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Aupendix-4

1. Seminar on maintenance and Inspection of thermal power plani (November, 1994)

1. TIntroduction |

2. Problems of Thermal Power Plants
(1) Outline of Thermal Power Plant
- (2) Components and Parts to be damaged
3. Maintenance and Inspection in Japan
(1) Types of Inspection and Typical Example
(2) Changes of Maintenance Philosophy in Japan and
‘Concept of Preventive Maintenance
4. Importance of Maintenance and Inspection

(1) Elongatioil o‘f Equipment Life
(2) Necessity for Manpower Training -
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Daily Opergtign Check ltems (B o:ler and Turbine)

1. _Boller

-2

Steam pressure and temp_eralure at outlet of pre-heater and re-heater

Rale of evaporation and flow rate of water supply to boiler.
Water level inside drum

- Pressure inside drum
- Fuel used

Steam temperature at bre:-hea'ler_'and re-heater
Thermal efficiency of boiler

Generator output
- Pressure and temperature of main steam
- Revolution of steam turbine

" Exhaust pressure of steam {urbine

_ Pressure and temperature of extracnon steam of steam turbine

Oil pressure at bearing inlet

" Oil temperature at bearing outlel

Control oil p’feSs’Uré of Sle'am turbine
Aperture of steam governer

" - Vibration magmlude of steam turbme

'Emc;ency of steam turbme
- Difterential Elongauon of Shalt and  casing «{for. 2. or
'compartment) '

nnore



 Table 8' (2/2)

Equipment

» Saféty Valve of Boiler

Main Pipes

~+» Burner

+ Rotating Parts

Main Vaives

-

Steam Turbine -

Main Heat Exchanger, ete.

ite
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Daily Inspection Items

“steam leakage from’ seat
abnormallty of hanger unit
steam leakage from pipe
abnormal vibration of pipe -

abnormal combustion

abnormality inside bUrner" o

abnormal vibration and/or noise
steam leakage from gland _
abnormal oil temperature and/or oil
levet of bearings; oll Ieakage from
bearings

abnormal vibration and/or nmse of valve
body

steam leakage from valve gland and/or
valve seat _ :
abnormal functioning

- abnormal vibration and/or noise -

steam leakage from casing

- loose nuts and bolts -
- abnormal vibration and/or noise of

~ bearings/abnormal heating or oil -

d is'ch'arge

‘steam leakage

abnormal water level
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Ko DICAL INSPECTION

i
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COMPONENTS -

INSPECTION CATEGORIES

2 Water Dium

(1) Drum inner surface

{2} Internat oc‘?mponenls.

3Fumsace

(1YEvaporstion Tubes

{2)Buiner Throal
(3)Header

(4)laner part of Housing

1.Stcam Drum snd Flashtank

(1) Deura inner surface

(2) Intenal compoaents B

tion of fotlowing points:
(1) Crack,Comrosion and Erosion
on welds

(1) Crack,Cotrosion and Eresion
6n welds

(2) Seating

(3) Loosencss sad Burning on
fuxing bolts

(1) Crack,Corrosion end Erosion

on w‘eld_s

{1} Comosion,Crack and Dépasit
on screen-plates and onfice

{2) Looseness and Buming on
fixing bolts

(1) Deposit, Accwaulated particle
on tube surfase

(2) Crack,Corrosion and Erosion
on wall-tube turface

(3) Deformation md aligament
dicorder

(4) ABnomﬁsl pﬁenbmena on
welds

Visual inspection and liquified
penetrant test.

Visual inspection and
hammering diagonosis.

Visual inspcétion and liquified

penclrant lest.

Visual inspection and
hammering disgoncsis.

Visual inspection.

INSPECTION METHODS ' REMARKS
LBéiler. Inspect and confirm the condi-.

Internal components shall
be removed as much as
that an inspection be
possible at circumference
joints, ail around joints
and horizontal joints,

Remove all slcem separa-
fers.

Same as (1) drum inner
surface.

Remove seréen plales.

