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PowerPower--supplysupply--system andsystem andPowerPower supplysupply system and system and 
frequency frequency 

Tohoku region

Kitahon DC 
interconnection line

Tohoku region
To500-thousand V power transmission line
275-thousand V to 187-thousand V power 
transmission line 

Shin-shinano frequency 
changer substation 

Sakuma frequency 
changer substation 

Anan-Kihoku DC 
main line 
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1.1. Classification ofClassification of1.1. Classification of Classification of 
electrical facilitieselectrical facilities

Electrical facilities for Electrical power suppliers are 
general use

(including houses, stores, etc.)

under obligation to carry out 
periodical inspection and to 
notify the users of the facilities 
f th ltof the results 

Electric safety regulation 
by  the Electricity 

El t i l f iliti f b i U f th f iliti d

Utilities Industry Law

Electrical facilities for business 
use

(including power stations,  
substations, buildings,

Users of the facilities are under 
obligation to have the facilities 
conform to technical standards
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substations, buildings, 
factories, etc.)

22 Electric systemElectric system2.2. Electric system Electric system 
of lowof low--voltagevoltageof lowof low voltagevoltage
electric powerelectric power circuitcircuit
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100100--V wiring method of singleV wiring method of single--100100 V wiring method of singleV wiring method of single
phase 2phase 2--wire systemwire system

This wiring method is used as a power source for small-electric-g p
capacity lighting equipment and power outlets at general households, 
etc.

High-voltage

Low-voltage

100-V relative 
line voltage

g

line voltage

Ｅｂ
Transformer
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Ｅｂ

200200--V/100V/100--V wiring method of singleV wiring method of single--200200 V/100V/100 V wiring method of singleV wiring method of single
phase 3phase 3--wire systemwire system

This wiring method is used as a power source for lighting equipmentThis wiring method is used as a power source for lighting equipment 
and power outlets at offices, general households, etc.

High-voltage Low-voltage

100-V relative 
line voltage

100-V relative 
line voltage

200-V relative 
line voltage

Large load 
capacity (air 
conditioners, 
electromagnetiTransformer

line voltage line voltage
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g
c ranges, etc.)

Transformer



200200--V wiring method of threeV wiring method of three--200200 V wiring method of threeV wiring method of three
phase 3phase 3--wire systemwire system

This wiring method is used as the equipment power source forThis wiring method is used as the equipment power source for 
motors, etc. in factories.

High-voltage Low-voltage

200-V relative200 V relative 
line voltage

200-V relative 200-V relative

Transformer

200 V relative 
line voltage

200 V relative 
line voltage

If t f it i ll th i i i

Transformer
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If a transformer capacity is small, the wiring is 
typically arranged in the form of Y connection.

Other wiring methodsOther wiring methods
The wiring method in which two single-phase transformers whoseThe wiring method in which two single-phase transformers whose 
capacity is different from each other are used
This kind of wiring method is often found in distribution transformers of 
electric power suppliers.

200-V relative 
line voltage

200-V relative 
line voltage

100-V relative 
line voltage line voltage line voltageline voltage

100-V relative 
line voltage

200-V relative 
line voltage
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3. Insulation management  
for low-voltage electric  
power circuitpower circuit 

(1) Regulations concerning( ) g g
insulation management
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Obligations of periodicalObligations of periodical 
inspection 

Ministry of 
Economy, Trade y,

and Industry

Obligation of periodical 

Application for 
registration as a 
registered investigation 
body

inspection
Once every four years

Registered 

Electric power

Subcontracting

Electric power 
suppliers

Registered 
investigation body

Report on result
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Workflow of periodical p
inspection 

Visiting with customer

Inspection ofInspection of
conformity  with the 
technical standards
Checking for any 
defect

Defect is found.

defect

Notification of 

No defect is found. 

Notification of 
inspection result
Notification of 
defect

inspection result

ID card

Give advice on 
electrical safety

Give advice on 
electrical safety
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electrical safety electrical safety

3. Insulation management3. Insulation management 
for low-voltage electric 

i ipower circuit 
(2) Insulation management(2) Insulation management 

by means of an 
insulation resistance 
testertester 

Tuesday, July 20, 2010Tuesday, July 20, 2010 ＡｎＡｎ ＡｎｎｏｕｎｃｅｍｅｎｔＡｎｎｏｕｎｃｅｍｅｎｔ ＤＤocumentocument ｂｙｂｙ TT--ｈｏａｎｈｏａｎ



Regulations concerningRegulations concerningRegulations concerning Regulations concerning 
insulation resistance readinginsulation resistance reading

 Requirements of the technicalRequirements of the technical standards of standards of 
electrical facilitieselectrical facilitieselectrical facilitieselectrical facilities
Electrical circuits must be insulated from the Electrical circuits must be insulated from the 
ground (The rest is omitted )ground (The rest is omitted )ground. (The rest is omitted.)ground. (The rest is omitted.)

