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•f «HI 

t« VftUtawt 

Hiaaj t—H*! (•.•»•.) 

Hi«* «né ttitiii •.«•rial* mé 

%• tètolr »V*i'a    f**tmrU— *,,* a« 

f«f •»ifttaMajM-a  lA   ncw ».UaH«***   »ut   IMI#é-   %t)   t#  #irr#AéM  la 

F "ll"       '^   »"•*#•  «T   ».Í.T.    mataba*   1,^1 

• ***** af *é>**»«4  „* »empLji  a/at**» . lot ,f  m^.i, ^r» 

"  '**  ^   ,f   ,W  »i-iplw «»4  Nil   •»UUUfcrf  »atlMiê., 

•*-  fellaaH*« •.H««, nr* *4**rM t*.    T«*t.  ar 

•»**•• tèi/ wmw g^^i w «la^, M« 

*•* **» e«*»MimM mi  u**%»Maa» •€ Mt I#Ä>T. 

»«i«M »»M   a* ••***!•* u***!, a*#rl«4 mt  ^ |^t 

**••»**? «r«4»*4 for «a*« g^. 

fet**ia«l    #mB #««f*r», «a Prill«* ft«* 

flaêtVMfttiaaal OrfaniaaUa* far ëtanêmrM•»«la«) •# 

t tfta» tltor« |« •* #*a*M M« â« Ite 

IMI 

i«/, •*•.    la  tía» 

• "—•  •» ••»•rtêU» «ail«« t« &• tè» fa»»«!«* 

W l«*»U «ai aparta.     Cvmatt 

tlaant/,  fi.w,  ¿ap»rfa*tiant  11 

*%*• «a« praOastlaii *f nw ì ,-, ,„,,, j 

•** «•«»•a»r/i»a»««tian/.ra#ttôw i»t*ra*ta ara l»**lt 

UMrttjr la aft*,  th# *r*f.rr«rf ar oalif»**?? t#ra, «au 

•*f**t  U »1*4 yary „11  ••t.fcnrtaaë  la ta* Mili«] CfU. 
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I. 

Ut 

M 

SqptUit u «ft* mm «f «li •«•* ton» M UMM lui«4 

«*• l«*il« «f *»lit/ M4 fit«*.. f«r wrrie«.    ***** it ft» 

r_,1-'Ut *••*•*' 1« >lW- •*íBt«*»Ae«  thon lM *raé*eticm t« «ee«f« 

*•!  »Ian«   -.- ^aBpoMBt!  m^y   fuectin«  *»tijf»ctorli/ whilst   Win« 

l«t» tliM prr«A,   Sicuri,- «,   ^* MvimMr^ M4 Mrrie« 

•««4iti«M **, b, w,  prtéict.M,,     la tin.  p.p#r tW    .r. 4«fM* 

U  tfc,r«fur. wH   to «Mot«   «te cr»cl»,  pit,f  vf>ié.,   ltâta,   .*. 

*t* mir   in pimi ^  ^LCk it   u  %h0  tmcUori  ^ f^, 

fwUft« to loc»t« ««è iMcn»,, 

•»• *** «*J«Htj «T ».Ì.T. It lit 

(%)    â ( *«•») rmèl*%m «ai fìmm 

»tt«»»t*tl«ft. 

~fl.at.4 •*.,* wi pr^^t.  %fc. ^j, M Ä vlWftl m ^^ 

•M efe cM t»«* \m iuUrpr^fi by  ír.m«<! p.riM.1. 

M  of  ti» r««! of *érrmt f.D.T.   m^,  mP# 41l 

ta tala pAavr *« »^UtilU tu »Ifeftt •mlnt*««M«i 

(•) NMtrmnt 

(•) n*a«i Ali« 

(ê) l«*k ktrM« «JM> 'fill 

(•) CItritonic 

(f) ••ytitfrspHi« 
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1.1 

. •.«. 

fa» 

ta 

(f)    Bid/ Carrant mrA fleetriaeU 

(a)    Ta*rn»l    má Other 

*»«fcni*M i« M ar»lio*Ueii of * 

it  flew  •#rh»ie|»«. 

for Ü3> of frp,,-. 

In tiaae  of «iMrffMie}  waan fall UP« 3f plant  UM WMIIWt 

•y «xploei*!, tlM mine of N.B.T.   in eneekinf i«ea.lnlej 

it la readily »oprtciate*!,   a*t ta «a« P.D.T.   cm a reatine feast« 

•• »li te aaintenanee,   i nr« Win* onployinf a | mean on I P.&.Î. 

er eentractere a*/ »patir an «spanti** laxarjr.    M ove vor, «hila« 

••••jar ef pueliehed papare on the eoet  oeneflte of I.».T. ara 

• large nanear ©f nodarn narnfaii.+t finé it eoenoanenll? »ort nani le. 

aaa*a tneee *r« induetrlee «liar« tao eoet ef an oneeHeaoled 

•# • «nit la hi** in tern* of annagr, and M accident e M ti/ 

of iMaan lift ana none?. 

I.».T.  Mtkodf ara t aeróforo <M«4 ta ae*tet apera ti«* Má 

a ataff ia roanoInf cea ta ajri 

(a)    AMiati** paréeme* 1 aafetjr.    Aeoléeata »ríala« fraaj 

fail ara of »UM or ceaponante «an affaot no ral« and 

prtèartiyltjr.    TSM MM of M.B.T.  a« a eafety in«poetlea 

taal la Udientiv« of mmjianil  eafety atnu-eaeaa. 

(a)    BllnlneUoa er redact 1 en of unacneduled c* tafeo a*4 

la*» af »vai lability U ai g* ooat plant, ay tna éateatlaa 

of patenti»l fallara*. 

(•)    Reduci n« tna tina and laeoar roen ired fer anlntawann, 

•/ tna provi «i o« of inapectlon and tact, nathoda teaieìi ans 

te rancteljr an« • eee'   thrown »odie« opnajaa ta li***, 

•j regular i.D.T.  ef nraaa aubject to wear and «nata*», 
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«IM a*awt af «im»till* Wá 

U praviia informatisa m plwt eaMltlo*. 

té)    BataralnaUea of t>* i-jmbmr me a*t%r.t of Atfaata 

•M eanftminf »hat  tnc.y hawa b##n aliaina» «et  fron 

trttleal  tra*« k*afor-# »*ldi>"*r ^r  o+her repair »©rit 1« 

«•fried e*t, «HiMI to <ni*Ut/ central tort»* the repair* 

•• •••ur« • —timtmemory jot-  la oetained 

(•)    »Wnlinf th*  location und extent of certain tjrn«« 

•* **faeta to ne «eternine* ani their frowtn,   if **jt 

«•alterné tfcta it  i« •ornati««* poeaiale  t© leave awen 

•efe« ta i« place and «/oi* tu« expenee of repair«. 

