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Pen-Besirvetive Tooting (B30 2.) oomstote of sothets of
aspeeting and tesling materiale and ‘tponentis without Sodrt@ent
e thelr physicy) preperiies and sudsequen' performance. | N 5
for maintenance 15 now establisked it needs to te exramded in
application ar ' scope. whils’ "he ranges of N.D.T. methods 1relpdes
o Mumber of sdvanced and eomplen syetems o 1ot 7 waliabis worlk “an
0 6eme by the woe of ihe simplor and well eetablished methode,
Provided the follewing points are sdhered te. Tes! preseduree,
preforadly writion must Mo olear and wasbiguous ant have due
Pagard for the capabdilitios and lindtations of caeh N.B, T. mothed,
Mo eporations met e ‘onociontiously sarried et g teot poreemnsl
e have Yoo preperly trained for 4o werh.
RN AD 1D

letter apmbels, ene end adbrovigtiions oenfern Vo Pritian
Otantarde 1991,

Toshnisel ‘srme senforn 1o Pritish Siandard Slescartes, 1.60.0,
(30ternetiona! Organisetien for Standerdisetion) or Intermstions)
lastitete of Weliing Padlications,

. T3

4% 00 prescat tine there 10 o0 slagie miwrnnlly gsecgpred
m-mmncau.uummn-h. e, veide,
lashe, ote. 1a mterials whien 4t 10 e fumstian of Ben-Bustewetiw
Notlag %o lesste and doserie. Correat wwage iasludes: Gefess,
dooentineity, fiav, impertestion, inhemegenity, ote. Ja the
Waefasture and predustion of new oemponents whore gocoplamese
Oandards and customer/inspection/preducer intereste ore invelved

Gloommtinuity 1o often the preforred or obliga‘ery terw, al :hough

We tere defeet is aleé very weil established in the widing feld.
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Sapliett in the 8o of all sush terus o0 these lioted abowe
@90 lowls of uality and fitaser ror service. Porhaps it 40
Otowhat easier in Plan® mainterance tham in production teo ascept
het plant - Tamponents may furcyiom sati1ifactorily whilet being
1008 than perrect, "artic.lar!’ a8 ‘ha emviremmen' and service
oonditione may be more prediciabdle. [a this paper the term defeet
18 therefure used to tenote the cracke, pits, voide, leaks, ete,
whieh oceur 1n plant and which 1t la the fumetion of Nen-Destruetiwe
TPooting to locate and foser.ide.
Sakol. IETICES

Wilat there are amseptiene the . ity of §.0.7. mthede
Oulipri oot
(0) 4 source (\ramenittor) frea agen Mmergw redistes and flewm
Sotuarde,
(D) The tee’ objee’ with whica the emergy interacts, o.g. Wy
reflection at a surface or interral interfanes, or by .burr“d
ettormation,
(¢) 4 aetec or, which pocetves seme o all of the ‘renseltted/
roflested one: gy and precents the result as o visual or sudidle
m which can them be interpreted by treined porsonnel.,

Bt of the range of earrent N, D. T, Bilcis are disevsssd
8a this paper as applicadle §o plaat maintengnoes

(o) Magme:ic

(d) Pemetrant

(¢) vieual aide

(6) Leak etec'ien qm¢ ‘esgtien

(o) Ultreeanic
() Rertegrapnie
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(8) B84y Current and Bleetrical

(B) Therma! sad Other

Poshnique is an arpiication of o sthed, o.g. maghotie
Sarrent flow 'echnigque.

In timee of emergoncy whom fajlure >t Plant has cocerred,
porhape bV explosior, the walne of N.B, T, in shecking remaining
plant 48 readily appreciated, W' to use N.D.T. om a routine hasis
80 on aid te maintenance, invelving employing a permanemt ¥.D.7,
%0al or centraciers may appear an expensive lwrary, Newever, whilet
o number of published papers on the cost demefits of N.D.T. are
fow o large mumber of nodern managements find it economieally vorthwhile.
In eany cases these are indusiries where the cest of an wnschedeled
Setage of a wnit is high in terms of PoRay, and an sccideat cestly
ia terms of humen lifs and money.

5.D.7. methode are therefore weed to aseist operation and
Gaiatenance staf? in redweing ceets Wi

(a) Assisting persomael safety. Accidents arising fres

fellure of plant or components can affect norals and

preductivity. The use of N.D.T. ar a safsty inspectien

tesl ie indicative of management safety swaremess.

(V) Blisiastion or reduction of usscheduled outages and

1600 of aveiladility ia high cost plant, by the detestien

of petential failures.

(8) Reducing the time and labour required for maintenanse,

W the provision of inspection and test methods whioch cem

pavate reactely and 'see’ through bodies opague to light,

end by regular N.D.T. of areas subject to wear snd westage,
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Wes redusing e anount of ¢iomantling end opmaiag-wp
roguired te provide inrormation en plamt comditiom,

(8) Determiratiom of the 1amber and extert of defeets
ond confirming ‘hat they have bee- olimina'ed from
oritical areas Lefore weldirg ~r nther repair work is
carried ocut, a'lied to quality comtrel Faring the repaire
te ensure a satisfac’ory ior 18 votained

(o) Bmadling the location and exteat of certaina 1ypee
of dofects to be determined and their growth, f any,
aonitered thus it is sometimes pussidle to leave sush
@ofouts in place and 4void the expense of repairs,

In the case of time-expired plant which is retained feor
otand-by duties, or pending replacemeni N.D.T. ean provide
efSurance that the plant is fit for this work.

(f) Bnadling quality levels to be cheched on spares ond
teplasement parts and eneuring that they comply with

oposifications and the possidility of 4 fatlure is aves@ed,
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Vagnetic defeot Jetection prucesses oen be wsed on the mejority
of Ltren and rtael castings, fcrgirgm, fadbrications, welda, rolled
and dar onr, rine  apd th-g, 3t>., ‘n find tine nr coarse surface
oreshs ! esim.lar ty,e dafects, wrila* 3ad-surface dafecise to
Qppreginatiy 't o ir tcit» can aleo be detected i lng suitable

M@ eurrert te-nm. qier,

The semsttivri'y or “ha rethod in highe Surtac- cracks as

Gmnll o0 ! mil.imetre in longth and 0.025 mm in depth can be identified
ublag powerful magnetising oquipnent and very fine magnetic particles.
Eximiaies |

A magnetieo flum 10 ostadlished ia o forremagnetio teot objest
and ot & dreak in the surfase or where a swdstantial sud-curfase
@afost 10 present the path of the fluz i distorted and an extermal
aaghetie leakage field exists,

Ties external field cen be utilised ia several waye o indicate
e Gofost. The simplest method is te apply fine particles of
angnetie iren oxide P!lo‘ suspended ia o suitadle liquid Wy spreying
W tamsreion or 00 & dry powier, these particles are attracted Wy
e mpetie leakage field and remaia clustered there indicating
e Sofost 50 that the position of the latter oan b seen. The
Pesuliing indication will cutline the oise and extent of the defect.
Mo Gonsity of the magretic indication vill be affected Yy the depth,
WOt and length of the defest and its relationship to the direction
of he iafueed magnetic flux,

Wilet sensitivity is greatest when the defest is at 90° to
o Qirestion of magnetic fleld, 'ndication of cracks at aa angle

o 30° vill be givem; an aigle of 45” to the directiom of the field
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abould be regaived a: tae practsal iisit. Thus two testa ut right
ang.es may b e nindaum aesodsarv L0 ensure o suptete COverage.

A Tauis e ais cweRt wT e auraic metrad ie thet ap ciequata
magretic Uieid vovent fhe IR T SN A R ok ject o
workphota, i ot s b onevaen Tn R ¢itferonc wayss he
Fopai Q6 ne e nrem e anoe e Samiete or cL8Ctiomarns Ty which
BROVLLE @ magct T Le Lo Vel o Jacns.  when the WOT-
place [~ opioo? aoenon oo e T yle Amee Lo ried il
oirouit is completed and that part of the workpiece teiween the
pole faces is magnetised. This is called - Nagnetjo Flow
Bametisation. The second way of providing the required magnetic
f1014 strength is by the use of an eleotrio current. There are &
sumber of specific techniques which need a substantial current 80
oollectively they are known as - Current Nagnetisatiop Techniques.

¥henever an eleotric current flows through a conduotor it
sets up s magnetioc field at right angles to the direction of the
ourrent flow. The strength of this magnetic field is direotly
proportional to the current. If a current flows via contaots through
a ferromagnetic workpiece a magnetic field will be established ia
that workpiece and the area or volume between the contaots will
be magnetised. An alternative to passing the current directly
through the workpiece is to use an insulated conduotor which oan | _J
threaded through an opening in the workpiece or placed round it in
‘the form of a coil. There are a number of arrangements of oolls,
oomduotors and jigs for magnetising different types of componsass
‘ioh are dealt with later in thie paper.

In addition to controlling the direction of the magastio field
W the physical arrangement of contacts and oonductors the depth of
pemstration below the surface can also be controlled by the mature

of the slectric ocurrent.
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The two basic types of current supply are a.c. (slternating
ourreat) or d.c. (direct current). The megnetic field produced
Wy 8.0, current tends to flow close to the outer surface of the
workpiece, and hence will not be much affected by sub-surface
defects, but this feu.ura gives a g sensitivily to surface
defeots. Direci rurrents nave a greater depth cf penstration than
8.0, and are mcre sensitive to sub-surface defects. Variations om
the two basic types of current supply are half-wave reotified a.o.
and surge or flash magnetisation. In all cases the magnetic field

418 proportional to the peak value of the current.

4.2.4 Nagnetio Pield Strength

The importance of ensuring that the magnetic field is at
right angles to the defect has been pointed out in 4.2,1. and this
is the reason for the number of techniques available to produce a
magnetic field with the correct orientation to an expected defect.
In addition to the correct defect orientation it is alsc necessary
t0 oontrol the strength of the magnetic field, if too weak some
defects may be missed, if too strong saturation and furring, i.e.
build-up of magnetic particles may occur causing confusing
indications. With permanent magnetc there is little control possible,
exoept by introducing a pisce of non-metallic material to make a
»gap” in the magnetic circuit. With all other techniques whioh use
ui eleotric ocurrent then magnetic field strength comtrol, either
in steps or continuocu:ly, can be achieved by control of the ourreat.
To emable ocalculations to be made and recorded there are two
quantities which can be measured, firstly ampere turns, and secondly
direct measurement of magnetic field strength in air by s magnetometer.
The unit for magnetic field strength in the S.I. system is, ampere

per metre, symbol A/m. Thue the magnetic field strength can be
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Galeulatsi Wy counting the number of turns ¥, measuriag the
ourrent I amperes and dividing their product by the axial length 1
in metres of the magnetising coil,

Magnetic Field Strength Symbol A/m

= NI ampere: rer metre.
1

A magnetometer which has been calibrated in SI units will
indicate magnetic field sirengths in amperes per metre. The unit
of magnetic fieid strength in the C,G.S. syetem, the oersted,
symbol H i firmly established in practice. The relationship bdetweea
the 8! and C.0.8, units of magnetic field strengih is:

One Ampere/metre - %TT = 0.9126 Oe
000

Ore ocersted = 1000 = 80 amps/metre
an

T™e theory of megmets and magnetic circuits has been largely
Gaveloped by the naeed to design electric motors, generators and
similar apparatus and not for magnetic particle testing. To assist
the design of electrical machines and apparatus measurements of the
magnetic flux deneity inside a special test specimen can be made
using a flur meter, -t this procedure ham limited application to
plant in-situ or the random type of test objects encountered in
magnetic varticle testing,

It has therefore been neceseary to adop' an empirical approach
to determining the magnetic field strengths necessary for partiocular
types of test objects and defects. Tables have been compiled setting
out ocurrent values for a number of types and shapes of components
which are used in conjunction with a natural or artificial test
specimen to establish a technique or procedure. However, magnetometers
or Magnetic Field Strength meters specifically designed for magnetic

testing purposes are now available, as these instruments are




4.2.6

generelly calibrated in ce~steds, they are sometimes referred to
ab oersted meters. A magnetumeter which has a direction eensitive
sensing element, i.e. a Hall effect rrube can be used to messure
the tangeatial component of the magretic ficld at the surface of
the workpiece, because the vaiu: of this component is the same o
either side of the boundary ocetween air and steel, the value
measured in air is a measure of the field strength immediately
below the surface of the workpiece.

Using such a magnetometer it is possidble to reduce the
reliance on the experimental approach to establishing ampere turn
values. Thus assisting the ectablishment of techniques and
specifications and in the maintenance of equipment and prooedure
standards in magnetic testing.

Magnetio inks and powders provide the visual indication and
form an essential part of the process. In the U.K. the majority of
appliocations are carried out using an ink, althcugh for castings
powder may be prefecrred. If powder is used it is necessary to
provide a suitable powder blower, if ink ie used, then means of
applying it, by equipment such as sprays, immersion baths or ladle
end drip trays must be aveilable. The size of the magnetic particles
oan be varied to suit different applications. Fine particles are
used to indioats defects invisible to the human eye, whilst coarse
magnetio partioles are used to indicate defects which could be found
but for whioh tiie use of the magnetic process is quicker and more
reliadble.

The liquid media used for carrying the particles can be either
water, with inhibitors to prevent corrosion plus a wetting ageat,
or a light kerosene oil. Magnetic inks and powders are availabdle

as Pluoresceat or non-fluorescent. The fluorescent inks and powders
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require a black light iamp ara ‘he inspectiion area shall e
darkened. They ars more sarmitive to fine defects and by providiag
8 xore readily seer indica*ion reduce tha .onecentration required
¥y inspec’ors when irrving ot magY: *iC particle testing on g
routire basis. For in-«ity pl 1 tesling on where tne maiority

of defects ure .0* o fine the .ca-f.ucrese:n’ ink is used, but

to facilitate observitivn of -~ o 1ndicetioas Y 1s deeirable o
achisve 3 good contras: te‘weern the particles ard the background,
Normal magnetic particles are nlack and ave sxceilent on polished
or machined pa~ta, L.* there is littie contrast on a dark surface,
it is therefore desirable on such a surface t¢ apply a ccating

of white contrast material. TLis can be a proprietary con‘rast
paint or a mixture which dries quickly, although where drying time
is not important whitewash can be uced, At an alternative the
magnetic ink car be coloured during manufacturs, generally grey,
red or yellow colourings are used.

When the stage of examination of the surface 13 reached them
it is necessary to ensure that good lighting ie available, visidle
light for non-fluorescent inks and powders, black light for
fluorescent irks and powders.

De-magnetisation after magnetic crack detection may be
required particularly on components on which machining or other
work is to be done or where in a machine shop ferrous particlee
could be picked up ani taken into a situa:ion where they could cguse
hars.

De-magnetisation can he done by placing the test obiect in g

¢oil with alternating current flowing which is gradually reduced

to sero; or by withdrawing the otject(s) slowly from the coil,
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The offertivenses of the do-Sngretisation can Mo ohecked b
RNeAging & pin » 1 Lhpread and seei @ (P Lhe test “hieet 8l ngte
it. Make pure th. PP G not mamet] e nefors star ing. Vielg
strongth me‘ers .. 4 WAl Fummtera provi ie o merpes euartitative
method. Alternati-e.y the ajic. af? honmans test” e he eeq,
™is conuiate ot Ttating he s a0 imen [ FYPRLN 3.0 #*aticned Lasd
or Weet of the et COMPAT b o apecified destemce, [f tre
devialion ¢f the teny TLLPAST V8 ALY mape than 1 the speuinen

is adequntaly demasmiet Lred,

4.} AReli sations of Magieti s oy Malicangnce

The mugne’io particle method 18 used ror the exX~rination of

& wide range or masmetisable natwrials in & large numher of

industries. It 14 uved for crsne hooksy hand tools much ae Panmose
and chisels,

Tmotor forks
Chain links
3hackles
Crankshatta
Gears

Ax)ag

Spindles

Pins

8tuds

Bolte

Keyvays
Connerting Rods
Nrdine Plades
Castings such as Vqlve ddles
Weld:, etc,

in and en shipe, milvays, powar stations, collieries, stesl Nante,
chemiocal works, cars, trucks, buses, air planes, etc.

Nagnetic particle inrpection is used durin, plant overheal
to locate or confirm a visual ohservation »f cracks and girilar type
defects. When repairs are being carried out 1t 1s used ¢ emsure
that the defects have been Completely eliminated before welding

Commences and for quality comtrol when repairs gre campicted,
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Ragnetic particle imepection of 1ifsing oquipment, o.g.
crane hooks, c hooke, sheet lifters, tractor forks, ross
tarviers and ladle bales im carried out as part of an N.D,T.
pregramme by Dominion Foundaries and Steel Limited, Hamiltom,
Ontario, Canada. The insepecticn frequency for heat crane
books 15 4 monthe, and for other items 12 weeks. This
preventive mairtenance, which includes other methods of
W.D.T. and vitration analyeis has been carried out since 19%9.
See Planned N.D.T7. as Preventive Maintenance for Steel Plante -
William H. Tait - Materials Pvaluation April 1968, pages 54-%8.

In the large diesel engines used for eshipe, top and
bottom end bolts, eccemtric studs, tie rods and piston rods
My all be subject to fatigue cracking. To avoid fatigue
fatlure in bolted connections the bolt eshould be tightened
watil it maintains a teneile load higher than the maximuas
Service load. Fatigue cracking occurred ir the screw thread
of the piston rods of a number of two stroke, double acting
lesel engines, of 550 mm Cylinder tore. Tho screw threads
8t the cross-heat are subject to reversed stresses due to the
@sudle action. Comtrolled pre-siressing to a level higher
Shan the maximum vorking stress was introduced with magnetio
Partiocle crack detection stipulated at each survey, or not
1688 than once per year for every rod. WNith these measures

the incidence of oracking decreased to virtually nil. See

B.?. a8 & metallurgical aid in ship maintenance and failure
preveation - J.7. Deegan, Dritish Jourmal of N.D.T, - Decembey
1969, pagee 86-92,
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T™he hook of the suxiliary hoist of an overhead eleotrie
Srane in 5 foundry fractured, failure being in a brittle
Sanner initiated by o surface transverse fissure at the
iatradus, Following this incident A further 4! hooks were
®abjected to 5 nagnetic crack detection, 1€ were found to
have similar surface fissures, these were blended out by
local grinding until proved clear bty further magnetic testing,
See Pritish Engine Boiler and Electrical Insurance Co, Ltd,
Technical Report 1965.  Vol. VI peges 81-87,

4 test duri irs to ensure cr cki
out

Nagnetic sxamingtion of a blade root €T0ove in a steea
turdine aiso. Following removal of blading and oleaning to
produce a suitgbdle surface for oxanination, the blade £roove
a8 magnetiocally tested as follows:

‘ .oo.t of white background Paint was applied and egoh
side had 3 one-turn Magnetising coil wound adjacent. During
e passage of 400 anperes through the coil, the blade groove
W8 sprayed with black dagnetic irk. An examination of the
Sagnetised blade groove revealed a craok running circusferentially
for the entire blade groove on the "up-stream” side. The orack
e almost continuous, being broken in a number of places over
& short distance, approximately 3* to #., This test was aleso
fepeated during tfn machining out of the blade root &roove, te
adure that all eracking was removed, N

¢ chec of exteut of or ki

Cracking was discovared in cast iron feed pamp oovers

and magnetic tests were carried out. Number of oracks wre
located and showm up. One crack extended three Quarters of




!

o X o
' e wmy remd the cirenaference and could Yo soen visuslly. e
BagRetic test revealed that cracking of a lighter mature was alee

present on the remaining quarter of the circumferemce. This test
was carried wut using a p:-mane~t magnetics kit.

4.3.2 Inchaigues and Progedures

T™e basic steps in carrying cat magnetic partiole Laspestie
are a8 follows:

-

(a) oheck that the test object can be nagnetised, 1.6.
it is ferromagnetic,
() Clean *he murface and prepare as necessary.
(o) Consider the positicn and type of defect expected,
the shape, size and geometry of the test object and seleet
& Magnetisation technique and that will produce a magnetie
filed which will be at right angles to the defect.
(4) Select a magnetic ink and comntrast patnt, if required,
' provide adequate lighting.
(o) Establish the magnetic field stresgth velue.
(f) Carry ou* the test.
(g) Interpret the indicat.ons.
ff (M) Repeat the test if rececsary te oemfire,
(1) Demagnetise it required.
i (3) Clean the tes: object.

An example of a Procedure for Permameat Tagnet Kit 10 ghwen. (0 5.8)

¢33 Immhaieuee of Nagnetisgtjon

The magnetising curreat is paseed threugh the test objeet
L
by
} } via prods, coutact heads Or clamps. Care must be taken to oveld
T
r - turning or depositing copper ca the surfase of the test objeet.




n-u-.uumhunamum
otesen admetadle clamgs o emtasts., If woed l-ot%u W0 slenge
o@h o attgched to Roavy @ity eables or oam be in the form of
PRlr of prede, wnieh ram e 1itner sewnted in a Landle hooping
ShEn o fised distence APArt or ‘hay eam e woed iadopandmmtly,
Tis toshnique Moo extensive applicalion fop castings, fergings
and wolde. In :he U.8.4. tais technigue 19 salled etronier

aagheticatiom,
Iaeaading ot and C omtug: or

Bellew cylindriesl or ring shaped &b jsets cen Mo ‘hvended
R te & nen-magneic har, the "Theeading Der” wiich io Shen plased
Sotunen the current ceminets of & Baghetio maehine. A ia \be
Survent flew teehnigee this is Mitedle for defests whese an jor
@80 10 parallel te or within 45° of the direetiem of carrest fiew,

Alternatiwely o Moevy duty fieaible cabdle ean o woed wiieh
1o threeded \hrough ouitadle Delge o peniags ia the toot odjant,
Iniraliag Coil

Bneireliag cotl. In tats case e maghetisetion 10 provitsd
W o soleneid or 100p wound rouad the tes: 00!, Defonte Wiied
QFe tranoverse te the quisn of the coil will W detested.

17 weed on o Baghetioing meohine the gup between the ool }
@l % Ajest should Ve a0 omll a8 peseidle. 3 Hiond fieant
Gs0rense 12 mgetisation for S given curveat vil! eosur 1f e
09 18 1aereased bayend adeut 1% of the radivs. Where o smll
Qyltetrics. odjeet hao to be tested in & large ceil the beot resulte
OF odtained by plesing the test object as iosely as pessidle te
e olde of the oeil. Tis wil] Recessiiate repeating the semplote
%60t precedure o mumbder of timse, rota’ing the specinen watil the
Wole ¢irouslerense has teen ecovered.
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Tde 15 woed teo eoludiioh o oiramferential marrent New
18 large rings and sinilar tesd objecte, by in offeet mahing hen

® olagie tur secondary vinding of a ‘rensfermer. As the indused
mrrent will be in 2 circumfereniial tireetion thin sheuld gloe
%0 ths direction for ih major amie of Gsfecte.
Baatis Plov

In tMo testnique tue Gofecte Wioh ore transverse ‘o the
Glreetion of the magnetic f10ld betweon the twn pole pleosen of
@0 olestremagnet or pormancat magnet will be moet readily Gotested.

™he testniques deserided ~amatet of;

(a) Corvent Piew

(8) Treading Dor snd Conduoter

(o) Btreling Ceil

(¢) Intuced Curremnt Piow

(¢) Magnetic Fiew

Bocommcaded current wmives are given in o meanber of
pubitontians. ™hese giver Yolew gre ntrasts frea Pritich Dtondesd
O Pr. 2 1968, meihode for Bon-Bestruetive Testing of Btgel
Pooglags - Pt. : Magnet.c Purti.le Plaw Detection. Sestien 9,
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’ SESITE 2 MIRTIMTION
%' Sepansl

T™he entire forging or specific area on the forgiag te be teoted
ohall, where praciicable, be magmetisad in two mitually perpendicular
direetiors Ly any of the methods descrided in 9,2 %0 9.5, The ourreat
shall flow fer & time sufficiont Lo ensure that steady state conditiems
are attained in tre tudwctive cirenit. All corductors other than prods
shall be insulstod. Care ohall be taken to ensure that magnetio
saturatiom, weuilly indicated ty & Mild~up of partiocles at odges and
oorRere of the forgine, does not oceur.

Oemers1ly a mayretic fieid etramgth (M), of net lesms tham 2400
angere/uetre 130 oorrieds) is resuircd, and the values given in 9,2
te 9.4 are dased o thie mirimam figure. Ore or more of the following
Sagnetisation trchaigues shall ba weed,

’2 facrept Fi-w Az (Fig. 1

2.1 The sametisiag eurreat edall Yo fod direstly to the
olther by moens ef camtasts gt onsh ond (000 Pig. ta), o by meens of
prede (oee Pig. 11) at insermediate dintanses.

2.2 When current is fed direstly to the forging at cash ond
plese the ourreat s.reagth shall de not lese thes:

(1) for eylindrieal hapes: 5300 A/» of diamster (a.c. P.8.0. value)
7500 A/m of diameter (4.0, or o6, poak

value)
(8) for nom-uylindr.eal 1680 A/n of periphery (a.0. r.n.0. walm)
shapeo: 2400 ’/- of periphery (d.¢. or a.0. posh
valwe

»2.) Vhen prods are woed 2’ intermediate distancer, the di0tenee
Sotween thew shall be aot greaier thar 200 m (8 1a) end the specing
of She preds betwesa sicoecsive ch ~ks shall be a0 shewm ia Pig. te,

Ye2e 4 Yor preds at a distence auart of 200 mm (8 1), the ourrent
otrongth shall Le net lease then:

(1) for forgings of 2 1) mm (4 1n) diameter or less, the
Nrreat sirengih as specified in 7.2.2.

