT & IR e 25 23 AT B 4
T D, Z OHEWTERIFHAE 3 BRaXElEE o R D il R B 2l 2 L AfrsaR (it I (135V)

DHIME NS &, BEICERT 2R TH 5,

Z 2T, HERR AR FEAT S IR A R R T D & A A — NG A & Bt o B A
BEFVINRAE A IE U, & DA ZMEZ BREE L 72, MEEIER 4-3 O FEBREIFKICIBVNT,
Afif Ln, Le% 400W & 250W O 3T o ZARREE L, PMEMREAEEE L o7z, X
4-10 [ZHGERE R 273, FIKI(@) D & A A — RERHRIE]EE 23 8 H PSR A PREE T & TR AR T
T, AP DIBELEM I, £ T 0.3 U LEENY, £ ORAMH Vien (ZI3HK 172V

A~ DIt

57



o D o i
S 100 N PRI
£ o CHm R g o
> o0 —AHHHEHEHREHEE——— ™ -0
-300 | ‘ | | ‘ -300
0 0.1 0.2 0.3 04 0.5 0 0.1 0.2 0.3 04 0.5
Time [s] Time [s]
(a) & A A — Rl R4 L (b) & A A4 — FFEIRA

4-10 PR RABPRGERT S IR ZR U T 72 A 02 R
Fig. 4-10 Comparison of residual current operated circuit breaker with neutral line

protected

OWMBENEIN S NIz, —F, BETDHXA 4 — NGRS 2 BT 5 &, il 6k
F T 0.05 B ERL, DOAMMOEEIX Vi, Vien 152 100V TH - 72,

ZOERINTHA A — FERFREIR I, AR R A2 UIREER 2RSS 5 £ TOM
b, AMEERICEIINES NS REELEZI A 100V ICHERFT 2 Z &N TE D,

4.6 HERESAA—FERERZHEE-ERTIREN

4.6.1 WFEDFTE

BHPARREE OIS BICIE, 3 2 B IRz X 5 ([CHMMIRPTEAME < 7 2 2 — Clds A
TERWED UTEB L TWOHHEMARREER &, BAFASREER ICRET LN EER ED
BERARRNH D, I TH 3 BIZBWT, ¥ UTHEML TV D8R BB 28 5T
T2 FEZREL, TORIMEELBEELTZ, LoaL, MERAMH LZFETIEE T A
UL E OB EER O - PR R O S A R OREIINEE TH o 7c, ZDOTDAE
TiX, BHPASEREERZ OBMAR R Z 7 A 4 — NI CTHRIET 2 FEZREL, Z0%E
AMZBRIE LT, ZDOXA A — NG RER Z AW itiE, ¥4 4 — NofafmEErRtEs
R U CTHfAR BRI 24T 5 D72, il Re 22 i iREUE I T BRI A S5 03,
B+ AL OB RERTHRBIIATRETH D, LavL, 5 U CHEL TV DR B
ROBHEITEE LV, —F, ¥4 4 — FERREE IS A R E > TRAET 2 BREEEDR
Iz G5 2 HRE & OfdRE > T 5,

58



F4-4 BEIEE XA A — NGRSO 2L

Table 4-4 Evaluation of ultrasonic wave and diode commutation circuit method
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Table 4-5 Detection procedure in case of mold case circuit breaker
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Table 4-6 Detection procedure in case of residual current operated circuit breaker
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Table 5-1  Specification of measuring instrument
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Fig.5-3
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