1« ito c«M of Una-expired plant wnlch i« retained far 

at aaa-ay datiea,  er pandi»* raplaceaent Ü.Í.T.   ean previe« 

Marranee that tha plant la fit far thia werk. 

(f)    afeaaliitf qualit/ Itwli  te ha eheenei on aparee «ad 

replet earn it paita and aneurin** taat taey coaply trita 

•««el fiant lena «ni tha paaaiMUtj of « faillir« it 

.*' 

f 
i. 

K 
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Miter:    ír. i**»,.^. wtrnmfT. 

3 Val«.. (i.Äjü p^,f   ,f2v 1Lilit#wlá||A)  ##wtj|€ u 

«•tâil   *ll   %iJ,,   f fl..l!8     ,   „.^      rri^fc.^f^ 

•* â»T prie» 4íA,-AJ, 

at- ••      i',-,.. —     .»_ _ _ . _ '• *fw»iir   -, l«o:^v   fer    ^-D^r-icU«« 

«»»»•t. >ri, ri..    >aoï. w.i.A. 

tjuMir* ':'•#» i** 

• Jtfto limi, 
U.C. 1, 
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im 

4»t.t 

**,nf àmtmmt ¿atoeUoa pro——» OM k» »a«d on the aajorlty 

ef ira* «rd rtael   caatiRfR,  fcr*lr#a,  f**ríe«tioia,  »mida, rol ltd 

aad Ut  if.**,   ri^    vA tuv-í-,   »tv,   to find fin«  or coarM turfac« 

,mh wd «i*-Ur   ty-*» H-facta,  whilst  *»b-«urfac«  ¿«facta to 

l«iy   U   TW  ir   tetth tun «Ico b* detected   nang fcuitabl« 

o»rr*r\t  tt-nnn.^, 

TU* awwIU'H'.y  oí  va* tr+.thon  i« hi*ti.    Surface  crack« %& 

11 at 1 aaUiaatr« ia laafta. «né 0.025 m ia daatè can t» iaaatifiad 

HwrfNil •B#Mtl«iaff •«»ipr^t and vary (1M Baltic partial««. 

ti« t««t •*)••* A MAMtl« flat i« NUUiihai la a f«i 

•t a araa* ia tu« «arfa«« «r warn t 

U araoaat tè« mata af ta« fias i a dl«t«rt«d «jai «a «stanami 

iti l«aèafa flau ««lata. 

Tata «st«r»ml fiala ««a aa «tlliaad ia «avaml «ay« t« iadiaat« 

*tm%.    Ta* aiaslaat atta** ia t« appi/ fia« partUl« «f 

«• irt» «Kid« Ft304 aaaaaajdad ia a «aitabi• llajaid èy «ara/ia* 

•»•»••• 4i7 P**toT,  tèa*« partielaa ara at trac tad a/ 

1—trat» fWli aad rasala eluatarad tears indloatisf 

•ài ésfatt «a that tè« poaltiaa «f ta« Ht tar «a» »a ssaa.    Ta« 

•Miti« iadleatlaa «ili eatlia« tè« aia« aad astsat «f ti» éafsot. 

Mi dsatitj «f tè« sabati e ìadicatian will ta affsstsd è/ tè« «aatè, 

aad laafta af tèa aafaot and it« ralatioasàia to tèa alrsetiaa 

i «aéBMtic fluì. 

aHUt aaaaitivitjr ia graa'Mt «eoa tèa aafaot la at *>* t« 

ÜB) saraotloa ©f aajaatie fiald, «adleation of «racks at as aftfl« 

•f 50   «ill «a ffivaai;    a» a-ifla of 45° to tèa direction of ta« fi«ld 
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•\ 

j «hou!* he re6*îM»-3 a£ tie prac^al liait-    ïfcutt Wo te«ta at right 

aft* *< may b*.   .V.* T>.lntaaa -.ec/.J-aarv  '-c .-nsure cv;iup>te codera««. 

.1.2.? A l-^i': /--.• .., M.M-.t  ,:••   t\<     rIl,.---.-:c  w«U..*ï  i*  tU-t  an ciotti» 

w-jrfcpi.ica.    '•'":•  M---..«   ;•'." :>-  •.-.•«•v^*v. in •>'-• différée ways.    ,nh« 

prov*« n w-1   -     :>   i --   ^   '^ '»- :'*c«-?-    *'*€Ti   '** ^*r* 

pieco  :-  !,;    '-''   »--•-        • • «r.    '-,.   ¡Vi  IMV    ,'.•:•  n,,*iùUC 

oirait Ü ooapleted and th»t part oi' the workpi«o« betw»«n the 

yol« feo«« it magnetised.   Thli i« called - 1*flTMQ *lof 

f£gjg¿i«a¿lo£.    Th* »»«on* «JT of providinf th« raniir«d magnetio 

I fi«ld «traigth is lay th« UM of an «lootrlo current.    Thar« or« ft 

saribtr of specific t«chniqu«« which need a substantial ourraat ft» 

í ooll«ctirsly th«y art known M - Currant Magietisatxon Techniome«. 

£ Vhonsrer an «leotric ourrant flowa through a oonduotor it 

ftttft up a magnetio fi«ld at right angla» to tha direotion of th« 

omrramt flow.    Th« «tr«ngth of thia magnetic fiald ia directly 

proportional to th« ourrant.    If a currant flowa via oontaot« 

* fawosmgnatlo workpieoe a «agnatic fiald will be eatabli«h«d is 

tftftt workpiaoa and th« area or volume between th« oontaot« will 

i h« attgaetlaad.   An alternative to passing the curr«nt directly 

|; thr—f* th« workpiaca ia to use an insulated oonduotor whioh oan to 

>ftf«ail>1 through an opening in th« workpi«ca or placed round it ia 

th* fo» of a coil.    There are a number of arrangement« of ooil«, 

Oftfjrtiintimr and jig« for magnetising différait type« of oompoaamta 

«Mea are damit with latar in thi« paper. 

d.i.3 In addition to controlling th« dirootion of the mmg&otlo fiala 

hm th« physioel arrangvaant of oontaots and oonduotor« th« depth of 

mmm*tration below the surface oan also be controlled by the aetmra 

of th« electric currant. 
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fke two basic types of currant supply are a.e. (alternating 

It) or d.o.  (dirtot current) •    The magnetic field producid 

tQT 4.0. current tendi to flow clone to the outer surface of th« 

trorkpiece, and hence will not  bn much affected by sub-surface 

elafectl, but this ieu.ura givjs a -ngiv aauüitivit,/ to surface 

defeots.    Direcx currents nave a greater depth of penetration than 

a.o. and are more sensitive to eub-surface defect?.    Variations on 

tuo basic types of current  supply are half-wave reotified a.o. 

sorge or flash magnetisation.    In all oases the aafnetio field 

is proportional to the peak value of the current. 