(2) ftor forgings larzer tlan ‘00 m (4 ia) ¢lameter, o
Siadaun eurren. strongth of 600 4 (8.c. rem.n. wvalue) or &” (4.0
o a.c. m ‘11*;!.

If 1% 18 necessary t¢ ase prods ot less then 200 mm (8 in)
Separation, the curren: strengin may bo reduced in direst prepertien
te the distence detween the prods. It zheuld be berme in mind thgt
the surrent through the sreds is emtriduting to the overall field
treagt)




93 Thresding ber end ocoil technigue (Pig, 2)

9.3.1 If the forging is holiow, flaws in a longitudinal direction
Bay be delected by pasming the magnetizing current through a bar or
cable held within the bore of the forging (Fig. 2a). Alternatively
& threading coil may be uced (Fie. 2b).

9.3.2 The currenl atrengtl: shall be equivalent to not less than
10,500 ampere turna (u.c. r.m.s, value) or 15,000 ampers turns (d.e.)

“por metre of the maximumr distarce of the uar or cable from the surface

of the bore of the forgiug.

9.3.3 Because of limi.ations of the equipment, it may be
necessary to magueti & L forging at several positions within the
bore, with the tar ~r cavie lying on the Lore surfece, in which case
the distance betweor spacings ot the conductor or coil for successive
ohecks shall be 1ot greater than 190 mm (4 in).

9.4 Encircling Coil (Figre 3

9.4.1 The magnetizireg current shall be ted, aither to a coil
enciroling the forging, or to an insulated cahle wrapped around the
forging., The coil or cable shall be placed as clowe as possible to
the surface of the forging and shall overlap between successive ohecks.
If the lergth/dianeter ratic of the forging 18 less than 5:1 extensiom
pieces ahall be used.

9.4.2 The following %able should be used as a &uide to the current
required to provide the neceesary magnetic field strengvh (H):

Coil dia | Coil Length Number of lﬁni,m'm C:rrcnt
D L effective turns «C. or
- I'.M. 8, a.C. pegk
am am A A
100 175 5 150 210
200 200 5 210 300

9.5 Nagnetic flow iechragque (Fig, 4)

The magnetic fieid shall be produced in the forging or that
part of the forging under examinalion by means of an eslectro-magnet
Or permanent magnst. Whan ucing an electro-magnet, the coil winding
shall, whenever practicable, be tituated as close as poesible to the
pole pieces of the wagnet. 3Because of ‘he prosence of air gape, tests
WSing a pcrmanent magnet are relatively inmensi‘ive and wherever
possible other methods of magne.ization shail be used. The angnetic
field strergth (H), chall be nst less than 2400 A/m (30 Os).
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Q etic Farticles and Examination
The application of the magnetic particles may be rrior to,

or whilst the workpiece is being magnetised, or after the
magnetising current has ceased, the latter is to be avoided
because remnant magnetism is always less than that achieved
during the magnetisation process,

The surface to be examined should be uniformly coated
with magnetic particles, The coating may be applied by spraying,
dusting, brushing, ladling or immersion, Except for the flash
Bagnetisation technique the current should always be maintained
for not less than 0.5 seconds. When contacts or prods are being
used in the current flow technique care must be taken to awvoid
"urning” of the contact area due to the current being on too
long or too high, or the contacts broken whilst the current is
floving.

Inks should alwvays be agitated before being used and if
stored in cans in & make-up condition they must be vigorously
8tirred before being decanted.

To assist the viewing of nonefluorescent inks and powders
it is nececsary to ensure a good contrast between the magnetic
ink/powder arnd the surface, This can be achieved by application

of a contrast paint, selection of a coloured ink or by modifying
the surface of the component by grinding or other means,

A good standard of 1llumination is necessary of the order
of 300 lux, As » guide this will be obtained by using a 100
¥ tungsten filament pearl lemp at a distance of 0.2 = or an 80
¥ fluorescent tube at o distance of 1 m,

When fluorescent inka/powders are employed then the
imspection area shoulg be darkened, for critical components the ‘
value of the ambient white light should not be greater than 5 lux,
The surface under exanination should be illuminated by Black
light lvmps, either strip lights which provide a general level
enadbling a large areca to be examined, or in the form of spot
lamps which may be hand held or mounted in stands or ceiling
supports,




The surf.ce to he exsmined snmld be uniformly coated

vith magnetic particles. The coating may Le apniiec by spraying,
dusting, brushing, Inéling or im:werai-n,  Exsept for *he flash
magrctisition iecnvique tue ~urroat shoeld alwave oe mairiaineu
for not less than 0.5 secords. Whe. Goatacte or prods ave being
used in the ‘urreqt flow troholgi Sare muat e toian to avold
"bumirrg" of' Lthe ~ortact pe, dug to the carprer heing on oo long
or too high, or ‘he contaci: nr~xen Jhilct he current is tlowing,

Inks should always ha wf1tated before ucing umed and it
ltérod in cans in a Make=up cond? tion they riat pe vigorously
stirred before being dr.unted.

To assist the viewine of non-flu.rescent inke and powders
it 1s neceesary tc ansire a good ¢ ntrast betweey the magretic
1nk/powder and the surface, Thie can he acli-eved Ly application .
of a contras’ paint, celection of - c~ul.ured i1nk op by modifying
the surface of the sonponeit by sridding or ather neans.

A good standard -t illumination :ga nacesiacy of the ordep
of 500 lux. As 3 giide th.e Wili be obtuined oy using 2 100 Wt
tungsten f'ilament pearl .mn A a distance ot Le? m or an 30 w
fluorescent tube u* i dit.arce of - M

Wher. flucrescens, inks,/powdera 4 e employved ‘hen the inspection
area shoul!d be darkened, tor critics) cemponamts the value of the
aabient white tight shou'a nn., Le Eroater th&n 5 lux. The surface
under examinalion sho..i be itliminsieq L Firack lipnt lamps,
either strip lights '.uicn provide i genern)l level esabling a large
area to be examined, or in the “cog of Fpot lamps which may bLe hesd

held or mounted in stands or ceiling supoort:,




4.3.6 tat cat
Interpratation Te ends very much om the skill end eapericnse
of the operat-r and any aids to that cam be provided will aseies
in establishirg confider e,
Dafects which car be detacied rave bee: clarsified by the
American Society for Teatin, Materials,(A,8,7.K, designation R.12%-4) )
inte eigh: groupe., Come guidanre ~n interpretation i piven in a
mmbder of publications, inciuding A.R.B. a4 Civil Aipcraft Inspeetion
Procedures iL/!~5, 1959 .nd the varer Nawmetic Methods uy W, 3, Xing
No. 2 Further Reading. The Au‘hor ham found it a Leeful practice

to clean off and re-test twice any irdications which il corveet wi}l

result in an expensive plant outage. 4 high speed pistol type
pRoumatic grin.ﬂor with a collection of various shapes and sises of .
8mall grinding heads s also irvaluable {n rriading out cracks of thep
to eliminate them ir shallow or confirm their deprth and extent

Recording of indications j& possible, one method is dotailed
beiow, other Proprietary methods .re availabic, including the
Ragnaprint method developed by *hLe "7 K. Ministry of Defence (Mavy)
and now marketed commercially. The procedure i as fn]lowe

1.  Ensure that the surface and irk or powder Pattern are

completely dry.

2. Cover the indications vith o pioee of t ressparent

ofhesive tape, Sarefully peel off the tape and re-apply e

te a card or paper,

Pretagraphic recording providec a permanes’ recopd, g

POSRet rule or a coin should Always e included te previde

@ ®sale. 1t i3 glsc weeful t0 include dotails of the tapt

o0jest oto. Black ink used with : white comtrast paint mghus

g%0d clear prhotographe,
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fe OEECY TMAT ™ME MXIAl CAM g MATNF MY SED BY USINC T™HB

& BEB M™IT T SmpLL 13 PR WMROM LTHY, CREASE, LOOSE
SCALR, ETU. WNIAZ ‘®r 1 % FOCIUSAKY,

Jo (8) IFLITHC C MUN-PLYVOMERCENT MACWRTLC [NK ON A TULL
WIRPACK, APPOY L TUAT OF WITTR CONTRAST PAINT AND
}hm [" e i 1/.

(®) 1P USLNG A FLUORESORY . wf NITTC INK MO CONTRAST PAINT
T3 RBQUIRS, €7 A LAY LICHT' LANP AN DASKENED
ARFA A} FOASSANY.

' o

MENOVE. [1E XEIPVY FHCH I8 ML E.

o

PLACE THF MACIST A, RIGHT-ANGLIS TO SUSPECTED CRACK,
B WML JHULD TFPORT ITS Ol WEILRT; THIS BSURES
ABPA™ PLUIX,

é m CHARF T MACNETIC PLUT PAEN SPRAY AREA UNDER

T BOW UPF ANT TUFP 8 PIUIT.  CRACKS WILL THEN APPRAR A
‘ w‘ L.INJ,.

6 PR wALNET YD D CRRERS AND REPEAT 6 AND 7.

5o CLEAN OFF WI™ A NASIE CLYM™ AND REPRAT 1S FECEDSARY
™ CHrs HEm) s,

W MWFLCT Yo KEEPTE,
| Dand M ORCD LGP OR 10N RACKETS

The semetti ity of the magnetie test fay ¥ increased Wy
OOIAg & fluweresncn’ magnetis iek. T mig requires o blask light
P, Ses™ as the Wnora Model ny, and viewing sheuld be
@rried wut 1n o darmense area, asa, from direet sunlight,

SMMbiac the 3:renach ol ne Sagnet

As he field s'remgtl  f rermanen’ aghets will decregse
Witk o0e the mag..et ‘ee)hir na » nusber of Mles drilled in
At 90 that it canm 23 ve a3 @ calivration piece. Whea the
aaghet is now if mametic 'l ;- spraved wver the keepsr the
Stline of Lhe ' dril'eu hele: can he seon,

If alver ate s redu.. _oamot e oblalsed theon the aghet
st b remagme* A1 % th ~uppliep,



PERMANENT MagNET KEEPER & TESY pan.

/

O MLLS jnn DIA. 4 2Oma DILP

ALL DWRNSIONS AmL M MLLIMEI LS.
MTRRAL - COLD ROLLID MND STaL.

™ SAR ShIbOING MACNET POLE pieces

SPRAY MAcaETIC
KON, ALL 9 woLe

INDICATIONS sMOOLS 82 visieLs
Fisuu 5.
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Calidration procedures for mgnetic equipments, inks and
lighting are available in British Standards B6. 40691 1956
Specification for Magne.1: Fluw Te-ection Inks wnd Powders.
BB.4485: 1963 Method for Arzerving “lack Lignt .sed in N,D.T.

B - Method for Magretic Particle +law De'ection in Materials and
Cemponen‘s. 7o be ;ublisned. T mniled by A.C.E. /50,

Thie latter coverz 4 test of immeter accuracy and aa equipmsat
fanctioning test using a standard ‘c:t piece for the curren® flew
technique,

Por eleciro-magnets and oormanert magnets 4 field svpergth
botween the poles of at least 16000 A/m (20 oerstnrds) screes a
9 ma (2 inch) air gap is considered satisfactory, This can be
ohecked by a suitable magnetometer. An alternative is to wee g
magnet keeper as shown in Figure S,

t rati
fafety

As with ali N,D, T, methods involving socess to plant or
working with machinery and processes established rsafet)y preceutiene
et be followed. Becauss magnetic inks may necesai‘ate the use
of materials which are toxi- Iinflammavle or m_ati'e, areas whepe
saghetic inh/powders and contras’ paints, e'S. are .n he Lred
sheuld be well ventilsted and heat, flames and electri: arcs
frem contacts should be avuided. Wnere work in confined snaces
OF pressurs vessels, eic. iz inv.lved forced vertilation and othee
precautions may be essential.

Some of the inks and rowders may ~1.s.- lermacitis with prol engad
Randling where magnetic equimnen’ iz instalied in a repair shop,

and °he use of a harrier cream or gloves are rec onmendeod,

;
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Mo sane precestione 80 oot out in 3% 4. ! Ponetraate - apply.

RNectricg) Fippiies. 3. me magne’ie WmiAines and oguipmente
POQuire 4 440 v Mase ipply, or Sy v ! Phase and reutrgl
mnection, 1f trailing cabies are needed 'for electpieg] rretestien
gnine’ accidertq) damige wue' be \nCorurated,

Jurtares shoull he "7y Clomn srd free from |soee scale,
Foede, paint p other foreigm matter, 4 'hin even Lightly slhoring
*agting of pair* MY e permisesible depending or he finemeue of
e defects Nght. Tl sirfaces are riated some P'ating materiale
ok a9 nickel ani CArumiem cen affeet the formatiom of indicatiome
of fine dofe:ts in ‘he hgse material consideration must o given te
e nature of 'ie Plating, Clesning sy be by degreasring, wee of
8 otlvent, wire brushing, emsry cloth, blasting, or asid phsaling
and ligat Erinding for castings.

Emiammni ang (oo:g

Bgeipment can b Claseified o

(8) Pertatie

(V) Tramapertesie

(¢) Pined

Magret kit deeignee By the quiher for .90 in power sigtjens

000t loos than £, Commercial vermaient ragre’ and oleostre
Saghet kits are aveiladle Al >Pices sumewha: adove this figure.
Pariadie RLTOtising oquipmento weighing 19 g te 22 g for o0il
ol pred agnetisation, with the larger wmits prowiding fel) e

18 Mlf wave rectifiod 8:€. Miput cest frem £90 to £)50.
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((" ) Per o trancpertadie anshine e o pair of wheels

PPOVISing an sutput of 0,000 ampe s.c. op 1,700 amps half

WS a.8. the coe’ in F47), Sueh a machine can frra part

of o magnetic equipmant by being comdined with a eabdinet

Wtk o 1athe Bed type olide for sontget honde, for o

fariher & )0u,
(o) Pized oquipmenis rarqe frem small memually operated

1Fpes conting less then L300, throgh oqiipmonts for tooting

@ lafrger rumber of more complen components, perfaps om g

SeBi-gutomatic barin the coe* of which rengee trom £1,000

80 £1,5%0. Large unite for rroduction work My e°8’ seversl

Wousends of pourds. The cest of m'erials, i.s. magnetie

$ahe and prwder: is modest, partisularly if thev are purehased

8 the comcontraied form and mized with 'ne liquid carrvies

W 88 user, a figure °f 1/- per preduct 4- I r 01l Yesed imh and

Yo, por preduct ten for wate- Lased ink Les heen quoted

T™he coet of operations has heen s.vted ar 25/~ par caom of
forgiags including electrical power ani repiacement of 1nk or pewder,
™o ceot of magnetic parti.i» tag ing uf cas'inge using a semie
ewtomatic wnit with 5 throughput ot 2000 amg!] cartings ‘o 60 large
Caotiags por hour has deen given as ’4/- per 'on for sma!l castings
ond tQ/— por tam for large castings. The yhowe firw.res are for
predestion, for plant maintenance re logd factor om ‘re magmetie
oguipment may e Weeh lees wien uved for ln-81%G testing, bt the
@i fTorence may not be 50 great if ised in 4 Tepair shoo for o large
tranepert W@arisation, wrere engire: and ' her pieces of equipmsnt
are oyeiematically dismartled and checied wi‘h wery: Jarts re.owsd;
Sagnetic equipment in wch a repair #Ap 7ilig aa erson’i1al fumetiom

IR ensurirg oniy sournd "OMEenen’z are retained 1n the engire reduil ¢,

|
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Ragnetie Portiele Tooting is ene o the eldest, mest widely
wood yot legat swblieine4 N,L,7T, methed, Mecorda of finsmeial
Savinge are moetly found in periodicals published in +he U.8.A,
™o ey te the uoe o magmetie teating lies i/ the rneed for the
reliadilivy of 4 large volume of ferrous products in a wide range
of 1ndusiriee.

™e hey te ‘he use of magnetic tenting and sonsequent
Vingr lies in 'he ability to positively and inscpensively find
Surfase defects s.ch a8 fatigue and o'her cracus in a wide raage
of compenents, saving man houre in Fepairing defective mashines or
ey ia OCPaPPing plant which can be retained in service omce the
SPwe emtont of cracking has been determined ard repaire carried out,
Ples the avoidance of 1o0see due ‘o Nigh ecet plant sutages by the
finding of defects ot Saintenance ocutages.

1o Prineiples o Magnetic Particle Testing C.R, Deots 19¢7
lum Corporation. Chicago, Illimate, 1,.8.4A,

95 pagee, 2 chaptars, 2 tarles. Wumereas illustrations,

& Magnetic Particie Testing. Pages 5130 ¥.G, King.

Blestrical, Nagretie qna Visual Nethode of Tes’ing Nateriale

J. Blis, u,0. King, D.C, Rosers,

Bettorverth, Londen 1769, Price £3.25 (£3,%.0)

b A7 Degintration Seard,
Civi] Atrerast Inepaction Precee.res.

Leaflet /A3 June 1949,
Magne'ie Piow D-toetion,

& Dritioh Jiendards. Seo Bestien 14,
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PENETRANTS

Scope

Principle

Applications and Test Procedures
Applications

Types of Penirante and Teet Procedures
Hot 01l and Chalk

Red Dye Peneirants, Pluoreseent Penetrante
Interpretation

Standardisation

Safety and Preparetion

Safety

Surface Preparation

Bguipment and Coste

Dye Penetrante
Speray Oune
Dlesk Light Lanpe




3.1

3.2

Seation 5.0 Pepetracis,

leamn
Penetrant flew detection processes can be used on the majority
of materialy; metallics, non-metall 'cs, nagnetic or non-magnetic, to

dotect surface cracks, porosity, leaks and other defects provided that
the defect is open at the sucface anu clewrn, Penetrants are unique
emongst N.D.T. methods b being very littie affected by gcometry factors.
Penetrants provide a method of replacing or assisting visual examination
reducing both the time roquired and the fatigue arising from sustained
ooncentration of irspection personnecl. Penetrants improve reliability
reduse the cost and Lprove the sensitivity of surface inspection,
Pxinainla,

The surface area to be examined is made as clean as is possible.
A pemetrating 11iquid specially formulated for this purpose is then
applied and enters surface defects after a short period. After removal
of exsess penetrant from the surface and subsequent application of a

development process, any defects present give a visual indication when

viewsd under appropriate lighting conditiors. Fenstrants can be classified

89 @ye penetrant proce:sser where vi wing is Ly white 11ght and fluoressent
Pproeesses where viewing is by black Yight,
Amlisationa ad tezi preciien,

The major users of penetrants are the aere e industry whese the
Bajority of the materials are non-magnetic. 1In other industries sueh

88 aleetricity undertaiargs penetrants Yy be the only prestical wthed
of ememining fillet and other welis in austeniti- steels and also the
Mu-magwtic coil tini.ng rings on alternator rotor.. Teretrants mey be
tahen to the plunt for cetecting fatigue or stress creacks or cther
@sfocts an to chuck that defects have been somplete.y -emoved befere
re-weldirg. Small kits are gvallable for these r.rposes. Alternatively

r—



5.3.2
5.3.2.1

5.3.2.2
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the plant items BAy be such that they can be dismantled and taken

to a penetrant inspection bay in an inepection or workshop ares. In
the latter case a range of engine and other parts such as spindles,
connecting rods, 8as turbine blading, Vaives, small castings, braged
and welded joints elc, can be put through the penetrant process., PFor
in=plant inspection the red dye process is most applicable because no
black 1light lamp which would need an slectrical asupply is required,

Types of poneotrants and test proceiures.

Hat il and chaji,

Hot o1l and chalk which was the original penetrant method is
otill used for the preliminary inspection of roughly fettled castings.
e type employs a mixture of 25% lard oil and 75% kerosene heated to
80°C. The conponent 1, immersed in the hot solution for twenty minutes
OFr longer to allow penetration into surface cracks or porosity, Whilst
otill hot the surface of the component is cleaned by washing with
detergent or by the use of dry sawdust and is then covered by athin £ilm
of French chalk whilst still warm, The seepage of the oil from any
defects staing the white film and enables the defect to be located, The
main limitgtion of this technijue is the low contrast between tight defects
and the background, It i, unsaltable for critical applications but hae
the advantege of being relatively eagy to uge,

Aad_dxs penstrania,

Red dye penetrants gre avallable in kits for site use ieh
oenelst of three aeroscl oF pressurised cans containing penstrant,
PoRotrant remover gnd developer. The 8teps in the proeess are o
fellows:-

1) Precleaning of ourfase. The surfese wnder cxamingtion should bde

88 aloan a5 possidle, Surfaee 901l such as oil, grvase, 4irt ghould

b remsved \y SBAbing with petroleus selvents or the penetremt

reawvery,
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.‘NMMc.rbonotcioonthomrhccthioﬁwldhm
by suitable paint removers and rust and scal. should also be removed.
Before application of the Penetran® the surface should be cleaned by
spraying with the penctrant remover and wiped with a clean cloth

and this operation should be rep.ated if recegsary wntil no
contamination is visible or the clsth.

Application of peretrant., Spray the surface with peretrant making
sure that it is thorouphly wetted. Allow the penetrant to remain

in oontact with the surface for fifteen ‘o thirty minutes. The
shorter time is adequate where larse defeocts are soight. on castings,
thirty minutes should be allowed whare latigue cracks or other

fine defects are sought on machined surfaces. For oertain applicetions
®uch as austenitic steel with tight cracks a period of up to 2 hours
has been found to be necessary.  The touperature for penetrant
inspection should be that which is comfortable for the hunan body., If
We temperature is toc high or if the componerit itself is too het

the penvtrant may ary on the surface.

Removal of excess penetrant. Wipe the surface with a clean dry
6loth or disposabie tissue and roilow this by wiping with a further
eloth or tissue which h.s beor moistened with a penetrant remover,
Finally dry with another clean :ioth. It is very irportant to be
oure that the surface is heroughly clean and th#t Lo trsce of red
&ye stains the cloth after t: fingl wipe down. This operation
@hculd be repeat-d 1f necessary. o traces of penetrant should

e allowed to remaii on the surface - spirious indications will
result. An alternative to the dry cleasing is tc use water,
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3.3.2.2

Wore are situations guch 5 electrical alternator rotor eeil Sading
rings where the preserce of water is 0L illowabla, This factor
Bt be taken irtc congide ation whel plarni.g *ne work.,
Applicatior of developer, Thoroughis shake the ¥%rosol centaimer
before sprasing in sver io €Rsur dispersal of the powder suspensien,
Spray the develope. on to the turface in a thin even film, 1t 14
iapertart rot to heve the film teo thick or tine inticatisne may be
Rasited
Inspestion for defects. Inepection of the surfeee should be carried
ot with suffieient Soneral 1llumingtion and within a peried of
"ot lese than fifteen mirutes ard not more than 60 minutes after the
Wplication of the developer, blfﬂc:'tl Are revealed as bright red
Marks on a white backgrourd. Cracks ani crack-like defects are
rovealed as 1ines or if they ure fine, as a geries of red dot;,
Perecity, shrinkage or leaks are revealed as a serics of red dote
OF a8 & red tint, Sune estimation of the depth of a defeet egm B¢
Mtained by tre degres and rupidity w' tn which spreading of the
PERetrent through the fi- cf weveloper tahes place,
Dascasssnt Peceirais,

Botter eontrast betwoen the doloet wd ‘ts Dachground eem
be ohtained by the replacemant of the rd dye nith 5 fiuereseemt
Spownd which emits vigible light wher ir-adiated with biask light, |

A variety of fluoresocent peretrants exists which invelve a nusber of |
Reges in tleir processing, also the pruvision of Blaci 1.ght

dwmtngtion for viewing and go0d surfaee cieaming foeilities wid e

g 1avelve the uge of tricsilor-ethylew vegour Gr~greasing.




