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3.

(1)

coming to the surface as a decrease in capacitance and an increase in losses.

Measurement and Control Parts Replacement

Capacitor Replacement Cycle

The life of electrolyte capacitors is significantly affected mainly by temperature,

This is

the phenomenon caused by electrolyte contained in electrolyte capacitor gradually
spreading outside through sealing parts, which is generally referred to as _dry-up
__phenomenon._ It has been confirmed that the relationship between dry-up phenomenon
and temperature parallels the rule of ten-year half-life, according to Arrhenius’ theory of

—+ chemical reactivity. We make it a rule to replace ordinary capacitors every eight years.

(2) Replacement Cycles for Other Electric and Instrumentation Parts

With regard to_electronic parts other than capacitors, life_determination techniques
__=_have not been established. Although there are no specific rules, short life cycle chips,

such as digital and system ICs, are replaced every ten to sixteen years, and analog ICs

are replaced every si
In addition, power semiconductor chips, such as diodes, thyristors, and IGBTs, are

7 considered to have a Iife cycle of fifteen years.
Life cycles of major equipment are considered as follows:
No. Name of Equipment Life (Year) Maintenance Method Grounds for Determining Life Remarks
1 | Generator stator 25 Every 10  years: detailed | Insulation degradation of stator
inspection, insulation diagnosis wire
Rotor 30 Every 10 years: detailed | Current increasing rate, dielectric |-
inspection Jloss tangent
Maximum discharge,
Soundness of conductors
2 | High-voltage motor 20. Insulation diagnosis Insulation degradation of stator
Coil rewinding wire
Current increasing rate, dielectric
loss tangent
Maximum discharge
3 | Transformer 30 Radiators, etc. are replaced every | Degradation of mechanical
15 years strength of insulation paper
4 | Cables 30 or longer | Sampling degradation study (parts | Degradation of .chemical
at which operating conditions are | properties of coating materials
b harsh} Decline_in_elongation of coating +
<2y) materials
5 | Low-voltage motor 16 hours of | Motor replacement Deciine in insulation performance -
operation .
6 | Breaker 25 Breaker overhauling (y 8 ) | Decline inqgsulation.performance
7 | Digital board 16 Printed circuit board replacement | Mechanical lite of printed circuit
boards
8 | Analog board 16 Printed circuit board replacement Mechanical life of printed circuit
boards
9 | Operation switch 20 Referring to sampling | _Increase in contact resistance
replacement Oxidation, sulfurization
10 | Auxiliary relay 15 Relay replacement Increase in contact resistance Timers are
Timer 8 Timer replacement Oxidation, sulfurization chemical .
capacitors
11 | Electronic instrument 16 Instrument replacement Degradation of instrument
precision
Mechanical life of printed circuit
boards
12 | Pneumatic instrument 16 Every 8 years: overhauling Abrasion of moving parts
Instrument replacement Degradation of instrument
precision
13 | Radiation monitor 16 Instrument replacement Degradation of instrument
precision
Mechanical life of printed circuit
boards
14 | DC power supply 10 Battery replacement Electrode corrosion
Increase in charging current
15 | AC power supply 15 ‘Power supply replacement Life of semiconductor chips
.k * With regard to printed circuit boards, the second parts replacement is considered to be the life due to thermal warping and measiing of

epoxy resins and degradation of lands and modes.

Zuir:é} L ¥
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For your reference, parameters to be observed to maintain electric instrumentation
systems as well as parameters with which trend control should be carried out in
considering system renewal are shown in Appendix 3.

When renewing electric instrumentation systems, maintenance methods are selected
depending on the failure mode. impact evaluation, and whether it is a vital system, thereby
deciding maintenance/inspection items, inspection cycles, and replacement priority
suitable for the product. In doing so, preventive maintenance measures are decided
according to diagnosis results with regard to products for which degradation diagnosis
techniques have been established. Regarding products for which clear degradation
diagnosis is not available, preventive maintenance measures are decided organizing the
idea of replacement cycles (and analyzing degradation factors).