4.2.4   Maametlo Field Strength 

The importance of ensuring that the magnetic field It at 

right angles to the defect has been pointed out in 4*2.1. and this 

la the reason for the number of techniques available to produce a 

aafnetio field with the correct  orientation to an expected defeot. 

In addition to the correct defeot orientation it is also necessary 

to oontrol the strength of the magnetic field, if too weak some 

defect! aay be missed, if too strong saturation and furring, i.e. 

build-up of magnetic partióle? 'nay oocur causing confusing 

indications.    With permanent magnets there is little control possible, 

axoept by introducing a piece of non-metallic material to make a 

"éWP" in the magnetic circuit.    With all other techniques which use 

an eleotric current then magnetic field strength control, either 

la step» or continuously, can be achieved by oontrol of the current. 

To enable calculations to be made and recorded there are two 

quantities which can be measured,  firstly ampere turns, and secondly 

direot measurement of magnetic field strength in air by a magnetometer« 

fhe unit for magnetic field strength in the S.I.  system is, tapera 

per metre, symbol A/m.   Thus the magnetic field strength can be 
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»f 

JV 

•alo»Ut*J V counting th« nuaber of turn« I, MMtrUf tv* 

mm*üi I aap«r«. and dividing thair product by th« axial langt« 1 

is BVtrM of th« magnetising coil. 

Magnetic Field Strength Symbol A/m 

»    NI    ampere-; per metre. 
1 

* •»•»•toaeter which hae bean calibrated in SI unit« will 

taiioat« ««gnetie field strengt ho in amper«» per metr«. Th« unit 

Of magnetic fi,id strength in the C.G.S. system, the oer«t«d, 

•*»*>1 H 1. firmly established in practice. The relationship b«t 

th« SI and C.O.S. units of magnetic field strength is: 

On« A.p«re/«etre « 4T?  • 0.9126 0« 
T5bo 

Or« oersted     . IMO , 80 amps/matr« 
4 IT 

4.M     Th« theory of aa#m«ts and magnetic cirouits has been largely 

*»Vtlop«d by th« n««d to design electric motore, generator« and 

•i«iUr apparatus and not for magnetic particle testing. To a««i«t 

th« d«.ign of electrical machines and apparatus measurement, of th« 

•tfMtic flu» density inside a special test specimen can be mad. 

u.inf a flux meter, Ht this procedure hae limited application to 

Plant iwitu or the random type 0f t««t objects encount«r«d in 

•aga.tic particle testing. 

It ha« therefore been nece.eary to adop+ an empirical approach 

to «.t.rmining the magnetic field strengths nece..ary for pmrtiouUr 

typ.« of test objects and defects. Tables have been compii* setting 

out ourr«nt valu.« for a number of typ«, and snap«, of ««.ponant, 

which are u.ed in conjunction with a natural or artificial t..t 

•peci-r. to ««tabli.h a technique or procedure. Howevr, magn«tomsfr« 

or Hamatic Pi«ld Strength meter, specifically d«.ign«d for ^n«tio 

t..ting purpoa.« are no* available, aa these in.trum.nt. ara 
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gaatrally calibrated in oorstoda, they ara HMtlm rafarra« to 

•S oersted Mtm. A raagaet. carter which h»* a direction etnei Uve 

•easing element, t.«. a HaH effect probe ein be lined to aeaoure 

the tangential exponent of the magr.etic field at the surfeoe of 

tao workplace, because the valu « of this component is the same oa 

oitbor side of the boundary Between air and steel, the value 

aeasured in air is a measure of the field strength immediately 

below the surface of thß workpiece. 

Usin« suoh a magnetometer it is possible to reduce the 

rolianoe on the experimental approach to establishing «apere turn 

values. Thus assisting the establishment of techniques and 

•pacifications and in the Maintenance of equipment and prooeduro 

ataadarda in magnetic testing. 

4.2.6     Magnetio inks and powders provide the visual indication and 

fora an essential part of ths process. In the U.K. the majority of 

applications are carried out using an ink, although for casting« 

powdsr may be preferred. If powdor is used it is necessary to 

próvido a suitable powder blower, if ink is used, then moans of 

applying it, by equipment such as sprays, immersion baths or ladlo 

mad drip trays must be available. The size of the magnetic partióla« 

oaa bo varied to suit different applications. Fine particles aro 

to lndioats defects invisible to the human eye, whilst coarse 

Lo partiólos are used to indicate defects whioh could bo fonai 

eût for whioh tli« uso of the magnetic process is quicker and mors 

reliable. 

The liquid aodia used for carrying the particles oaa bo oit bar 

attor, «ita inhibitor« to prevent corrosion plus a wotting agaat, 

or a liglrt kerosene oil. Magnetic inks sad powders aro available 

M Fluorescent or non-fluoresoent. The fluoreeoent inks aad i-owdara 



- Id - 

i 

reemir« » «leck lifht lamp via th# inspection are* aitali ta» 

darkened.    They ar# sore SArsitiv*  to fin* defects «nd by providing 

• more readily MM indica ion  redar r  th.« ; oncentration required 

•J iniptctors  when   .-ftrryir.g cr.t  «nagm Uc  p%rUcle   testing cm a 

routir- basis.     For IH-'ù + U pi   : >.   testing on wher?   trie ma.iority 

of defects  are  r.ot  e    f:ne the  :.cn-l "iu or««, n*   ink is   >JS«d,   but 

to facilitóte   observation üf  v;o indications it  m <{e«!irabl«  "o 

achieve a good contra«'.  tVween the  particles and the  background. 

lorael magnetic  particles are   nUck anH  are «ceRent   on polished 

or «»twined pa»t0|  btk there  is  little contrast on a dark surface, 

it is therefore desirable on pnch a surface to apply a coating 

Of white contrast material.    This cari be a proprietary contrast 

P»int or a mixture which dries  quickly,  although where drying UM 

i« not important whitewash can be ueed.    Ae an alternative the 

•Agnatic ink can be coloured during manufacture, generally grey, 

red or yellow colouring ar« used. 

When the stage of examination of the surface i3 reached then 

tt is necessary to ensure that  good lightin« is available,  visiti« 

light for non-fluorescent inks and powders, black light for 

fluorescent  inks and powders. 