This salwes e precess more somnlicgtod and requires mere
Mlemnlag and preparatior, preferstly 1. eonsultation with the supplier
of pometrant materials. It !s a good ~ule in all ipplications of
pomotrants .part from “he simpie cases to nave consuitation with the
amafacturer @ supplier of the penetrant before emiarking on an
tastallatior because the select ior o th reetrant for the job and the
pro—cleaning processes and procedires ar~ an es-ential pact of the
Weseonful use of this irthod. Tu gl -aves nanufacturers will be found
reafy to give such advice and asiytance,
$.3.3.). lataracmtation af rasita,
All indicatious reveaiod Ly penetrant inspection do not necessarily
Foprosent defects, as spurious indications ray occur. Indisatiome
believed to be spuricus showld be explorei by visual aid methods and
b Af necossary the test area should bLe thoroughly cleaned and re-tested.
$94  Neatactianii

It s desirab.c t¢ taidardise tne peretrent processes. 1n the

%ese of the red dye aeroscl cans the check coneists of havirg a
poretrant epe-imer, eitler o natu-illy cracked piece cf raterial or

, ‘ R artificial teet specimen whish mis: be Cieaned Lhoroughly each time
18 16 uesd. Where o penetimit gk - 7stem is lastalled it is neceseary

0 ebeok that tLhe penetrant s have o) deteriorat-d or become contamingted

@ an extent where trey are 1o longer offsc.ive, In‘oration on these
e matters is given in the Air i-egistration Board. Civi] Aireraft
1aepeetion Procedures, Leafi:t B7/10=9 Tssue No, 1. 15th April 1965,
Spoeification M1Lala2135 (AZG) hus detailed performance requiremente
insluding test methods and equ.prent for eroups of dye aid fluoreseemt
ponstramt systems, and DT 929 descriteg the gereral requliresents for

Yiswel and flserescent penetranta. British Stgndari “89:1969, Methed
i for Aoesssing Kack Light used in Non=lostruetive Testing has infermption

| |
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® ehoeking dlack light lamps, and o control test for cheaking
fluoresocence of penetrant esolutions. The apparatus described in thi,
Standard for checking black 1ight lampe can slso by the simple
sbstitution of a mirror for the fluorescent screen, be used for cheaiding
visible light lamps fcr uge with red dye précesses as the photomstar

1s scaled in lux and this enables both forme of illusinetion to be
checked with the one photometer,

aalsdx and oreparation
alatx

As with all other N.D.?. mothods involving aceese to Maeat or
working with machinery conventional safety precautions must be followed.
The additional precautions necessary in the cagpe of psnetramt methods
aries from the fact that they may require the use of toxie, inflammable
and volatile materials. Areas where penetrants are to be used should
be woll ventilated and heat, open fires and flames should be kept mmy.
Waers confined spaces and the interior of pressure vessels otc are
involved forced ventilation nay be essential.,

Lighting. Where visible light is used then the nommal safety precautions
regarding electrical supplles are rieeded. Where black light is used,
Whilet 1n normal use this is harmless to the siin and oyes, care ghould
be taken to ensure that the radiation is never directed at the eyss and
that ingpection pereocrniel Jdo not look directly into black light lamps
either intentionally or unintentionally, because of the angle at which
they are held or mounted. It 1s also necessary.that the black light
lampe should be ingpacted at regular intervals to ensure that the glase
flter 1o maintained in 800d condition. The design of the lexp should
hummd-muuuummuumuwu.dm
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3.4.3. Maxfase aremaratics

As previocusly diseussed serfaces should de dry, dean,

y and free fro: scale dirt grease paint or other foreign matter
Wat will interfere with --e irterpretation of the test, The
method used for ci-aning an! preparing the s.rfaces should ned
04use axcessive surface roughness or scratches because these
oan result in confus.ng 1adice’lone., (ere must al20o ¢ taken in

m eleaning surfaces hy Lisct . ng grindirg or by tre .se of omery
% elowr in tha* :racks Tay > burred over, Meavy grinding of Whe

urface of a.l materiais is tc be avoidec .

3.5 awlceent anc costs.

4

4 $.5:1 DPemetrants are iow in initial ad rewming costs. They ore

f odaptable to in situ and fixed instellation ise, YNe [lguree

% giving a direct reasure of the savings arising from the applieghien

¥ of peretrants arc availabie t5 the aut.r s but the coitinuing
axpansion of their use indicate: ‘hat they are reducing inspeetien

b ooste.

5.3.2 Ixaasnetzacta.
o)  damasal Kiia.
Consisting of four cane & o pulished woeden bex with
instrastions. Nepresentative prices in the Lrited Kingdem &4 %o

@ cosh. A set of replacement servsolc sars if purshased ia

botehos of 6 Or 1. will cost jess than 3/’ to replase o sem,
" A altermative to the aeroscl cang 1s a set Of glass ‘ars opeh

of which in turn im attached to 3 separate gas - ropellant

posk. 4 set would zost i2 to L4, The valk peretrant materigle

for trensferring to glass ja-s as iezded, or for .se with vy
« % ogulpment as ade up by users, or for use in fined irsallstiens
S are purchasab.e in 1 gallen ( 4,53 1 ) gna S eaiden ( 273 1 )
cans and drume.
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5:5:2 Piusressent Pa.ciraats. ™he ccot of flusrvesent ponstrgmte are:

5.5

,.,.‘

of e ordor of €1, por mliom (4.9 1itre) oqn.

| TR nowuoc”munm.lmm

will vary eeceritig to e volame of weew,

Rati Ll cudia, '~ vlasx UER lanps remuired cost frea
£ ve iy5 roeh, umpielc witlh tranefomus Wl contrel oqul puond
and suitable for Liu ¢ %O velt M/ C ayeles ingut,

Artber Readin.. trinciples .f penetrw .t (.4, Bets, Raguefln
Cerperation, Chisage 1983 Library of Cengress Catalegus Camd
Be. €3 13000,

Artiele V.G, Coei Lsa., Tregrese 'n Appliet Materiale ressareh
N&AWU\GMWMMAI‘M.

Pomotramt Nemufacturers Techrieal Literature,

1be fellowing Brit.sh Standards are sappliseble:

B 38} Mart 1: 1943 Cloesery of terms Loed in Nen-Dogtoust gve
Tosting. Penetrart Figw [eteetion.

B 3009 Part a1 196, Met.cds for N,L.T, of pipes and tdes,
Part Ja: penetrant testiig of ‘erreus Fipes and tubes,

BB 0801 196 Methods for ! .D.T, of Mool satings

LN ET Part 3 1968 Metheds of M.D.T. of steel forgings

B WAL 1969 Nethod for ponetrart t-iting of wei.ded or dresed
»imte in metals
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Viwal alded cnaminstion of isternal and estemal
urfaces com locmte cracks, dreshs, scratches and oldhor ourfase
Sarings, corresion, ereeisn and weld features sweh as over.
Pmstration. Ia pipes amd ets biookage amd dedris sam bo
Jesated, Visual Aide amaist in the aseembly of compononts
ad the teating wmd disgnosis of nachines, Visual Alde @

At previde infermation on subsurface or imterisr fecbures
of bodiee opoque to light, Visuwal Adds cam be weed in
olivations where human boings connet penctrete or wist, =t
By the uae of Protegraphy recerds cam be nade,

Zxiasiniss,

A Viewal Ald systen censists ofy
(8) 4 source of Light whieh 16 cmittod on to e surfase (V)

of & teet sbjeet, is reflectod onte (¢) o sirrer and/or

e lene and (4) tramemitiod te the Mman yo, Viowal M@

tabe tue forms,

Firetly methods for Positicning & lighe ssuwree and
OB aptical lome jncent Lo the surfase to be onanined, and
Shen tranmitting the r sultant image to the husen oye vig o
Gpoten of lenses, osloctronts dovices or phetegraghic fila. 1Ia
offoet Sramaforring thae basrvers eye %0 the oppenite end of
the gpotean.

Soscally, metheds of cutending e recelutics of the
buman eye by moams of optical lemses. Vissal Alde ooupri ge,
Lig@t Predes, Bndossopes, rigia and flemidlie, piped 1igne
GSRrees, cloced cireuit and photegraphic tude caperas,
Saghifyiag glasess and spocial afrrere Sagaifying and pladae,
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68.2 4@ Bsurves. e comare R ssuree of 11t (0 an oloetete
fllesest lmp. These are avalisble in o reage of sines and
4@ eutputs. fuch larps require a scuree of clestrie ewrvest
eltiber frem a iry or ~cche.cable Buttary or iros & mains
Gupply via & stejdow. . anrfermer. The light output mey be
8 the form of # 2oetlirht u sfnl for ™iarowing' the light
fate 1ecomres riaip L oprt . certala fratwre ar it may be
$a the form o i:iverm (ilumiaation ovar s 1 2me Vhe lattee
onsbles 2 lar ar ex 10 bs 4. | by e .y more quichly,
Were the lighti 1s iruep-.ueat, tast 8 nct attached te am
bastrurent tiore seuwil be taeilliica for miving its pesitiea
@l directing *h- Veai, Mem the | ghrir, i: lecal te a viesad
o€ iastrumcrty or attiched, ther ther: .. u.d be previsier
for caatrelling the intemaity of illaminat on, this is very
lopertaat & tee mich it iz as Bud -5 too Iittls, As light
oourees filument Wulbs - ve 3Jone disadvintag s, thay gemerste
Boet sod neeu electrics' coiuect ors tris if ‘liey Are te De
waed in flammadle atmespheres o electrical ¢i ~u ts whore
Boat er electrical eendictors are » ~igw eitrer ticir ose i@
10edted or spocial precautions (.~ necessary, At the lew

oaltages, € velis 0y 1:sey u. i €1 iuaLCwmente i light eutput

16 limited to 5 fov watts, altheugn in secomi «srs the quarty/
# | Dalegen lamp 2iv ar ke light ew.put e ade a1 improveneSe
Wdlet the use o quart. wmu persyex rex s he . <nabied light

e b tromeiitied tiroug: light pauices w.ii ot keeping t.e Light

Source away fiom the area unlcr examinatioc, smé ise enabled
s Mgher intensitly [ ght seurce . o e e i, trese devicos are

rigid md limite] in length, ‘in adviacemenat in lighting foe

visual aids 10 the availability o' .lewible fidrecoptic Wumiles,
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Qtieal 7ibevn are osnctiruetod of a fiae glase core
GUrvYOWmRded by a giase claiding of a lever indom of refraction,
Suth fidres tronawit light by tet'd imternal reflectiion, thus
1@t rays mtarirg eue end of *h. ricre “re carried by
mltiple int:raal reflectien to tha opposite end, Fidre
2veteras are Taalls seew' 100N %8 1,700 rame wetary
(0,000 to NP te LD miecona), A buniie o glase
fdres c:n b ,3ig Jp in twe ways, Witmer in o randem fashiom,
Wie is cal.od an incohaent mundlc mgd is wsad for the
Srmemivsion of Light onlye  Alterviatively if the bundle or
@Base fdrcs i, laddeup 50 that ind:ridwsi ribres are in
orrest erientation, with beth srds Arrsnged a am identieal
poltern, thea this type of wundle . 11 4 anamit o eptical
isage by »r. wing it up i1te *house: ig o sep2rate cemponemds,
e for o eh fibre, and rorducting thew imdependentiy frem ome
OBl of the rmmdle t; the ®*her., ™is i; - coherent bundle,
e namber of ([bres sually lies betwoen ©),000 amd 300,000
ek bl 3iges TefdiRg from 2 te 3 millimeter (,1") te 32
oa (%) s are, It is possl le tu Lave » coherent bundie of
alirnsd ficres %, tranamiit sm imece surounded by incoherest op
redesly i:. . fii a5 .6, Sl ting Light te the srea wdier
FRAIATLIOL Thie liminstes the rerec dt- and prodiem oft
PPOviding . separate dgnt semrca, Again by tagerin, the
bumdlo, g€ .crally .wer s Jhert +6nth nage magnificatien
possiile,

Wy woinz s inceheremt fidbee Madle aesthed 42 o
protective cover, it ia possisle te pipe the light frem o high

valtage 12 contaiped in . carrying came with switching

faeilities and intensity coutr) t¢ s .metrument ch a8 am

ondescope, ™ - ligh* cable may be 2 metres er more ir length

vith aa extersal diemet:r of 2 #in or larg-r or smaller as
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roguired. The 1ign sabls cam aloe Vo st %o Lotreduse
@A iate = enclcoed area whieh will bo exmined fres
other or the same oatry hele,
UGt Prode.. These consist of a cylimdrical 1-y battery
oontainer (andle) with 2 dets-hable heliw stem n e
ond torminating 18 3 2.rniaturs P1]wmaqt 2B A« erper,
A variety of atbachmen. in Lie forn of ma nifying lensee
@4 mirrers urc ava ledle, Lirti prebes are avsilable ia
Rite or sets,
Magni fying Gissses, (Magatification ied <« .o % x),
In She simpicat imspection aysiom & hewnd Lens may bo the
Gly aid invelved, either 1ged i, comjunclion with am
ladepondent Light seur . , forring 12u. 61 » Light Prebe
dsssmbly, A circular o rectang .lar haru held lens of 29
Sagnd fication allews b.recula= v.sion aea hiw a large field
of viow, Witk the omal er poek<t L one ol mognifier with
Oaghi fication of “x, 5% er Ax the field of view will be sueh
aller and concentrated, Whiist ta.s will enab.e¢ Tiner
dotadl teo e distinginhed .t vill oneiderahiy awtenu the
tine ta@hen 10r an oxarinatiocn A1 .aytRing sin ) tiam a =small
aoae In additior to HegMil. Jing Leus magniiy.r¢g mirrere ape
aloe awsilable, sgnin 2v g a convemient meir ficaution, I
P®eral the wse L ti- 2% rund cens CF Tireers are net t@e
alow for seavch pur ese v Yith magnifieations of w te 8x
for ehochiig purpenes,

Mognitica'ione sbeve tiic are ertering the field of
@ofoet iaveatigation Reasu T oment
adsocopec (Brion wi thir, ckene) view rrom the Greeh ),

The dsaic instrurent coORElsts of a rigid metal tube

Mowding s number of .en:->s and Prismeé with 1 light sewupee

amd odjsctive lens ot one end and M eyepi-ce, whien L
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™o dim-tors ¢ ondoacepes range frem 3%

®lllimeter with cength varying froy 1J0 mm te W amd deove

St oording ts diamector, Teor e ial emges ~ndenc opes wp ta

IO metree ~; longer ' nic been orev: e, Indeceopes ovur )

Betre in longtn o Lenslly made 8ections for ease of

Demdling and tconsport, A Fi"htesnc. ed attoa hme,t is alee

ovadladl anabling a 4 beri t: pa nexiliatel, Means are

Provided to jemmit view.ng ia Qif erent directions, gomerally

W the provin.on o interehargeane ok jective hoads, Lighting

€M be rrovided iv on. of three ways, either by hNeusing a lew

oltage f1lament Lamp in the obinetive Loard with electrieal

omnections via the metal tube or ®y heving i M gher vattage

fllament lamp in » howsing adjacent to the eye=p.oce ond o,

0o sndescepe and tramemitting the light te the b joetive

o via 2 quarts reds Thi® provides a Nigh intensity white

4@t sowurce ot the Wjeetive and o if desired a B! ack light

(wdtre vieiet) source 8¢ wle With flucresecent nagnetic

particle procesees., The thi r1 methed uses a fibre Light

@l Which enai iog high intensity lighting to be previded

o the sdjective ond whieh is also eold, This is

odvent agesus wen Lh> examinion s §n Pe conducied whore

oleetrical €ircnits or tlammanle tmoaptieres are presest,

Al hamed cursuit salovision, STt T tae viea wae

Gosnased in preceding paragraghs Light reflected frem a

®rfase wnder eXmbination conveys the information te the

90 of the observer, In the c'esed cirewit television

oten the refiected light ig f.cumed By a lons 2m te the

terget of electronic vidicon camers tide which vith the
Qeveiated ¢irevits eamverts the electro-magnetic light

SOves iate clectrical signals. These signale taen trove)




aleng » co-smial cable to a2 receiver whi-<h incorperates

& ¢othoda-ray tube on which 1s displayed = blach and white
ieage of the original scere. A3 the eletrical signals are
80t droadcast, and cen only b~ -eceived via the ~osmial cable,
She system is reierred to ms closececircuit television, The
Moart of the ayster i: the vilicon comere tube which is
evailable in two sizes, 25, miilireter and 12.% miillimeter
Qlameter, Vidico:r Lubes ure incorporsted in several types

of s.e.t.ve cameras which rimre iu outside iimmeter from O,
80 3" and vary irn ienglh from 6" to 2'. ™here are generally
three units in a c.cetov, cormera chair, the camera incorporating
She vidicen, the cameri coatrcl amit with povwer supplies amd the
eoaiter which irciudes the cathode ray tube, Electrical
Supplien rom mains or a portable gererator are required, The
longth of the coamial cedle ranges from .5 netree (50') to a
Bilemetre or more it required, Lighting is necessary for the
eporatien of the vidicon tube wu is suppiied either by
filemont bulbs set reund the lens or by a 1l nlaced shead

of the camers or in such etier positicns ad are suitable, A
®8Mlrel is incerpcrat-i in the cemera contrel unit to vary

e imtensily of tue 1lluminatior, Recoriing of infermaties
&R De done eithor by vhiotim:apling the moniter screenm with

8 3 millimei r, or 4 ;olaro.] «omora ¢ by cnarnelling the
fafermetion into 1 video tape ve~order, Tre latter ~nadblee®
the informetion te be played d-ck ;* reqiired, and displayed
® a moaiter magnilicatier f the image cam be schieved by e
ase of large screen monitors,

Motegraphic tube camera, During the period vhon the niniatuse
and swb-ainiature clesed circuil televisien cCameras wvere

boing develoved for rabe inspection a yhotogryhic camere

was preduced ama used, This -amera deesz not previde
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lastmtancous rressrtation ef 1) :nfornetion bt steres

it on a Pretegraic il whiog et e frececied and Shen
viewed, althovgh .15 can ve Jenme as negat.ve snd it 49

ROt necessey te redies - #itive e 00 Jriats, As in the
0lesed cire it ‘aliyvigion ExMers, Lig. b 1 fioct:d from the
Surfec: uncer  milich. . ,m fecus. ™ a2 e en te a phetogragbie
film, 1he Lghine 10 OAed by ilshert bulps s¢* round
e lens or Vs ik L x alge s7ailsble, Becamse this
Vube camera has Leuy dioye ¢l priascily feor beller tude
faspecticr [t joes nc. ‘orperst. a hutter, Lmprsure

18 made by svitening . it} 1Mt inge The film im stered

18 & magarine snd the 4ty o opervtion [y soni-aitematic,

the canere being leweed agim the tube witl the pictures Selag
taten ot interval: 2 10D m or other tairctad intances, T
mere is ~apanle of ragid vietoziug'y of the interio= of
bodler tukes wiien -y ner.ally ‘naeceseible Wi 1og o
sapasity o 00 ,ietures, | neturer e ingte cam o
Mained avtir Wically, The *{lm usei is v m eine filmg

A somtrel box is ommect 1 .o the eamcia 4y 2 codle Wik oap
% wp to 70 rerres loag or iow rery  Au el-etrieal supnly 4@
Mooded, frer *.c rain: - portable gemers or, and ales o
SPPly o7 comprema d i - nitrogen te cperete the sechanian,
Pleregen 15 co. veriemtly surilied im ey inders of LO .,

capaeity,

B3 Yo plaumg Mg;gcgnga.

Emepination of arcas imaceec3ibio te the Dumen e
18 preosurc veeccls, Bellers aid other heoat eschangeve,
Surblres, “rterral! ~emb . stica *acines, tavu-, pijevesn,
Gorwplans =tructu ez, <ews 3¢ water v cable coaduite

and other itore cf plunt for €87.08.0%, ermeiom, crecks,

Pittdng, wali over ouatyat;or 1 roct o defeets,
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Oube Dloshage, tesls and locse parts, functicning of
osshaniams, VYVerification ama diagwneis of defects sweh
a8 crrchs [ouna by mugnet ¢ enetrasat aad other N.D,T,
Methods and confiw:ting Lhat “rack wd other defects
have been ground cut prinr to cowmancement ol reralr Wy
weld »r >ther "emus,

&3.2  lammsction ip the woresy,

ConfirmaLi~r snd 1isyvoeir nf Jefeets foun' by
fagretic pere' rait o otuer rathode verifiestion that
ereris or otter 4o tn 1&ve bren grownd out or etherwise
Fomoved before weld'py repmr- s ommence, checking setewp
for weld ov. repevicration of rovterws in arcas whieh are
Laaccessidlie to tre rman eye,

w Selerti i 2 equipmant ap.! interpretation ef reswlts,
The selection of the pyrepriste aqu pment invelves the
froquency of svamination, tre significanc: af defrcts sought
ad Whe size and comyp.exity < tue piant invelved. RNeqiirements
Pange frem the revisiom ol > er more gt yroks sets for
@omeral werkaley w( :'t- us: te the prevision of ¢losed
sirenit televisien came % in an ergamisat.on with large
Plamt itome subjeet to tlockage, - ATTesirr c8ee  The majop
fastor is tht tie cost of the eqiipment is slmes: U reetly
proportions. te the distamer Por L) - eBdcIver *5 the aree
0 be emamincd sna the degree o° ac:aes and tortuous aMere
of the route,

Table I sets out » guide to acl:ction, [ those
omnes where *he d.ume Of indpeciion & risk 87 failwre

% we Mg the purchose . f PPeC iy duSigmed ~ndescevnes OF
7 fidbressepes *2) be wa i ated, The *giipreat v .@ilactusere

Sre alwwys prevaed 0 “a.lir 16 s k-t amd ‘iDrescepes

for specifi  Jo8-, % i. 5 9 "Lae0. to urm Rage =
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etienal cndoscope if poasidiec = there ase al vage
e one off sccantions where the ility te lesh inside
18 valuable,
Andarpretation,

Uniike some ether N,D,7, methods visual aids &
Mot provide imdication or 2 meter whicu an be compaged
with tihat obtainel !rem a i,ecimer but previd: s viswal
or photographi~ {uage which 1equites intarpretation,
Bocause of the effect of sucface vioratien, the ositiem
and imtensity of the lighting ani di“licuity im viewing
Whe arca from mcre then one rosition, emperience is
aocessary when uzing endeesco.e: uni tube camerac. The
follewing instructions have been ompiied to assist peeple
whe are not familiar or experierced wi*h endoscerpen,
elesed-circuit televiginn, or photoy-aphic tube AT,
The dasic ruie in using visual aids is to go from the knowm
80 the umuown or unfamiliar, that (s, learn Lo ure a
viswal aid instrument Ly using 1% un wall knowa oujects
which can b resdily recogrised betore gFoing on to the
Job, This allowz 2 uental adjustment Lo be made for -y
eagnification or distortion of . irage due for *xample
te the angle of the camera or eraos-ope 'o the area undes

odoervetion, Only aft:r confidence Ras be :a e3tablished

f1a this way sheouid sericas interpretation be wndertahen,
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Osamect wnd oot Up camera, cemtrol wait and msmdter o

pow Operating Instruction: in an ares vhere direet awal {ght

48 emeluded,

Bofore going inte the Betler it 1o holpful te ecotadlish the
optimem pieture quality te agaiat interpretatioca.

@tais tve longths of Builer tube (net less tham 12" leng)
@l the seme I.D. as these in the boiler, one tube with
iatornal condi.foms einilar to these sought for, i.e. seale,
Sorreeien seabs, piiting weld protrusien etc, and eme tude
Wk a ¢lean internal surface.

O a ploce of Sceter Tape write several letters o¢ mubere

§ % 1" 01 wd Atick this te the lamer surfase of the sleem
Sube aleng the tude amio or cirevaforentially, Other faniliae
ohjoets ¢an alse be Plased ia the tube, o.g. eoins, a ¢" rule
e,

Mtumtlmdmtuh. Mot the camore and
Gniter contrels wntil the Voot resulte are odtained. Ruporiaset
W offest odtained vhon adjusting 1/ ghting and other sentrela,
Bstiante the f101d of view and visualise the area wder
clnRiastien.