 Requirements of the technicalRequirements of the technical standards of standards of 
electrical facilitieselectrical facilitieselectrical facilitieselectrical facilities

An insulation resistance An insulation resistance readingreading must be must be 
equal to or greater than the followingequal to or greater than the followingequal to or greater than the following equal to or greater than the following 
reading:reading:
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A i l ti i t diA i l ti i t di h ll b l th ll b l tAn insulation resistance readingAn insulation resistance reading shall be equal to shall be equal to 
or greater than 0.1 MΩ in the event that the line or greater than 0.1 MΩ in the event that the line 
voltage is 300 V or lower and the voltage to groundvoltage is 300 V or lower and the voltage to groundvoltage is 300 V or lower and the voltage to ground voltage is 300 V or lower and the voltage to ground 
is 150 V or lower.is 150 V or lower.

An insulation resistance 

High-voltage Low-voltage

１００-Ｖ
２００-Ｖ

reading between 
electric wires and 
between electric power 

１００-Ｖ
circuit and ground shall 
be equal to or greater 
than 0.1 MΩ.

Voltage to 
earth

Transformer

Tuesday, July 20, 2010Tuesday, July 20, 2010 1616

１００-Ｖ



A i l ti i t di h ll b l tA i l ti i t di h ll b l tAn insulation resistance reading shall be equal to An insulation resistance reading shall be equal to 
or greater than 0.2 MΩ in the event that the line or greater than 0.2 MΩ in the event that the line 
voltage is 300 V or lower and the voltage tovoltage is 300 V or lower and the voltage tovoltage is 300 V or lower and the voltage to voltage is 300 V or lower and the voltage to 
ground is more than 150 V.ground is more than 150 V.

An insulation resistance 
reading between

High-voltage Low-voltage

２００-Ｖ

reading between 
electric wires and 
between electric power 
circuit and ground shall

２００-Ｖ ２００-Ｖ

circuit and ground shall 
be equal to or greater 
than 0.2 MΩ.

Voltage to 
earth
2００-Ｖ

Transformer
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2００ Ｖ

Measurement of insulation Measurement of insulation 
i b l ii b l iresistance between electric resistance between electric 

power circuit and earthpower circuit and earthpower circuit and earthpower circuit and earth
Advantage : Only pure resistance component can be measured without 

being affected by static capacity, etc. 
Disadvantage: The power supply to an electrical circuit to be

Insulation resistance is calculated based 
on the current passing 

Disadvantage: The power supply to an electrical circuit to be 
measured has to be cut off. 

Application of DC voltage

Ｌｉｎｅ Ｅａｒｔｈ

Insulation
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Insulation 
resistance 

tester



Measurement by means ofMeasurement by means of 
insulation resistance tester 
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InsulationInsulation 
resistance 
tester



3. Insulation management  
for low-voltage electricfor low-voltage electric 
power circuitp

(3) Insulation   
t b fmanagement by means of 

leakage current testerleakage current tester
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Selective utilization of either 
i l ti i t tinsulation resistance measurement 
or leakage current measurement 

Power failure
Measurement of leakage 
current

yes

no 1 mA or less

yes no

Measurement of insulation 
resistance
Measured reading is equal 

Measurement of insulation 
resistance
Measured reading is equal g q

to or more than the 
specified reading.

yesyes nono

g q
to or more than the 
specified reading.

Normal AbnormalNormalAbnormal



Mechanism of leakageMechanism of leakageMechanism of leakage Mechanism of leakage 
current testercurrent tester
Zero phase-seaquence
Current

Advantage: Power failure needs not be 
cut off for measurement. 

ZCT Phase A

Transformers 

ZCT Phase N

Insulation 
resistance

Phase B

ZCT output
= vector-synthesized current

2323

= vector-synthesized current

Measurement by means of aMeasurement by means of a 
leakage current tester
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L k t t tLeakage current tester

3. Insulation management 
f l lt l t ifor low-voltage electric 
power circuitpower circuit

(4) Insulation defect rate 
and defect rate
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Insulation defect rate andInsulation defect rate and 
total defect rate

Insulatio defect rate and total defect rate

0.40% 3.00%

2.27% 2.29% 2.48%

2.20%
2.03% 1.98% 2.07% 2.09%0.30%

0.35%
Insulation

defect

rate
2.00%

2.50%

total

defect

rate

0.19%
0.16% 0.16%

0 14% 0 12% 0.13%0 15%

0.20%

0.25%

1.50%

rate

0.14% 0.12% 0.13%

0.11% 0.11%

0.05%

0.10%

0.15%

0.50%

1.00%

0.00%

2001 2002 2003 2004 2005 2006 2007 2008

0.00%

I l ti d f t t t t l d f t t

Tuesday, July 20, 2010Tuesday, July 20, 2010 This data covers the total number of rates surveyed by the 
ESIA across the country.