4.t#7 De-magnetisation after magnetic crack dttection nay be 

required particularly on components on which machining or other 

work ie to be done or where in a machin« shop ferrous particle« 

could be picked up and taken into a situation where they could 

De-magnet i eat i on can be done by placing the test object in a 

©oil with alternating current flowing which is gradually reduced 

to tero;    or by withdrawing the otject(s) slo*ly from the coil. 
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4.3 

*• «**n*m— or tu. è-m^u-tim r.m *. ***** », 

**#*§ a ai» m , tfcraod fUid Mai-* if tu» t„, ,..K(#M |lirt|t# 

it.    Nafc* tttr. tà, WB   iäl nj| ^^^  ^farfc JUr.ii|tB    FU1< 

•tra**th M'ara .^i ^^u«  provi |. ,  rr, ^ntiuti^ 

•athod.    armati-.,,  t,h„ AiiC,ftf, „,omr^  tMtM  ^ ^   ^ 

•-%m*    h* .,.«.:.**„   > hrout*i   y,</   <M Mi <„•* t*,| 

«r «..« of t*  t.a« C))^..,? it£   , 3peplfié(f ^^    if ^ 

i«  Äde^U^t «ly  (UnBaKk'Tiif.ir^a. 

âWU^tjon»   of MT'Us   f>r M^inr^y,- 

Th. aa^tio wrtt,], Mtilod ia !ilNid f-or ih# „^inÄ|iflR ^ 

• »id. twa» of «a^ti.abl. écriai,  u «  Ur„ ^^ of 

indaatrias.    It  i. a„d  for cru.  *,»**,  .ami tool. au«h „ .-,-„,„ 

«Id  OàiMls. 

Tractor forfca 
Chain link« 
3.aoklea 
Crajikah&rta 
9a*rt 
Axla. 
Splndlaa 
Pins 
•tuda 
Boita 
ïajrvagra 
Connarti^r Roda 
Turbina Biada« 
Caatiïwça auch AS Valva *dia* 
Haldu, «te. 

U aa* a. ataipa, railla, ^mnt .t.tic*., coniarla«, •taal aâartaj, 

ohaaAoml »grka, car«,  truck* t  bu..a, air pla»aa, atc. 

«MMtic partida lBapaotion ia u.ad *irlv plaJlt owrilgml 

to locata or coafir» a riaual oh.arv.tio. nf crack, and .idlar 

••fdot..    HtMB repair. ^ b.inf CAprUd ^ xi u ^ ^ ^^ 

th.; tha dafact. h«w boa. co.pl.fly alistad bafor. »aldi.« 

coaaxmcaa «ad for quality contrai »ten r*pa>ir. ara caayiatad. 
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4.1.1 

<•) 

<•> 

tie partiel« inspection ef lifting c^alenant, ••§. 

hooka, c hooks,  »a««t lifters, t rao tor fort», ro«e 

end ladle balea la carried out as part of an W.D.T. 

by Dominion Foundaries and Steel Li«!ted, Hamilton, 

tetarlo, Canada.    Tha inspection frequency for heat cran« 

i»   4 aontaa,  and  for other i tana  12 weeics.    Thia 

Uve neintenanc«,  which includes other methods of 

I.S.T.  and vibr&tion anelyeis hac bean carried out alno« I939. 

M« Planned JI.D.T.  a« Pre vanti va Naintenanca for St aal Planta - 

Villi«* H. Tait - Materiale Evaluation April  i960, page« 34-36. 

In tha large di«ael  engines uaad for ahi pa, top and 

tette« and bolts, eccentric atuda, tie rode and piaton roda 

my all be subject  to fatigue cracking.    To avoid fatigue 

fallar« in bolted connections the bolt should be tightened 

natii it Maintains a tensile load higher than tha aaxiaua 

«•rvice load.    Fatigue cracking occurred in the »crew thread 

•f ihm piston rods of a muster of two atroka, double acting 

•WMI engine«, of 550 an t jrunder bore.    The «crew thraada 

•t ta* ero«e-hea<i are «ubject to reversed stresses due to the 

ésttftle action.   Controlled pre-atressing to a level higher 

**•» th* aaiisjM working «tress was introduced with aagnetlo 

•sjrtl«!« erack detection stipulated at each survey, or not 

1«M than once per year for «very rod.    With these eeasures 

taw incide«*« of cracking decreased to virtually nil.    See 

•••.T. a* a ««tallurgical aid in ship nmintenance and fallar« 

prawutiea - J.f. Deaga*, British Journal of I.D.T. - 

Vft% paga* #4-92. 
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(•) 

(i) 

»• »»* of th. ««ilUry hei-t ef m ^^ #ltome 

1» « foundry fractured, fallar« beín« in . brtttl. 

•-»•r initiate by . .urfÄOe tränier.. fi..urt .t th. 

Utr*,..    Followi^ thi. incident . fuPth0r 41 hook, wr. 

•»bj.ct.4 to a ,„^etic c„,ck d„tPCtion>   ,6 w<p# ^ ^ 

*~ .i.ilar wrf.ce fl8(mr„f  thtM wrp bWed ^ ^ 

Xocl «rindin|r „tll proved cw by further ^etic   ^^ 

*~ Briti.h En«in« Boiler and Electrical Inorane. Co. Ltd. 

Stoical Report 1965.    Vol.  VI p^..  8l-fi7. 

(•) 

«••»•tic examination of a blad. root «roo,, i» ft .te- 

*r*n. «...   Followin, r.mov.1 of bladin« ^ ol.anin, to 

P~*»o. . aitati. .urfac# for „^^^ %u bUA9 ^^ 

m» »»fattioany t..t.d a. follows: 

A co.t of white background paint wa. appli* ^ ^ 

•id. fc.4 a on-turn «^.tl.in« coil wound advent.   Duri», 

th. ,„,*«. of 400 M|p#pti throufh t|w coii^ ^ M^ ^^ 

— «prayd with black -a^.tic ink.   .» .^„.tion of th. 

•^•U..d blad. «rooy r.ve.l.d . craok running cir^.r^tUll, 

for th. .„tir. blade «roov. on th. "up-.tr...« .id..    TH. or** 

«M mlmmt coatinuou., boin* broken in a »u.b.r of plac.. w 

• *ort di.tano., approxi^t.l, |- to *".    Thi. t..t WM H.. 

^^ dttrla« th# «^Mnin« out of th. .1*. root «wow., t. 

that all crackin« wa« re» o ved. 

Lo checking of ,xt,pt nf oracki,^ 

Cfmckin« wa. di.cov«r.d in c..t iron feW pup cover. 

•* «Mnetlc t..t. w.r. carri.d out.   »u»b.r of crack, were 

loo.t.4 and .ho« up.    On. crack «tend* thr*. ^m «f 



f 
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1 

taa eirena/araae« aa* »•àiê >* —m **aa*)ljr.   ft» 

Ho taat rtmlaé that craekinf ©f « U attar aatura «M »IM 

it on the ra*ainln¿ qu»rtar of the circuafaraaea.    Tala taat 

«M carriad out  utinf a P" —<»n«*-t aafnttio ki*. 