Liquified penetrant test
shall be given to welds
of sclected spacer lugs
of tubes.
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COMPONENTS

' INSPECTION CATEGORIES

- INSPECTION METHODS

REMARKS

4.Superheater/Reheater!
omize '

Il Safety Valve
M Combustion Apparatus

IV .Air Preheater

V Forced Drafi Fan

" Induced Drafl Fon
Gas Recirculation Fan
Gas Mixing Fan

Vi Boiler Clrculation Pump
Boiler Water Feed Pump
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INSPEGTION CATEGORIES |

' COMPONENTS INSPECTION METHODS REMARKS
1.Steam Turbine Inspect and confim the condis

-1.Casing

(1) Flange surface

(2)nner snd outer face

(3)Bolts

(4)Nozzle box

2 Rotor

(NRotor and dise

(2)Blade

tion of following points. -

{1) Lekage,Ercsion and Crack
on surface

{1) Deposit and Foreign Particle

(f) Crack,Erosion and Cavity

{3) Sicam Leakage

{1} Crack and Other Damage

{2) Degradation on  high temper-
ature

{1) Crack,Damage and Ercsion

{1 Ciack,Damege Erdsion and
Cosrasion

{2) Extent of Damads on joumal
ang thrust collar

{3) Existende of Vent on main
shafl

(4} Condition of ballance weight

(1) Crack,Erosion and Comosion

(2) Crack oh raving wires and
shroud rings -

(3) Existinée of Floating Gaps on
end-blade

(4) Looseness of shroud ring and
* blade fnlet .

Visuel inspection.
Magnetic particle test or liquified

penctrant test according to the need.

Visusl i.nspgc!ion. :
Magnetic particle tést or tiquified

penetrant test acéording to the need.

Visual inspection and méasuring
of hardness.

Visual inspeclion. _
Magnetio padicle test and liquified

penetrant test aceording to the need.

Visus) inspection.
Magnetic particle fest and liquified

penetrant test according (o the need.

Visusl inspection. ‘
Magnetic paricle test and liquified

peneirant lest according (6 the need.
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COMPONENTS

© INSPECTION CATEGORIES

INSPECTION METHODS

REMARKS

(3-)Diap§magm

(4)Bearing joumal and

3.Gland
il Main valve

lH .Govemor Mcqhahism &
Erpergency Shoudown
Mechanism

IV .0if System & Oil Cooler.

V Condenser
VI .Condenser Appurienances

VI .Feed Waler Heater

{1} Crack Erosion and Damage

{2) Wear,Deforraation and
© Damage

Visual inspection. o
Magnetic particle test and tiquified
penttrant test acconding to the need.

fR
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FIG. B-2
Example : Long Term Creep Rupture
Location of Failure  : Weld Portion between Superheater Tube and Support Lug
Type of Boiler / Fuel - Once-Through Boiler / Heavy Qil |

Cause : Long Term Creep Rupture .
Time of Fatlure
Cccurrence - 21 Years After Commercial Operation

Inlet header Outlet header

Boiler front Failure portion

Appearance of failure portion

e - - - =9

.

:
TN B

Micropl—iotograph of 400 magnifications




Example :Short - term Overheating
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FIG B-3

t.ocation of Failure Between Burner Openings Level as iltustrated below .
Type of Boiler / Fuel :Natural circulation / Heavy Oil
Cause Overhealing due o tube inside scale .

Time of Failure

Occurrence 18 years after Commercial Operation .

Burner openings

Location of Failure (-3 )

Appearance of Tube sweliing

;g
Fire side  Insulation side

Situalion of Tube inside Scale deposit
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FIG. B-4
Example Low Cycle Fatigue
Localion of Failure ~ Weld Portion between Reheater Qutiet Header and Tube Stub.
:f:! Type of Boiler / Fuel ~ Natural Circulation Boiler / Heavy Oit and LNG.
Cause - Low Cycle Faligue due to Thermal Stress

Time of Failure

Occurrence 19 Years Alter Commercial Gperation

Reheater outlet header

' ( N
§1% <
N

ap—————

Boiler front t

P '

Failure portion ¢+ o .
Appearance of Failure portion



Tube to Headar Thermowell

Outiet Tubes

Heintorced
Section

Header locations susceptible to cracking.
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FI1G. B-5

lug Handhole
Fitting

———
Typical Header

HHHHAHHN)

R Sy
Tube Leqg Tube Leg
Tempergig;e 1070F
{577C)
1050F
{566C)
1000F - —
£ l535C) g& ‘
@
5 Temperature
o
E
R
850F
(477C}
Left End Tube Leg Location

Steam lemperature variation in a header.