After bossming familier with the cemtreic on the cloan tube
wslag fenilier djocts, the camers cam bo trameferred Se the
Ppieal tude and the eentreis adjioted if needed,
Mmmnumuunmumomnfm
Sbe witd pou. Do net preasunce judgenent wtil you have
“uqtﬂuummddumrﬂhdﬁ
G enperienced camora woor {f pocsible befere reperting,
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Exasacadisn sad aafsils
Al

The establ .ohed reguirenents for safe and secwre
apeese and working on nlaat are spyiicable dit a mmber
of festures require additicnal cousideraiion, First the
edeerver, with tic ev ep ion ~f the ! ibe “ameras the
odgerver > ‘0 ,iace his a6 aZeia3t ' -yee ieco and
probadly orerate the focus amd igtL imtensity comtrel,
whilet maint o niny alert besrvition, It & trernfore
napeossary te concider 'his whem civmmisirg scaffelding
and accees te the object being tested, Unmcemtration i»
alee difficuit t emceasive vibration, dust, neise, sad
asvenent et" ethesr peerie are prement, Seeomuiy instraments
will ouffer damag~ if 1meermed in l1quid- er subjected te
ot steam and water un.ess epecifically designed for these
condition., Irpstruments sue aicou advers=ly affected by
dust and vibkration, wher inmtrumemts arc tn be used ir
areas where aspili.e or leakive of nflasmab.e "luids mag
hawe ecourred or whem mupecting fuel tamks or similar
bodder it i3 mecessary Lo ensure that lighting equipment
oF light mouccee un inctrument. are “ ame-rroo( snd cemply
with relevant standerds -,g. British Etanawrd 229, P
other situations safety requiremert: often restrict the
valtage of pertable lihting te &9 velts A, C, with 110 welle
ooutre tap trams ormer rupriies fer pertable tesls md
oquipments,

tion

Whon the odject of the enmmination is to lesete
or Slagnese surfuce “raucks etc, them a surface vhieh 10
6loan or has been Cleaned 16 advumitugeous, Nuwever where

the surface under °xmmiration is inaccessibie this condition
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oftes emmot Yo felfilled apd isterpretation Yocanse '
e &iffieult, When the odjoet 18 ts lecate dobris

@d dlochrge gerieral.y ne surfas. e preparation is required,
Weon searchiag 1 rorrosiom PI'8 “oge = Doiler tubes

When pre-cleanirg 7Y mechanical rotating head such o

¢ aeetoscaler nuyv Laa ta Pits Beicg filled with scale

frem the tibe wal! reducing the posaibilivy of identifying
Shem, Or the otrer hung if the iayer »" scale on the
Sorface is tex thick the tube Camers will knock it off wmnd
form a dustc. .4 which impairs vigidility, In goneral ,
Won, whom scarching /o1 eorresien Fittine do net cleam
firet wnlese it is essential te allow the “amera te pregress
Wrough the tude, 1. other cases a cloam surface aseists
imterprotation,

Inspection mirrers, megnifiers, light predbes and
apeessories wre availaile either singly or ia carrying
08808, decignated meta. Theee ats ar: either dooigned
for specialised application e.g. sutomobile work, airvreft
oagine, or for gereral parpese use, Tre price ramge foer
®ingle itews con De l-3s than €10 each, for sets fream
@813 te £100 or above per set. An average price for a
@%0eral purpose set would be about £3%0,

Piped 11gh? seurce, comprising a light dex with 2 high
wvattase lov veltage lasps, transferser, light cemtrel
Switeh etec, the output commected te a 1.8 meter (6°) leng
flemidle fidre Wundle with a pretective metaliic euter
ehootd, The price will be £100 or above. Special safety

14604 bomec are available for use in emplosive facterice,

ehenical works or other hasardous areas. The price will
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0 csnouhat Migher. This ayuten cnshles ¢ald 1i@n o Y
wsed for cndsscepes, fidrescoves or other spplicstions,
Diatesnes, ™« price range of ondsecopes reflects s variolp
of diameters, leng' ks, sectional arrangememnts and odjective
Doads aveiladie. Commencing at £60 er lLess for the smaller
se=jeinted type witheut Laterchsmgesble ebjective hoads
prices ramge ‘e £500 - £1,000 plue for very large model e
capeble of being used at distsmces ef 8- 15 metires or mowe,
&) endoscopes are suppiied with a stremg fitted coarrying
oane Whioh emsure:s all compement: syare Wlbs etec, are hepd
Segther., As a guide te prices a jeinted sectiomal endesespe
of 12 sillisetres dismeter 2 metres in leagth vith a range
of iaterchangosdle ebjective heads giving radial, forvard
and barhwerd vieowing could cost sdeut £200,

Drasesnst, Tidrescepes are now beceming ostablished a0
fibee=optic neanufacturing facilities and emperiemee ia
produstion greow, Se that it is now pessidle te purehase
fibsescopes ir longths from B60 mm (% inch) te 2 metree

(6* €°) in diapetors of il and 15 W and other fidressepse
$8 & renge of diameters from ¥ te .6 mm vith lengths wp %@

2 astses or sbeve, The price ramge for fidroscepes Lo fre®
dhout £150 for short simple fimed-focus uaits te £1,000 oo
@sve for leager remste focusing high quality sedels. Ia
S0sms of leagth fibreseepes are lisited te abeut 2 setres
unid]l further development has taken place wnd can cosl &d
oth for this length as 2 rigid endsscepe four or sin ti@ee
a0 leng. Nowever, the flexibility of fidroseepse offese
valashle pessidilities of exteanding the seepe of viswal alle,
Samd Cirewit Tolevigin, T™ve types of closed cirentt

televigion camosres are discuseed ia this paper, Voth
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oot fisally wreignnd for indenteial inspection purysase,
W typo- are distiguished vy thetr dismetars, Type A,
Mamoter ¥ wi (" y.th ferwar view Poad, (slightly
larger diam>ter v.Ph iy "iage) Lo L AAC o (Sgh)
transmissior tandarg 2 Liner eah ¢ 17 m (%0') this cem
Do emtennd o T o0v) v oad fervard o
PA@t-cwmle ik tagie 1.’1‘.&‘.in“t"u“ thize for remete
fovne i ret t,un ¢ rightesnind heoi apAd gy at t schpont
80 2 10,2 mm L0 e race e cuth o Le wp to 1% m ia
Joungth, W weorg v orward riew 1ead the camera will
Begotiste a vend f wean rediLe 3 em (12 in) in a tube
of 37.2 wm (2,25 ir) {i.eide disnate .  Ce pleote equipsent
OSMPriscs camera, iticore cau,: o nece eontrsl uait end
@emiter, In uce , 'y tour cont:cls ¢ e reyuired feor
oporation, irire fl,800,
™pe B, Div ta., 3w (08 ) g, Treaawission
andard ‘13 lirea, Cab.e 4 n (207) tcrard view head
itk ilategral Likitirg will nepotinte 1 bord of moan redime
OO e (12 in) 4n - 2yl M7t (e

Cemplere ~nirepg IR RIPLADE. TR I ST S ("sley samore
oomtrel L.t .. v, "® s onl7 b ceatrels are rogul red
for operatirn, " rp 2245 e
Rotogrephic “ab. ar,. Dhianetor 7,9 inehos, Length
sgpreminitely 7 v 5 4., Heuting =« . wan of tagnten
fllament Wilde, Fils % xa, Pila regasane yib an (967 tae
flemlidle nagasine 1s otured 1, tse tarl te the cCamera
Ssmnveted to the edle L0 wetre long '%00'). 4 comtrel
%08 has contrels ior memmal or aute _peration r-guiring
alestrical suply o: 119/230 vels, Curresesd air supply
130 10 por oq. ired, or o Ritreger. supply ‘Dtained i a
Uere (10 enoft,) eylinder, Price dr00 C’pnllhlb‘{

i O
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Mmlenmt_ssr'e s oeving eentisned,

Povr o sutlag of £90 = £100 1190 prode este sirvesre

@4 sagni ers an br Wiaisec whicl cam save sanhoures spentd
® dimmantling Hlaprt to se- ineide, Tor L10C %o £500

o seupes,fidrescnpes sni co d ligit ser.cces can de purchased
Wieh wi.l eciend the nu ber I o  as ons wren sxwminatiens
¢aD Do carricd out neceumary i teraat i on obtained witheowt
Gmentling tic iant Ar reiying ~o inte il igent sucaewerh,
Por plant where out-ge corl- are Aizh ant lese contrel eof
Oporat ions tuch wa water frestmem: icr boiler: is cssential
thea the expenditire - £i9700 to €5,000 wiil estadlish a
PPol of endoscepen, fibroseepes wnd escd cirouit televisden
o0 photerraphic *ube ~amerss which Will enable infermetion

R the conditioa of inu. -ssible arews of flut to be cbtadned
wiieh will make a cont ibutiom te plant avsilability, by
abiing Better ontrol {. be mairtsined, Tie cost of
providing ood maintalring viimal side wast be offaset by
incroased officioncy of insreetion asd by saving time amd
labour in Hemantling pl at to ensble direct v.cusl inepeetien
0 %0 mde. Flant has been 3y rated wd maiital.ed for many
yoors oa the ¥-:18 of 1hipect on Ny trained wmd experiemced
obesrvers, thus v.ovai 3ids . ve Compiementing existing
POOsedures which Lave boen pinver by expericac: te bo
S0essery and ccononic.
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The scepe of lomr testing rangee free casuring o Soviee
GaR Do om the bed of the At.amtiec Ocean and operste reliably
for 20 years; emeuring that moom astromauts depart om time, e
leosting \ yurctire in the mner ube of a bvicyele. In Skhis
Popor only s 1.nited aprroaF is mate te this large swbdjeet,
b the emphas. ¢ (o n lenk teiting of mon-.:rrous heat ~nehangsee,
1e0¢ power stetinn surtres conie: sers,

Por some time the ‘eveloprent of improved methods feor
oendoaser lesk tastirg have hoen in progress nd the aitheoe

Mpes seme information en ti.s work pay be of valwe,

%8 Primmizies of lei Tesis,

There suet de 2 prssage ~r peresity threugh wvhieh s 1iquid
OF @88 cam pase from the inmer to the suter swrface o0 vioe vorEa,
B8 Shen it muct be detocted. [t is Recosssry te ootabliah o
prossure differential seress the wall of the shiect doing tosted
W precsurising ene side of tre wall by evacusting eme sife o¢
W & eordination of both, TRhere are four compoants te losh
testing.
8 DBetestion. Kiowing ‘At « 1~ g i present
% lecatien. Kaowing where 1t 1 m,
6o Bwseription. Statirg lemk reate snd oine,
G Asscssment. Stating the significapco of the loth rete and sloo,

Por the major.ty of jlant meintemance work it is wemally

Wifietont to dotoct ard locate o leak amd repeir or remsval
fellone,

I“Mtn“n&mnﬁumm.
hliews,



3. Tuger or cmale a

L Pemtretin igeiqy@e or Nesressem |
Boep or fram selution

F ¥

Balegen detecter

i

5. Buddl or Tude
6. UVltrasenic Tronslag ¢
Mher techntquer uch ae radionetive trasere, and eane
Spostiremster. are rot dliseussad,
7.2.2 e principles of trose tehniquee arci-

(1) Taper or Cirgie. ¥ith ome ide of the wall under varvas
&l atmeapheric prossue on the other 1 meareh for a loal
10 made with a lighted taper or .eadle. A lesk is indioated
By the flame b g drawn te jt,

(84) Dye pemetrua: tes'ing, This imvelves Pressueisiag eae
Mde of the val! w th » liquid to whieh 2 @y Koo Deen
Mdod, The cpio:ite ije . s 'hen exwmined for trases of
We dye wrire & e .ci7ant developer or a Black Light
(moar ultrevioi et 127y which camses the dpe te flusrease
®d aide detecticn, t

(888) amereion of tre ¢+ .4 oljsct in a beth or ted of water oo
her liguid wiilet Riaiuing >n iaternal ady op o
provewre ard loc. ting the lesk by the emergent Lubllee,
Woee 18 18 (.nven et o imnractisshie te immerse the
Voot Ajeet 4 cisp or detargent solutiom cam bo pplicd
90 the outor surfase and tudbles vill iadicate the Lo,

(w) Wea the plamat er voeorl te be lean tosted cam Do
pressurised with a gas sueh as Freca, er a simture of
eben tetrachioride wad air *hea s Maioges Leak Dotoster
OBR Do wsed to search for loaus n the external eurfaee,
It Gooired the vesse. con ie evacusted with the detoctor

boatd in the extraction .ine ord LPe gas apylied emtermally,
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We Mplogm Lo@ Mtecior ra o hand prode Which honsse the
sl tive slement in the form of & pair 1 oo cortr.e

platisum cylinders suspertea by 2 co i mownt. The ianoe
WALader wmmede) is indireetly neated snd cperates st appremimsiely
e, ™ Selpic of a'r is Crawm through the gup detweew the
Wo platir s eylingern by - mo:i  setecedvive, fan. e probde
10 esmnectod BY 4, metre .ory, liemihle 2able to tie .nstrumend
ioh evatains the inii ati ¢ tev, rd, louuspeahie Light and
8ter, coairala nad Lowes Lupplies,

A sdaple appoiatus dec. ne Specially fer lesk testing of

POWOPr station condenser tub-s .38 peer dea-riled by R.Ne Reoswer,
Mrebwesd Li.gineeriag Laber itories, C.EU,5. Mepe't MYWN.229
My, 1968, e dasic agparatus ompriscc a vater jet pamp te
provide a vaewun, ! or 2 vacuus gouges, 2 dubricr jar, rebber bumgl,
longths of rolythene tnbing, or-ofi viive sad oLher spell iteme,
Mo principle of opec- tinn 18 ‘o rreste - ae.um in the test
o8B, by the vater jet pumy, wii. the Lubbier jor und veswum
PRE® ia the extraction Line. 1o pusr dowr - sound test vesas)
00 A predetemmined vi'vum wher Lubd] - PE cevcen takes a defimite
Popreducible time, 807 } minutos. saem the vessel heo 2 loah

e pump down time wi!i i ' o T, Lo .t Wil mot be posstidle

Lo romeh the some dog.tv o va uwr and Widling wail net coamwe
~. altreseni: tromelate .5 Be imal tecAnique discunsed ip
Wi svotion, The inst™wnt us.4 car Gotee! the uwitrageaje
prosgure waves cansed By A gas or air lesh rem a pressurised
vessel, telephone emdle, vaiv: otn wWd comvert (transiste) them
i8¢ on and.}i> rewnd or 2 novement ¢! indicol ' ag metor, &
Mnd prode which ccataing » directiomal merephens, or o contant

piode are ceanected to the inet rupent lyul-nnww
flemible ecable,
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M iastrwment spornt = is » froquency band of 36 teo 4 Mg
1% having beca found thet the 8ajerity of leahks of the tyye viiieh
¢aB Do detoctod by this ultraseaic trmsiator 1.e. a leak to
st@sophore lave > freqiency vithin ‘Ais dand.

f.n“'*annn and "py edyre s,

The termiraloapy O 1 & tee®ine a1 tre we jority ef the

ewrreat piocydir-a atem from veruus ¢ Shnolegy, But in the past
fw ye6cs these Rave B .p . pope Mnr'y anplied *n enyineering
Plar’y ofter Lasrs ,n o,y leavy in weight, particalarly welded
Componeats . ' Luciear 1 AETCBPHCA piwnt, 14 thie Teld of
Plast sairtensn. » the Loetrating linuld sud soap techrniques are
well oot sblished, Wowever with the increase 1a Lransportation amd
sterage of ;etreieoun aad rimiiar products and the growth of
refrigeratioa amd ether Piert cmploying heit exchamge:n other
sook testing techniques &r Decoming mors used.
Ixzssturee,

Informetion snd midance oun pritndures is gisen in
BB, %: 196%, Metheds for pr-ving *he Cas Tightness of
Vot MR oF I'ressuri’~d Piaat price 35/-« Appondix 6 incluedes
* Bblleg ephy, /pages 104-113) ¢ perars wad dooks oa lesk
‘einc. e prorcedures for Wplyirg the techniques previensly
Ciseussed to puve; ciatica comdensers Ray Tequire a brief
*plansticz. A power stetion 00nd nser is a vory large veeowss
caagbor, working witk . vecuwsm {a the region eof 4%, 32 "f/}
(29 10 Ng) containing several thousead nea-ferrous tubes
MPpeaded or otherwise fastened intc the twe end plates, Through
the bore of theiir tubes pesses the cooling water from sea, rives,
leie or cooling tower, whirh Dy condensing 'he sxhaust stess
frem the turbize 23 it enirrs the condenser shell creates and

Seintaile the vacwnn, A leaa in a tube wvill cause contaminstiea
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of the treated doiies fco2d wacer 0y the untreated .oviiag
water with consequent financi i losees, Tos quality of the beiler
foed water is monitored hy measuring ite comductivity wsing @
Dlemic recorder, whick will jadicite when a l7sk above 2 minisw®
sise has cccurred, o we cun 3°y A leak has been detected, Dut %
18 then ne-essary to lo-ute L.,

Access to the ¢n.iing wate: mide amd the ends of the tubes

19 obtainadle 1o ieak testi y with the plent in threc differeat

eorditions.
e Bhut down, tmospncrie prossurc bHoth s.des of the tube
wall

| S Shut down, stesm sid- filled with water, giving a pressure

differential across the tude wall, kead of water pressure
te atmosphere,

Qe Load roduced, coolimg water supply cut off to ome half of

the cordens~r, and vacuum maimtained., Pressure differeatial
aoross tubs wall from atmcsphere to vacuua, Only applicable

to a twin or split condenser system,

9.3.2.1, Taper. Pluat condition .c) Vacunm on ateam side., A lighted

Steper or candle ia passed over the ends of the tubes, a tube
with a lurge or gross leak will rav tiie flome intc the msuth
of tho tube, Thir teclnicu “equires the minisum of equipment
amd cen #till be useful wien 0'her more advanced techmiquee
are net evailabln, As 3 naked flame im used attention muet b

padd to poseibie prosemce ¢f inflammadle mtmcspheres,

¥.3.2.2. Dhmprescest Liquid,

To lecate leaks in a condenser by this techrigque the plamt
40 shut down, tlhe condenser shell filled with water to the
eshast {lange, conditior b, and a small amowst of Fiwsreseeis
19 l“d vhilst fillimg is ia progress, so as to obtaia fadrly

oves &iepercion snd solution in the water. The quantity of
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flusressein required varies aceording te the cirownstances.

A dose of 50 p.p.r. ¢ | 1D, Pe1 10 tons of water) sheuld be
wsed wvhers it is desired 0 avoid wait iag for the tule p.ates
to dry defore ox-mination, out wuch emaller doses, > Lhe order
of 10 p.pem, or leas, miy b> adequate wrere tube plites are dry
and there is no dilution of ‘he l.aking 1luorescein solutien »y
moisture on the outside 1 the platee, Generally spesuing, the
cost of the highim doces ik rc sral. comprred with the cost of
the time wasicd in dryins out t.e tubc plates and wster boxnes,
and very small ioirki are prade sc obvious, that the waximus

dose should bde used,

After the fluoreacein solution has Boea in the condenser
for a few minuics the tube Fiate is irradiated with Black Light
frem s lamp imserted through the man-hole in the vater box
doore, when leakage around ferrules, out o' cracked or perforated
tubes, or around stuy-nuts is instantly revealed by a bright greea
fluorescence. Traces of Fverse ard certain metallic oxides give
rise to pale blue and white fluorescence, but these are
distinguiahable from the ilucrascence due to the leaking fluoresceia
solutiom, narticula-ly if the one wor f{irat makes Mimself
fomiliar with the latter by dircet ex:mination of a few drope
of the selution placed under the lamp,

The seme procedure cam also be used to detect and lecate
lesks in tasks smd oontainers or a poastrating flav testing eil
ey bo weed in thmuuiummun-n-ht
Black Light.

Somp Iibbios snd Vo,

Wilst the use of a soap or dotergent selution i3 well

ostablished for lesk detecting and locating lesks vhen applied

to the outer surface of a pressurised vessel, the applicatiea

of a fosm to a heat exchamger tube bumdle uses the reverse
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offest. Ia this case a lesk in a tube results in the fomm

boing sucked into the tube end, due to the vacuum in the condenser
L.G. Smith, Combustion, 36 (9) 32-3y 1965 in an article entitled
"Bxperience with the use of Foam tor Condenger Leak Detection™.,..,
éiscusaed the udvantages oi this technique and investigations

are being carried out by C.E.G.B. S.W. Region.

With plant in conditinn .c) the turbire or reduced load, and
ome balf of the condenser Accessibley a fuam mixture ie quickly
opread on the tubcplates, With vacuum present on the steam side
@ lesk in a tube is showr by foar being drawn into one of the
tube ends. It is necemeary to usc . foam 57 the correct
consistency und mear. of applying it quickly over Lhe surfeaces.

7.3.2.4, Mplogen Loak Detector,

With plant in condition (c) i.e, turbine on reduced load

coadenser under vacuum with one half accessible from the water
side, the halogen detector probe is put at the air extrector
exhaust outlet. A noxzle is connected by a flexible hose to a
¢yliader of Arcton,dichlorodifluoromethans sud then appiied to
the end of each condenser tube in turn. There is a wait of
about 30 seconds to allow the gas to pass through a leak if
present and for it to be detected. Thus this technique is used
to verify suspect leaks rather than detect leaks. Alternatively
to localiee the area to be searched in detail the Arcton g8 can
be imtroduced into the top of one of the waterboxes with the
doors closed and with the halogen delector close by the air
extractor exhaust.
Bbler Tube. Used to verify results obtained by other techaiques
0.8, Fluorescein or foss,may be applicable under conditions where
they camnot be used.

Procedure.

l. The plant off load and shutdowm.
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7.32:6,
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Cheek by sighting throush them that the tubes te de teoted are
8ot blocked,
Plug the far end of the tube, using a cork or bung which nekes &
lesk tight joint,
Connert the vacuur pump to : suitable witer supriy ind let water
go to drains,
Inmert the =suction p ne bung firmiy into the tube unicc test walng
A little voacuum preses corlaining a4 vecuum mealing compound,
Open tne valve or. the extraction line and viacuum will Ve rajsed
in tuoe,
If there i o large leak full vacuum will not be raiued and

the valve
on chuttire,the vacoum will fall and bubb!”® » will ¢ontinue while
{¢t is falling,

If there is a seall leuk, 20" to 25" Hg 1! he resched in
about 2 mirutec, Shut the valvo, vacuum will fol! too slowly

to be obaerved but bubbling will coniinue,

A sound lite will be .ndicated it on reaching 25" Hg vhen
the test valve i3 stut brboling stopes within i0 seconds,

If the stodby condition th- water pump ic riun continuously
with the valve closwl. Before atopping the water ump the
extraction line muet firut be brought up to atmospheric pressure
to prevent watcr beiny sucked back from the pump to the bubbler
jar. Either of the oungs in the end of the tube may ba cased
out gently to do this,

Ultraecnic lenk Detectors are svailabls from = number of

panu "acturers, and a wide range ol appiicrt ons are listed in
their literature, There include leak detection on chemical
and other plant, pressurized telcephone cables, pressure and
vacuum traka ~rd ror*rol systeur, scating of valves in enclosed

or open systems and ccronu diucharge from high voltage electrical

supply systems. The mujoritly of Lhese applications require the
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aicrophone transfucer or prede, for other wplieations, o,.g,
Doering neise a contact prede is weed., Muintonance enginsers
have beer accustomed to use some forw of stetroncope te [istem
te the characteristic souris e! variow: enrporente on rimt,
a8 the ultrasonic frequercy is wel! Wove the arxlibie renge,
there aho. A be c82 interference from sounds Arising frem
other seurces, Th. proccdure is vimple the nrecmire mmile the
test odject forcing wir or pas out thruugh tie ey 10 tracer
K880s Or npecial Lighting are required, Physicl ‘onteet is
et necessary wi.n the microphone io umed thus hot pipelinea
or pipework over high voltage transform. rs fer f.re prevention
purroses cur be tected without nceding a plant outage, The

Rmicrophone which ir sensitive to ultrasound over =e magle of

approximately 20° 13 scanned over the ares or objcct, wmd & lodh
when detected is followei to its source,

7.4.0 Salety apd Preparation,

7441 There are several aspects of safety tc be considered, e
ability of the vesuel being terted to stand the pressures invelved,
0o, weight of water amd effect on cupporting slructurce, or the case
Of & vessel deripgn:d to operat. ander vacuim eonditiens which is
pressurized for leak testing. The «ffects of o fallure .f the
vessel whilst under test vwith the corsequent (0ss af  volwme of
weter, or explosive or implosive sction mest be considered whom
Plaaning a test procedure. The use of memrch or troce €r-¢3 0Oy
invelve » risk s1ther becauss (1. th gua way form ar epinal Wy
mixture with sir or (2, it may hsv texic or asyi, 12t prepertiss,
If a search gas free from either rish can Be obin.ned use 18.

Othorwise s gas vith » toxic/aphyximmt rish vich can be reduced

te » minimum by precautions is preierrmbie te .re vwith vhieh these
is a risk of an explosion, The handli +,lraneport ad storage

©of cylinders of gar must alro De considered,
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38 peserel were gares are t) be weed messs of ventilation
GROt Ve adoquite "Naked fisse:z” as the taper and Halogen Leahk
Botector must rot be 'ise I n ATe s where intismmable vapours
cam exizt, The finnl =spects re electr sl aafety when electrical
fastruments ond ightirg ore (nvolveld using lcw voltage Blachk
Light Lamps in wet 8.ty st ng, ¢ Bufe mens of ae eas by
previsior of .carl 4ing pisticrms otc whem required,
Prsperat on,

In genern) ‘he cegree of preparatinn required ir not ae
grest as in .o other N,D,T, pethods, Surfac'c should be cleam
and free frow iou=e denris, fl-king paint nd scale which could
ioterfrre with the 1 mpt, 1i the murfaces can be dry ithis is
gomerally prefecabic,  Wrhen Lhe huloger ieak detectur iv to be
weed cleanin~ Muids such ws tricnlorethyier: should be xept sway
frem the testing arem us they will affec: the test,
um& Gonts snd Savipge,

Water bo! ibl~ Fluorescain Dye, ;rice abou' %%5/- per
Bilegram in 5Kg 1ack obt-inable from Cnemica Suppliers, Kl aeh
gt lampe, 0w volt- e lcas tham £20. Halogen Leok Detecters
appreximately V-, _litraroric translstors scont £120, Budbler
Subes wnd aparctus ot wore ham £20,
axiags,

A leahing radietor ca o car or truch which ollews the
wifreese to traim aw.y and wnich (n tumm is riplenished vy
oader o', A ie d 86 « Cacke! Cyiinde: block, cost of repady
Plus ~cet of nor- vaiiabi.:t; vy be iess tran 100 or conaiderably
@re, Losa rf refrigerwat in » trausport tam could lead te
® load of mi')Y ve.ng v &t i tre urney crof.tlees, A leak
WBreugh ¢ weld ir 1+ storsge tumk .ataining i lssmable, ewplosive

ov ~eorrosive liquids or vas:. can result 1n uss of iife, damage

te preperty snd .ees ! proi.ct on, with comsequent large finamcial
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100008, In power stutions the costs of lesks in condensers

O8R be placed under two headings:

a) loss in efficiency due to reduced vacwum and bl owdowa
@ve to nct being able to locate and ping a leaking tude
viilst on load,
€1,000 blowdown losses per month
part of £3,000 vacuum 1oeses ver meath

Figures for a station with 8 x 60 W peta.

®) Cest of locating a lenk.