4*1*2   Tachai auaa mnd Proctdurca 

Tha baaic a tape In carry inf cjt aafnetie rari ici« 1—p—Uli 

•#• —   follOWit 

(a)    eback that  the teat obt#ct c« be njnilllil,  I.«, 

It it ferromagnetic. 

(a)   Citan the eurface and prepare »a naoaaaarjr* 

(0) Con»lier the poaltlon and tjrpe of defect eiaeated, 

*•• dHape, alt« and geoaetry of tha taut object ajad eeledt 

a •atnatlaatlon technique and that will produca a 

filad rfhich will  ba at right viflea to tha aafact. 

(a)    Select a Magnetic  ink «nd contraat paint, if 

próvida adequate li^htinf. 

(a) tatablleh tha aafnatic fiala atraafth value. 

(f) Carry out  tha taat. 

if) Interpret tha indioationa. 

(Il) Rapaat tha te*t if ^eoaceary ta eeaflre» 

(1) Peaafngtle« it  raqui rad. 

(j) Claan tha taat object. 

Aa exanple of a Procadura for Pemtaeat Net»** lit U gl««. (%rJbtVI 

«•J.»   T-amlaun of Magatiaation 

J 

Tha aafnatlainf current la naaaed thrtnjw tao taat efcjeat 

*i* proda, contaot band* or elaape.   Car« mat at take« ta laaH 

Barala« or dapoaltia* copper oa taa aurfaaa af ta» taat atjatt« 



**mm m**u*i* nimm «. •***•»*».   if mm i»^^ %m f 

•*» •» »«fete, t. *-** *tj, ^H- «. e« u t. tfc»  ftmt „ , 

• fil«4 «lit«.. w1 ,,p .^ eaB „. ^ laá#fwtéil1^ 

>•   ««tai*.  kM   «t«wt*.  •p»U«ftL4«|   fw  f^U»*.,    f 

••!•».    I«    li. u.i.4.   tài. t#€l*u^ t. .riw #| 

itot in*. 

+$mu 0m m % 

1« «Muía*.   4« U 

Miai ?/U»^ri«%i «v ring 

» • »WMwne W,  Ite 

I« 

A fl«. imkmimm «felt li miukin ft)f. mtMU 

*• P»r»lLl  te », wiimin 45« ^ ifc- ilrt#Mi|| ^ 

If 

»•irtll«« «Hi.    U mm mm um ^MUHUM I« 

Mi«»«U «r l«* mm* rmmé tm %m% m¿M%    ^fmrnm •* 

*• *»• «cl» «f th« .^i ^n w t^w$#-. 

i a ***»»U«U€ a****, tfc» j», l»t«M» «ft* ».H 

*Jtol «W4 W •• «»u «. r^iU..   A Hfaefito* 
i» to*~U.«MM, ftr . ^^ .»„^ rtn „^ |f |if 

i*  1* •<  tft» r*UM.    «ter. a g^yi 

»J »iaal*e \m tmi o»j«et M si «Mí/ »a »*««ikU *• 

•t Xm ••!!.    TM« will  »»«••«i*%«• r«s»»u»« tu» ««»IH« 

• mmmmr «f Uaa«, roiaUim th« I^NìIN «a« il Ito 

e<M«r«4. 

#9 *• lMr«MW 
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im it »Mí «• m\*nm * t[ fmtmm ilL\ MJIMI 

rtMi mmé BimUw %—% o»»el«,  », im «ffMl MMMJ «MB 

• •**•*•  »*»• waAAary wiitüitf ©f * truMftf««?.    A« tW lMMM 

•»*••• «1U fc»    «  «  'ifí««f^«itl%l áir«*tl«> imt »««14 mim 

te tèa élrMM(M f»r t*. ta^r **i» *r *»r**t«. 

la tili   *«*«l«« tu« é»fMt« *ujk *r« trMntm «• *M 

ilMttlCPI   •€  tfe«   »flittl   fitü   MftWM«   tM   two   pdU   ptMM   tf 

»t w ymiw< «MP««« »111 *• M* FMAII/ 

(*) €«rtMl ? l~ 

(•) ThrMMmr Ittr Mí *   IMI ìli 

(•) Milr«Un« r#ii 

(4) latoMi C«rr«t fi«« 

(t) tj*i«tte flaw 

««m»t mi«M »M üvM t» » MMBT * 

CirM telai «M ntrwii fr«m triti«* 

Ht!«    M.  2i    t*«.     fetfcoéa for f m »••Unii.. TwtiM «T •«#•! 

NVMtftM - Ti.   2 »*pi*'.c  P%M1J1« flaw Mtwtim.    t«m«i % 

..<y*.W*IW<  M« *M» tofM»M* M irttl. • 
fiUHÏ! ' * £••»••*•- * *• •*«* • •Wlt—lM, f tort Sttwt, tut« lîT 4*â 

9 
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9.1 

^t***!*?"** fM"*1"* * »P^fic aro« o» tao farfU« to », %mfà 
•*">'*»» »moUeaMo, to •««acu.»* in two «uuTur Mraaaow!» 

• •fftOio of i»« fcrfinf, «eoo ROí «cour. ^^ 

'^~ f¿ •^•Ue fi.id .tritìi («•), of ft.t lo., t»« 2«» 

illíi^íiir: iviU •í^1* flÄ,l^•• *• •' **• <* *• fîni- a*pma*tion i-ckAiwf* »à»ll bo »M4. • •»•••»•» 

•*•*• (a*. Ti*, ib) Ät illtlilllilf -i-iniii h      * "•" * 

fcî.t Vfe«n o»jr«nt it fot! diruti/ te ta» (mut fti -^fc mmA 
+•» tè* mimmi • r**<xm »|*ll w „,* u#t t¡¿^ ••»»•••• 

(1)    f»r o/lt^riou ohapaa,  biû0 A/, ef éiaan*» (a«.. ,..,.. „j^l 

ml»«) .   *^ 

12£ # í ^H*1* (#*.•. r.a.o. «tat) 
«40O A/. *f ooriohorj (i.t. or a... »»* 
r&loo) ~~~ 

wLL tJí?»in,4L"i,i^1 * ^•«•"•^ *A.t«^«*f ti. «t.t.M 
"•!*;    %T* •*•!! •• »<* fr«*í«r tha* 200 a» (8 1») ana tao oooclo« 
•* l*t arate a,t*oo. OMCOO^.I*. e, ;.„k, ^n u m ¿^ t, nJTS! 