Righ! End



....
a g
i

o Boiler Loadg, MW -

Temperature, £

FI1G. B-6

————— e — O m

e e Al W — ——— —— —— e
T — eti AL, —— —— i mr—

Time

Large ligament ¢racks on header ID.

(21/76)
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FIiGc, B-7
Example : Superheater. Reheater Tube High Temperature Corrosion
Location of Failure  : Reheater Tube as Hlustrated below
Type of Boiter / Fuel : Once through Boiler / Heavy Oil .

Cause . High Temperature Corrosion Due to Tube Qutside Scales ' ;‘i

(Vanadium , Sodium and Sulfur ) .
Time of Failure

Gccurrence ~ 16 Yeas alter Commercial Operation

Reheater cutiet header
\\;\‘\- |
£ ‘\| )
Gas flow direction \,:_” -

————

——y

\

s

Failure portion

Fallure Portion

e

Failed tube dimension
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—ogh ]
Example - Tube Stub Internal Crack %ﬁ '
._ Location of Failure  : Economizer Inlet Header <
?ﬁ Type of Boiler / Fuel : Natural Circulation Boiler / Heavy Oil . L,
Cause : Corrosion Fatigue @
Time of Failure ' )
Occurrence - 13 Years After Commercial Operation

AYVA

Faillure Portion ( o )

 Tube stub

magnifications



(24/716)

FIG, B--g

Example : Thermal Shock
Location of Failure  : Reheater Altemperator.
Type of Boiler / Fue! - Once Through Boiler ./ Heavy Oil

Cause Repeéated Thermal Shock
Time of Failure

Qccurrence - 7 Years After Commercial +4 l
QOperation

A I S r it SR O
l Appearance of crack
|

T S e R T S S AT ]

riE Sy S

s
E-.-.E
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« Damage example
* Dammaged part
+ Caused by

« Measures taken

YURBINE COMPONENTS

Fig.:T-1

Cracks on shroud
Extended from tenon holes upto shroud edge
Low cycle thermal stress fatigue and stress concetration

(DAs an emergency measure the blade-shoulder (top) shall be
filed off to reproduce a tenon and replace the shroud.
fepaired blades and shrouds will be replaced with new ones
at next periodical inspection.

Note:

in the worst case,it may lead to serious accident that
the shrouds may come off from the tenon and are dispersed
in splinters.

T

Shroud

r Crack \\\\Tenon
-
Tenon
r-—éi: Sh d
<1 g rou

[l

Shoeulder

Seetion A--A
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« Damage example
« Damaged part

+ Caused by

* Measures taken

TURBINE COMPONENTS
Fig.:T-2

Erosion and Cracks on last-stage blades

Shield plate of last-stage blades

. Spray water controlioihg the:exhaUst'temperatufe and

condensed drain produced due to lower degree of vacuum

* (1Cracks extended upto base metal: The blade shall be repla-

“ced with new one.

(2)Extent of erosion within shield: Repface the shield plate.
plate thickness. -

Erosion

\ﬁxﬂ“Crack;

.Shield Plate
_(Stellite)

. ) _
// - \ Final-stage Blade
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" TURBINE COMPONENTS

Fig..T-3

- Damage example & Cracks on reheat steam chamber

« Damaged part - In the corner of inlet on upper-half of reheat steam chamber
of midium pressure casing

+ Caused by' -+ Thermal stress fatigue and stress concentration

+ Measures taken. :Radius,120/m.in the corner at the inlet shall be modified to
' - 25m/m. : '

- Crack

Reheat Steam Chanber
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TURBINE COMPONENTS

Fig.:T-4

+ Damage example I Cracks on nozzle plates of high/midium nozzle disphram

-+ Damaged part

* Caused by

Inner ring side nozzle plates of steam outlet

Aged-creep due to long term opéeration under high temperature.