The fluorescein technique, which is the standard me,
Foquires that the set be shut down and the steam side filled with
weter, and access made to the waterbexes. Where a turbine is
hut down for a short period of 3-4 hours overnight then a
fluerescein test can de made, although for small or evasive lesks
soveral such tests may have to be made or successive nights,
Where & set is on base load and a cpecial outage is required thea
e eost of taking it off losd to carry out a fluorescein test
renges fres £200 to £1,000 per hour. For this reason and becanee
lerge sodera turbines have paanier type condenserr, which are on
2o same lovel as the L.P. cylinders alternatives to the flerescein
o8t which can e supplied with the set oa loud are beiag sought,
The term en-l0ad 28 used here means that it is possihle to obtada
aoeens to the tube plates of one half of a condenser, or ome
oondenser of 2 or more whilat the set is on load sad vacwss is
aadstained ia the condemser., Because of the relationship detween
oendenser lesks particularly in ccastal pover stations and beiler
Sube corresion great emphasis is placed on schieving and saintaining
Mgh standards of feed water purity. If it were found Recessary
e tahe & 500 WV set off load specifically to locate aad plug a
loeaking comdenser tube sad this required a 3 day outage the cest
would be £60,000. Whilst these large figures refer to special
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f 0A80 they Serve te imdicrte 'hat loak Gterticn and lesetien

GFe 0w & swet for plmt saintenamee.

Pritish Standard ¥%7%.: 063

Methods for proving the gae tightasss of Vesuun of
preseuriced nlant 35/- net,

Pritish SLamcasd 2901: purt 1 1969,

Gleseary of terme uscd in Vacwum Toohns logy

Part 1 Terme 0% General Applicetion 16/« net.

Leak Testing in Hesvy Lugineeri:g

C. n.rl'od- R, 8- Mo'oDoTc‘.

Writish Journai ND.t, Marcn, 1968, pages 2 = 10,

{
i Daxther reeding,
(a)
|
é
(»)
(o)
i
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Of the F.D,P, methode 18ated {0 thie pagee the
Sltrasenic nethod haa Lhe winest ssape »ad mppliicafion
for locating ami ..'¢ rtifying wab- curface defoctn, It 48
Wed for testi z velils and ve:Amentay rivettod seame , dhafte
Wd anles for ¢ whing, o reles amd ' Richaeesr L IR
OB Subesr, tars < i shi. e,  Tert,ug Yoaring liaings for
afheoion and Boli- ¢ . 's amd 1ivelts for 'rmuverss crars,
Tltrasonicas con Do uecd on . ¢ e range of witsrials and
products, Tie limitaticna ir wey wppiic icu sue:w

Material strictuie, snape ad gramotey ef Ve tosd
Mooty the ac.osuibiiity of rurfaces amd serfese conditien
@4 tempe.stere,
kxiasialee of itrssen;io,
Ixanemiasicn of wiirisssic sascmy,

e term "sound” defince that band of vidrstiemal
froguoncies in ur te w'ich rhe “men ear ie PrapERgsi v,
Le0e M0 P2 te 26 kii'y Vidrntions beove ¥his upger Limtt
e called witramen.c snd rwmge iv - ey Lrom 20 kil 40
14000 Wis, Uitrusenic w /0. form sarl of the acoumtic
ortren ard are nechanic sl Vibrations wh. A can readily
Peve throwh numegenous Badice which porseme elanticily,

The deasis of uiirusonie thickareas me aseromont wmd
@ofoet detection precess = 18 *he iact thet for civen type
of saferial, e.g, stee) i Alumirim the velncity of
sltrammeic snergy through trat ssterial remaine subot astially
omstant, MNus by injec’ing » pulse ¢f witrawssie wmeorgy
$ate the surface -7 o bar of stee., rrioréing the start of
he pulse and the . me 5f it arr{val #t & recelver oa the

oppoaite aide, ‘he trawnm. 68 m or travel *ime of thet
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pulen {0 Maowm, Ntuumnmbmﬂnh
Gteornined from the formula
8 e W Where v is uitrasemic velocity im the Q)
seterial mctrea/secomd. t .9 traeeit time
A8 secemde, « 13 4 tance (tifckmes) in
aetres,
Bute the norn.! velecity of witrasenic waves in olead
$o 9900 » 0 s,

™is tremami svion techaique am alse de waed te
Golect cortain typee of interwul defe ta by measurement
Of & 80cieane in the regeived signaly, but this requires
000000 %0 doth siies of the tont object wmd alignment of
treasmitter and receiver thue limiting 1ts spplicatiom,

o casdle testing te be carried out frem one elde
Bly, woe is vade of the fact that ascwe pertica of o
SPenemittod ultraseni~ bemm is reflected at a surfase
Sotusen twe nedia with differeat acoustic impedances,

Mooustis Iayedmmce, I « ;v (1)

Were p is density of materini

? 18 uitresomic velecity ia the asterial,

e surfec- aay be external, ¢og. Dotwsen the Dotten
of o o0l dbar wmd surrewnding alry or internal o8, sbood
0 sntrepued gas or slag. Phe offect 10 te rafleet the
eanmmitteod pulse back tu the receiver, like am eche
Poterning, o the pulee travels the loagth (thicknces) of
e specimer twice, This is haswe e the ruloe oohe
Sothni que .

Vitrassni: energy cam beo g nersted md trensnitied

oither a8 continmucus waves, 7 as shert wave pashets or

Puloss, contisueus vaves cannot be used will the eche




teshmiqun and 80 tie pulre eche type of oquipment is

Asest waiversa'ly used far thickness meamrement and
Gofect detection. TFor thicunrss messurement 3 continuows
type of ultrasomic equipment it available, which mokes uee
of the priuciple »i reconan: o, Equipments o tiis type
are used in the LK. for sroduction rather than saint nance
®d will wot be diccusecn furthor iy this paper.

Smeral Diagim of Mtpacenic Foive Lo Equipmont, PIE 7

The sequence of svents 1 e follows:-

e trigger wnit cend- an initiating aigna' to the
tramemitter driver, and time-buse circiiits, The *imebese
Boves the electrem Leam across the C,R.T. screen, from laft
to rimt (x amis) at a uriform predet-rmined rpeed. At the
sale tise the trapemitter driver sends an electriecal pulee
to emergime the piezo-electric cryetal which corverta it te
S pulse of uitrasenic eaergy which pasves into the teat
oterial , thriugh which it treveis until retimcted at am
fatersal or rxternal turface, come of the raflectcd ultraseade
BOTEY i5 received by the piecr-elaciric crystal which
trepeforas it to u voltage which is ther =mplificd, end spplied
80 the vertical deflectiovn plat = (y azis) of the (.ReTe
Wgpoaring 4 2 blip on the screen. Thim ~ycle ir repeated
90 te 2000 time~ a secend, the number of repetitions being
versed by the synchroniser wd trigier unit, Ia figure b 4
e time-Ddase is showm a8 set 50 thit 1O s om the horissatal
tale correspends tc a steel tMexmess of 1O sm. A single
wystal, zero wngle, compression wave probe ic positiened
8 A, signalis | and 3 are seen, With the prodbe positiomed
@ By over a laminar type defect, signals , 2 and 3 are

visible, with a decrease in tho height of 3, Thus the

distamce of the defect from the curface can be stated smd by
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8.2.4

moving the probe over the surface the length and width

of the defect can be mapped out,

E_i&ﬂequiramenm for pula: sche witrasonic equ‘.imont.

The bagic componints for a general purpose pulse
echo ultrascnic equipment are or under:

@) Blectronic circuitry cupabie of generating electrical
oecillations :anging from 0.5 MHz to 15 MHz in pulses
of 1 microsecond or morc duration,

®)  Rectroenic trigrer unit to initinte puisce nnd the
C & T time base and to control the pulse repetitionm
rate,

®) A pleso-electric trammducer to comvert electrical
onergy to mechanical cnergy and vice veraa,

4) A receiver nmplifier,

®) A means of .ccurately measuring time intervals from
1 microsecond to 2000 microseconds. This may be a
oathode ray tube (C.R.T.) metar or a digital
presentution. Items 2, b and ¢ are contained in a
c¢ase with power suppliec which iz connected by a light
f1:xidlc co-axias cable, w ich may be up to 70 metres
im length to the tranaducer,

The transducers rommonl; uscd are quartz or cerwmic

@1ece, known as crysteis which transfors the electrical

onergy to mechanical energy, and vice versn, by the pieso=

electric effect., e di-ncters of crystuls in common use

renge from 3 mn to 34 mm., To protect the crystal and enable
®lectrical romnections to be made it is mounted in a metal

Molder with provision for a wear plate on the front face,

fros which the ultrasonic cnergy raiiates in a beem, like

light from a torch, The complete ascembly of crystal and

sounting is called a probe, and the type previously described
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48 a compression vave probe. The other two main types of
Prode are the shear wave probe and surface wave probe,
A probe wsy contain a single crystal which alternately
tranmmits and recoive}s, or two separ:ite cryatals, one to
transmit and one to receive, Alternatively, single crystal

Prodes may be used in pairy, one to transait and one to
receive,

Save Modes,

Wisrascaic snergy can pPropagate through ssterials in
& mmber of wave wodes, of vhich three are normally used
in testing. These are, Compressional (Longitudinal), Shear
md Surface. Shear waves travel at 0.48 and surface waves
&8 043 the velooity of compressional waves. Only compressiomal
WEVes are generated by the cryctals normally used, but by
Ssuating the crystal on an angled block or wedge of perepex
oF plexiglass =0 that refraction occurs at the surface of
$the workpiece, the compressional waves are reflected and a
boam of shear or surface waves are transwitted. These are
the shear wave prodes and surface wave probes.

The degrees o rigle in decided by the materials of which
the wedge and test object are composed, and. the angle that
the incident ultrasanic energy makes with the normal to the
Surface of the test object. (For details of the limitations
-Muolmomut&cmﬂfomowmm .
b consulted).

| !h-thoultrmaichucubounctodat--do
‘te the normal iuto or along the surface of the test piece,
@ matter of great importance in weld toltﬁ( aad other

epplications.

T R
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fexlicstiens of Ntrasonice for Maiatessmce,

8.3.1 The sain rescons for using ultrasonics for preveative

8.3.2

saintenance arc firstly to measure loss of metal arising
from wear, erosion and corrosion, eecondly to locate crasks
®d sinilar defocts, thirdly to test for adhesion or
bonding anda fourthly fa= yalq testipg.
Esteblished appiications include the followingt =
le Testing storage tanks for corrosion and thinning.
2. Thickness and corrosion surveys on ships.
3« Corrosion and thickiess surveys on boiler tubes,
d¢ Oo-streom messurement of high temperature pipiag.
J¢ Testing rivetted boiler drum seams for inter-rivet
oracking.
6. Testing turbine amd compressor blades for crasks,
7. Testing bolts, stude and rivets for transverse srashs,
8. Testing compresnor shafts and railway mxles for erashing.
9¢ Testing rails for cracks.
10, Testing porcelain insulators for cracks,
11, Testing welds.
12, Testing Learing linings for adhesion,
13« Testing muperhieater tubes for bleckages,
Buspules,
Diskness measurement,

Thickness mcasurements vere required en the cast-isen
vinding drum of a crane, which showed oxtensive greeviag,
After flats had been filed down to the bottom of the greoves,
the ultrasonic probe could be accommodated, The ultreaseaie
Bodsurenents showed the thicknecs had decreased fres the
origiaal 12 in to { in at its thinnest. This iafornatics was
required to enable a decision to be made oa whether the o
oould remain in uase,
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Crasking on a stems trap cever, . Cracking wem But)

circumforential - ) Tadioly Bt ar it e ol dered thet o

cirewmferentiui crack wonll b somt  arj vaky the U1t remmie

teot was contred on this. "t war estimateq tha* tre racw

Yas a little leas than 3 in Sewn, Phe thickacee f the spuer

Boadured ultraconic 1y war Aprrorimately 17 ine e reatal

ereck which ran ato the bore o & 4. Leq hol » wir alge

setimate. to be % littie [eme than 4 in v depth, Tags evaslh
wan then tested magretical.y .and the o3 th messupnd by A rule

ia the dore wae eprroximately 0,4 4,

te of O traneve
The two types of studs were 10§ inches long, 2 1men
damoter, ari 127 inches loag. 2.4 {ach diweter, There
wore a total of 80 stuis on one Aehine to be tested, Mo
oot of the Xamination wvas to chech for trwoverse sreghe

18 the crees-section,

he methad of calibration was to wee & nev stud as a
referonce for setting the "™etten rcho” Pemition en the \ige
base,

s,

All otuds were considered te o free fyen tremsverss

GP0cha oncept the follewing.

B 6 0t . n-mu-aa-uor,u-ﬂu
fr-thiqotth“.th'nlofﬁ
et oohe being obtainadle on)y 1a Places,
Andicesting the erach had et rrogreseed
satirely acrose-etid Sl apeteor,

Be PO - Nawocho w9 1 frem the tep of the otwd,
Completc 1006 of "end of stud echo®, suggesting

that the stuwd is rracwed completely screes,

g

s
£
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i
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Both stufs were reneved mnd cramhing confirund, W, 7
0wl dhearei »n redoval,
letthaim-s g “yocetvres,

Wheu connide. ng 3 iltrarenic wpypiication there
e o pamber o1 ‘wti o te b hirme im mindy the wost
\agortaa. of which mie vt By’ Laow, Mowevir, 2. all bt
the simp.enc fypa o 0%y 4 & aay o7 the "aciors irvolwved
Wl some vxporimantal worh UL b opiral Bpecriens conteining
PRowm defect iy, Peiare rommencing site tasting, 2)lied te
®Polloveu ™ werk (1 6Ly ae invelved heip te ensure a
Smeeessful appl.icrtion,

‘r” fie¢ ',()r.;" Y L

;t" - BEOE % LE v * .
anrex and the seigctisn of |

Nitrasemic raergy e attemuuie: whem paseing through

ey R4 its .
. “ . mﬂ‘ .

4

@sterials by -eatter, “Banrpt.on ind aprevding of Lhe besm

Por a ziver msteril the shart:r the vavelength of
M spypliod ultrwoni. Lovm the mreter is the atterustion ia
paBriag throug) “net matepial, Thus l‘w Imreaning the wavelongth
8 Qocreade ir atteruntion .5 taircd, Th: e'foct iw that the
0Barser ke tritur> of » mater a Lhe longer the wvavel ength
pooded for trrmamisrion and Remce t'e lowsr the ultrasonic
froguessy. n comt-ast ‘o ruiepraphy where the radimit emergy
$0 civasifiod By w.velenar ny in ultrisonics wavelength is et
Mreetly weed. ‘astesi .itrsseiic ~nergy is zemerally claset fied
Sy froqueney, axpr ssed 10 ‘lopty (e/n),

e vavelongtl. .7 wn Witracen : sewm s ety . Rined Yy
e fasters, the fregancy at which the :rystal eesillates
Gl th: velocity o: tie nilrassma: emergy ia the test ateriale

Pe relstion iy Betwse: leo-'yﬂh' symbdol A ff*‘!l‘,

eyalel } el N E Pl e vriocily =;whol W in 2 material
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15 capressed ia the formila, )\ o ‘f’

1t 4"“1:-:106

the fellewiag xample,
= 2.5 Mix, thes

thea )\ will be in sm as showm ia
Velocity ia steel » 54900 a/s, ¢

2.% = 10

Mie 18 the wave! *LRth in steel at a frequency of 2,5

M with the velocity mererally quoted. Table A gives a @uide

0 selection of frequency tor differeat materials,

lale -2

Test Applications ;

885 - 0 Mg

Concrete, wood polee, rock and
other cour mtructured nateriale,
Contingn; grey iron, sodular irea, |
amd relstively coarse-strectured
saterials, a,g. copper and stainless
steels.

Cwtings; cteel aluriniwe brase and
other materiala with refimed grais
tise,

Rastics wid plastie=like asteriale |
oush s 20lid rechet prepellants and
povder grains.

Bslled preductsy metallic shoet,
Pate, bare aud billets, f
Woam md extiided products: bare,
twbes ad shupen (ferrcus and nep-

ferrous),

Yorgings; tferrous and »on-ferrons,




6.3.3.2

8:3:3.3

Bewover, there is amather ropert in the cholcn of {roqueney
&l veveloagt: that may need te de considorei, which {9 the
minimue 8ise of de o that mhould be dete ted, A rough
appreximntion is that this correeivond: teo ‘i - wavsiength
of the ultruweomic ene. ry, thus ir the snample previmaly
Rive.. the minimum s~ oo ar will e Woroim: Luly 2.0 Bame
™e choire o ‘requency s therolore determined by the
Rrain structure of ¢ matorisi, the mimimm sige of
slgaificant deteet ang the rigpe of probec wvailalle,
Ultrasonic 108’ yuments are prov.ded with a switched
FaAge of friquencies, but ‘scii v abe has & resemmmt frequenay
whieh in letemined by the thickmse. ot the pleso<elestrie
crystal and circii'.  haractor;stic .

The position of the (ora Lo te ~rriored by the
wltrasonic heam and Lhe orien'ation ef cxpected defocta mmed
%o comsidered in reiatien to the surfsce on whieh am wltresends
prode(s) can he poritionsd, Por beat resuits the ineident
wltrasonic beaw uhould be it right gl s to the refleeter.
In thickness menm.remont and 1amination trst ne of plate
where & compreasion wavs probe «oitting ¢ neen perrendioular
%0 the surface of *>  piate smployed thim (- nditiem i@
odained, dut for radial cracks througk 1 pipe or for weld
tosting shear wave | obes ure ne '58ary, whilst for | rensveses
Barface cvacke on turbins Blade ~ i *ace wave probes wemnld bo
required,

In constideriag the math or the ultrasesmic boen threugh
the material it is alsc Raceiary to decide how te rougle
the prode to the workpiece, There nre 3 commen o~thodn,

A8 ordered movesent of & prede over a surface 10 reforred

e s 2a "scam™,




8.5.4
8.3.4.2

Stant lessnies traniams,

Motes spe o.¢ Ly P re Do Sartece, e gay rast
% wmall wi e Liquid o7 pacte seun! o eods  Thir Soshnd gue
'® emed for defect tenty "leation amd is sorticwl arly .e-iwl
Ne woid exmminatio.

Sl acanirg tegnnigpe,

e 1ot (arrter fol ,mpa th remtewr of th relortal
Whicr enaminstion, u.t the prole whilst met in 4., .4 conl and
Wtk Sh surface . dwpied Lo it by ¢ jayer 6r Jet of veler
oF othe- JMquid whi > in maintained Letwery the twe Bariaced,
We 1iquid mu-t te Pt [ree of 2ic bubbles, The | reve coarvier
ORR Do band el .« 'n dailer tule ®irvev A, 4r vwurtad on 8
Wocled triliey wm ip f.o8e i nminatien teats, os fuem port of
@B alemetic w tranesic vald testing rg.

AEntaiss Iechaisees,

e tent dject mmd the PPobe are plased in ¢ tamp
mleiaing water, The prode 10 Neld o o predetemiaed dotame
Wilat there in s relstive ovensat batweon )¢ prede smd teod
oot giving » suit2ie Scanning enverage 10 onuure g
d"tﬁmt areas are nissed,

To enoure tramewinsion of the Ctrwuanis morg Mo
W prede inte the workpleoe ar adr »ust Do cor'uwded feen
We laterface, Coupionts can Do light ot} wnter, sipeerian,
stared “r other jasts,

Ixnseters Reets,

To achiove onmsictent ad reiishie nitreamic toot
resuits amme forn of regere @d/or procoture deet dhomld
b woed. Ticee TERge frem a2 siaple ststemcat @i ving dotalle

of o

JR—— («ﬁk&wmwmy £ mﬂlﬂww .




Crgmisntion or Pire,

ded Detadle,

Bygntpront

Portaigue{ s and Calidemtion

Yort dsne

Mooults odtained

Persen conducting tesd

Dt~
0 e drtailed procedure sheots found necosnary Wy
orgamisations such as the 1K, Pritish Bailvege Doard,

British Miiveys have employed ultracenie testing
for She inspection of xlos since 1947 ami have se umulated
& vast sme gl ¢ sgperie o and Knowehow or. tRi. 7B jeet,
Docamsse of *he routine mature amd volume of werk it is
Botossary o enguge and train persomanel with wide levels of
Sechnica) knowledge, in-" uding sowe whe have these perssamel
@alities needed for o relisble wnd conecientiows tester,
Bt have Little knowledse of enginecring ecieme. This t0
eshicved ¥y codifying the teost proceture for esch type of
afle wd by scpurating the general technique. ‘rom the
particnlar. Metheds of testing particular amles are set owd
a "Pree:dure harts™ w.ich either deal vith fomilies of
SlEllar anle types e.g. sarrisge axles, waggon mles op
Bl ¥, amies or with cpecific drcigns for locometives. A
Proocdure hart comsists of drawings of 'ne amle step Vg
Rep precedure incidirg caiiveation smd i lustrastion of
WPpdeal trace patte na, with wi vitheut defect signals. Te
@morel tochniqies with omplanatery material are gstbored
legother as 2 series of cha, .ere in a boor -
"Ihe LA Rwdbok of Witragsosic Testing”. Thie

doscribos the fomt yrircir. o35, the equipsents, includiag

probes used by Pritigh Rai.,

“1l testers receive & copy

——
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MNetaod & Technigque

4~—;—
Type of
Defost

4

Grimding,

¥
3 . roed finisn
8 steem ocgential

inside and 0 orees
on esch pipe for

4
o
;
i<
s §

smpere turns
sin.oum, Wite
ceint and black
imk,

—;r—%*—

Raiiegrephy, Source Tressveres
inside si.gle crathiang in
TARCPOM.L " SROL weld
e S ——

Mazmet o 1,50 ‘renoverse

| empere turns ad
Rinimum, White cirewnforenttial
pe.mt and Black creshing e
inke Andiography surfese apd
(peiective), Souree vithia welde.

b ewposuree por
Megnetic, 1,90 Tremsveres and

sirounforeatial
surfsse
.f“uo

e N0

Magnetic. 1,50
sovpere turne
sinriswm, White
raint & diack isn

trensveree and
eirewnferestia
surfase sreaski




\Q
ten Surface I

Type of
m__(,_ Techniq e De ?ect
Mecneti~, Sur’sce
rermorent mronet cracking
T tper
terhio ) que

deaioiv e by, Dot s
1 techiique,

Y shote iep hesderp

Tap,e

s S

states the wminimue requiremsert:,
PetRits, more than one teat including ultr

Subpect aress are found further teate wil' Beused '
confirm the diagmoeis,

' Circumferential
| cracking

I7 time

“ennics Ay be umed, 1If
© attempt to

Pepaire if PF"tv Lerte are replacay
Surface ,

—chn.qgn

Type of

Clen snd

Mapretic r
Brisnt

wmrfses dafecte ar’
- d.orrarhy wivere
opplicadle .or
iaternal defeets,

Radiocrapay 3 1 lme,
3 emrocures bl e
vall, Magnetic
sfter strees
relieveing,

, Crarksy slag ime

! clusions, blew
reles & reresity
lack of roet
remetreting,
over
ponetrstion laeh
of side Gul}

i Aty
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of this book when trained and it is also aveilable for
eale, price £5, Os, Od. from the British Railways Board,

322 Marylebons Road, London, N.W,1. Fogland.

‘.’g“o’ Britieh Standards ortsn nbta‘n consider able Antuil on

techniques nnd procedures s.g. BS 4736: - 14; 19CY) Methnds
for N.D.T, of Plate Materisl ™t 1A Jltramonic Drtection of
lamirar imperfections !n ferrous vroush!, nlpied
Describes U4 tecluiiques - Techniqu~ 1 20 dB d-np.
Techniqu~> 2 tiav wiho/bottom eche
Technipe 2 Multiple echo pattern
Techni jue b keierence Blecks,
Pollewed by & proc duve funtiuctions o1t of which coniMee
With A calibratinng pracedure,
T™we em:mplce of simple N.D.T. Insuectior Procedure sheeta
from the muthore orginisation are showy:,
A valuabie source of infoimation for the compilation of
®wch proceanre shents are the test or report sheets which

are written-.p atter every _ob,

At in other a-ctiona of thia saper the ent Blished
Poguiremeat. {~- suls and sec re accers and working arees
aPply. Agsin in the majority of cases a person will need
$0 eeme withim reach of the test surfuce, which may be ia
pressurs veessli, or chemical (lan® 5o vent 1 tion, removal
of nonious fumes, means .f cxit anu frecdom f1rom excessive
@yt mmd heat must be considerci, because ultrameaic thickases
Gsesurements can be suc o ens Tull, carried out under water )
Sradaing in *hit tyie ol woix must Le river before attempting
same, TFrom *re electr; o gt Yy omshects ) and we, ght prodlems

when working hoeight., tr upe g ebtwe s ght 02 kig & ‘tory

T —
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opcrated transistorised equinments hae eliminated many 1
rprodlems. There :ue ne radintion precautiong rogquinrcd, |

8.2  Surfuce Proepar.tion i

Surface roughrcss and Lhe spesense of airt, tuity scele
etc, on the miterial will reanien pieecleaniog, ither by
wire brushing, crit-t. wctingy flurc wisking or other menns,
Ultrasonic Merey can be troayoaitiog taroawh o Piphtly
adhering fiiv, a.g, painty but guwirable sy eec condd *ion.
cun :cduce the relicbility o1 o terty render it inval id,

OFr cAuLic an excooeive iime to Ue twl.on, g c¥rurie, to
Bitc.eelully carvy out Wl reosoe R aat o 3 a)  vet e

