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GROWTH OF NONDESTRUCTIVE TESTING.
UNLIMITED EXPANSION AND DEVELOPMENT.

wEd! Arpgriep LIQY

WA TR Madnm

1950

EXPANSION &
OF METHODS B\ ? " AND TECHNIQUES

1940

EARLY NONDESTRUCTIVE

1930

1920

Tree of Growth' of Nondestructive Testing.
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== AGING CAUSE

OPERATED HOURS

TEMPERATURE

PRESSURE

STRESS

INSPECTION

| COUNTERMEASURE

MATERIAL
PROPERTIES

H—

START-UP &
SHUT-DOWN

—|+ AGING PHENOMENA -»|<«— &
DIAGNOSIS
CREEP &
FATIGUE
| INSPECTION:
PRECISION INSPECTION
PERIODIC INSPECTION
| MATERIAL |
"|AGING
CALCULATION OF
REMAINING LIFE
FLAW

LOAD VARIATION

-

PROPAGATION
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REMOVAL OF DEFECT
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*Non-DESTRUCTIVE METHOD (N.D.T)
o id ﬁLfL-J L;JJ

*DESTRUCTIVE METHOD (D.T)
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INSPECTION & DIAGNOSIS OF DEFECY

VISUAL TEST(V.T)
TENSILE TEST e
o S sy b
) i) MAGNETIC PARTICLE TEST (M.T)
bl ol 3 Cand

TORSION TEST

IMPACT TEST ULTRASONIC TEST(U.T)

e g |l

FATIGUE TEST s EDDY CURRENT TEST(E.T)
g sl oG-

4 RADIOGRAPHY TEST(X.RAY)
CREEP TEST e P L TN

HARDNESS TEST T DIMENSION TEST(D.T)
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EJLﬂ e Speus ) oS

ELECTRIC _RESISTANCE TEST ULTRASONIC Mnn? f TESTUH.T) .
1 Caaglie Cul L = T | A

REPLICA TEST o LIQUID PENETRATION TEST(P.T)
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PANCH TEST
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Material

Type of
Discontinuity

Water
Washable
Penetration

Time

Post
Emulsified
Penetration

Time

Solvent Removed
Penetration
Time

Aluminum

Castings

Porosity cold shuts

5to 15 min
5to 15

5 Min ..
5..

3 Min
3

Extrusions
&forgings

Laps

NR ...

Welds

Lack of fusion
porosity

30
30

All

Cracks fatigue
cracks

30
NR ...

Magnesium

Castings

Porosity cold shuts

15
15

Extrusions
&forgings

Laps

NR ...

Welds

Lack of fusion
porosity

30
30

All

Cracks Fatigue
cracks

30
NR ...
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Dye Penetrant Inspection
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Dye Penetrant Inspection
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Dye Penetrant Inspection
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Dye Penetrant Inspection

After the application of the penetrant the penetrant is normally
left on the components surface for approximately 15 minutes

(dwell time). The penetrant enters any defects that may be
present by capillary action
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Dye Penetrant Inspection

After sufficient penetration time (dwell time) has been

given,excess removal penetrant stage take place. A damped

lint free tissue with solvent is used to clean the excess
penetrant.
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Dye Penetrant Inspection
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Dye Penetrant Inspection

Inspection should take place immediately after the developer
has been applied .Any defects present will show as a bleed
out during development time.
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Dye Penetrant Inspection

After the inspection has been performed post cleaning is
required to prevent corrosion.
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Dye Penetrant Inspection

Fluorescent Penetrant

}

ﬁ) =
'3

www.spowpowerplantblodBeho Ur contrast Penetrant

ong),gﬁaJL)JJ)':\%m



http://www.spowpowerplant.blogfa.com
http://www.spowpowerplant.blogfa.com

Magnetic Particle Inspection
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Magnetic Particle Inspection
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Magnetic Particle Inspection

(MT or MPI)

> MT Is a test method for the detection of
surface and near surface defects In
ferromagnetic materials.

> Magnetic field induced in component

> Defects disrupt the magnetic flux causing
“flux leakage”.

> Flux leakage can be detected by applying
ferromagnetic particles
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Principle of MPI : Flux Leakage

No Defect Defect

Lines of flux follow the path of least resistance
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LEAKAGE FIELDS
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Visibility of Flux Leakage

Depends on:

> Depth of defect

> Orientation of defect shape of defect
> Size of defect

> Permeability of material

> Applied Field Strength

> Contrast
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Defect Orientation
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Equipment
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Electromagnets

Maximum sensitivity for defects orientated at 90°
to a line drawn between the poles

Magnetic Field
nduced in Core
\ by Electric Current
Soft Iron N Passed Through Coil

Laminated Core

Adjustable Legs
& Pole Pieces
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Coll Magnetisation

e Changes circular field into longitudinal

e Increases the strength of the field
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PROD METHOD
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Current Flow

Current passed through sample

Defects

Current

Circular
Field
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Threading Bar