+ Measures taken 1 As an emergency measure.it can be repaired with cladding
welding and it shall be replaced with new one later on as
a permanent measure. :

Quter Ring

Nozzle Inner Ring

e
\.__g

&” I
¥
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\ppendix-4

2. Seiminar on rehabilitation and maintenanée proposals for selected power plants

(March, 1995)
Scm’mar_M.‘ Taterials
1. Infroduction
1.1 Power Supply Situation in Syria
1.2 Metfm’d of Pcak Demand Forcc_ast

1.3 Definition of Avaitable Capacily and Guaraniced Capacity

1.4 Peak Power Demand and Guaranteed Supply Capacity

1.5 Power Supply and Demand Balance in Syria (Case 1)

1.6  Power Supply and Demand Balance in Sjiia (Case 2)

2.1  Causes of Unit Declined Output, Declined Efficiency and Coﬁmemlcasu_rcs in HFO
Fired Unit .

22 Basic Concept for Boiler Rehabilitation Proposal
2.3 Boilers arc Human-beings

24  Recommendation on Maintenance

2.6  Rehabilitation Master Time Schedule

27  Rehabititation Master Schedule

28 lﬁépcction Items 611 Pressure Parts for Unit Nos. 1 & 2 in Banias P.S.
2.9 Other Inspeclion :Items {Banias P.S.) - |

2.10 I_nspecﬁoﬁ Items on Pressuse Parts for Unit Nos. 1 & 2 in Mchardeh P.S.
2.11 Other Inspection Items (Mehardch P.S.)

212 lns‘pt:'ctiori__[léms on Pressure Parté for Unit No. 6 in Kattench P.S.

2.13. Other Inspection Items (Kattench P.S.)

214 Liquid Penctrant



215
216
217
2.18

2.19

220

2.21

222

32
33
3.4
3.5
36
3.7

3.8

3.11

- 312

3.13

(32/76)

Magnetic Particle

Ultrasonic -

Replication

Example of Tube Life Evaluation

Sample Tube Analysis

Non Destructive Method for Rcsidu.a"l Life DiégnOsis
Mccﬁanism of Hyd_mgcn Damage |

Ulirasonic Mcthod .lo' Dc.tccl-llydr(j)'gcn Damage

Da|1lagcd Portion due to llS’&rOgCﬁ Aftack and. Replaced .ém:a m Furn_acc' W;'dl
Chemical Cleaning/ Condenser Tube F‘_aifurc | |
Fuet Oil Ash Trouble |

Regarﬂil_lg Turbines

Inspection on Turbine Casings (Fig. T-1)

Inspeclion on Turbine Casings (Fig. T-2)

Inspection on Tightening Bolts at HIGH Temperature Area (Fig. T-3) |
Inspection on Nozzle Plﬁtcs of High'ch:dium Nozzle Diaphragm (Fig. T-4)
Inspection on Turbine Blades {Fig. T-5) |

Inspection on Turbine Bladcs_ (Fig. T-06})

Inspection on Turbine Rotor Hcat_'Grbljp (Fig. T-7) -

Inspection on Turbine Rotor Center Bore (Fig. T-8) -

Main Stop Valve (Fig. T-9) -

Feed Water Heater (Fig. T-10)

High Pressure Turbine (Dwg. '{"-1).

Medium Pressure Turbine (Dwg, TQZ) B

Low Pressure ‘Tutbine (Dwg. 1-3)
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Causes of Unit Dec!med Oulpu! Declined Effcmcy and Measures in HFO fired Unit.

Main Equipment

¥

—{ggiter]

44

{From FDFan to Bumer).