»oi.ar drum s e L wes nos sLEney 1o wolt g wnne cecnsf e Irom
inside the drumsy which sepe Lhe (:kly. cnnbad with o

protective paint., Orly wher AT Blasi ing Wnd reroved the

peint could the Ultrasoni . -t Le ceriictiy enpried out,

Again, the tim~ tmken t~ carry out roveesion sucveys n
1500 » 0. builer dubeg iy the combastion chrmb »~ war Laaivod
when grit blistir - ers nsed.  To Stablich ‘b ende 0t grat
te de used i1 wai hecrBEQTY Lo virry wut inecitu experi cent: .y
eleaning surfaces thun testing th: ropest: nrey & til the
Werasern’~ tester only ohtaia corract resuits without spending
time checking ani ocal ~'cany n; o1 sunaye ct,

8.9 ipoent

03.1  Roge ap oot

T™er.: are u yunge of port b » mlti-purpo: paise echo

Wtresonic equipmonta rvedladble, T™ey sl) have certain bagi:
foestures Wt rancc f1om amal’ ‘rameictorizad bati. my operaten
types to larg ¢ snd more 2007 X maina operate typer Jith

SRy refinements, and cenvequently tea or more rautrels,
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Ia recent years the ability to meamure thickmess of

C e AR

plate amd pipe from one cide and whilst hot has 1led te
the development of simple to operate single purpose equipment
which have the minimum of controls and have replaced the
CeReT. with a meter or digital preaentation,

A larg: selection of piobes are available ineluding
omall fingortip types which ~un be inserted into emall
apertures, and those which can be used under water or at

Bgh temperatures. Prices for ultrasonic thicknecs gmuges

reage from £400 to £70C and from £450 - £1,000 for equipments
3 | which provide defact anscscment ond thickness gsuging

f&ilitiu. Probes runge Lrom £1% to £70 each, A numbder ¢f

e g b,

predes are required to get the best rcturn for the money

apent ia the instrument. Thia number of probea will ramge

ﬁ“ frem 3 to 30 or more,

? 8.6.0 Exsmplec of the cost savings arising from the applicatien

; of ultzaconics are given in Section 12, The ruaning ceste
are lovw, nodern sets are reliuble and maintenance costs are

: ; lovw, whilst zervice from the manufacturers is goed,

XN D0,

1. Vitrasonics, Benson Carlim,

2nd Eiition, 1960

2 Vitrassuic Testing of Materiale,
6N Krauti ~smer, |
Vitrassaic Tes. ng of Materials Trapslstica of Second
Bevised German Fdition George Alles amd Smdck limited,
london, £7. 10s. Od,

fpringer Verlag, Berlia, Meidelterg New York.
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Rtressaie Mrthoss of Teoting Materials,

ke Filipesynabhi, 8, Pra! ouak] wd I, Wehe,

Bttorworth wd Ce. it1i, lordon, A4,

Titrneeni- Teating,

D). Lambert

Teehnica. RMepert Vvol, 193, €7 « 108

Britiah Bugine Muiior ar. K. ctrical Tnemeace Qp, L04,
Mtramonic ™ichness Nanging,

B, Lawbart,

Poeamicul kopert Vel Vig 19654 pepe \21all)

Prition Irine Woiler and Kiostrical Inswremse Co, 104,
“whle Bection, (b

liste Boiti=h St aadaris for Febel, » mmbes of whd oy

arfe sisly ecacerned with virasenties,

e i S, ot
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By the upe of light, wieh ir electromangnetic radiation
Btterials cam be examined for surface defects, messurements
SM Do nade, ~nd surface foatures iess de  Jliwever, vecasuse
the majority of materials sTe opaqie to light thay connot be
SEMMined By this methud tor internal dejects, but they ema
b¢ remetratad vy cirrtroemagnetic radialion of shorier wave-
Jomgth then 1isht, such s X ang ¢owma vy which can thus
b0 weed to obtuin information 01 internal features in swch
@mteriala, The application of X Ml goewma racdiation fer this
purpese, ueing photographic material as the dAntection mnd
rooordiag meliur is known am Iyiogreply. The phtographie
aaterial may be f1lm, pPaper on plates, 1a this article filg
40 ueed thrcughout,

Radiegraghy 18 the productien of radiagraphs, wiieh
previde a parwanent pictorial reeori of internal or external
fostures of a matarial ar test objeet on & piece of photogrephie
file,

e renge of objects vhieh can s swscossfully

rediographed te Airnlay hiddes fostures renges frem beshastes,

Pt lesves and ninete eleetronic cemponients te meterials of
8 thickaess equivalont to 500 mm (20 imehe:) of steel,

%2  Priaciales

%.2.1 A Somn of X or gesme PEYs passes througii » material
OF & test odject and isping*s on a searitized fils fer o
pro=detornined expooure period, forming a lateat image. The
flla is ther removei and Proceseed by developing, fixing,
wosting and dryirg. The processec rilz showing a negative

imege is the radiosraph which 15 then s rutiniged % A

1l1lwminated viewer in 1 darkemed room for :mterpretution sad
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repeftiag.

The ability of rudiegreply *c chow denges in internal
or external st.rer ¢ materials or teet ob)eet depeaden
wpon the }.lferonut rtigp of redistien srising frel
diifereacee ir:-

(n) thicknese
(V)  density
(e) Dhemegenity

A greator quantity ef redistio. will paus thuough *
portion of a test object where ther: is = cavity thas will
pase throu:h the solid materi-! snd this di'lercaee will be
pecorded op - cadiogrsph s o A cve Gl AR YRR Y SV
Aensity. The great - the wouat o: radiatien trenenitted
the Rarker the cadiograph in that wrea,
Beure spd Pregerties ot X ind Lammr

X wnd gawo 1ys are short wavelength olostro-aagnetie
radistions cimil.; in nature e light, tclovision wpd redie
aves,

X and ¥ raya:e

m in straight linee and preduce sharn shadswe,

SRS IRt refructed (bent) w5 1light is when passing through

Glass leases 20 ¢ wmo’ Ma feocused in this way,

AR IRt wffected by magactic {irlds, as the olestires o

80 n cathode- vy tub:, £, ~wot Be focused in thio wag,

Coafera to the Inverse Squawre 1w, cofe If the distamse
fres s _ource to s detector is ioudled the intensity of

radition riceive! will be reduced to ene guurter of Whal

e

ot the first position, s

Are iomising radisticas, thet is, ave capable of

producing ions in 2 gae, Which enshies their prescese t0 W
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Otoctes apd the bt ity ae apwend,
e .
Tn esmtimet te bt agy vt fiimg rodiagraghi-~ f1a
Ms eruloton, » v 0, otigm e sibive Taperg n bot- siges
of the ri-gible toun SPArERt c i oert et e wiich fepmm
e Bare, ™. Lnuyle SPRLELOn  ontir decrense., the
opeMure tire Ml 11nroves the  embype: 3 the image com ipng
with » wingle a1 4 vosisd tTime T addit ar te the
-l aien CeRtingr, v dingephic Yiime 1 Ye twe ore coml ings
O oneh 2.0y & . ubing | JEP O Mueure irel the oeuinon
aleres to \r: kg 4 . P At e ptact the ooule a
frem presonrs Jomage iwring rowmal e AW rrectic the {lm
16 weed ,r = My bt ML ascti ey erwel o,
P ennbir coneistent radlograghic te B | yiuced vethode
AOve beon Aov:ioped {or pre-d PYidg cavtiin charmeleristice
of endtograghic films, on- impart - at on- iy gty whieh
180 ngrecsed in a THOLS Ot Rubers « the darder the fiim
e M r the denaity rumber, #a . A obhe Ll e Lee
e (Dlack, 1t @i | ret u. vadsirle Tor Light te pemetemte
88 doring viewing ni iat. riretatica, The leasi'y range
18 gemeral indantriad refioyraphy i fr1em 1.0 e 3.0 or A8,
" rx
Rocanse the don ity 01 & particalar tppe of (ila in
propestional te the quentity of 1 o ¥ redistion ~veoived,
by te .oy with Tage I sute: lals rad 'hjicxnagaes 4
$0 sareocaiy for 1 Tay aeuries o b omtrel . sble ik watity
ol quaiity, To wderstami M this is achicved am i nedght
1080 the 9e:as whe-edy « regs wre geaereted (o) ewaie
i suge are prodoced vhea ast Reving ele troms e

Suddenly stoypot by ool inden vith a Largety (the meteridl

H
i

e

1
{
|
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Of Wiieh may Ve tungsten, cedalt, chrvniwm ote), T

profuse a centrellsdle domn of I rays for rediegreghy =

8 rug e 10 waed. This is & shert glase tude clooed B

W ends, vith m clretrode sealed in at cach ond in Which

o M@ vesuun ewistn. A Ligh voltage is applied acress

e e electredes, the , sitive cue Deing called the mmobe,

Mo negative clectrede, the cathede, consists of a enil of

Sungeten wire vhich wvhen hestoed by the pensage e¢f an oloelrie

ourrest te wikist heat gives off clectrens, Under the

$aflesnce of the electric field electrens travel st M

aposd % the anedes where they are rtapped by collisien vilh

e target and Lorays are gemerxted. Only sbout 18 clestren

GBErgy 18 converted to I-regs se that cooling of the wmede

10 roguired Whus L-rag oquipnonts require eil or water sosling.
e fast thet k-rage are preduced by ot olectren Yoem

fven & hot cathede onables twe contrelis te e incorpersiedie

3) Peastreticn (Quality) Varying the spplied eleetris
potential detwveon amede sad cathode will alter the
pnostration facter of the I-rays, HNRigher veltlagee
result ia the elvctrems celliting wi*h the target &8
Mgher velecitios with the predustion of shorter
vevelengt) mere penctrating radistien,

&) Qantity - Maguliating the curreat paseing threngd the
Mot wire fllameat bWy 2 verishle velings supply will
csatrel the tempersdure and the ocmisaien of clectrons
en 1% @b hente the quantity of 1 reoy redisticn
prodused, The cleectiren Doan curreat ean de indlosted
W o silliampere metor and the Guistian of the cupeame
CIASulled by o cloctronic cloch thus cuposures can B0

otated as nd ss-endn, o ah niastes, for & givem




Mlownltage sad naterial thichnens,

Botey oquipmente we re‘erred te s 20 k¥, 150 aWy,

AGD XVp or | MV ete, The hVp Gometes hilownlt poch

valwe,

he Xorep twbe requires a D.C. or rectified ALC, supyly
Qthoug® some Sudes aet a5 their owm rectifier, There are o
Plety of irouits and arrangeneats for oupplyirg the Mg
onstion and fi' ament curveste and sourting the tube omdq,
Dxatastion of Gemns Rore,

Gammea reyn for retiography arv pet gemerasted as
roquired in equipment designed fos thet pPaIpese bt ape
aptisuswsly mmitied from o r'diesmctive pioce of saterial,
Comtoin of *rcce subotamcor uch aa radium are teund in
Rature bt theoe wee. for radiegraphy are jreduced by ma
slemic recctor. Thue s emell eylinder of iridiue ov cobalt
4o made redinactive by leaving it in the reactor for o peried
of vorkr o7 wonthe, A change 1in the atemic structure of the
Gsterial oceurs resulting in 3 rsdieactive Lastere of the
arling being feimed, the stremgth of which deponds en the
etivetion tin- and 2 musbe1 of other factore,
$ial oets out the twe isetepe wowrces which arv ta
Oeral wee - Tridiwm 192, Cobalt 60,

Refioactive isotopes are unstadle smd gradually chepgn
Wolr nsture. The yrecess sag de & loag md conplicated ono
S frem the rediogrephis viowpeint the result 1o thet the
odrength of the Source desreases with time, honce smurces
RAve o be replaced. The rate f socivase i fimed [or sach
9 of testepe, ant n nessure of the decay of wctivity is
Glven by the ™alf life® of the isotopc, The ™ualf Lite” ia

@ofincd as the tine in which ths streagth of the rodisastive

Sherce docasay te Lalf ita {nitial vaiue., Ihe halfelives
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of o w tmtepes Seforewmontionsd are given = Tabie L.
Seoamse redie ative precosses are silponential ia charester ‘

e streagth of the seurce after a peried of twe half-lives ’
W1l de reduced te oae uarter of the initial value and se
LN

Badie tastepe nources or rediegraphy cam be odt sined
Sven Nationsl eontres is & number of comtries, The Radie
emical Centre of the U.X.A.5.4, Mnershin, Ingland, supplie-
SNy countries wnd similar facilitios ewist in Connda and
e U.8.A, - for enamyle.

e cnsrgy of the mmitteod feEna recistion 10 wsually
@iven 12 wite of 1 millien oleetrea woits (1 ). Ndle
l‘ntmxummxnotmmummum
festepes given hMMoftuhml'tm‘hl-
NG oquipmeat. MNis high penctretion redistica snsbdles gamna
rafiegraphy Lo be carried out om Shisher sestions withowt
mmmuwm.—umnww
Iouy oguipssata. On the other hand the watity of redistien
“adh-onmn‘owupuuuyh.ﬁ-
“ﬁ--mwmumquﬂh
6 @iven msterial thichases is leager, OGamia rey sourvee hen.
65 Statrels rimiler to the milliamp control or the A¥) camtrel
Oll-oqc’lm-omuluon-hmu
PSlusiag grod quality rediegraghe. Novever, gmma rep
SSurees have the adventage of Soing capadle of prejoetien
~n¢n-~b0~ou‘or-uum~.
Were Eeroy cquipnent cammot 0oy and ave often the eal) asthed
d“dnnnﬁ“n“ iosaite,. The fast thet
5 slestrical supplsios are regeired cen alsw be o weotnd

- -
s
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Amiestione of Mndiserssiy Ing Paisfesnss,

Ratiography is the main N.D,T. srthed for the ouiatcnmmee
of alrerafs but in many other industries it is the mbasr asthed,
Gne voasen is Becsisc the thickness of wetal vhioh cam Do
ponsirated (37 2 stated kip is Jeperdent on the density of
e setal, thue, the 1irht waight allyy: sed for airfresee
@Bl fusclage wffard geod scope fur Lerays equipment in the
IO = 250 nVp 1range, which are relatively Light and portable,
fpplications 1o si crart maintonamee include:-

(a) Ensminiig sircr «ft te ehech en the presence and seoverity
of metal cerrosivn or demage to shin Joinds and rivety,
)  Bitte ror tatigue crecking
(6) Memitering corronion amd crask grewtd
(6)  Boarchiag snd dodric mnd choching She run of comteed
agotens ts emsure they are sble to fusetion sarrestly,
(0)  Leeotion of carben buildeup in pipes snd meniteriag
We condition of jet engine flame tubes,

e finneial ravings schioved by the woe of redd egroghy
Oh b0 high, because the infermetion can bo Atadacsd withowd
Gapmptling conponents sr structures seving sashevwrs and
rodusing outage time,

Amlisstisne te vihet plamt
Ia t2eee industrier vhore the sajor saterials wsed i

Plast esenstructicn are ien sd stes] rediegraphy to eupleped
@D & 9ove limited ncale,

Applications imeluder-

Castings, Tw:¥ine eylinders, Valve bodies, ole,
etissraghi: Teshnisues,

Ia canes where m sppropriste radiogrephic Sochnd goe
does not exist it ie desirmdie *hai o tecialges be cotalliched




® U] e

@l pt ia wWiting for each Wplieation, Mis tg essential
Woa repeat rwrecires of Plant are 1o Vo made. Brcamee a
rediegraph can be produced by enc person wad then sent for
bsterpretation to & mecond boTeor whe mny be kilometres vy,
18 10 alne sercatial that the imterpretnr knowe the éotai)
of the radiegruphic Perhnigie amployed,

The catablishmert of o satiefactors teohnique wowally
bavelvee & number o txperiment al ewpoour-m, and 135 best
oarrieod out initially 1y o rediegraphic lsboratery befere
oving te site, Fo satabiich rnfigence in the teuhnique
Bl sosivt nte pretotion it ;. 0ften Leceseary te dispantle
@d seetion the tegt Mject wno all rewults frem swed actien
Beuld b recerdsi by plet graph: sard/er drewings,
Infisaramhic Tecauigve: - Baupies

Bampie; of rediegrapli - precedures amd techaigues
e wadlabie in o number of Py tigh Standerds, Internstional
Bendarde Organisation Recoms -ndations ad other documerts
Oofe B8 2910: 196", Goneral Recomm ndat ous for the Madiogreghic
Bsaminstion of Pusion Welde! Butt Joints in Steel Pipas,

8 200: 1962, CGemeral Recommondmtion.. for the Badiegreght s
Reaminstion of Pusion, Walded Butt Jeints in eel, Air
Dogistretin Boari (United Kingdem) Civii Aireraft Taspeetiom,
Presodures Document B/Bh iliestrates a typical Techaique
Bute Meet. Buaieslly o Technique Shoet should comtaia all
e information nevded for repest radiegraphy te be carried
ot under idertical eondit tons with the original,
Emstion - pooyy

™ emsble w sdioct 89 be radiogrepaed it is nesecsary
S0 plase the f1lr on eme 8ids md the seurce, Lead letters foe

foemtification wad image yuaiity indicater em the other, thas

i gomeoral it Recedsary 1) 4 huram Deing te be abls teo




sonsh e arve whoere the radiegraph is teo be poaitionsd,
(Move are enceptions vhen gomma guide tubes are wied). Por
$0=0ity vork scaffolding or elavating platforma may bde required,
e question of the sur’ac: particularly of welds, wnd vhethes
they mhould be ground flusl. is a debatable point, B.8, Y0801
3966. F.D.T. of Steel Castings, 8.1 Surface Preparstion states
o Castings shall ba fettled and loose scale and excessive
roughaces shali be removed, A goed "ar cast” surface is
afloguate., In the cas~» of Weldmentr the questiom of surfece
preparetion iz wore critical. B8 2910: 1965 Rediegragphiec
omisation of Weldi - Sectien 6, Surface Condition mtates «
"Po obtain naxisum law sensitivity the part of the
ook 6 Yo enamined should be smeoth nd free frem irregulartities
Sueh a8 veld ripples, grinding or chipping sarhs. The contowr
of the weld surface shouid be smooth sad any change of secstiion
@hould bo gradual. Py agreonent betweeon the cswtracting
partics, the weld say be radiegraphed in the wndrecsed
osadition”.

In practice griading off the wold overburan ecan Do sosflily
fa 400 and meney, 00 the significant sentence 12 the fired
e - waground wvelds con lower d=foet semsitivity, Whetheor
e surface 10 dressed or not s close viswal emanination of
e surfaces is eseential, decamuse chipe, weld spatior e,
OER ¢aee difficultien in interpretstion, If the seurfese
10 2ot prepared this should de stated in the Ropert end ang
ouriase sarkings sheuld be noted,
iz

Tranaportdle Camse Sourve containeres wd Lergg
oguigasats weigh frem 19 kg wpvards md sttnticn st b
Given o provisien of ladders, 1ifting tackle, ssaffel ding

d safe electirical supplics. These arec mo iifforest fres




o’ﬁ’.

aofaal safely requiremcats for otte o verkiey conditiome,
St boeause radiogrephy omyloye ionising radistions which

OmR affeet the human body sdditienal radiegraptiic safety rulee
Saet de understood ani follrwe.l, Kndiog~aghic safety has

00 Yo considered i relation te the Baliomrapl ¢ Staff, wheee
GWposure to ruliatien (1 f sny) ie momitored wy film badges

a4 dooeneters ard who have poriedic bloed counts amd medical
oBminations, sad in relstien .o nofemonitored rersonmel,
Wore radiography ie curri:. Ul in a pleper'y conet ructeod
labo:iatory then eenarally Faliographie Starf oaly wre invel ved,
Were radingraphy im carried ot in werkshey: shers a walled
omslesure, usirg concrete lend plyweed pamel: atc, cam be
PFOvided, agai raiiograghic $taff ape mainly invelved,

Al hough due attention wust be paid te the pessidility of
Soetiteored radiation reschiag workers outside the Barrier, e
B=alite radiograply is required, it may be Recessary to step
YOrk on adjasent plant leading to » delay, Hewever, thig

oan often de sve|ied by pre-plamming ev that the radi ogreghy
88 carried eut during 2 meal break or after day werh has
fladahed, For site work it |- necsseary te ers -t barriers

of repe or sther naterial, warning netires amd flwmhing ligte
round the odjeet ta be radiogrgphed, making » rodiocestive senn,
Wiod muet bo consitered ac o sphore particulariy in a
mltisterey building, Begulations :tate trhe naximum porvuiasiBle
rafiotion dooe pormitted at the barrior, md using 2 deceerele
008er (memiter ) this distamee an be resdily defirea,

&0 a guide vhom using a low otrength (* Curie) Ir 192
SSuree the radius of the radistion seme will be 9 metres oo
1less, It is alee pessidie to redece 'Rhis if necoseary Wy the
e of & lesd shiclaing muf’,

There are Iaternaticeal sad Rational Begulstione

s -

.
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Sureiag the sterage, trmepert wi cporritien of gume
P Surces, md the operstion of Iorqy equipmente. (lorgy
ogaipnont s only emit icrising rediation whem electrical
pplios arc witched on). In *he Dnited Kisgdem the oa jor
Gocumenta contreliing Tnduetrial Wediegraphy prectise re,
Maftoactive Bud i wce: At LwB, ohich gives sutrerity fer
W wee of reéionctive matcrinls, Redieaciive Substances
000 190, Meiniy oncerned with sccummlation and 41 aposal
of rabloactive matericis aad registrition of nsers of seme,

Iremising Radistioi: (Semlad Newrcres) Regulatiens
Ratutery Instrument (£.1.) 1470, Curvent Bdition and &
ambor of Maustery [metruments cevering perseasel file
Sadigee and records,

Orgamisetions whi ! use rediegraghy suet have a treiasd
@8 responeidic persea or permens in charge of this woel,
Wore caly 2 emall wownt of radiography is weed it neg de
proforsdle Ve cmplcy eme f tre W.D.T, contra.t organi sad bone
Wo provide 2 werliewide service amploying trained perssmmel,

Dmtament sad Ceets
Dtament

famme or I-1a7 sowree, storage, smposure resa, file
PISSetning reen (darh remm) viewing ress and office foo
sesards,

e cost and soepe of the building wil) Sopond @
Wethor rediegrephy is carvied ot 1 *he bailding or in e
G or ot site. In me cade hmowm te the wether, ccnaigiing
of m cdoquetels shielded Duilding vith Al fastlitios,
iasluding 2 9 ton gemtry crame the oot wes sppreniastely
60000, The ~eot of k-rag eqeipoeais is sporouisately €2 400,
ol gume sousce containers E30U mmd sheve, Nevever, vhere
6ol rediogrephy wiii be carcied out p a vorhahep or o site
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18 wi1l bo pessidle to start vith e gamma sourte, sterage
oafe, ond dartreem for £1 ,000 myrowimately, If a 200 AV

Tooh Reray set i alme purchaced this will cest a Purther

Operating coats have be-n calrulatad at appronimately
Q por rediogrepr preduc-i for s predictier laborstery with
& good verk lond, or ¥/ per fout of weid or a sip, The
SO0k om & mailer volume of work nay be higher,

Where radiography is uned in aireralt te save Aowsdime

@d nenhrurs very subertaat al FUVings sre ceported e.g.

230 mea-tours on one imspection., Where the object ia wality

ooalrel of repnirs to castirgs wd welda, including erouring

Gofocts are removed before repairs start them the fimameial
retern is not we streightferward, but with an outage of ome
wosh sag, dic to 1nadequate ropair oa 2 eritical componend
sosting anything fres £1,000 and £20,000 per weeh the cont
of e rediegraphy is well Juetined,
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.1 feam

The ruler applications of o4dy curreat teste is fa predection where
Whe advantages of con‘acteloee high spoed eperatien mdle the ‘este te
b0 earvried o’ om line, Fddy carrent testa aee Limited te Getectien of
@ofosts at o near the m.rfnce,

Bddy current tests cam be carried eut oa all materials viich are
edectrical conti-tors, e, are umed for rpack Getection, dert) of erach
Statureasnt, detection n; erosion amil coerremion of ren farre.s tutes {a
Doat enchamgers., Serting »f ve'ale aad meamirement of eemauctivity, [Mere
@Fe othor applications but theme liated sbeve are isad 'or plamt salatemanee.

Potential gradien. teate are limited te t' roe apylications, thichncns
Sofurenmt, crock depth measuremen' and for tes! ing the bending of white
®0tal VYearing liniags. There are of coirse well eatatlished electrical
testing lastrumsate such as tle Dretor, wiich cap P¢ used 15 measure
oleetrical cemtort resistam s Mt theee are sutside the scepe of this paper,

%.2 Prisciaies

30.2.2 Bédy curreats are indueod curremts viieh cireulate within o pieee
of metal,gemerally they fellew a cirevlar poth if the mterial ic fNawless.
The 2ane arisee from ea an.iegy o sddics in a backwater of a river ep
Otrean. 1In Sectios L pera J.0 reference var made Lo the fact that vhenever
@B olestric ourrent flows threwgh a seaductor it seta Wp & ragnetic fleld
a8 right angles to the directiom of curren® flew. Tf such a magnetie field
$0 pro@uced by an alternating curremt flowing in a coil it will alee veary
1B otreagth; furthersere 1if a pisee of wetal ir pilaced in this verylng
Sagnetic field oddy curremts will be induced i tiie me.nl. Trese edly
ourvents vill 1z turn predice » varying sagnetic ! .eld which acts ea the
6041 and preduces a chamge iz *le ewcitetion eurremt.