Insulation defect rate total defect rate

D t il f d f tD t il f d f tDetail of defectsDetail of defects
InsulationInsulation

4.9%
Others
11.2%11.2%

Wiring
32.7%

Earthing
29.4%29.4%

Devices
&Materials

 21.9%
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According to the date of ESIA across the county in fiscal 2008
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4. Earth fault protection4. Earth fault protection 
for low-voltage electric 

i ipower circuit 
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Mechanism of earth leakageMechanism of earth leakageMechanism of earth leakage Mechanism of earth leakage 
current circuit breakercurrent circuit breaker

Earth leakage current circuit breaker 

ZCT is built in the earth leakage 
current circuit breaker

ZCT Leakage current: Igra

If the leakage current 
d h d d iexceeds the rated detection 

current, the electrical circuit 
will be shut off within the 
rated operation time.Earth fault detection

3030

rated operation time.
Current breaking



Adoption of earth leakageAdoption of earth leakageAdoption of earth leakage Adoption of earth leakage 
current circuit breakercurrent circuit breaker

Standard specificationsStandard specificationspp
Threshold current: 30 mAThreshold current: 30 mA
Operating time: 0.1 sec.Operating time: 0.1 sec.p gp g
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Adoption of earth leakageAdoption of earth leakageAdoption of earth leakage Adoption of earth leakage 
current circuit breakercurrent circuit breaker

R l t i tR l t i tRegulatory requirementRegulatory requirement

Around 1969
L l t f t h i lLegal arrangements for technical 

standards were examined.

1972
Regulations based on technical standards

When voltage is more than 150 V: When voltage is equal to or less than 150 V:When voltage is more than 150 V:
An earth leakage current circuit breaker is 
required to be mounted in place, except for 
dry areas.

When voltage is equal to or less than 150 V:
An earth leakage current circuit breaker is 
required to be mounted in wet areas.
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Adoption of earth leakageAdoption of earth leakageAdoption of earth leakage Adoption of earth leakage 
current circuit breakercurrent circuit breaker

E panded atE panded at home sehome se

From around 1967, Japanese 

Expanded atExpanded at--home usehome use

, p
manufacturers started developing and 
manufacturing earth leakage current 
circuit breakers.

Enhanced customers’ awareness towardsEnhanced customers  awareness towards 
electrical safety

Encouragement, etc. of installation of the 
breaker through periodical inspection
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Standard wiring diagram forStandard wiring diagram forStandard wiring diagram for Standard wiring diagram for 
general householdsgeneral households

Power column

Watt-hour 
meter

Distribution 
board

Electrical facilities for general useElectrical facilities for business
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Electrical facilities for general use Electrical facilities for business 
use



Position at which a standard Position at which a standard 
th l k t i itth l k t i itearth leakage current circuitearth leakage current circuit

breaker for home use isbreaker for home use isbreaker for home use is breaker for home use is 
mountedmounted

Electric power 
supplier

Load installationEarth leakage
current circuit 
breaker

Current
discharge

supplier

Load installation
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Load installation

Earth leakage 
current circuit 
breaker

Current discharge Branch circuit 
breaker 
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Widespread use of earth Widespread use of earth 
l k i il k i ileakage current circuit leakage current circuit 
breakersbreakersbreakersbreakers

85 4%
90%

100%

82.9%
77.9%77.5%

73.3%72.6%

85.4%

70 8%

80%
Penetration 72.6%

70.8%

60%

70%

 rate

50%

60%

The data shown above is based on about 400,000 findings resulting from the sampling The data shown above is based on about 400,000 findings resulting from the sampling 

1997 1999 2001 2003 2005 2007 2009
Year
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survey conducted by ESIA.survey conducted by ESIA.

C l iC l iConclusionsConclusions

１．１．Insulation management for lowInsulation management for low--voltage electric power circuitvoltage electric power circuit

For the electric facilities for general use, the lowFor the electric facilities for general use, the low--voltage voltage 
electric power circuit’s insulation is maintained and managed electric power circuit’s insulation is maintained and managed 
by performing a periodic inspection service.by performing a periodic inspection service.y p g p py p g p p

２．２．Earth fault protection for lowEarth fault protection for low--voltage electric power circuitvoltage electric power circuit

Through encouragement to install earth leakage current Through encouragement to install earth leakage current 
circuit breakers in place which is occasioned by a periodicalcircuit breakers in place which is occasioned by a periodicalcircuit  breakers in place which is occasioned by a periodical circuit  breakers in place which is occasioned by a periodical 
inspection service, such breakers have become widely used inspection service, such breakers have become widely used 
throughout Japan, which is in turn contributing to prevention throughout Japan, which is in turn contributing to prevention 
against electric shock and electric leakageagainst electric shock and electric leakage
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against electric shock and electric leakage.against electric shock and electric leakage.