Unit e clined Quipul{(MwV)

Dafect Polental. Measwes.
{ Feed Water out of Service)
{Decreased Feed Water Heater),  Tube Cleaning

{FDFan Suction Screen:Choked) Scteen Cleaning

(FOFan Silencer © Tiouble) Repairing
(S Cot! NH Choked by Dus! or) j i
} SIER ApipE

(Ducl Damper : Trou.

(Bumner ; tmpelter,Thioat} Impeller,Throal Cleanin .

For Exarnple As of Nov.1994

Max. Available Output (MVV)
Hominal Dulpul{MW)

Katteneh NolB 64
Mehardeh Mo.t 2 150 120

Bandas No.1.2 170 147

44444 / N U S

£0 -

L (Bumner lncom;ﬂei‘e Combuston )

L {Heal Transfer Trouble J-<st

Tolal System, Nozzel

slasmBiguing,

{S/H Tube Bank: Soot Stuck) was
(R/H Tube Bank: Soot Stuck) s -
(E-:o Tube Bank Soot Stuck) ==

JuinaOoaratien,
Watet Je! Cleacing
Ouring Shut Down.

SealAdiustmentuader
' *W

Su

Seal Weki or Renevial

_(1mpelle-r : Deformation )
{Nozzel,Tip : Choked )

Alomizing ; Incomplele
A Towm hmge s LT e s

Componems Renewal,
Cleaning,

Alomizng Medium,
Corbustion Adistingn)

under Instruch

uymer Supplief,

Acid Cle i i
enewal,

{Fumace Wall Tube:lnside Scale)
(S/H,R/H Eco AMH, © Scot Shick)
{AH ; Heating Element Condsion)

Turbine|—==%

L JCondenser

o e
(S0l of Codling Pipe )
{insutficient Cooling ff?l@

(Pir Leakage} -

(Variation of Cooling Water Temp.)

Ins!rumenl & Conlroll

{Biade : Scale Skuck) LCleaning,
{Nozrzle : Esosion ~ ) Renwal.
{Seaweed : Cleaning
(Shelifish : » Choked) lube, Screen.
(Sellyfish Calching Jelly hsh

(Rubbish Before Screen.

Pipe, Joint, Connection
Seallo be tested by
Freon Gas.

{(Expansian Joinl,Connection) '

1

Meler ; RepairiRenewal.
Manuval Analysis.
{in accordance with load)

(Damaged Meler Transmrtter.

Wiring,etc. )
{Gas Leakage from Gas ReparelRenewal.

Flow System.) | .
(Small Leakage but Big Pedodical Cafibration Under
influence.} Instruction of Meter Supplier.
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Basic Concept
| For |
Boiler Rehabilitation Proposal

C1. Cleanir@

C?_. Detail Inspection )

Y

3. Synchronization

For Repairing / Replacing

Works
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Power Station
(fa mily)

( Boiler W .

L‘yuman belng_ J

=_TL1rbine
| &
Generator

:
:

:

:

:

-

S R R
' W i
RELIABLE OPERAT[ON i

¥ H

[HEALTRY LiFE | |

]
ily Maintenance
o i _._A.,,,‘-._-.J.—,-,-J.'m.x ;_ﬂ .........
Periodic Medical Daily health control :
Examination

N I AR N S _

Recommendation on Maintenance

o
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Liquid Penetrant

® | Advantages ;
| 1. Relatively inexpensive,reasonably rapid,portable.

2. Procecc is simple and easy to learn.

3. Reasonably smooth surfaces are easily
interpreted.

4)Ac’_c_i.zrate for finding surface cracks.

Notes :

1. Must clean surface of paijnt,coatings,scale, etc.

2. Only find defects open to surface.

3. Porous and rough surfaces difficult to ingpect.

® N 4. May be corrosive to material tested.
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Magnetic Particle

Advantages ;
1. Relatively economical and e'xpedi'ent.
2. Portable

3. Can detect some dlSCOﬂtlﬂUltleS slightly below

_the surface.

4. Generally fast and continuous.

Notes :
1. Limited to ferromagnetic materials.