Removal of the piece o1 metal or replacemeat by other pieces of

@i fferent eloctrical conductivity, perwmestility amd geemetry cam all be
Gotested ¥y & muitedbl: arramgement of -0ille) and electremic eirevitry.
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10.2.2 Pagiers aflferting Teetiag

B4dy ecxrre-: tocting wot tahe asooumt ¢f the guenstry of the @ esl,
that i the dimcnsiors, siare apd sive - Fattors ia the motal {tenlf,
trat is, changes ir ' ritare 3f *he petal .6, ferreus 5r nen<lerrene
ond opecific eou i ¢ .sed b’ variatiens ia cempreitica (chemical
prrity), AVey o o5t iem, hardress, ovh hardening, Leat treataeat, grede
oriemtatium, Pexiinal a. ke, - wmture amd type of defecta. TFactese 18

oddy eurremt te:' [ny o oy wicn .ontrel can De oxercised are as fellowsie

$0,2.3 Cgjle - The ¢ 1 or «. s wr= the meams by which the magnetic field 18

Alpeetel to the *c.t b)) ot and iafermation ea ita cenditioemn returwned,
Thore ave thr e “a:ic ‘vpes of ~eil - (a) Be¢ireling Ceil, vhich surreundd
the saterial u~ 1o tarst, This is largely used ter rreduction inapecstion
end testing. (d) Maternal ceil, a coi] which is surreunded by the ssterial
ender tost, (¢) Surface coil - A ceil shaped te cenform te the gosmotey
of the material wndor test. Ceils b and ¢ are often ina prede and arre
the types aset wsed for site work,

Te previde the primary or enitaiion field and te dsteet Sofortd WO
o0ls 8y Yo used, a primary (emcitation) ceil and a secnndary (detestien)
0041, Povever eme ¢eil cam be successfully wood for bdeth purpeses whish
obdaplifice eeil design smd sahes for a -mpact aseemdly,

%o assist {a distiaguishing b twees charges ia the teet objest which are
ast clgnificant sad theee which are aigmificant, the sise, shape and smber
of Saree of the coil(e) cam Lo eemtrelled. This ensdles a coil or prebe
%0 Do designod vhich vwill ignure seme aspecis while respemndiag te sthere,
Jor emample with a large ares prode small defects will de ignered vhen
osasuriag thichness or eonductivity «hils’ small area probes cam Vo 0@
aFvenged that they take netice of small defects whilst igneriag slewv changee
8 csnductivity or thicimeas. Shiciied predes with a 'visdew' cen cnsmine
® 11aited area of the surface as eppesed to the *60° circuaferential field
of an washiclded prode. Semsitivity to tulaming can de contrelled by
odiustiag the ratie of turns em a tvin ceil prede.

As ia magnetic testing it is necessary te comsider the relsticaship

__—-—‘




botvemn the dirsetion of ¢ ¢ seplind aagnet: e field smd “vat of the

pocted defsct, (o oxample in eidy ripremt teoting of *iiee {1 g
oAl o us- 8 relemeid tyre codi. ~{ hgy mcircling oe internal, *pe
leng arie ~f v .o} 1iee 2 cug tre bore 5¢ the tukae, thi- IrrAngement

will detect iomeit ad . pal rracka, 0.t ret narrow Titewrferent ial crmehs

boosuae oy de ret aister: tp, #dly ~orrent oy pstters as .y the

lengituding’ opog,

™he ceil: theme~lves ar- ArTeege |l (a three waya depruding en the
test roguirencuts,
(8) Maeltte systen whicn BEABM PN Lpdevendently of aay ertognal
Tomparisen standar,
) Cempars' i, -~ system wiich neaseres a éiffevence totwoen twe
Soparste _est rieces,
(e) DAfrerentiag tystem (aite=canparator) whi-~y compares twp

adjacont pertions of the satvrial under teet,

30.2,4 ent

Wlike X wd garwa redietion or ultresenic ;|morgy, oddy curreats
have a vory lirireg Penetration inte wmetsle, The Septh of ponotralien will
affeet tle atility *e detee? internal defocts and it ie Leconmary te matpel
1% for opecific arplicationg,

Theoretisally th- ®a.y eu.rent dems.'y deer«sres frem the suriece ia
B smpencaiial mairer due *e ine shigeefincty the detth below the surfase
vhere the eddy i rep’ density ‘ue ircromsed tn T o the surface donsity
18 ealled the smin depth or peastratien “epth. There mre three facters
et eentrel the mrip Jopth o resistivity syndnl g, the relative
porecadility, eywsel P ad the frequency symbel f, of the apriied current
and henoo nagnetic field., The usual formuls for skin depth is -

Skia depth = ]

2 put
Tadlee are availadle Laged on this formuls listiag tue Aepth of
ponotration for various materials at various {requencies. However,

these are for ope situstiom and in practise if the tatles or formuls are

g
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woed ! is rece oy - 801y % TP i ace £ a | em pragtLoel

favestigations. ;
10.2.3 Meving indiea® 2 Low the 31V(3) mysrem ogd arreeeeent and depd. §
of pametratim cen ha coptronlled - kriatf demr 1 i 7 ene LYE® €1 §
Intrunent - ~giensd (9 teating momeior ~mip hagt rchimties tubes falle - . i

™ inst: om? ecng .ot o RN Eaply L gl kil 10

YW M2 ol ato - o, man- L Y Y s WL T YOI mep i fler, ami f

S phawe Al v inin tor gop - “2d L. @ aist jeed rronpies, Mg ?-2i1la o - :
Produces ea Ay, - ol e . M rglie @ opre . (via iMace shirt E
BOtwerk) ' iome * L, oA corle foor we tu v, *the ‘mductanee dr ;

A vrave comtro] gt ~ep. ftoy toteay 1 ; iCieromt rest . vitien Ir

M. n‘ n&f'@t ‘. J‘\’ﬁ;l;f F’ fﬁ‘;‘ (A'tﬁ mgrq‘;rﬂ-‘ﬂ " "’.I“;,t‘ y‘d C.f\’np"r $o,

vith owirch at v loue® 196itden, ©*ier M3y gla may he ‘aated,

Vien 10 rrebe s nmcrog, Lmte tr o tule Mep tert, aldy cupreg

e 008 .1, wmd cepetraie Lhe tuli@, i 3o cddy (L ovem - whien ars

dopmdont o1 1 eruretor stics of wie ‘e modliy ¢ e mce Al @

eeils anc tre pmy ige Ye Ye baome-l g 2 b slag e
4 <

W ctive rrd re: 1 ve eontrn,p,

B T T U TN ———

When ' pprep 9nc o in 40 neta U oLe e ‘o oy eejom, Woleo oy

- eeB8, ¢ eutent-Lalanes volts - 1 Pl g0t acte.r the bridge, Ms

veltaye 1. hen it A i ) TR LT 0T i ®le el pesee. ‘o
- phase ¢ eeri 0 ter. M4 Heerintarter . . rpnlied to out, it
OWer Slage wrivic 5 e “tee, FAviie 8 resn e o9 o Vect lem,
Wer ' . yiobe omeme  nre..l 5 b Yo, 4 Aot L) e "eet ame

o1l defore *he - lovr $ivieg « e aferrign ame vay o8 Shen the ol e i
for thiming the yem will be e;fected by aa anbut preper!ional to the
thiaatiag. |

Orer ryre: of trata-enta ¢1ffer i the wey ia wh'eh e rigmls :
reseived fren °M prove coils we malyied but all instrv-smte heve *he
bagis featires of a prede cOBSELE 0! %0ila werar! em o oore with o '
pretestive ovter cover, ‘ally - stainiean steel, comnnected ‘o the 4

iastrunent by 2 cable. A8 ALy orireted gun for shooting the prede theoagh i



e tudes wd aa elocirem.. ar sir opereted viader to pull Ghe prebe
Sash, mt s _nart reeorde: L3 rrevide 3 receri of every tube preded.

¥.5 malacatime i recetircr

30,%.1 The appli at ions of eddy urvemt: te productior ‘o ase.ing saterials,

Sontirg a "wie ¥ > ‘ylimtrienl, =pherical wmd >t « gha,ed ~omponeate for
@ofects wd on-line ims actina ia tud. mi.le m» w ll eetabl ished, Tre
? agp.ications *o plan’ nairtenanr . ave fower, bi sre groving, in aireraft
mtatensnce eddy ¢ rrer! 'echmi ) ~8 are L@eq [r ~reek Jetectlon and
SoasuPameat sR) ‘' - a6 asrer’ o' orrosiom, Om rmiiways the recemtly
Goveloped Amlec [(aatrmen’ .8 tinding wide wee, over () haviag bess
mrehased by one “ountry s.ene,
Bidy eurreat sqpiipmen’s are Peiag wsed for in-0itu nateriale serting
o 800 Beetior 11. snd i1perensinly for the la-eitu inspection of nencforvene
oot euchanger tubing, whirs Liey are 'he enly precticedle technique for the
onmber and entet of tuk .ag invelved,
Tve applications are discutsed by the mihor ‘a) Pertable odl) cvvremd
ogipnents fer in<ritu testing of nev-ferre.s heat excnamager tubing. (V)
i Portadle tddy current instrament: for ~urface  rack detection aad
| Staserenemt .
§ Detailed informa’ un or. *he yriication of thz Mametest oguijppnent
t e sorting cempomentr etc, ! givem in a receatly published Gesh., BSeo
furthor readiag for details at end of thin Secties,
30.5-2 Iressfuise
Top-torrome tude testing ia condensers, snd other heat cushangeoe
b & camereial oddy curreat eviipnent opecifically desigred for this
Parpese decame poasible ia the Mited Kingdem in 1752/%) vhen the Prebelag
Sosame evailadble fellewiag 4evelorment b) the Shell Duvelopment Ce,
Galf foenia.
e procedure s as follow:o
| Befere commsacing o Prodeleg ‘ob obtals s tWhe plste Slagren md
Ontalls of thw Swder i.o, meterial, age. neninal wall thichmees, dimeter

and Jmgth. [n Do cose of 2 “oudenser, (f w extemsive mirvey 19 roquired,




C..’-

Wrange seaffeldiag for s oee sod for nair dseve to de ovem sma .V,
Mlivert perings e be teurded ,n, QA Visal swrvey 15 sade to give

@ guide as t> wrat the condit,on Lthe tibe- cam re empected %o be ia
porticularly & there {: vilems of Son.sSider-k e rioriape o° t'ihen,
All twhes cam be sighted wd hlackeu ' be peted for «ttemtion fipst
after .0 ti.ler nave beey nlenyed It ‘2 45 19ble for ti g tuben ‘e be
washod threrigh smi the bjec o4 mes reided, 1+ he tudes ‘iave dr.ed ot
Qring o lons ohu'<dcwn eried it mar Lo NACABEALY 1O el them te
Podoce prov- friction, a4t TreRe tne nearest fi* to t)- tube,
an the mmal]eant Exr romsiatent w tF freedon 'rem inmning is desirwdle,
If there is tew large o €% Che pro®s will lic on the Dettom of the Sube
@l laterpretation wouli be rendered al:fiouit, comaider squal elaed
Gofosts o the to) and bettom o! the tube, the magnetic field reachiag
e top defect vill be leee than reeching the bottem one and ogeal
Pendiag vill no' be ebtained irom eQial sised defecte,

When the equipsent 1s in pesition, electrical apd air sepplifes
Stmnseted and hand lamp at Yotk wnde the probing cwm commemee. Stapt
B9 sotttag-up the 1netrument with the ;rote 1n a standard *ube of 1.9 @
Lleagth of the seme miorial, wall thiciness and internal diametor oo
heee % de tested., The Manciard tube will have a number of oxternal
00 iatermal thimmings aud arciiiciel defecta in the ‘orm of holem or
alote,

e Lastrmeat is oot “P & this standard tube with the pem es the
OEAre 1iae of the shart sad al) comtrol settings recordsd. [a cases
WBere Wickness neasurements am o tube bumdle are being repeated over
iaterval of yeors, s stamdard tude is casential, Wt whea woruiag ea
GNsien murveys 1f ae stagderd tute is available a sumber of tudbes are
proded and an sverege setiing es.adblighed.

e & reuting has Pocone sstablisi.ed th» operatios of ene ama
dhootiag the probe threugh the tude and rulling 1" bSeek v the winch
wiilst a secend 2sn manes the recording and stiiies the records as they

are produced taies atout ! mipmte T * setre long tube. The standupd

S S e AR R et AT o ke
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e £8 proded roory 'onr, wad 4' ke Dogimning aad end of overy chapt
rell. Allowiag fo~ rovement of emuiprent ete. 40O tubes sam bo praded
a2 10 b, ),

Conionser tudes muifer frem soveral facters whiclr may reduee tholy
sl tife: *hese iz:lude (igh velne iy amd turvulemen in the inlet
oNttona, steer eresion, rul wa'er skrasiuzg sad 1n rea-water cesled
oIRdenmere ma:ine life =nc. as wismei.,

These fu loPe (-suit L p th.ng cerrosiem, neling and lecal
Wipiag, w3 it 18 e 28m0ry to relate the type of 3o seta apd thelp
olPpificance te the “harts gred.ced by the probolog,

One way is *6¢ emtrac. .- tubes(s, and split it arially thea
visally iaepect, using a 'ued lems on a Linceulas micrescope: o pit
GPIh @easirer and » dall wmicremetor alse aseist ia determiniag the
Gopth of pite mad variatioas ir wall thickamess. Nevever this cammot bo
oalled men-desir.ctive, and vhilst it is semetimes necessary o ressst
%0 meh destructive taste to establisr N.D.T, interpratution and ot ndasds,
ONiiag s condmoerr ‘ve out cou Le o time ecomsuming wd cestly Jeb,
™he wae of sn sadoscore ia tharafere tre firs’ step in interpretatics and

sothods ¢f *aking mu impressior si a pit Ly use of plastiieone or other sedla.

30.9.2.1 Sxmck feisc'ion amd doith messuresept

Aa eduy eurrsat instrument the Anlec har besn developed ¥y the
Malstry of Detemce (Navy) spacitically feor crack dstoestion ia fervens
aslerials for ememple welis spd other objeets, without requiriag the
r"woal of paiat rust er dirt smd the werk invelved in msagnetic pasticle
fampestion. The equipnaut vhih is availalle commerciall; esmprises ¢
@mll Battery opereted ‘runsisterised lastruncat camnected Yo prede W o
faidle ochle.

The gemeral puipess prode provided wvith the wit eperetes ot 948,
end coums an ares sppreximaiely 1 ¥ § in. The prede 19 denigned %0 heve
e sl "air ga;” of 0.0°%C la., providiag liftef! compensstion dolterw

thas = W of fullescale tofleetion. (& uee, *he jrobe is placed upea the

.




Surfase of the wrk and then yemee wilee sdjusting *ne 1ifNeeff
otrel, thi. repeateod uptil the rositiem of the reedle of the
fastrument becones cocemtiall s {sdencndent af the distanes ~f the prebe
fres the werk plece. A ramge Frobes sre for varioia tyres of womy
8¢ aveilebdle,

Creohs can vo detectnd from a el 0 CUO1T (a. vpwards by
SomRing sumpect aress with suitsble predes, smd by sbeoerviag the
@oflostion of tha meter. [plication of a-t.s’. :rack dorth in tae range
0013 te 0.50 in., can "« obtalned *o M wcouracy of abeut o 48
10 cssemtial that the Crack brew s surfsce,since the imetrumen! sseasupes
e surfuce oonductivity of the watevrial,

A sscond instrument desirmed for the mewsurenent of epashs ad
adatlar type surface defocts iz the Defectometor 2,150 mesm fastered by
Motitute Dr.lorstor. T.is spparatus uses sddy-currente for the
Ssaturensat of surface defeets such se craeks and laps. Dependiag ean the
WPPe of prede, crachk depths up to 4 mm cam be detomnined. DPure-dole
poshes for a renge of diametors frem 4 to 12 m with twe sdinstadle dere-
bule probes for remges Detvesn 12 - :5 mm are aveilsble. There are three
ultehed froquency remges v eover forromagnetic, aon-forrenagnetic ond
aoteattic notals,

Botete  Amother type o1 imstrument for ereeh doy) semsnrenent 10 fealt
with wnder the petential Gredieat Toshnimve lator 12 this cmme fest Atn,

Both the Anlec sad ?he Defectometer oam alse bo woed for 2 raap
of olhor work sueh ne meteriale sertfag.

W00 Mafeiz sad Prasrntisa

0.1 fafadx Ro aposial mfed) precanticns are ssccstary with e
opuiments doscrided, provided sttantien 10 paid (o safet)y of clestyisnl
ogplies particularly ea wet condoaser wierbesse.

30.8.2 Pregasgtitn: Seme aspects of preparatica have Deen dmnl’ vith fa

precceding text. Gemerall; sdiy curreats ¢5 net require surface griadiag,

Blastiag or special cleamirg bt surfaces sheull be free frem metallie

S A

partisles, ssale mad ether foreign mattier vhich osuld give rise ‘0 mialeading
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semite. A goed vire brusihing eoen be woed if considored Sesirsdle,
A enseplicn %0 the adeve is wvhea 'sing » Predeleg type lastrwent o

otndsnser twhes, here pre-closming by water e'e,.i8 necoseary,

.5 MAmmt Cogta md caving
30.5.1 RBidy ¢ vrreat cqnipment comas |- twe ferms, mult ipurpese oquipnest

whioh by meams of plugein pirts sieh s~ "pPoquency medules and a variody
of prodes 2en cepe with & mmuer of apolications. The altermative o
oguipaent designed for one are:ific purpose, bofer= puvenase of my
oddy eourrea’ oquiprm: ceasuliatior with » rvufart rer is desiredle,
T™he raage of prices in the 1.K, is frem appremimately €12% for sa Aiee
tastrunent to appremimately f40U0 for the medel 70 Preteleg with o
aelestien of yredes.

30.5.2 jevigge: T™he saviage arising frem the agpliceation of odfy surrest

techniques arine frem saviag nenhousrs ia diresatliag, as 1a siresaft

aeintenance, mnd :voiding lusses Gue ‘e wapylammed plart eutages ed

rodvoed officiemey in power staticns by previdiag taformation ea e

oondition of inaceosaible nen ferveus hoa! rmchamger.

Nrthor Reating

1) Yel.2. Nom Acstruetive Testing Nemdbesk - Kdited for AGNE by
R.CoMaMast sr. The Remald Fress Cc spany, Fow fork 1809,

2) Rastri:al, Magnetic and Visual Metheds of Tooting Metewtals

JoMits, ¥.G.Xing sad D.C.kodgers. Betterverths, lLendss 1969 3.8.
3) Bidyesusreat testing of Cendenser Tubes. J.P.Mtis,

ww“. ’-t“ v‘lo}. Fo.1l Fob, 190 e , - ’.
8) ritich Standards, see 1ist Sectiem 14,
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30.4.1 Sgepe. Petential Oradian® Messurement of crsek doptk ia
oleetrically condutive materials, end neasurensnt of thicimess of plates

from ome side, and testing bonding of white metal liming to base matesrtial

i

in bdearinags.

120.A.2 Prinsiple

The principle on whinh this method is bdased is that the electrical
1

e ——— i

resistance betveer, two curcent prods on the surface of a relstively thia
- setal plate is inversgely proportional to the thicxness, with the voltage
v applied between the prode kept constant for a particular test. In

4 practise two prods are not fessidble for a number of reasons and 4 prode

i e .

or yoints are required for & workable method. If four in-line electrodes

(U ——
-

are placed in contact with a metal object and a current 1 smperes is paseed
between the two cuter electrodes, a potential gradient will be produced

z between then. Thie potential gradient cam be measured by commectiag a

30.A.3.2 cat Procadures

For the testing of the bonding of white metal linings to beariags

s

l
eensitive galvonometer to the two inrer prods,
& commercial instrument, tLe Hoyt Bond Tester, is obtainadble from the

Boyt Metal Cowpany of Creat Britain Ltd., Deodar Road, Putney, lLondea 8.¥,15.

e - o S~

Rote:- Ultrasenic techniques for bond testing sre discussed in Sectiem 8,
10.4.7.2

|

For the measurement of crack depth by this method, two imstruseats

have been developed by Ur.Karl Deutech of Germany. These are commercially

available as the RMG and RTXO gauges. The RT1O0 has rechargeeble datteries
and cam be readily taken to plant.

These equipments are used to measure the depth of a erack whish hes
boon found by visual or magnetic methods. Wailst crack depth measuremsats

by oddy curremt techmiques are possidle, the potemtial gradiest methed omm

deal with deeper cracks, measurements to a depth of 100 mm being quoted.

10.A.3.3 For thickness 3eusurement the muthor knows of no commercial equipment.

T™he maia advaatege of this technique being the atility to cope with rusty

or dirty surfaces. A nusber of orgsnisations have constructed amd used

oguipments based on this principle, and messuresents of the thickness of
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Plate type md tubular type air reaters have dbeea carried oyt by the

amtbor's colleaguec for Several yearn, Informatiom or the Jesign of

1
ouch equipment it given in ‘he ASNT = Non degtrmic:ive Testing Wandvook, ;
Section 33 Yol.I1, i

10..%  Preparation v iafety 2
Lits1e :

wmirfece preparetion is requirosd for thickness reasurement

weing hardened steel poimts *o the prods. Four cruck depth ressurement

3
lecal cleacing of the cuntact area by smery 21oth or other neans may be g

Becedsary. lor the iiny' Bond Tester *he wanutect.rers suggest that o :
oocasions vhen the "asecast" white metal surfac. hum an oxidiced ak in
and may be dirty fror contsct wii'i the lining mandrel it is 1referable
te 1lightly machine the bore before testing,
There are nc unusual safety precuutions required, where mains
eleetrical mupplies sre required *hen attention must he pald te this
aspect.
10.4.3 Emimet, Cost; agd Seviagy |
The cost of the equipseats metiemed is relatively sedest. 1
As they are rodustly constructed, maintensnce costs should de lew,
iatiag
T™he eoonceic savings from obtaining accurste and reliadle informatiem
‘@B the depth of a crack, or whether it is a crack or surface marks cam be
Surprisingly high. Often specificatioms call for rejection of a compoment
1€ a oreck exceeds a stated depth, seasurement Bay meea the differemce
between rejection amd acceptance. Again »any plant items can remain ia
oewrvice with cracks provided their depth and extent are known apd it is
lmows whether they are progressing - repeat measuremeats can thus save
ssrepping plant,
Further Meading ASNT Neadbook ef N.D.T. Sectiss 33 end papers by
Therutea, BN, listed thereia.
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1.0 Dammal nd Other Nethols
1.1 Se0pe
The N.D.T. methods for Plaat maintenance discuesed in this paper
are those in daily use, in addition there is a clase of which omly a
brief account can be given, Methods under development or not yet im
éeneral use. These are thermal methods, comprising Infra red sad Therwal
cemparators and materiaio corting equipments,
Developrent and complexity of N.D.T. is a continmucus process, but
the methods selected above all have the featurs of teing appliceble to
plant in-situ or in the rerair shop. The boundaries between N.D.T. and
metallurgy, welding, applied physios, mechrnical, electrical and electronic
onginsering and chemistry are often indistinct. Thus N.D.T. methods should
20t be comsidered {solation, but should bde complemented or complement
metallurgical and other tests.
u.2 Zhermal Methods
Klectromagnetic Radiation with wave lengths longer them red light
1s called infra-red radiation. It is emitted by hot bodies, such as dry
overheated electrical conductors,that are not yet hot enough to be luainous,
1.2.1 Thermovision equipments are now aveilable which can scan an ob ject
enitting infra-red radiation and present the information on a cathode ray
tube,sinilar to a television set. A built in facility enables temperature
gredicats or isotherms to be superimposed on the received picture, enabling
temperature to be measured to a close limit. A complete equipment cam be
ssunted cn a Land-Rover or in a helicopter for survelliance of electricity
Supply sub-stations and transmission 1ines to detect overhested joimts amd ]
¢lamps. The resistance of the Joints increases due to oxidation, which ‘ 9
results in a temperature rise which can lead to failure. The use of this
method 1is nov standard practice in st least two countriss. Other applications
are to detect hot axle boxes on railway locomotives carriages and wagons. i i
Reperimental work on detecting corrosion in boiler tubes is also making ';sa‘

€004 progress. The capital cost of infra-red equipments of the thermovision
type is approximately £8,000, a cost which can be recovered by orgsnisations




sueh a® electricity supply where the outage of treaseission line fer

& day can cost thosands of jounds. For the wider applicatior of

g Anfraered messursmer to ;lant maintensnce there are possibilities

" that lower pr~e: -nd simpier instruments with lower rreol:tiom, will

. ; become availatlic,

Referemce - Therwography ~ - . A-tiae -« It'.rspulication to N.D.T.

lait Bergetom and Cven Rertil Borg Britian Jourmal of N.D.T.

Vol,1C Nu.”? Junc, 190 ragn~e B I

2

' 11.2,2 IR powcr station boiiers durirg ercctio: and repaire tubes may

. becose blocked, eitner compleloly or partinlly, by the entry of foreign

' bodies. When the restriction is severe tube failures -an occur, leading
t to loss of plant availatiiity and money. The Central Flectricity Research

Taboratories, Leatherhead, fngland have developed the C.E.R.L., contact
flometer which can be used to compsre the flow of water in boiler tubee

b thus providing 2 simple snd rapid metrod for locating blockage or restrictioa
in such tubes.