We determine equipment degradation and life cycles by continuing the trend contro] of

various parameters described here.
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Appendix 3

Maintenance Control Parameters for Electric Instrumentation Systems (1/3)

System

Degradation Characteristics
to be Observed

Items Measured

Criteria (Reference}

Remarks

Main generator

Moisture absorption of the

Insutation resistance R1

115 or higher

insulation layer i Polarity index P! 2 Prescribed  voltage or
R Primary current surging point | higher
Degradation  inside the | Pit P-1 x 10* PC or lower
insulator B.Maximum electric discharge {$5% or lower
Qmax
Moisture absorption of the {fDielectric loss tangent tan &
insulation layer and
degradation  inside  the
insulator
Excitation devices
Excitation transformer Insutation degradation Insulation resistance 200 M Q or higher
Dielectric loss tangent tan & Within 3% Vn: Rated voltage
Corona measurement Partial electric discharge CSV>Vn// 3x1.3 CSV: Partial  discharge
CEV> Vn/Y 3x1.1 starting voltage
CEV: Partial  discharge
ending voltage
Thyristor board Increase in element leakage | Element leakage current 30 mA or lower
current Insulation resistance 5 MQor higher .
Insulation resistance Replacing the cooling fan earing (about every 3 | Periodic replacement
Years over which the years) Periodic replacement
cooling fan (bearing and | Replacing the fuses Motor {about every 10 ]| Replaced during the 8
motor) has been used years) annual inspection

Years over which (element

Replaced during the 8"

Element protection (every

annual inspection

protection  and control 10 years)
circuit) fuses have been Control (every 5 years)
used :
Isolated phase bus
PB Years in use Flexible boots Replacement cycle: 5 years | Periodic replacement
outdoors, 10 years indoors

PT/SA Insulation degradation of | insulation resistance 100 MQor higher
organic insufator Dielectric loss tangent tan & Within 3% (standard)

Corona voltage CSV> Vn/v/ 3x1.3 Vn: Rated voltage
smgﬂ- Changes in  excitation CEV> Vn/y/ 3x1.1 CSV: Partial discharge
Awaster characteristics Comparable error starting voltage

Y 1% or lower at rated | CEV: Partial discharge
voltage ending voltage
High-voltage motor Moisture absorption of the | insulation resistance R1 100 MQor higher
insulation tayer Polarity index Pl 1.5 or higher
Primary current surging point | Rated ground voltage or
Degradation inside the | Pit higher
insulator Secondary current surging | Rated ground voltage or
point PI2 higher
Moisture absorption of the | Partial discharge starting | Rated ground voltage or
insulation layer and | voltage Vi higher
degradation  inside  the J¥Maximum electric discharge K1 x 10*PC or lower
insulator Qmax #10% or lower Destructive test
Understanding actual |eDielectric loss tangent tan & | Record
capacity (when rewinding or | Dielectric breakdown voltage |
replacing) VBD .
Diesel generator Moisture absorption of the | Insulation resistance R1 100 MQor higher
insulation jayer Polarity index P . 1.5 or higher

Degradation  inside the

insulator

Moisture absorption of the

insulation layer and
degradation  inside  the
insulator

Understanding actual

capacity (when rewinding or
replacing)

Primary current surging point
Pit

Secondary current surging
point Pi2
Partial discharge starting
voltage Vi

Maximum electric discharge
Qmax
p Dielectric loss tangent tan &

Rated ground voltage or
higher

Rated ground voltage or
higher

Rated ground voitage
higher

1 x 10* PC or lower

® 10% or lower

or

[ Destructive test

Record

Dielectric breakdown voltage
VBD

Low-voitage motor

Moisture absorption of the
insulation layer
Operating hours

Insulation resistance R1

Total operating hours

100 MQ or higher
16 years (140,000 hours)

Metal clad cubicle

VCB vacuum

Hi - fnt Tzat

Operation frequency

discoloration, breakage}
Insutation resistance
Withstand voltage

Breaker VCB vacuum {on-site (5 x 10" Torr)
measurement) 6.6x 107 Pa
Protective relay insulation degradation Appearance (corrosion, | Corrosion, discoloration,

breakage, etc.: none
10 MQor higher
AC2000V/min.