2. Surface prep‘araﬁo’n lrmed |

3. Some appllcatlons require demagnetlzahon

4. Requires electncal energy
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Ultrasonic

Advantages ;
| 1. Good penetratlng power in fine grain materral
® 2. High sensitivity permits detection of very small.
- _discontinuities.
3. Good accuracy in determining position of internal
discontinuities.
Estrmatmg size,shape, nature a characterrzmg
also possible. |
. Only one surface need be accessible.
. Can find surface and subsurface discontinuities.
Portable
. Operation is electronic,provides almost
~instantaneous indications of discontinuities.
8. With some systems a permanent record of
inspection results is possible.

N, O

Notes

1. Parts that are rough irregular in shape very small

- or thin or inhomogeneous are difficult to inspect.

2. Extensive technical knowledge is required for the
-develOpment of inspection procedure.

3. EXxperienced personnel required.

4, Couplants are reqwred

5. Reference standards are needed for calibrating
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Replication

‘Advantages ; | o ®

1. Obtains image of Component surface.

2. Permits laboratory examination and evaluation

of failure mechanisms(creep).

3. Non-destructive test.

NofeS'
? rod - -
- D
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Sample | | - (56/76)

Sample Tube Analysis

Sample Tube : from  |Furnace -_gzﬁee;t::?ter & .

- Length Qf-Sample’ Tube | 1m | 1m o @
Out side Dia Meter X | | X |
_Tub'e' Thickness X . - X
Tensile Strength X (X)

-(Creep-Test) | | - (X)

Cﬁemical composition (X) - (X) | -
Microscopic Test X | &

- Sump Test (replica) ’ | X(Tube & Héader) |
Scale Analysis X |
Scale Thickness | X '(0.1333.335mm)

Scale Weight (mg/lcm2) | X (45:30_7_’3'1;"%/ cm2)
Chemical Analysis X | & |

“*1. Non Destructive Method.
*2.( ) As Required. | |
*3. Volume (mg/cm?2) and Thickness (mm) of Attached
Scales Requiring Chemical Cleaning.
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Non Destructive Method for Residual Life Diagnosis

This method use replicas of metaliograph taken from

‘the aged materials. -

Diagnosis method Creep Fat_igue:
Cavity ©)
Metgllp graph Micro-deformation of grain| ©
(repiica) )
Micro crack ©

Replica ; take metallograph on th:e film

/

Intergranular

Crack
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-~

=
el
SLCOUDARY |
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(60/16)

C TRIMARY .

i/ SUYERHEATFR ) : @

.:f

- ECONOMIZER

Damaged Portion due to Hyd_rbgéh"Attack

ke
.

ot (o

h_-*"**L_ = 3
AIRHEATERS . . .,
:'!'-*"‘-.':".! ==

pr—_— e L

 GAS RECIRCULATING TAN

Max. continuous taiing 1.207 lﬂlrr(I_.G'Gl.-IOO Ifhis) ' @\'
Supetheater outlet pressute 175 kpfsq.cin {2,489 Ibfaq.in)
Final steam tanpedatore S41°C(1.005°F)

Rcheristenin témperatuic S%!'C(I.OOS"F)

Feed water femperatute 216°C (SIS’%F] :

Fuel ' il

KKS!  __Replaced Area
@ : TubeFailure Portion

and Replaced Area in Fumnace Wall,



‘c_heical. . _ | (61/76)

/(Ingress of Saline Condenser Cooling Water)

_ - [ Signal from Feed Water - uS/cm ]

Boiler Water ]
Boiler Water PH.
| When Boiler Water PH has been Below 7
for  More Than One Hour

!