> Current passed through brass bar
placed between heads of bench unit

» Circular field generated around bar
» Sample hung from bar

/ | \
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Coll Magnetisation

--. '

e Changes circular field into longitudinal

e Increases the strength of the field
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Magnetic Particle Inspection
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article Inspection
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Magnetic Particle Inspection
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Magnetic Particle Inspection
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> To understand and
appreciate the
capability and

limitation of UT
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Ultrasonic Inspection
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Ultrasonic Inspection

Laminationsveetestredrasiftydenipression probes
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Ultrasonic Inspection

defect
M

Compression Probe CRT Display
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Ultrasonic Inspection
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Ultrasonic Inspection

Most weld defects detected using angle probes
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defect

Angle Probe CRT Display
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Ultrasonic Inspection
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EDDY CURRENT

176 / Methods of Nondestructive Evaluaiion

Reference

=

Inspection cail
Reference
g/ coll

() Absolute coil arrangement

e e e

Eddy-currenl flow
Eddy-current flow Eddy-current flow ¥
(d) Internal or

(b) Horseshoe-shape__s .
‘—(c) Encircling coil —’ bobbin-1ype coil

or U-shape coil

Reference

g

‘——(a) Probe-type coil—’

Fics. 23 Trpes ond opplications of colls sed in eddy curent inspection. (o) Probe-type il applied 1o o flat
9. plal for defection of o crack. (b) Horseshoe-shaped or Usshaped coil applied to a flat plate for
detoction of @ lminar flaw. (<) Encircling coil applied to @ fube. (d) Internol or bobbin-type coil applied fo a tube

the flow of the eddy currents be as nearly
perpendicular to the flaws as possible to
obtain a maximum responsc from the flaws.
If the eddy current flow is parallel to flaws,
there will be little or no distortion of the
currents and therefore very little reaction
on the inspection coil.

Probe and Encircling Coils. Of the al-
most infinite variety of coils employed in
eddy current inspection, probe coils and
encircling coils are the most commonly
used. Normally, in the inspection of a flat
surface for cracks at an angle to the surface,
a probe-type coil would be used because
this type of coil induces currents that flow
parallel to the surface and therefore across a
crack, as shown in Fig. 23(a). On the other
hand, a probe-type coil would not be suit-
able for detecting a laminar type of flaw.
For such a discontinuity, a U-shaped or
horseshoe-shaped coil, such as the one
shown in Fig. 23(b), would be satisfactory.

To inspect tubing or bar, an encircling
coil (Fig. 23c) is generally used because of
complementary configuration and because
of the (esting speeds that can be obtained
with this type of coil. However, an encir-
cling coil is sensitive only to discontinuities
that are parallel to the axis of the tube or
bar. The coil is satisfactory for this partic-
ular application because, as a result of the
manufacturing process, most discontinui-
tics in tubing and bar arc parallel to the

major axis. If it is necessary to locate dis-.-

Resistor

@ <

Inspaciion
co S
sample

Gound Q) Ground Ground  Ground (D)

Fig. 25

N
el -@%\

Four types of eddy current instruments. (o) A simple arrar qement,
with dual coils. (d) Impedance bridge with dual coil. a2 3 r2fer

continuitics that are not parallel to the axis,
a probe coil must be used, and cither the
coil or the part must be rotated during

ing. To detect discontinuitics on the
inside surface of a tube or when testing
installed tubing, an internal or bobbin-type
coil (Fig. 23d) can be used. The bobbin-type
coil, like the encircling coil, is sensitive to
discontinuities that are parallel to the axis of
the tube or bar.

Multiple Coils. In many setups for eddy
current inspection, two coils are used. The
two coils are normally connected to sepa-
rate legs of an alternating current bridge in a
series-opposing arrangement so that when
their impedances are the same, there is no
output from the pair. Pairs of coils can be
used in cither an absolute or a differential
arrangement (Fig. 24).

Absolute Coil Arrangements. In the ab-
solute arrangement (Fig. 24a), a sample of
acceptable material is placed in one coil,
and the other coil is used for inspection.
Thus, the coils are comparing an unknown
against a standard, with the diffcrences be-
tween the two (if any) being indicated by a
suitable instrument. Arrangements of this
type are commonly employed in sorting
applications.

Differential Coil Arrangement. In many
applications, an absolute coil arrangement
is undesirable. For example, in tubing in-
spection, an absolute arrangement will indi-
cate dimensional variations in both outside

Valimeter

Inspection

coil Tes! Sy

snmp:c_<>\

Grownd (1} ¢

Galoncing
imprdonc

Grouna

R\ Inspection

. Absolute and differential arrangements of
Fig. 24 [ iioia coils used in eddy current inpec-
fion. See fext for discussion,

diameter and wall thickness even though
such variations may be well within allow-
able limits. To avoid this problem, a differ-
ential coil arrangement such as that shown
in Fig. 24(b) can be used. Here, the two
coils compare one section of the tube with
an adjacent section. When the two sections
are the same, there is no output from the
pair of coils and therefore no indication on
the cddy current instrument. Gradual di-
mensional variations within the tube or
gross variations between individual tubes
are not indicated, while discontinuitics,
which normally occur abruptly, are very
apparent. In this way, it is possible (o have
an inspection system that is sensitive lo
flaws and relatively insensitive to changes
that normally are not of interest.