Board electric parts

Coil insulation degradation
Contact failure
Operation check

discoloration, breakage)
Insulation resistance
Withstand voltage

Contact resistance, contact
characteristics

Operation characteristics

Ciosed circuit contact 1000 times
Years in use 15 years
Appearance (corrosion, | Corrosion, discoloration,

breakage, etc.: none

5 MQor higher
AC2000V/min.
Depends on the product




Maintenance Control Parameters for Electric Instrumentation Systems (2/3)

System

Degradation Characteristics
to be Observed

ltems Measured

Criteria (Reference)

Remarks

Load center

Breaker

Years in use

Years in use

Protective relay

Insutation degradation

Operation frequency

Appearance {corrosion,
discoloration, breakage)

Insulation resistance

Corrosion, discoloration,
breakage, etc.: none
10 MQor higher

Contact failure
Operation check

discoioration, breakage}
Insulation resistance
Withstand voltage

Withstand voitage AC2000V/min.
Closed circuit contact 1000 times
Years in use 15 years
Board electric parts Coil insulation degradation Appearance (corrosion, | Corrosion, discoloration,

breakage, etc.: none
5 MQor higher
AC2000V/min.

Contact resistance, contact | Depends on the product
characteristics
Operation characteristics

Control center Insulation degradation Appearance {corrosion, | Corrosion, discoloration,

Protective relay

Operation frequency

discoloration, breakage)
Insulation resistance

breakage, etc.: none
10 MQor higher

(FFB, MGS, THR y)

Contact failure
Operation check
hardening)

(grease

discoloration, breakage)
Insulation resistance
Withstand voltage

Contact resistance, contact
characteristics

Operation characteristics
Years in use

Withstand voitage AC2000V/min.
Closed circuit contact 1000 times
Years in use 15 years
Main circuit equipment | Coil insulation degradation Appearance {corrosion, | Corrosion, discoloration,

breakage, etc.: none

5 MQor higher
AC2000V/min.

Depends on the product
15 years

Power transformer

Insulation degradation

Corona measurement

Insulation resistance
Dielectric loss tangent tan &
Partial electric discharge

200 MQor higher
Within 3% (standard)
CSV> Vn// 3x1.3
CEV5 Vin// 3x1.1

Vn: Rated voltage

C8V: Partial discharge
starting voltage
CEV: Partial discharge

ending voltage

Switching center equipment

(No such equipment has
been delivered to Unit 2)

Example of Unit 1

Gas Leakage

Bushing Insutation
Contact

Gas pressure

Gas leakage detector
insulation resistance
Dimension of wear-out, etc.

1000 MQor higher
Wear-out: Less than 2 mm

Ordinary inspection
Ordinary inspection
Detailed inspection

Major transtormers

{No such equipment has
been delivered to Unit 2)

Exampie of Unit 1
Main transformer
In-house transformer
Startup transformer

In-oil gas ingredients

Remaining life

02, H2, CH4, C2H2, C2H4,
C2Hs, CO, CO2

CO + C02 generation

Furfural

Average polymerization
Tensile strength

(Outside the jurisdiction of
Hitachi)

(By Mitsubishi)
Actual measurement

Actual measurement

Cables

Low-voltage cabies

Physical characteristics of
the sheaths and insulators

Elongation measurement

(destructive test)

Absolute value: exceeding
50%

High-voltage cables insulation degradation Insulation resistance | Sheath: 1MQor higher
measurement Insulator:  2000M Q or
Leaked current Direct current leakage | higher
measurement Less than 1 -O#A/km

OF cables

Oil leakage
Gas analysis of insulation oil
and insulation paper

Insulation oil characteristics

Oil pressure and amount
Moisture

Flammable gas
Dielectric loss tangent
Insulation resistance

Usual inspection’

10 ppm or lower

1500 ppm or lower in total
2% or lower

1 x 10" Q—cm or higher

Cable penetration

Leakage from the sealing
parts

Amount of leakage

10-2 Acc/S or lower
[Pressure 384 kPa (gage)}




Maintenance Control Parameters for Electric Instrumentation Systems (3/3)

System

Degradation Characteristics
to be Observed

Items Measured

Criteria (Reference)