® [Chemical Cleaning must beJ

Carried Qut

A

Successful Cleaning can
- Remove ----- the Internal deposits
o - Stop -~ the Generation of Hydrogen

- Chemical Cleaning%» Condenser tube failure
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Fig:T-1

INSPECTION ON TURBINE CASINGS

1) High-'PreSsure_Outcr Casing _
: ' - Desgriptions: |
~ Liguid penetrant test and magnetic

"I\ | ) | pasticle test shall be applied to the
) _ inner surface of outer casing totally @

] . . e N . .
° [ . ) © and as for inner casing the tests
o ° & 7, shall be applied to the both inner
"/\ . “‘T/\" atid outer surface totally.
o adi o _
°l O O ° And it is remarkable that at the
° © radius part and corner of casing
ek ) @ shall elaborately be inspected.
o _ ////,/’ﬂr o .
o _ o
C 0 Coyner e )

ol : o
Q l 0

[=]
<

=)

3
I

1 Q
\')\j
_H'%i

2) Midium- Pressure Casing

——a O

s o 0

‘The same as above.

Radius

Reheat Steam Chambel\

%

—_—



Fig:T-2
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INSPECTION ON TURBINE CASINGS

3) High Prossure hmfcr._Casing

E? ] -  :-- T ’Cérnef |

7

4) Structural Welded Portion
a) On high Pressure Casing

N
R
b (7N

Structtural Welded
Portion :

AN

NI I

Stcam Chamber

‘Descriptions:

Liguid penetrant test and maguetic
patticle test shall be applied to he

innet surface of outer casing totally

and as for inner casing the tests
shatl be applied to the both inner
and outer surface totally.

And it is remarkable (hat at the
radius part and corner of casing

- shall claborately be inspected.

Descriplions:
Liguid penetrant test,magnetic

particle test and ulirasonic flaw test

shall be applicd to the structural
welded portions.

(All three tests arc required to apply)

~ The same as above, —

Structural Welded Portion
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FigT-3 _
INSPECTION ON TIGHTENING BOLTS
AT HIGH TEMPERATURE AREA

1) Measnremcnt of Harduess
An measutement shall be'made to the pomts shown below by using stiore- hardness
meter or écho-chip meter.
In the casc of measuring for stud bolts, it is tequlrcd to take measure S-times at
cach point by ¢cho-chip mefer and its mean valuc shatl be represented i in the shorc
hardness. :

(D In the casc of a test 1pplled to bouble- cnded ughlcmng bolt 'md hme-out slud

bolt
E _ 1 (En(iré Length; Less than $00mm)
i D Rl B j ~ (Entire Length: More than 500mm)
i i
80 . 80

@ In the casc of a test applied without removing stud bolt

) If the entire bolt ength is less than 500
i ~mm, measuring shall be applied at either
pointupper or lower.
1 80 o
5 l ' For the screw pact, liguid penetrant test

shall be applied .

2)Nondestructive Inspection
Checking the existince of cracks on screw part of bolt by ultrasonic flaw test shall
be made. The Ulira Sonic Testing device will measuse a defective echo.

,«;EI‘“_IZ‘I ILM——

T : Transmittal Wave
F: Flaw Wave
B: Bol:toin Wave

Prove.
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FigT-4

INSPECTION ON NOZZLE PLATES OF
HIGH/MIDIUM NOZZLE DIAPHRAM

Descriptions:

Liquid penetrant test shall be
applied to the steam passage on
nozzles which is tend to be
damaged oftenly with crosion,

Especially high pressure and
midivm pressure nozzles at the
Cracks initial stage shall eleborately be

‘ T inspected.
g‘;ﬁer - Nozzle pe
& Plate /
Erosion
‘Possible cracks oceur in the arca as shown in the sketch betow
E should be inspected carefully.

7

..

.Cr.a cks




Fig:T-5 | .. ; - (68/16)
INSPECTION ON TURBINE BLADES -

1) Creep at the Stud of High Tcmpcr'atiurd Blades

Deéscriptions:

A variation of clearance between
‘wheel and blade bottom should
* be cheeked at every periodical
inspections 'md precision inspee-

tions.

[——_Relief f.rom the wheel

2) Fenon
: Descriptions:

Tenon -~ Crack ‘Ruptured part can be found by
' ~ ' Shroud L ) :
: - measuring the clearance between
~ 3] blade shoulder and shroud, "A".
‘Au

# Rupture around the tenon bottom

3) Bottom Gaps Between Detent-End Blade- Adjustment Liner
Minimum gaps between wheel and blade bottom of all ﬁve shall be mcasurcd by
using gap gauge.