M.4 tsr predo »•. % «iota»ro «uort of 200 m le u). tte MJMI 

(0    f* forain «f » ion » (4 U) ü«i»top or IOM. tfer 
M «tronctn M o^cifioé i« Ç.2.2. # 

(î)     f«r fortin«» l»rj»r t>ian '00 •* (4 i») ü«Bvt«rt « 
*• «trrwb «trofiénu of 600 A U.c.  r.«,.. *al^) or é¿ (é.* 

(f)    f«r iifjo-ejiliikdr*««! 

If 1» it noeoMftrjr to o«« prods *t l*M íMM 100 w (i io) 
roti«n, tM (mrroot «tronfvt my oo rièmufl U oiroot oroportioi 

U «ho «latoooo Dot^oon too oro4o.    it «àooU oo ooroo ta alai lèat 
*mj**rm*% xkrm^ tao pr««o io «««riootiaf io tao o^ormll fiai« 
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9.3 bar and odi technique (Wim. 2) 

9.3.1 If tha forging is hollow, flaw« In a longitudinal ¿traction 
•ay be detected by passing the magnetizing current through a bar or 
oable held within the bore of the forcing (Fig.  2a).    Alternatively 
a threading coil may bo us od (Fi?.   2b). 

9.3.2 The currar.-',, atrengtli ahall be equivalent io not leas than 
10,500 ampere turna (a.c. r.ir-.d. value)   or 15,000 aapere turn« (d.O.) 
par metre of the maximum  Uataîoe of the bar or cable from the eurfaoa 
of the bore of  the forging. 

9*3.3 Because of liwi„atioü5 of the equipment, it may be 
aeceeaary to magneti -«  L>* for (tin ^ at several position« within the 
bora, with the bar ~r cab] e lying on the bore surface,  in which oaae 
tha distane?» between apacings ct  the conductor or coil for successiva 
ohecks ahall be not greater than 100 nun (4 in). 

9*4   gnoircling Coil    'Yi^-re y 

9.4.1 The magnetising current; oha.il be fad,  «ither to a coil 
•aeiroling the forging,  or to an inaulated cable wrapped around tha 
forcing.    The coil or cable shall be placed as close as possible to 
the surface of the forging and shall overlap between successive ohacke. 
If tha lar.gth/diaœeter ratio of the forging is less than 5:1 ertenaion 
piaoes shall be ue«d. 

9.4.2 The following table should be used as a guide to tha currant 
required to provide the necessary magnetic field strength (H): 

Coil dia 
D 

100 
200 

Coil Length 
L 

175 
200 

Number of 
effective turns 

5 

Mininua Curran 
a.c. or 

r.m.B. 

150 
210 

a.c JUèL 

210 
300 

¿!í 9*5   Maanatic flow technique (Fig.  4) 

The magnetic field ahall be produced in the forging or that 
pari of tha forging under exaxiinatior by means of an •1ectro-magnat 
or paramnant stagnât.   When uuing an electro-magnet, the coil winding 
Mall, whenever practicable,  be n.tuat.ed as cloae as possible to tha 
pola placea of the magnfit.    Because of the presence of air gapa,  taata 
•Sia« a permanent magnet are relatively insensitive and wherever 
poaaible other methodp of magnetisation ahall be used.    Tha •aajiotlo 
field strength (H), ¿hall t*» not less than 2400 k/m ÍJ0 Oa). 

ft* ; 
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\4iUiPm attui 

V «•>     *«**te    Pirn rfpr 
•-«c  

Cwrrwi 
Ì^T 

rHI.VM|M 

fteltf 
MtfPWlicflaM 

Current 

W/^//p7?. 
' ///)jU»W?t 

- 

' r*    • — Currant 

nn. 



M4iMiPMl:INt 

»    9f    m 

'«i 

ft»- 1. EaclrcIlM c*« 

Itetn-«Mn«t 

rn.4. 

»t 
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kM      fr»**0«**»» Of H*m«tir  p.»»«,.-,,,  ^ s^j^^ 

The application of the magnetic particles ,ay be prior t0| 

or whilst the workpiece is being magnetised, or after the 

-gnetisin* current has ceased, the latter is to be avoided 

btcus. r^nnant magnetis* la ^^ leßß than that ^^ 

during the magnetisation process. 

The surface to be examined should be uniformly coated 

«1th magnetic partici...    The coating may be applied by .prÄylBff 

acting, brushing, ladling or immersion.    Except for th. flsah 

~fn.tis.tion techniqu, the current should always be mainlined 

for not lees than 0.5 seconds.    When contacts or prod. .re boing 

«"d in the current flow techniqu. care must b. t*en to «*oid 

•Win*' of th. contact area due to the current being on too 

Xong or too high, or the contacts broken whilst th. curr.nt i. 

flowing« 

Ink. should always be agitata before being used and if 

Otortd in can« in a mske-uP condition they „ust b. vigorously 

•tirred before being decanted. 

To «.iat the viewing of non-fluor.sc.nt ink. and powd.rs 

it is neces.ary to ensure . good contrast between th. rn.gn.tic 

i«VDOWder and the surfet.    This c« be achieved by application 

Of . contr..t paint, .election of a coloured ink or by modifying 

the surfe, of the component by grinding or other mean.. 

A good standard of illusination is necessary of the ordor 
Of 500 lux.    A. a guid. this will be obtained by using . 100 
* tunft.» iilmm9nt p#ftrl lmp at a diatance of ^ B or ^ ^ 

* fluorescent tube at a distance of 1 «. 

«hon fluorescent inkVpowd.r. ar. employed th.n th. 

i-ooction area .hould be darkened,  for critical co.pon.nt. th. 

Jtìu. of the .»Ment white light should not be gre.t.r thsn 5 lu,. 

»• »urfee under examination should be illuminated by Black 

Ufht laaps,  either strip lights which provide a general l.vel 

OMbling a large area to be examined,  or in the form of spot 

«ps which may be hand held or mounted in stands or ceiling 
«upports. 
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The curf.tce to bo examined e Mould b* uniformi.} coated 

with magnetic particles.    The coating raay be apmiec by spraying, 

dusting,   brushing,   idling -r  i:-, :or.n-n.    Eroept  for the fHsh 

magnetiti on   i.eonni^e ,ne «urr-,;t   »h.-uld al^yr   oe mairlaineu 

for not   le9B  than 0.- M<-.o.,de.     -nr,  ,:o.,r.a..tr. „r rrode a«e being 

used in  the -urreit  fW v-.-hi.iç-; ! .;-„•» nu.t  ,e  ».M  to avoid 

"burning- of tue .-ont act  -A,-u duo  to  t.hr  r¿>w   being c4  too  lonf 

or too high,   or  th*  contacio  nr-knn  vhilrt   -;h* curant   is flowinf. 