Sizes and Shapes. Inspection coils are
available in a variety of sizes and shapes. %
Selection of a coil for a particular applica:
tion depends on the type of discontinuil
For cxample, when an encircling coil is
used to inspect tubing or bar for short 2
discontinuities, optimum resolution is ob-

tained with a short coil. Alternatively, 2 “""

Voltmater

I
(bolancing sample.
Impedancel

which valtc ge across the <oil is
sample ic *1e se-ond coit

d. (b) Typical imped
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EDDY CURRENT

Eddy-current
flow

Inspection coil

PIME‘\

Eddy-current i'll::lw—J

X Pancake-type coil

Inspechon coil

DIRECTION OF
PIPE TREVEL

/

Inspection coil

Crack
Eddy-
current
flow \
Pipe

Fipe
“———Section A-A 4\

Fig. 2

Inspection cni7

Section B-B———/

Effect of a crack on the pattern of eddy
crrent flow in a pipe
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EDDY CURRENT

176 | Methods of Nondestructive Evaluaiion

current

flow
Eddy-current flow

«__(b) Horseshoe-shape__

“——(a) Probe-type coil—’ or U-shape coil

Fig. 23

detection of a lominar flaw. (c) Encircling coil app

the flow of the eddy currents be as nearly
perpendicular to the flaws as possible to
obtain a maximum responsc from the flaws.
If the eddy current flow is parallel to flaws,
there will be little or no distortion of the
currents and therefore very little reaction
on the inspection coil.

‘—(c} Encircling coil —/

Types and applications of ceils used in eddy cu
plate for detection of a crack. (b) Horseshoe-shaped or U-shaped coil applied to a flot plate for
lied 1o @ tube. {d) Internal or bobbin-type coil applied to a lube

Coil

Eddy-current flow Rl et Loy

{d) Internal or '
bobbin-1ype coil

rren! inspection. (a) Probe-type coil applied 1o o flat

continuitics that are not parallel to the axis,
a probe coil must be used, and cither the
coil or the part must be rotated during
scanning. To detect discontinuitics on the
inside surface of a tube or when testing
installed tubing, an internal or bohbin-type
coil {7z, 20d) can be wsed. The botbin-type

(1~

Reference
hur/J

Y,

. Reference
hg/

[ ———

Inspection cail

[ ]

S

Relarence

(b} Diflerenlial coil arrangemen) ——————

. Absolute and differential arrangements of
Flg' 24 mulliple cails used in eddy current inspec-
tion. Sea text for discussion,
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EDDY CURRENT

NORTEC" 10005/200

HIGH PERFORMANCE -
RUGGED, LIGHTWEIGHT
- USER-FRIENDLY
' PORTABLE EDDY CURRENT
“INSTRUMENTS

- *Scanner Capab
* Multiple Qutput
. Dual Frequenm

- CUSTOMER INTERCHANGEABLE DISPLAYS FOR TRULY USEABLE ~
VISIBILITY INDOORS OR OU

Your most extensive
NDT source —
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Radiographic Inspection
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Industrial Radiography
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Industrial Radiography
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Industrial Radiography
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Radiographic Inspection

Source ‘

Radiation beam Image quality indicator

Radiographic film Test specimen
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Radiographic Inspection

Source ‘

Radiation beam Image quality indicator

Test specimen

[

Radiographic film with latent image after exposure
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Image Quality Indicators
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Radiographic Techniques
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Single wall single image SWSI

Liom

it

Film

Film

www.spowpowerplant.blogfa.com
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Single wall single image SWSI
panoramic
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Double wall single image DWSI

\\_/

www.spowpowerplant.blogfa.com
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Double wall double image DWDI
elliptical exposure

\\ _______ & _____________

Film

www.spowpowerplant.blogfa.com
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Radiographic Inspection
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S8 s sl b sless,
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Oberflachenvorbereitung
Surface preparation

Prifbereich
Test area

Prat-
verfahren
Test
method

Praf-
vorschrift
Test
specification

entfetten / Farbschicht entiernen
degrease / remove paint

gesamte Oberflache
olal surface

MP
MT

WP 1017
WP 101~

entfetten / Farbschicht ertfernen
clegrease / remove oaint

gesamtes Volumen
fotal volurme

uS
urt

TWP 1098
TWP 1065

o8 g o 5ld o Aea
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Schaufelblatt - Stufe 1- 4=
Air foil - stage - 1-4""*

Belage entfernen
remove deposits

Austrittskante - Stufe 1 - 4***
Traling edge - stage 1-4°""