Rotor Wheel

4) Difference at Pin-key Holes
Maximun gaps at pin-key for all stages shall be measured by using gap gauge.

otor Wheel

®



FigT-6 - (69/176)
INSPECTION ON TURBINE BLADES

©5) Cracks at the Stud of High Temperature Blades

Angle beam flow ' Desc;imim;
prove Cracks shall be inspected by
| ulira sonic angle beam and
_ _Vg";:ical flow vertical prove up to 3rd stages
P of high pressure and midium
pressure blade.

- lst‘ fldﬁk—"

: | ‘an .ll(‘)okf-" .. B Crack

3rd Hook —\|

#* Cracks can oftenly occur at the Ist hook.

6) Damage on Locking Pin at Final Stage Blade
Descriptions:
The damage can be found perfe-
W 7 ctly by ulira_sonic flaw test at
Blade periodical inspection.

W f- —+ (Locking Pin} -

| % .: J-J%\Hh'éel

- o \'Rz;L—— ( Locking Pin)

Rupture

7) Cracks and Erosion on Erosion Shield Plate at the Final Stage Blade

: _ : Descriptions:
: K : Inspection given by visual and
—1 liquid penetrant test shall be
[~ Etosion i '
applied elaborately.
= . | |
)L T crack
4 \\- Shield Plate

/ _ r Final-stage Blade
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Fig:T-7

INSPECTION ON TURBINE ROTOR HEAT GROUP

“Descriptions: |
- Generatly, liquid penetrant test
- shall be applied after honing to
therotor. S
For giving an elaborative insp-
~ection, magnetic pasticle test
shall be applied with polishing
the heat and labyrinth group of
high pressure and midium pres-
sure. : o

\\ui : Wheel




Fig:T-S (71716}

INSPECTION ON TURBINE ROTOR CENTER BORE

1) Magnetic Partlcle Test
Fixing an aluminium pipe mto the bore(hole),injecting the cuerent on it with spray-
ing magnclic particle liquid. Therealter; it shoulcl be checked existince of crack
or cavily by using boic scape.

-

s S ST IS, e R r e s S T

Magnetidation

Device Particle

Liquid
Tank

2) Ulirasmnc Flaw- Inspccuon
 Insexting a specnal prove into the bore in rotor and ovserve the condition inside the
 bore by ultrasonic flaw festing device or television camera.

Vldeo rccord can also be made.

Ultrasonif]
Flaw = |}
Detector

&L_j

=]
e
=}




Fig:T-9

' MAIN STOP VALVE

1) Main Body

Welded ﬁaft
" of baffle

Structural welded part

(72/16)

| Dcscngtlon _
Liquid penétrant test shall be

apphcd to the valve casing
inner surface totally.

“And horizontal face on valve

cover fixing and touching face
of gasket shall be inspected
with lquid penetrant test and
magnetic pamcle test. .

‘Descriptions:

Liquid penetrant test,magnetic
particle test and ultrasonic
flaw test shall be applied to

the structural welded part.

As for the welds of balﬂep!ate'

. and the we!ds on drain pipe
fixing base shall be inspected

with liquid penctrant test and
magactic particle test.
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Fig:T-10

FEED WATER HEATER
1) Sealing Welded Part on High Pressure Healiﬁg Tube and Tube Plate

Descriptions:
Liquid pen¢trant test shall be

‘Water %;\ \\ \\\\\\ﬂ applied to the sealing welded
Heatlng Tube ..
Chamber

part on heating tube and tube
Side

plate.
Sealiﬂ - - -

Eddycurrent test shall be appl-

&\ \\\\\ ied to the heating tube totally.
\\\\\l (Whole condenser tubes shall
fobe Flat also be inspected with eddy-

current test)

2) High Pressure Heater Chamber

Descriptions;

Liquid penetrant test shall be

applicd to the comer of water
— Outlet chamber.

C T o]

|! 1

- Corner of water chapber

" Main bady
side '
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