Inks should always b« *gitatRd  before  oein^ a«-<6. and if 

•torad in can*  in a u^c-u,; cond< tUn  they rv^t  t,o  vigarousl;' 

•tirred before being dreanted. 

To assist   the viewing of non-fluorescent, inks and powders 

it is necessary to ansjie a gooa cntrast brtwee« the magnetic 

ink/powder and  the  surface.     Thi, ^n  be acl,eveà  by application      . 

Of a contrast  paint,  election  -;f , noi,.ured   lrik  ,,r hy .„odlfyinf 

the surface  of  th<:  jonponrif   by  irriidin* or otre;   :n*ane. 

A good etaiMard ,r illumination  ia MC««.!^ of the  order 

Of WO lux.    As  a tfuid? fup  will   ».e  obtained by using o   100 wt 

tunkten filament  pearl     lfro at  a distance of 0.? m or an  30 w 

fluorescent   tube a1  a du:,fcr.-e of   '  m. 

*hen fluerr.cen,  ink8/p:,,a»r, ,:,, «nployed f.h«n the  inspectio» 

are. should be darkened,   for critica]   CMpo{1,„tc   «he  valu,  of the 

-Ment  white  Ugh:  shou'a no,   ,,„ grc^er   th/m ç :,JX>    Thg ^^ 

under examina* io, .no.] be ill un,,-««, l;/ plaek ,^,t ^^ 

either .trip Ufht8 ,hicn provide , «w,l   level  ar.ablin* a larr, 

area to be examined,   or- in n.ô  fr ria of ,l>Pt   lam,. „hu?h *ay U 

held or mounted in stands or ceiling nupoorU. 
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4.3.6 tat i on of i»*iç»tj 

IntarprStation I«P.M« very auch « itm mk%n 

Of   th.   OPT.W   „d   an,  .w,   |0   that   ^   ^   pr#ri^   wiu"^— 

D.fct. „hxch c,n   b. Pactad n.v W, claaatfi.* * t* 

Amarican Socia* v  fo»» T, ,*I,. u 4 

IM. .1^  sroup..    ia- „ltun  .)n  ln,.r(,r,utiMi   ^ rtw> in ^ 

m»bar of publication»,  ine ¡udiri« à R ft    . ,¿ r    <,  .• »  in. uuin« A.R.fl.   %1d tivil Aircraft  Inapaatiaa 
Procer.. BL/8-5,   ,w r,,d th# ^ ^^ ^^ ^ ^    ^ 

»••  2 Furth.r Win,.    Th. Au,.a0r ^ found lt . .^ ^^ 

te elaan off Md ^t„t   t|fio# ^ lriieaUüM ^ if ^^ ^ 

It in a» „„•„.^ pUat  0utaf%#    A hìgh   ^ ^^    ^ 

tic trinar with , collation  of ^t*,. .*.,., „« ,1##- ^  ^ 

1 rrindin« h.ad. x. .lio i,/aiaa.le ln ^^ ^ cp%c|w ^ 

to alista  th« if .hallo, or C0llflf. ^ i#p|h ^  ^^ 

Kocordxn, of motion.  U p*..ibU,  ^ „t||01. „ ^^ 

Wio»,  otear propri.tary .ethoa,  *r. .«il.bi,,  iacU.**, t*. 

•••»..riAt -thod  d,velop.d b.y   ,ilM rj.K.   *iwÍBtry  of E-r#(je#  ^^ 

-* ne« aaj%.t.4 coaa^iall.y.    Th# p^^. t, M foUo-fJ| 

1.      I-ur. that t.. .urfiw># ^ lÄk w K-itr pftU#fs ^ 

«oaalataljr ajy. 

t.     Cavar U« iaalaaUaa* ait» Ä »4... „ trM>>JJtJlt 

•*••**• tapa, aarafnUy aaal mTT ikm tapa «MI ra-aaa4* m 

*• a car4 or paper. 

»•tafraahia racoma« pro^j« . para»»*** rae**, « 

* rala ar a cala aaoala «laaya a» inel^éa« ta pravità 

• Mtl».    It x, .IM *aaf„l ta iftclaáa    «ataila •# ta. *a*t 

mimi at«.    ilaek imk ^^ ^^ |  ^^ 9m%wm% mmi ^m 

9—* claar pèotofrap«. 
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•MfJi /tili ^,« I»íjr^ï, .".^j-'M.TÇ.ii j f*f 

t. 

t. 

T»T Tîl SRÎAI  CA*  *• Mâ<W?ISlD BY USIIC THI 
.X manir:'. 

Ml ?SAT T*. S!'»»'4JJ là  "Tî, fHU*  4IWT-,   CUtASS,   10081 
KALB,  ITU..   «I,«   ,(r.<   ,   ,* r^CEiSAífí. 

(«) IF IJPIfC ^»-FijKjHÏSCnri MéíTOTIC IW QN i EUli 
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JUCl T!ff MAOIST A. MÍOTI-AJICU3  TO SJSFKTÜ CJUC*. 
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SHAAF.   i"K MAÄtTTC »LUI'j  PriBI SF11A* ARIA UWBI 

I.    M¿w UTF AMr *w 3 FU;ir.    -UCKS WILL rum APRAF. Al 

I.      Wr MK;»F,T   ¡h»T',;ií  /;  llannrj A*I¡ ««FIA? 6 AMD  7. 

ft      GLIA,« OFF WTm A "HAti'1 CL-7ÏH AIP fVtáT It 
TO CMF3i'  RB?I,.'¡3. 

*••      HrUCE IL (lèi,   MEI*». 

f 

«•at • n»#r»#*th> »^«ttf tea.   ru« r^»i/*# * *i«* liZt 
UM* *•* »• tu» *s*v*i» ?!•*•!   îr,, «„J Timing «MttU to 

A« **• fi «la 8fr««ftii    f rrn^urr  fla^Nit« will  ^c. 
«IIA *••  tA* •»*,.*«*  >#«!,(.f rm>'- » nu#b«r  of At U* «rill«4 in 
It •• tn*t  it <•*» «^-vw »• » CÄlüBmtioH 9%mm,   **•* \tm 
—*»•* 1« mm, if ^^«tir trA ¿, npn^é ^r tAt kwMr ihm 

»1  A« ***»*»•* Lii M t.   th«   K,1P|)Lisr# 
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PtMflANttt?  MACNtT KtCPtft   «  TUT  tA«. 

• MLl* ^^.Jo^wnj 

AU DU«»»* Ml M «UJ*CT(U. 
**IÜAL> COLD fQUlD 

'«•    AU  J MIC   tNOttMltNS   JHOOL0 ¡I tU,$i£; 

Fiju»«   5. 