TWP 1018
TWP 1018

entfetten
degrease

Schaufelfufl - Stufe 1-4 %) ==~
Blade root - stage 1-4°) *™

TWP 1018
TWP 1018

Stufe
Siage

Entntiskante
Leading ecge

Blan
Aurfonl

Ausdau erorgerich
Blade removal required

soiern nant beschichte!
If not coated

|
*** entail bel Austausch
" not nessesary when changes

rotor



http://www.spowpowerplant.blogfa.com
http://www.spowpowerplant.blogfa.com

1 1l Blatt komplett (alle Stufen) SK

Air foil complete (all stages) - VI PT
2 " Fuiplatte und Koplplatte komplett (alle Stufen) SK
Platiorm and inner shroud complete (all stages) VI, P T
3 N Kopfplatie Stufe 1 -.":.20 "% *2chring SK*
Inner shroud - platform (gruov. s for seal strips) VT" PT -
4 _ Kopiplatte - FuBBpiatte - Nuten fir Dichiblech (alle Stufen) SK* I l l r b I I l
Inner shroud - platform - grooves for seal strips (all stages) vr; PT
Verhakung an Kopf- und FuBlplatie SK*
S e Hooks on inner shroud and platform VIePT

Fix Prolung nach S t a.t O r
Prif - Nr 3-5ist

Ausbau der Scraufein
erforgernch
Far alie Prafungen git:

Stufe 1 u 2 nur m un-
bescruchteten Zusiand

For 'esiing according
tes: - 20 3- 5 biage
remeving necessary
Impor:ant for all tess:
Siage 1ang 2 only
wirout coaling

FuBiplane
Platform

Aufhangung

Mounting brackel
{
|___ Schaufeiblan
Air for
o
Einlaufschale
inlet volute
e e [ Kopfplate
Nuten fir Blechringe Haken fir Leilring Inner shroud
Grooves for seal ring Hook for baftie ring
Leitschaufel 1 Leitschaufel 2 Leitschaufel 3 Letschaufel 4

Siator blade 1 Stator blade 2 Stator blade 3 Stator blade 4
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entfetten / Belage entfernen (Drahtburste) Radscheibennuten / Schaufelaufnahme * TWP 1017
degrease / remove deposits (wire brush) Disc grooves / blade grooves * WP 1017

entfetten / Belage entfernen (Drahtburste) Radscheibennuten / Schaufelauinahme * TWP 1019
degrease /remove deposits (wire brush) Disc grooves / blace grooves * TWP 1018

Ausbtau cer Scraclein
erlorgenicn

n e ' Bace rercval required

Radscheibennuten®
(Schaufelaufnahme)
Disc grooves®
(Blage grooves)

7

Radschebe
Cisc
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entfetten / sdubern mit Stahiwolle oder Drah.burste Ubergangsradien 100% MP TWP 1017
degrease / clean with steel wool or steel brush Transition radii 100% MT TWP 1017

Turbinenlaufschaufel
Turtine rotor tlade

Turbine [EE—_——
rings |
(L-and X-

Ubergangrac en
Transition radi

\\ L-Ring

rings)

___ Zuganker
T.e rod

Radscheikben
Discs
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Turbine

stator blade
carrier

—
f——— ——
f——

e —

—

—0-0-b

{

)
i
) 0 0-0 ©- -

Prut-Nr.  Ubermachenvorbereitung Prifberaich Test Test
Test No. Surface preparation Test area method specification
1 .;nrlet!en I;ulen SK,
egrease rOOVES VLM T
R
2 enfletien / ggl beschieden Querschnittsibergange SK
cegrease / gnnd. if reqd Cross sectional - transitons Vig MT
3 entfatten f gglf beschielen Mittenlch: g SK
degrease / grind, f reqa Centralisin, ' keys VT g MT
Querschnitsibergange (Bsp.)
Cross sectionakiransitions
2 B Nuten MintenfGhrung
eg Grooves v Centralising keys

2R aufzgepralzen
£ 5. Support brackets
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Compressor rotor blades

Prif-Nr. Oberflachenvorbereitung Prifbereich
Test No. Surface preparation Test area

Belage entlernen / Sandstrahlen® Schaufelblatt - alle Stufen
remove depos:!s / sandblasting* Airfoil - all stages

Vercichterlaulschauleln
Comporessor rotor biades

Generz'orseite
Generalor end

richt an beschichteten
Schaufeln

no sandblasting on
coated biades

Turbinenseine

Turbine end
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verianren vorsc

Pruf-Nr. Oberflichenvorbereitung Prifbereich Test Test
Test No. Surface preparation Test area method  specification
1 saubern - entletten Schaufelblatt - alle Stufen (im eingebauten Zustand) SK TWP 1003
clean - degrease Air foll - all stages (biades installed) VI,MT TwWP 1003
) Belag entfernen (Stahlwolle)™"  Verhakung fur Innenring (im eingebauten Zustand) * US TWP 1017
remove deposits (steel woal)™ Hook for inner ring (hooks installed) * ur TWP 1017

Prifung von .ewe's 2 I ' l S O r
Vernakungen ccer~an O p r e S

«Na unter~alt cer

Tedflacre 'irks une ecris

{8 Scrauten pre Letscrats
o (ator blades
acove ard urcer :ne

1ot plare ‘efi arc rgh
(8 biaces for each
Compressar statcr nng)

FICnt an Seschicniensn
( Scraufein

"0l On cCaleg Liaces

¥ e
'"J"" &
AN SR
WP
| L LT
F75 \ g .&r” o 4 ﬁﬁ BEIRAIR
d 2 N 7 W§ AL AURLHL
T TR"Y & /71 343§ ¢4 L]
b 3 N % A N 7
g & i c.._a-x. ': & ‘ o )/ = A&—i‘ l
Emi ! | S . f = o
Zuganker
Te rod
rdichterleitschaufel

PMpressor stator blades Innenring

Inner ring

Schaufelhaken
Blade hook

Schaufertlai
Air fol
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entfetten / ggf. beschleifen
degrease / grind. if reqd.