The bLasis of the method is thatie

e -
- .

If the tube is blocked either partially or completely, the reduced
water flow rate “ccults in a generally reduced heat transfer rate along the

tube length. A blocked condition is therefore revealed by heating a smsall

,; ! area 0f the tube at a convenient place and ohbserving the subsequent coolismg
L;‘

'3’ rate with a simple contaclt thermocourle instrument,

oy

% 3' To use the instrument it is necessury to aave access to some spot

"

on the outer surface of the tube through which the water is flowing, thus

a ciroculating water pump must be in nction and scaffolding or other accees
is required.- The teat is carried ovt with the boiler cold. Full scale tests
have been carried out on large modern boilers and blockages successfully
detected. There is therefore a good possibility of this method being
adopted as standard practice on new boilers, but experience shows thers will
be occasions when it will also be umeful on existing plant. A pateat for
this device has been applied for, and a commercial model may become

available. For further information om this instrument enquiries should be
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oldressed toi= The suthor of ‘ris paper.
1.3 Neterials Sorting

Equipnents and rethode for sort ing miwxed materials or component s
of similar « .pearance bu* Aisim:la~ in compomitior. and preverties are well
established in production., In recent yesrs with the incressed use of alloey
steels it has become necessary ‘o have ways of ‘dentifying materials at aite
during construstion on rrrival r. the rtores, or avep in-gitu., This Tesns
that generally the comnent apnot te passed tnrouch a sorting equipment,
»ot 18 it alwaye poceible to take a sarple, particularly if a large number
of components have 1o be sorted, The Central Flectricity Uenerating Boara
Quality Control Umit, irodiction inspection and Test Bramch in conjunction
with other users reviewed a number of equipments at a Conference held ia
London in February 1969, The equipments currently available operate en
one of the follewing principleste

1) Bpectregraphic

2) Eddy Current

3} Thermo Electric

§) Isotope Fluorescemce Analysers,

5) Chemical, Magnetic, Spark Testing metnede.

As is to be expected each type of equipmeat or sethed has adventages
and dissdvantages, there is no cure=all, and choice of am equipmeat will Ve
governed by factors suzh as volume of testing, time, accems etec, It s
therefore suggested that persons vishing to use such instruseats shewld
otmtact the author of this paper.

Dexther Reading
Infrea=Red Radiation
A.Vasko knglish Tramslstisa of “seeh oditien, published by
111ffe Books Ltd., 42 Ruseel 3juare, lLonden I.C..?.

Serting Mixed Materials. Chapter 15
Nea Destructive Test rz, J.F.Hinsley, Macdenald and Bvens 1A4 .,

lendon, 1959.
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12,1 $election of N.D,7, Method
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Bond or adhiesion
(a) Vltramonie
(v) Boy! Dendmeter

(c) Dye Penetranmt Kit

Wnite metal lined plain beariagsfivest

x‘m. hl‘.ln.d }'i” J‘i.t..
Bearing l..~ing Bond

A 10 sm Qingeter 5 M nermsl, 10/0/5 prebe,
is seanned over the llntu. and any areas of
nen bend noted. This technique is ia offeoet
& thickness mearuring ene, patches ef
pon=bond re'lect the ultrsseric energy
giviag a "thinnirg"” indicatien.

te Current ¥ )

Ko apeoeial skill required, indisation fo @
8 neter.

(4 £ t

Strndard dye penetramt precedure

Where lack of odge Yoad is suspected, cr creeks or poresity ia
th! liaing dye peastrest precedure can be used.

The suthor inevs of no published steaderds
on the pernissibie mmount of nsasdbend for
bearings or drased pip» jeinte etc. The
following figures are given as a guide,

Desiredle to obtain tetal bemding, or 908
ata-dond, to be {a acettered amall aress
Gny from edges. kdge bond - 1008

The Noyt Dook on the Lined Deasiag,
Bited 3.A.AdemS,
Current Bditien.




GERMD 1%.0 Tratateg & Nanuele

*1e

13.0 Boege

1342 Detinitiem of Traiaing

133 Need for Traiaine ia .51,

1%.4 Orgamim ticp o+ I'eaining
134,  Traiming Officer
13.8,2  Iraining ieneval
13.8,3  Tratn. ip .. lomes
13.4,3.1 Table « T.eining and Gueiiffentton « D0 Poremame!
13:8.3.2 r1waing lraining
13:4.3.9 Cersennei “rades |
13.4.3.4 Sylisduses |
13:.8.3.5 Couwrses
1360.3.6 N.1.T, Vraining Metertal
15.4.3.7 Mummels + Preceduses
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3.0 IRAININ AL BeALA
%! Nemms

Tie sectica provides Infermation en sthenee for asle
dentruetive iecting pereonrel malification in Norta Asesriea,
Jagun and the nited Lingdom. The orgerisetior of Training Conrvee,
the prevision ot glomsaries, standsr.e, referenc~ worke, cmmeald ond

pronadure instrwtions ae aiding the task of ‘ryining are &iseuesed.

%2 Pafimlie of Tralnie

12,1 In the !Inited Kingd m the neod for training oo Histinet
fre ohun«-’m boon the s b)leet »{ mush dircassiam in resentd
ponre and this has led to a definiii m of Sraining as
"The syetemalis develowmernt of the att;t“./inuww
Mill pettern requiret! by ar individual in erder Vo perfera
ofoguately a given tass er jov”,
Blucetion is defined an:
“Aetivities which ain at developing the imeviedge,
oral valess ard nndervtanding reguired in all mibe of
Iife, mailhor ‘han riowledge and okiil 1= ting to awly @
Matted fie.d of activity”. (Prum Glossary of Treinbag
Yorme Riniotry ~f Labviur N.¥.3.0. 0. M.)
Ia & nerrew sense training 19 the aoquisition of o alibl)
0 egerying ™t & tesi, ari edication is the sequiriang of vl
fa prettics training and cuscatiun are intervoven snd the weowd
and Wlanee  ca0h " a4 ¥.D.T. cou3e arc dopend At en ‘he leowel
of Wnovleodge and shili rej.ired by the peroam and tash for vRiGh

e omroe s denigned.

1) B taed for Trainiag in 8,8,7

™e setiofactory and 1-.l1able peeformaper of Den-loetrustiw
Testiag deponds or the Teater having deth prastical sill and o

bamie thecretical Kurw.2dge i the methed w methads and toshniguee




® 1Y

i b eaplege. Boanuns 1.5.7. 10 o cubdjoet whieh tavelves |
QEAY espeete of materials, sAgineerirg rrience amd phgeies,
W provisimm of sumr form of systemati~ training is Reensary.
Bupressing these sestiment~ in annther form - There is a 'right’
ol o ‘'Wwere’ way of ir-e “ery ¥or-Destructive Teet, In aany
€200 woing Whe wrons way 1t ta pomsidle to show that a tast
8ot 1o defeet fres. The kmowloedge, skill and Antegrity of
She Tester are 'he best safeguard that the right way will be weed
el ang Ladications interpreted correstly. A Tester whe Mas
eotallated o sarefully prepared ard systemaiic eouree or couguse
o Liaetreetion in betier oquipped 10 meloet and use the rigat
oy and Ve appreciate the inperianee of his cheice.

-4 famaimii; o Traialag
4.1 A Gostoton having doon reeched thet e oaponit tuse of
effers oad nemay on training §.D.7, poroenne] will bemefit %o
Ogaimtion and the irdividugl the first step 10 te mabe ¢

POFOER ¢F poroene reespeusible fer organising and suporvising

® ‘vuisiag scheme wnd pregrammee. Seeh 2 poreen say be & mesbey
of 0o Trataing Deper'men: or B.D.T. etaff. Alternatively, 12 e
SOPnitation where k.D... 18 net yot empleyed o poroen whe Moo o
@mndas iaterent ia B.0.7. treiniag end e treinese mg W
oslosted. |
13.4.2  Is uacral treiniag roquires Adaintotretive aashisesy g
uunaumuemu-.n—-uw h
@4 reserds, ot:. ol tesinicel movicdge and caperience to sotedlileh
.lo-.umu-n-auw-a-uuumm.

prastices and prestical sspoets of 5.0.7. TNe sposialieosd aspeote
of ‘ouiaing a8 sueh are net dealt with in this paper, Wt iafesuntien

10 owiladle in o mumder of putlications and pericdieals.
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Yader the U.K. Industrial Training Aot 1964 a comprehensive

syeten of training nchemes and facilities has been sstablished,
ased om having a Trainig Bosrd tor each type of industry.

There are now approximately Y such Training Boards; as a referense
Source on s sy®lematic apuromch to ‘raining covering a wile renge
of persoruiel the Lnth.r suggests the publicatioans of the:

Bagineering Indur'ry Training Board,

140 Tottennam Court Eoad,

London WIP 9N,

Thore are als: T ntituter and Associations deveted oolely te
assisting industria! and commerial traimning snd education, ene
sush 15 the

British Associstion for Cumereial and Industirial Bdesation,

16 Park Crement,

Lendon ¥,1. (known as M.A.C.I.B.)

Organisations such ar HACIE are a source of iaformation e teashing
ale suoh as filme, programmed learning, eto.

In sddition to the certification of K.D.T. persennel, Japsn
and Conada have taken action to ensure organisations providisg
wolding inepection services conform to » known standard. In Jepen
e Japanese Velding Bagineering Society hes a Radiographie
Sesting Comittes (AAC). This checks and qualifier the teshmical
caabilities for radiography of the inspection companies. Testiag
festilities of companies sust reach a satisfactory standard and
%00t peroanmel must consist of at least two mupervisers and fiwe
toshnicians whe have t0 be qualified Wy RAC by ezamingtion. Thie
csrtificetion is for campuries amly, not individuale. In Camada

the Conadian Standards Association have published a code - Qualificetion

osds for welding inspection organisations C3A W178-196( which sete




out standards for qualification of organisations performing
wolding inspection and the procedures to be fo!lowed in maintaining
tMds qualifination. ‘ihe tt-ndard is administer-d by the Canadian
Welding Bureau w. - [1iperents fop certificati -n are set out in
some detali. The ..c _...iiis o Catugories .ich as buildings,
Sridges, ships ani pipelines. Standard inspectiin procedures and
Sest procedures havs 1o be submitted (ur all wurk and these must
®e approved by the Burcau. The test methods wili include all forms
of B.D.T, used. Perronnel sre classed as, weloing division
Sapervisor, senior waidiig :nspector, jumior welding inepeoter .
and test oquipment operstor,
13.4.) ining So
13.4.3:1 Table summarises the work whieh hius led to the
sotadlishment of N.D. . perscnmel qualificaticn ind certificatien
o6henes in Canada, U.3.A., Japan and the Unite! X:ngdom. These
80henes are well documen.cd and provide a valutle suide te
o0tablishing a training srheme which sonforms "o a natiomally
redognisad peitern. The 2cheme pruduced by th: Ameriocen Society
for NDT - Recoamenced bractice Mi. SNT-TC-1A p ovides in 5 slis
velumes and 2 appendices the information neede:! to sstablish an
ED? personnel toaining ani qualification sohess for the modest
price of approximately  11.00,
13.4.3.2 Plwning Tra.ning

An approach to plamiing and erganising an XO? peresmnsl
tsetlaing sehens 15 as followss

Write a Job Description
: Carry out ob Analysis ineluding levels of sirtll end

kacvwiedge and doousent same.

Perscanel GCrader, Examinations epd Qualifieatiems.
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Y 3

Urite Syllabus(es).
Ceurves.
Training Xaterial.
(a) T™e Job Dascription may relate to the ability t0 perform ome
opeeific NDT application, or it may extend to cover the management
of an NDT ladoratory or Testing Group.
(V) T™e Job Analysis may be confined to routine or presoribed
presedures, or again it may extend to the establishment of techmiques,
e assesement of defects and consultation on K.D.T,
Some of the faotore to be ccneidered in carrying out Job
Asaly®is ere the following:
Knowledge of the plant and looatiom and type of defeete
O0ught or expeoted. Ability to select the appropriste N.D.?, nethed(s),
ogipment and techaiques with an awareness of the limitations of
ush methode, techniques and equipment. Ability to set up, calibeate
and eperate correctly the aslected equipment. Ability to devise
teshaiques. AMility 15 distinguieh between relevant asd non-reolownnt
indicetions. ADility to record and report teet results.
Enswledge of appropriate safety occdes regulations and prestises.
Enswledge of appropriate Standards for KDT methods and asoeplance
Whore applicable. An uaderstandiag of the functiom of Bon-destruetive
%0ting ia the works organisation in relationship with other
Gepartasnte or seotioms, for example, metallurgy, welding,
aaiatensnoe, cperations, research etc.
13.4.3.3 Personnol Gredes, Exsmingtions snd Qualificetions
Tadle oontaine inf-rmation on Grades of NDT personsel with
Jowale of kmowledse and responeidbility. ) grades appears the general

%ale ead the procedure :iicpted by the American Society for N.D.T. -

Besemmended Practice No. SNT-TC-1A, of Level I (bottom) Level II and




Lewel 111 (Top) avoids the 1ifficulties which the wee of toome
otk as Technologis., Techmician and Operator may cause. When
oonsidering personnal for wpasific training courses it ie
desirabie 0 roiizw *hayir vdonational level und {f necesmary

plan t0 apend 2 2 :ricd on revision of subjectr sich as sathemtice,

electrical and r~:hamiral ergineering principlen. The will Lagnese
of FDT perscarel to uttend courses nd *heir wvatilavility sust
aleo de taken into coneiaeration, Wh.lst there i1s at presemt ae
olearly cefirel NDT omreer siracture the place ~f NDT traiming
a8 leeding to a recoynised mialification such as those shewm 4B
Tadle should he clearly understood and stated.
3.4.3.4 % seg

In davising a syllabun for a ceurse we can again tuem fer
Sidance to Talle where it will bo soen that the Conndlan
Scheme for Rediogranhers places products imis 4 calegeries. e
author of this i per suggenis o sodification a8 sere sultedle
for plant maiutsnance, viv,

(a) Weld: wnd Weldmenta.

(®) Structures, Tanks, Crenes.

(o) Castinss and Forgings.

(@) Fipes, Tubas and Durting.
Por the rang: of KDT methods for plaat sstatenanse o enthep
extendis the mmbder rrom ) to 7 a8 felleawss

1.  Ragnetic

2. Pemsirant

)¢  Visual atds

Leak Tests

NMitrasonin (1neledes Thicimese Ganglag)

Radiogrannic

Bdly Curreat and Eleetriesl




NW N )M-efm!. Level 1, Lowe! I ond 'owl 113
" 2% awe , elasetification of Plant, Rethod ang Pereonra)
e form a Meis for sunetrastiom eof o eyliabee, |: ,, sapertant
te remember th.t DT, 18 » e det el h hee 1 stromg practiegl
Wasts s¢ that there il be 2 Bmigncw botwa-r \nenry, Freftiond
od PPestiice, (.o, voraing wi'h tegi ‘PiMment m reqiiet e
‘o0t opecimane.

Baamples of /1100 Fog agneti’, penetrmat, wiirasenie,
rediegraphic ond o4d; methede are previde.: mothe Tim SI-Ra1g
_ Sepplemmnte, 2 *711abus for 4 Pall time oMo of stedy ie sew

iledle ta the City g Cuilés of Lomdom Lasiirdte Course §)2,

Bon=dostruetiw Testing Toshnisione Course. Thir requires o
Madmm of 1000 hours Wnstruciion and ot Sondance by mpile, ol thee
® & Sondwied or part-tin, day coisee, City ond Cuilde of Lenbem
1a0ti tute, 76 Partiamd Plaee, Lenden ¥1. Frice Molow /-
1h4-3.5 Cournee

ore are altemative methuie of providing Cmrees, ane wy
10 %@ wse 0o interma; Fetouraee of e srainiag wonaient ey

‘“N‘l-’nunnm.ﬁmhﬂ-hﬁ-u
@ B Wols of 151 heurs (2) dape), 50=90 houge (5) wnele o
Part *4ae evening or day).

Sandwieh. C>lllp-l0nu-¢olh¢. is parieds of ooy ) sentie,
0 o total tine of 8, 12, 1A ar 24 eeathe.

411 eourees, with the sgeptionm »f the Appresiatiam, In! redos tany

@ Doview type, s nid fory st 5. sa integrated iPaiking Guhene,

sltimately leading 15 s re:ognised Tealifisatim. Crarves sheuld oo




P a0 presticndie b Mscd e o veduler o0 Wildiag blem
WeR wmd should ir2lude an mammation vtl,/wr tes* wnd o

Wriiag systen. When erteranl courees are vsed the oyliaime

ohould do sxamind te aneure that thay are :uitable for \he lowed

of poreovae) atierding i 58 1aP a8 prwiicable conform %0 oA agrosd

‘onlniag echame.
Miles ihe ‘reuniestion o tra'nirg courees oh.edk are lindted

% olnpls magre’ie, pene'rawni, visral side and ieak tests ore ned

Vory ompoarive, the <ot rigew ste«ply wion othe= sethods swth o

sltrmemin, radisgraphic, etr. are invol'md. T¢ enable stedente

%6 odiaia ke sssential familiarisy with tes! equipments,

oshnigues, "ypus of defoe: and calibration precedares it {a

GP0esaary %o provide nlirasenic eqiipments 1n the ratio of
og@ignent per two studenir, with the ecet of each oguipment with

S Fange of robes 'w.ng nearly (1700, For radiography regairiang
ohielling and *wo or more T-rey anl gamma =0nvee the seet ia

pasaib

8100 Mgh. i nus been estimaied that the cout of equippiag

@& BT Truining Cemire tu provide u camprehsnsive range of

B0 eguipment is £70,007 and above. For this and ether ressems,

@ the fast that in the ma)ority of nases the pereen whe roged reo

toulaing ta F.D.7. is an adult who has slready learmt eme trede
o prefeseien to which N.D.". must de adued.

There exiote {8

W0 S.L. & mmber of ergmisaticne previding eourses of 1 4o §

ooehs Suration. Suweh smrses ars organised W BB, T, ogal punat

Gamufostarers, by Coelleges, partieularly ™e Cellege of Tockmolegy

Uodnostury, Stafferdshire which eaters 777 the City and Guilde

Canree 432, ard by the School of Applied K.D.T. at the Neldiang

Institutie, AVington dall, Cembridge.
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Well writtem and illustrated manuals or handbooks and
presedire sheets are a powerful training aid both in the clase-

room and for individugls. The provision of sanuals for customere

is undertaken by NDT equi pmert manufacturers, some ot whom inolude

information on applicacions, whilst large crganisations where
thare is a requirenent produce manuals and procedure sheets for
iaternal or erternal circulation. Cxanples of manuals and
weocedure sheets which illustrate the form in whioch such documents
are oompiled will ve includad whon this paper is izsued as o

pedlication following the Symposiua.
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" 1.0 SRNDARDS N QROANTEATION (02 NON-DRETHOC, IVE YRETIN

101 Stemaerde

The accompanying tuble rets out a nugber of Pritish Nantards

e E—y

shich contain inforuation on YedoT. Glocseries, methods sad procodures
also aome s’ andards produc 24 by a n ther of other cowrtries with

doeument.. }.roduced by the leromationel lostitute of Welding aad 1.8.0,

i i Al e

re——

Purther informstion on 1his Ut iret 1o ‘0 be found in the pudlications

g of the Inteimationwl Irgonirarior ior Standardisstiom 1.5.0. smd 1ia

| the catalogus of 1.i.W. scumen’a purlithed by the Internatiiemal

» Institute of Wolding, Also 1in Materialc fvelnatiem Journal of the

; American Society for N.D,T. July, 1269. Velume XXV11 No.7, page 1M =

: 18A, under the titel "Comionly ueel {pecifications cad Stundarde for
Non<Destructive Testing”. The latter im revised and ussued smamally end
Insludes the aliresses of 11 the organisations supplying Speeifications
and Standards.

The suthor 21urets hie ‘8. 1ity to provide more extepsive
‘1formation on W.D,T. Stuncdards than thet givem. The collection of

such documents is a difficult ung laborious task, owiag te the aboenoe
of any singlc I-ternational committes or body to co-ordiaate sweh wesh,
However, im 1969 merber conniries o. the intsranticasl Organiration for

1 Smuiutioa' I.2.0. ¢5reed to establigh a lachaical Committe - <1
apecifically for N.).T. The Plonary meeting of this Comittee is planned
for the Autumn 6f 1270 y ‘en the terms of reference otc, will be estebiished,
The preseace oi sich a Teshrical Committes can be em impertemt tep

tovards co-ordinatirg informetica on the existense of N.D.2.5tendards and
the mrny countries where they are ved,

1+ 2 Acqeptopce Stepdards
Definiag the significanoce of defecta found by N.D.7, is often &
¢iffionlt task and 18 a field in which the musber of Pblished stendasds

is 1limited. A nusber of Nritish Standards whereia refereace 1is made ¢
1:.0.17, nethods are givea ia Tedle.




‘o hantle, store g tronspert lende t4e1r

Peacily te ‘i sonpiletien
of vofrence radiogrephs which € 36 used te evtadlisn lowels o vealily

for & particulae podeet. The Ameriean Toelety far Tuaring Matepialy,
AeB.T M. puvlish og neellent pori: ) of Pefovence Md ographe eovering
00001 castings 1a three Stepe. L.M1ih yrte 2% g thiohmers B.186.42 T
2 % M 1a thickness, L.208-657 4 te 12 14 thicupens vith & pange
of other voforence rediegraghs top, [avestmont Steel Crstings, Aluadeiue
ad Maghesive Castinge, Tin Nvemse Cantings, Fip8trengta Copper hage md
Biehel Copper, Alley “astings, stesl welde ote,

e oV jeetive ta the Provisien of theoe rediograris ta te provige
S Gluree of reference rediegraphe fren waied nnm«u-”u.-..
7 swteal Agrecncat, seleet perticuler rediegrahe to serve a0 Ntaadards
represcatiag staime S00eptability. These reforence retiographe by
11lastrating Segrece of Soverity for dif erent types of Sofecto und

Do.uolnnaotihmnhmomxomvuiufm
~~.mofnphbo. (31-:7u)u.ru¢wn.r-m.n-“
Boference Madiogreghe for oteel oa.tiage p to 2 1a (L0 um) 1a thictmessn,
~”~lﬂ.f”)ht.lcmT-llfnmouim~
lt-’-uu(%huuu)nnxcmu.. There are omnetéeredle
relaoticns 18 theees prices to AS.T.%, sembers.

N,.5%.2 amuhmmu.mnn:ummm

of AB.2.0. are the I.1.¥. eollestien of Beforence Rodiogreghe of Volee

fa stend., Mw%mtuormtmm-m
o file end wownted ia fremes. On osed freme information 10 given a8 theo
asture and dogree of severity of the defects shown, the pesitien of the weld
%0 Wicmess of tae setal, the preparatiea o/ *he Jo.at smd the redisgreghis
dharestoristics. T temt ie 1in Premch em side of *' ¢ frase ad (n Inglieh
@ e other. The spproxisate 0ot of & set in a rireag dem vith - insert




oo ik T i

o 1% =

008 %0 soles! redicgraphe vith particeler festure i- fer paper,

89 Mottt Croume, mnd for fila 30 Svedish Crewms. These prices

Gy e lever them the curremt prises. These redisgraphe fora a valueble
Senshiag or reforemce aid for N.DeT. and weld inepestion persempel.

More are sther sources of referep e radiegraphs and a oollestion cep

b0 csmpiled by ai: o: fAriseticn for im.erual use., Twe Writish Stendards
Wik tllnetratiems o, rediog sphis containing defocts are B.5.499: Pagt »n
396, veldiag Terms unc Sy bele  ~ “ermimology of amd sbbreviations fee
festen weldiag impm ioctioar a- e 7ealed by ridicgraphy and 3.8.27Y 1956,
Torninslegy of cefecta ia cas*ings as revealed by rediegrephy.

W00 Itimal Orconientions for 0,7,

e firet iaternaticnsi conferense on 5.D.7, ves hold ot Drusssls,
Belgiva 1a 195%, the 622 Internatiecmal Confersuce vwill Yo ia Mumover,
Soramny, Jme 1970. Te erganise these conforences mnd naiatais contast
Sotwoen mattons s Intermationsl Relations Cemmittes has boen cotablished,
it represcatativas irem thoer *Oumtries which heve a matiemal N.D.?,
Sody o.g. feeloty, Imstitute, Thiz committes meetas duriag the Internetisonal
Canference to plas future sctivivies, As eash yoar pussces mere and sere
SSumtrien establisi a Seelety, Lustitn:fon or sisilar bedy te co-erdinste
@4 footer the growth of N,D.T. & that couatry. Th. beot mowm 1o
Probedly the Americem society ‘or N.D.Tey AckuN.T. vith membese (a Negtd
Anorice and nen; cther couilr.es, rublis.iag a Jourval, Matertals
Balueticn 12 tisee per mu.m. [ the U.K. the Nen Deotswetive Testing
Soetoty of Great PNeitain 1s well estadlished md Las & greviang msber
of overveas nesbors. Fudlicetiem of the Seciety’s Jourmal, s ot presant
b 4000 por sammn. Amuﬁumu-mdunwmuuu.u
Befestessepy, »1wu-q-.rmmmm
avadlable,

Mmmnnm““mxo-l.&r.d
m-m-n.ummmmnmuuumu“

laforastion mnd advige, perticularly teo newcesers vhe wish te wee B.D.9.
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