Remarks

DC power supply system
Battery

Voitage decline
Specific gravity decline
increase in self-discharge

Battery voltage
Specific gravity of electroiyte
Service capacity

90% or higher

/ 0 %LMS

Service capacity test

Thyristor and diodes in the
uninterruptible AC  power
supply system

Years in use
Increase in element leakage
current

Years in use
Element leakage current

FCS control thyristor switch

Increase in element leakage
current

Insulation resistance

Years over which (element
protection and control
circuit) fuses have been
used

Element leakage current
Insulation resistance
Replacing the fuses

30 mA or lower

5MQ or higher

Element protection (every
10 years)

Control (every 5 years)

Periodic replacement
Periodic replacement

Control Panel *

Operation switches

Appearance

Stuck or stiff operation axes
Changes in contact
resistance

Insulation degradation

Appearance

P Twisting the operation axes
B Contact resistance

P Insulation resistance

Breakage, cracks,

deformation, discoloration;
o none

(Stuck or stiff axes] - .
AJIS criteria: 1000m Q  or
lower (JIS C4521, DC 6V,
1A)

PSMQ or higher

Q

case)

BManufacturer controf: 50 m

P500 V mega (terminal to

MM form: catalog vaiue

Changes in operation

characteristics

Operating voltage

Release voltage 4 AC2000V/min.

Rise in temperature

Exciting current

Coil resistance
ontact resistance

®SMQ or higher

[BS% or lower
10% or lower
P85T or lower
BWhen applying: 3.2 A+0.48 3§
50 mQ or lower

75%)

Auxiliary relays Changes in operation | Minimum operating voltage 70% or lower (DC), 80% or
characteristics Maximum return voltage lower (AC) MM form: catalog value
P Insulation resistance 10% or higher (DC}, 30% or p 500 V mega
Changes in resistance & Contact resistance higher {AC) A Measuring current: 10mA
SMQ or higher £~Measuring voitage: 20mV
: A 50mQ orlower
N FB breaker | Appearance Appearance Breakage, peeling, stain,
(C-100A) Insulation degradation # Insulation resistance corrosion, discoloration, etc: # 500 V mega
&£ Withstand voltage -
Changes in operation P Operation characteristics ‘P 5MQ or higher {Manufacturer control)
characteristics : A AC2000V/min.
Dinternal  structure  and P 125%: 15 10120 minutes
Changes in internal | mechanism inspection 200%: 1.5 to 6 minutes
resistance ¥ Rise in temperature O Rust, cracks, disconnection,
internal resistance of | discoloration: none Terminal parts
fconductive parts #60T or lower {manufacturer control)
®osst01.25mv (M) | DC4sV, 1A
Electromagnetic Appearance Appearance Breakage, peeling, stain,
contact (WPF8-2S) Insulation degradation Insulation resistance corrosion, discoloration, etc:
Withstand voltage none

Rated voltage: AC 100V
Rated voltage: AC 100V

[ORated voltage: AC 100V (at

$AL7SC 0,280 115 %

insulation degradation

fluctuations

Effects of ambient
temperature
Effects of turning on
electricity

Hammering test
Insulation resistance

Generally +0.5%

Generally *0.5%/DC24V
Generally +0.5%/10C
Generally +0.5%/10 minutes
after turning on electricity
No problem
Generally
higher

100 M Q  or

DC250V mega

Resisters Appearance Appearance Discoloration, cracks, etc..
Changes in resistance Resistance none Hollow resistance (250Q)
+10%
Protective relay | Appearance Appearance Breakage, peeling, stain, | According to JEC-174A
(10-C-B2)} Insulation degradation insulation resistance corrosion, discoloration, etc: | 500 V mega
Changes in operation | Operation none
characteristics 100 MQor higher
Tap value: +10%
Plug-in guard " | Appearance Appearance Discoicration, burn, warp,
rust, cracks, etc.: none
industrial measuring | Appearance Appearance Breakage, cracks,
equipment * Changes in characteristics Input/output characteristics deformation, discoloration,
Effects of supply voltage | etc.: none

l *: Criteria for control panels and industrial measuring equipment vary depending on the product. Those for specific types are exemplified.
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