Stege zwischen den Nuten™”
Land between grooves"*

SK TWP 1017 *
VI.MT WP 1017

entfetten
gegrease

Auflagepratzen
Supports

SK
VIaMT

3 entfetten
cegrease

Querschnitisibergange
Cross sectional transitions

SK
VT,MT

Verdichter
Lettschaufeitrager
Compressor siator

Nuten fur Leitscheiben
Grooves for stalor blades

Stege zwischen den Nuten
Lana between grocves

/

2L

m Fall von Arsiratsoyre™
wmperiant f rucorg man:
are ceteclec

SCweil Zuganrgich
as far as accass.c.e

[l

Compressor
Stator /1,11 11]

kL TS

Auflagsoratzen Qiiareehriisibergange (Ssp )
Supports Cross sectional lransitons
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Prid- Prist-

y 3 verfahren  vorschrift
Prif-Nr. Oberflichenvorbereitung Prifbereich Test Test
Test No. Surface preparation Test area method specification
' 1 entelien Ubergange Rippen-GuBimantel SK
cegrease Transitions struts / inner- and outer sheil VTaMT

compressor

Intake

casing

WwWw.Spowpowe

GuBimantel
Casing

Rippen
Ribs
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Oberflichenvorbereitung  Priifbereich Test Test
Surface preparation Test arca method

specification

entfetten / ggf beschieifen SchweiBnahte an Stegen und Teillfugenflansch  SK
degrease / gnnd. if reqd. Welds on partition webs and joint flange - VT«MT

entietten / ggf beschieifen Auflagen fir Leitschaufeltrager SK
degrease / gnnd, if reqd. Brackets for stator blade carner Vi.MT

Center
s A casi ng

Auflagen

Brackets
[

. o
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Pruf-

vorschrift
Oberfiichenvorbereitung Prifbereich Test
Surface preparation Test area specification

entfetten / ggf beschlefen Querschnittsibergange 100 %
cegrease / gnnd. if reqd. Cross sectional transitions 100%

Kupplung Gerauseocertel’
Coupling Upper naif casing

‘. 4“. X I[

!

| Verdichterseite

: Comeressor end
I

—
'
'

Gereraicrseile
Gereraior end | - J_

I
Querschnitsubergange (Bsp. ) Gerauseunterell
Cross secticnal-iransitons Lower nalf casing



http://www.spowpowerplant.blogfa.com
http://www.spowpowerplant.blogfa.com

Compressor exhaust diffuser

Oberflichenvorbereitung Prifbereich Test =
Surface preparation Test area method specification

entiatten / ggf. schieifen gesamte Oberflache (sowent zuganglich) SK
degrease / grind, if reqd. total surface (as fare as accessible) VTePT

entfetten Umienkschaufein SK
cegrease Diffusor vanes VTI,PT

- X Umilenkschaufel
Innenschale L2 : Ciffusor vanes
Inrer wall

/ / £ N AuBenschale

WAANN SO ok i Y ohas g
AN A Cuier wail
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Front Hollow Shaft

Prud- Pruf-
verfahren vorschrift

Oberflachenvorbereitung Prifbereich Test Test
Surface preparation Test area method specification

entfetten Lagerstelle 100% MP TWP 1017
degrease Joumnal bearing 100% MT WP 1017

Belag entfernen (Drahtburste - Stahiwolle) Hirthverzahnung 100% MP TWF 1017
remove deposits (wire brush - Steel wool) Hirth coupling 100% MT TWP 1017

Lagerstelle _Hinthverzahnung
Journal bearing _ Hirth coupling

Vordere Hohlwelle

Hollow shaft front ~ | _2Zuganker

Te rod
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Prif-Nr.  Oberflichenvorbereitung Priifoereich Test Test
Test No. Surface preparation Test area method specification
1 Be'ag entl'emen (Stahiwolle / Drahtbuarste) Hirthverzahnung 100% MP TWP 1017
remove depesits (sieel wool / wire brush) Hirth coupling 100% MT TWP 1017
o Belag entfernen (Stahiwolle / Drahtburste) Kuhliuttbohrungen 100% FE TWP 1018
remove deposits (sieel wool / wire brush) Cooling air holes 100% PT TWP 1019
3 Eelag entfernen (Stahiwolle / Drahtbirste) Wuchtbohrungen 100% FE TWP 1019
rermove deposits (steel wool / wire brusth) Balancing weight holes 100%  PT TWP 1019
clag ert'zrmen (Sizhiwolle / Drahtburste) Wuchibohrungen 100% WS TWP 1148
4 remove ceposits (steel wool / wire brush) Balancing weigh! holes 100%  ET TWP 1148
5 Belag eni‘ernen (Stahiwolle / Drahtbuirste) Stege FE TWP 1019
remove deposits (steel wool / wire brush) Partition webs PT TWP 1019
Kuhilchoenrungen Wuchtbohrungen
Cooing air hoies Balancing we:ghi Fole
‘ .
| .
HimPverzahn.ng P ~ RiriNverzahnung
H:th couplirg % 7 L LSS L A Hirth coupling
4 U 7
Zuganker
f Tie rod
7 7 1l
/ T T See

Verdichterseite
Compressor end

Parition webs

Turbinerzate
Turbine end

Hollow
Shaft
(central)
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Hollow shaft rear

Oberflachenvorbereitung Prufbereich Test
Surface preparation Test area specification

ertietten Lagerstelle 100% TWP 1017

degrease Journal area 100% TWP 1017

Belage entfernen (Stahlwolle und Drahtburste) Hirthverzahnung 100%

TWP 1017
remove deposits (steemwool and wire brush) Hirth coupling 100%

TWP 1017

irthverzahnung

Hiin couping Lagerstellen

Journal bearing

hintere Hortwelle Zuganker
Rzar nolicw snaft " : . . Tie rod

-
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Turbine exhaust casing

Pruf-Nr. Oberflichenvorbereitung Prifbereich Tes Test
Test No. Surface preparation Test area method specificatio
1 saubern mit Drahtbarste Gehauseauskleidung: Schweiinahte 100% SK
c'ean with wire orush Casing liner welds 100% VToPT

Gehauseauskle:dung
Casing liner
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Compressor journal / thrust bearing

Oberflaichen-

vorbereitung

Surface Priifbereich
preparation  Test area

Prid- Pruf-
verfahren vorschrift
Test Test
method  specification

Laufflache (Bindung Lagermetall / Grundkorper 100%)
Bearnng surface (aghesion beanng metal / base material 100%)

us TWP 1020
ur TWFP 1020

Lagermetall Lagerschale
Searng metal Base maierial

Vordere Hohlwelle
i Hollow shaft front

I
1
1

Kiotziagersteine
Theust DEANNG 5h02 N3
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Laufflache (Bindung Lagermetall / Grundkorper 100%) us TWP 1020
Bearing surface (adhesion beanng metal / base matenal 100%) UT TWP 1020

Rear-end
journal
bearing/

generator

journal
bearing

Grunakorpe:
Base material

b—————  agemelall
Bizaring melal
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Oberflichenvorbereitung Prifbereich Test
Surface preparation Test area

specification

entfetten / gg! beschielfen Querschnittsubergange
degrease / grnd, if reqd Cross seclional lransitions

entfetten Fdhrungsnuten
degrease Alignment grooves

Querschnittsubergange (3sp )
Cross sectional lransitions

R e ar _ Fahrungsnuten

Alignment grooves

end AL
bearing
housing

— -t
3
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sandstrahlen
sand biasiing

Schweinahte 100% TWP 1018
Welds 100% WP 1019

sandstrahlen
sand blasting

Gesamte Oberllache 100% TWP 1019
Surface complete 100% TWP 1019

Wanddickenmessung
Wall thickness measurement

Strahlungsschutz. links
Bolzen-Nr 1. 15
Raciahon shield. left
Boit-no 1 15

7

nacn Aniorgerung (28 TM)
1. Mittenfuhrung * it required
Central guice Lukietziech. rechis
Bolzen-Nr. 16...22
Air baffie right
Bolt-no 16 .22

Turbinenseite
Turbine end

| | Rechts
Right

Verdichterseite *
Compressor end

Hahebolzen 3
Fixingbolt

Luflleitblech
Arr baffle

Turbine
inner

casing
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1 entletien * Aufhangungen und Fuhrungen fur Innenteille des Druckmantels  SK

degrease * Supports and guides lor combusition chamber VI, BT
9 entfetien * Schwedinahte 5K
cegrease * Welgs Vi.pT
*  ggl bescreden,
abhangg vor Beiag baw
Verweroungsraeck
* gnnd frepd (according
o Jeposis)
| :. i I
Combustion i
| Hauoe
| Cover
{
chamber @; | ;
) i |
g : |
| | 1
casing S
’ | 1
F I ' '.li Aufnangungen
1 o : Fuhrungen
= [ ;;’ S_ppons, guides
| ! N
SRR
L=

Wineigeracse
Cenjarcasmy

Mischgehaussau™argung
Muang cnamber SUDDOTS
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Radiation
shield In
combustion
chamber/
mixing
chamber

entfetten / ggf. beschleifen
cdegrease / grind. if reqd.

SchweiBnahte 100%
Welds 100%

entfetten [ ggf. beschleifen
gegrease / gnind, if ceqd

Ubergange zum Innengehause und Flammrohr
Transitions to inner casing and flame tube

Stranlungsschutz _ |

Raciatien shed

=
/‘

Innengehause
Inner casing

¢

b=

|
|
I
I
|
!

o

i .
Flammraum
Combustion zone

9

Or.ckmante!
Cuier casirg

Schaurohr
Insert for manhole

Mischgenause
Mixing chamber
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entfetten Dusenkopf (konische Flachen mit Austrittsotfnung)
oegrease Nozzle up (tapered faces with outlet openings)

entletlen Luftihrung
degrease Air baffle

— —

¥
1

Dual-fuel

i Sl et Sty e b ] e T e e s il et S S T

‘ Brennkombination Luftfuhrung (Schweifindhte)  Brennerkombination fir
fur Miscrbetnied oder Air baffle (welds) Enzelbrennsioff Erdgas
Einzelbrennstoff " Burner combination for
Burner comtination for ~ Dusenkopf single - fuel (natural gas)
ch - o sings fusl (korasche Piachen mit

B Ausiiimsoffinungen)
Mixzzle ip (tapered faces
withoutle! openings)
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RESIDUAL LIFE EVALUATION AND LIFE EXTENSION OF GENERATOR STATOR

RESIDUAL LIFE EVALUATION ITEMS

Neme of Part Lite Conal Part | Mantenance Control e [Cracking u-w-t': s Pzmae Muhirce

Stator Stator coil Insulstior oe*eriarelion Vi | testwwe | -Residual life
Looseness of ., Temoewne evaluztion of

:\:m:ln:”d‘:,‘;:::’” Ijsulahon | ecomue insutatian

conditions diagnosis | Fast -Update of

| Veraten insulztion
Core va'nsh A - | *Residual life
St“cf - (deteric-ation) Locp qbefab-n evaluation
and looseness | heat test | time +Partial renar
: *Residuel ile
Bearing and Slide surface Wear DI St ex | gyaluation
Seal ring Vi Operstion mw | *Corrective machinng
or_uddate
High Cemeting Crack and Vi Heat *Residual life
Voitage Parts Hydrogen PT Cyel evaluation
Bushing pas lezvage . - Update of cooler

Hydrogen Tubes Tube thickness vi Erosion + Residusl e
o Corros evalualion
crease N | . Update of bushing

LIFE EXTENSION ITEMS

Name of part Part Life extension method

Stator
Stator coil Rewinding with epoxy resin insulation system

Stator core |[Partial repair and revarnish

Bearing Bearing Rebabbitt meta! of bearing
Seal ring Replacement of seal ring and spring

13

and sealing
High ; .
Voltage Bushing Replacement of bushing
Bushing
(Explanation on symbols)  UT : Ultrasonic flaw test -
PT ! Penetrant inspection VI Visual inspection Cooler
MT : Magnetic particle flaw test HT : Hardness measurement

D! : Dimension t:<dection

Cooler Replacement of cooler

www.spowpowerplant.blogfa.com
o8 g o 5ld o Aea
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RESIDUAL LIFE EVALUATION AND LIFE EXTENSION OF GENERATOR ROTOR

RESIDUAL LIFE EVALUATION ITEMS

Cantr Martgnance Cont Cause Preventrs Mamiashe e
i i Ao e nu--.:- Metnes

Center bare | Low cycle fatave
of shaft (presence e~Z
development cf
de‘ect or crack)
Torsion fatiz.e S wr | Grasoing of
(e-esence of - sccumulated
crack) Virslon life consumption
e | e R
i - T | et g
ach) form imbrovement

. i + Crack removal
tres. Gacrean Moisture | - Residual life
creck . evaluation
Insulation ‘ . Startend | * Residual fife
deterioration stop evaluation of
" insulation
Operation | . pdate of
time insulation

Start + Residual life
end evaluation
stop Crack removal

Shaft icurnal
part

Retaining ring

IR G condl Sen Field winding deformation Too turn Start and | * Top 'tun_\
UT and PT breakage stop modification

Operation
z-2 PT/ Wedge PT time
\

;) ¥ Collector rin ; ; “Residual If
T — . Collector ring | Wear of brush Overation | evaluation correcti
By T T eva
Bldu ' ;. € side surface time ve machining or

Y Sl update
! ; ‘ l“ L_)‘—]:] U LIFE EXTENSION ITEMS
PT
ok N Wearing insulation Name of part Part

Bore UT. MT condition
Fretting crack check Rotor

Life extens’on method

&

Rotor wedge |Replacement and formimprovement

Rptaining In case'of non magnetic steel, replacement
(Explanation o~ symbo's)  UT : Ultrasonic flaw test ring of retaining ring with new material 18Mn18Cr

PT : Penetrant inspecion VI : Visual inspection Eoitand e -
MT : Magnetic particle fiaw test  HT : Hardness measurement insulation i sl w materia
DI : Dime~sio~ inscectan

Zcllector

: Machining or
Hng g or replacement
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Locking Ring

by

Retaining Ring

Snap Ring

Centering Ring

Field Body

Locking Key \\\ ///
Groove _
Shrink Fit Relief
Area

Snap Ring
Groove Groove

+ "Critical Inspection Areas

Figure 2

Typical Body-Mounted
Retalnfog Rira Truta)iatica
¢

an
Critical Inspection Areas
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MECHANISM OF STRESS CORROSION CRACKING
FOR NON MAGNETIC RETAINING RING

Water and NaCl

.

18Mn-5Cr -
: Stress

18Mn-5Cr STEEL

/ . Chromium density - ‘
Chromium carbide "becomes low level Grain boundary

(1) 18Mn-5Cr is non magnetic steel.

(2) To keep austenite steel, the solution treatment is
necessary from 1050C with water quench.

(3) In this case, Cr (chromium) gathers at the grain boundary,
then it becomes chromium carbide. Therefore the chromium
density near the grain boundary becomes low level rather

* than other part.

(4) Chromiunj is anti-corrosive material, so the low level part
~of chromium density is corroded selectively.

(5) It is the reason that the stress corrosion cracking appears
near the grain boundary as shown on the picture.

Abstract Stress corrosion cracking of retaining ring occurs by
water at the inner surface of retaining ring.

Trierefore we niust care abiout the dewdrop at retaining
ring during oparatior. and overhat! inspection.
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LAt

AN
LAY
SRk

N

L WANIAY s

W
R
n's:.i“‘ M
yand

N
N3
2
£
=

Rotor with field winding in place

Aetaizing rins for Type 161, with bayonet fitting
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Tabelle 1 Table 1

Entwicklung der nichtmagneti- Development of non-magneti:
sierbaren Kappenringstahie zwi- ble steel for retaining rings at «
schen 1901 und 1988 in unserem company between 1901 and 19
Hause ‘-

f‘hemlsche Zusammensetzung in Masse %
Chemical composition in % b.wt

C | si | mn [ Ni ]
079 | 024 | 448 | 1600 |
027 | 020 | oaa | 2180
| = | 808 | &s0

600 | 85

600 | 6,50

: 750 | 7,50
056 | 018 | 822 | 1010 |
057 | 013 [ 1110 | 419 |
055 | 040 | 500 | 1250 | 360
060 | 040 | 500 | 1500 | -
020 | 040 | 600 | 10 oo_l_fméﬁﬂf'_-—ki

058 | 040 | 750 | 850 | 40w | -

B 048 | 040 | 1750 | - | 300 |
CF6724 Bl 032 | 033 | 1800 | 1 100

\_s;!ag,f_‘.;o{,(Ulgm_ 053 | 080 | 18,00 | | 450

; -0,10
',5;P'794*~°-f.,.. 060 | 025 | 1500 | - | 1500 | 2,00
; | i

052 | 040 [ 2000 | - | 1400 | 120

065 | 075 | 1950 | 150 | 620 | 010 | 014

055 | 040 [ 2000 | 100 | 600 | - | | 010
050 | 050 | 1800 | 040 | 465 | 055 | - | 0410

1 —_—r

<012 | 030 | 1850 | - | 1850 [ - - | 050
f0.12{.; :—Lr'Jon

“1 D[JPQU:MTAU-‘H dis L ersumsmarkoﬂ “Trial gracies before
vor der rﬁgPImanen Erschmeimnq regular procduction
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Start-up Shut-down Load Change @
¥ Y
: \(e
Steam Condition ‘

Variation

Y

Alternation of Dry & Water Quality SCC Condition
Wet Steam Dissolved Oxygen |

Y

Corrosive Environment High Centrifugal - High Tensile
: Stress Field Material
Condensation of (Stress Concentration

Sodium Compound & | by Configuration)
Dissolved Oxygen

V ¢
i

Stress Corrosion Crack
(SCQ)

SEQLIENCE OF STRESS CORROSION CRACK

oS5 i o Jl )3 Jun Aes
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MECHANISM OF STRESS CORROSION CRACK

Metal Solution
(Corrosion)

- B

+—n——-—-

Crack Propagation

Crack Accelerates
SCC

www.spowpowerplant.blogfa.com
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RECOMMENDATION OF INSPECTION
AND STORAGE

RECOMMENDED INSPECTION

ITEM EXPLANATION

INSPECTION ONE TIME PER FOUR YEARS

AFTER (1) ULTRASONIC INSPECTION
DISMANTLING (2) VISUAL INSPECTION

ROTOR IF FLAW DETECTED, THE NEXT lTEM
IS TO BE CARRIED OUT.

INSPECTION ONE TIME PER EIGHT YEARS
AFTER (1) LIQUID DYE PENETRANT INSPECTION
DIS-ASSEMBLY | (2) VISUAL INSPECTION
OF RING (3) DIMENSION CHECK

A IF REQUIRED. SHRINK FITTING SURFAC-
ES ARE TO BE INSPECTED BY MICROSCOPE.

RECOMMENDED STORAGE

THE FOLLOWING TREATMENT IS RECOMMENDED
NOT TO MAKE DEW ON THE ROTOR DURING
~ YEARLY INSPECTION OR LONG STORAGE.

THE CONDITION OF DEW IS DESCRIBED IN THE
~ NEXT FIGURE.

1005 TO MAKE THE RING HOT
2~3C HIGHER THAN
804 AIR BY LIGHTING LAMPS
IS EFFECTIVE FOR
604 PREVENTING FROM DEW.

40 | AR TEMP. 30¢
; AR TEMP..0C
20; :

0

RELATIVE HUMIDTY

AIR TEMP - RING TEMP(C)
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