••;-*- ,4feiÉUtf«jÉfejfiÌàt. 
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4«M Calibration proo»dur»a for a**» tie ^.p.,,, 

lliMiat ar» available in British Standards B6.4069t1*é 

•gasification for Ha«n«Mc Flaw rejection Ink» ur.û Powaera. 

M.4489:1969 M»*hod for- Ac*ersirif "lack Lifiit    isei   in S.Ü.T. 

M - Äathod for Ka«r.eUc Particle Klaw Detection lu Materials 

Mn',t    To be published.    :• moi W by A.CE./5c 

This  lattar covers a, test  of .irwu'er accuracy  and aa 

:tionin? teat usins- a standard  ^,:t  pice« for tha currant flew 

technique. 

For el »erro-naveta and remanent ma«nets -t field «tr»»;fth 

aajttwen the pol»» of at "least 16000 k/m (?f.)o oarst»da) acre«» a 

50 a* (? inch) air gap is considered satisfactory. Thi« can a» 

cWcked by a »uitable »*fn«t ora« ter. An alternativa is to *— m 

•atfnet keeper as shown in F i ¿vre   % 

4*4       lafatw ^f|d Préparât i aw 

4*4.1    lafet» 

Aa with ali W.D.T.  aethod» involving »ocaae to plant or 

with machinery and procr*n«e established safety »raeautiei 

•t  b» followed.     Benaua« magnetic,   ink«  may necessitate the   »e 

•»terials which are  toxin   infiammai.! It«  or  /o.aU'e,  are*a wrier» 

•tic inka/powders and contras'   paint», et..3.   qre   -w3 ^ uf!#4| 

be wall  ventilated and heat,   flaaes and  electric    arc» 

contacta »hculd b« avuided.    »nere work in confinad »»»cea 

•T pressure vessel», etc.  i»  involved force«} /er.tilat v» and nttta* 

»u ti un» ¡nay b« essential. 

of th« inks and powders rray "via- <!er«wruis «un arai 

Hin« wh»re magnetic ea\iinment  is  installed in a repair afeo», 

•-lie ua« of a barri»r craaw or fiove* are raw 
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•tftm MM «UU» Hmtrmf - iyftj 

••••»•e*!«*,   if   tr»ili"uf c%fel».  ....  -—,»-•.  tk 

4*4.1 l»rt'*r«« «Itouli   hm   iry.   el«--   —   f 

•»^w Pit!« *o«a  p!»Hnf *tt«ri*]» 

-n MINI  'M fw*m-fl  #f ii^iean,,^ 

•f fiM 4*r»<t» i« tiM h. _.      , 

*•  PU« i Uff.    Ciotti «v k, te, .»frwmUf,  ««• «p 

4.3 

4.J.I •••* «•*  fc* clM«if&«i 

U)    f«rUfel. 

<•)  rt««4 

U) 

M  feit  é^ipNíé  *, %h0 tutJfc#r fw    ^ im   ^ tt#Ui||i 

»* 1»M \*m t?0.    C«a»rtUJ  ^„»^ mÄ^, ^ #1#.tf#. 

*••* Mt, .,. wtUlli «t r>ri*- *<*».*,  Äk^ t|u fi#iw# 

Hr^U •^•1i-1-« M-ipi-it. -.igUn, tt  t, t. 22 l# far ##u 

4« -Alf vm runtime *.e.  m%mt ,mt frm f|0 t% g^ 
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Cil fw a tr—Mi u»u fa***** « a aair «f • 

•I «fidala« •» »»t»** »f í.OOO Mft a.e. ar 1,700 a*#« a*lf 

••*• •••.   tN en*   it r.4f>0.     s it« h m aarhina eaft f">r* a*r1 

•# a a*«*» tie  *auipnMnt   te.y   aain« eowMnad with « eafcinat 

•ata a Uta« W(J tyj* «Ué« far aantaat a**éa,  for a 

torta** tjûo. 

!•) Fiaad •*iipMittt rw.p fr«m mu iww*ll/ liaral— 

%99— eaatia* IMI than £300,  tar*** ifu;«M«i far «**ttAf 

• *•*••* »«*•»•* »f »or« e as*]».* cf>wf>o»awt»,   parnnps  <*» « 

*«*n-«atoa*Uc  b%9i» ty* Cc*+  of which rt/^ti irò* fi,o00 

•• ft,500.    Larra unita for rroàuettan work  *+j eoat  Hvaril 

•f ae**4a.    Ta a sa««  ef a»'ariti«,   i.a.  ftalati e 

»"•dare  i» «i->d«att   par ti salar ly  if  *h«y ara  aurei 

I« la* aaneaatraad form a*4 mirad with t.na  liquid  carri«* 

% ta* *»ar,  a fl#Mr# of  1/-  par praduet  t: .  fer ©il  *«*•< j, 

•ê.  «*r»r*dyct  ten   far »ate- t-w^d in¿-  ha. baan «»otad 

e«at ©f oparatiana ha«  «-«an autad *§ ,?%/-  t*r   COR »f 

iaai*4i*f «l«rtrle«l   powar Mi ra|)iac«*ant  of ml aj 

•—\  «f laaéVMUc  aarti^j.  t.g  irt4r of e*a •.*/,«* uain** a aaai- 

a*J««**tic «ait »ita a  throu#*put   oî   2txX) »««.Il eaatin**.  • 0 fc>   Ì4 

••»U**» »*r ***r h«# «««* ri van «a  >4A m* ».on fw aa*il r*«u*** 

•a*  »V- P»r ta» far  larga e»atin<ra.    T*, »boa» fir.*r*« ara Tmr 

'*•*•  '•* »i*** aaintaaanea    p*   load f»c»or  on tua —ijnttia 

•MM •*/ hm awah Ua* #> •*  »«ad far ir.-ai»« taatina?,  ***t  ta« 

mtffwmm— am, wt   a. a« fraat  àf   ,«*d iR » rapair aheo far a I« 

r%        aramaiaaUan, wr#r, «njiB#a and o*aar piaca«  of a« 

•jrataamtieallj di »«art lad mré cHacaa-t with war« ¡»rta ra a««d, 

lUc a«>l«**«t  t« mmk a rapai, an;? fili« M «raanUal  f MM« ti a» 

ia  «ti«*rir#r ani., souRd  '"MMfrw'r  *r«  r«taii«d i*   th« an^in«  raauUjL 

ItSat Ta» 
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4. M 

*• *•* te th. ^ ,,f ^.^  t,atlnÄ 1Us  ui   ^    ^ ^   ^ 

•«UHU* af .  Upfl  „ol^ „ f#rr@ui „^^   ^ , ^ ^ 

•# l«4Mtri*t. 

»t., —ring «^ how- u w^irlnc 4.f.cti^ ^^ ^ 

W~ «fit .f erMklM *. ^ ^^ „, r#p,lp- cftrrt#é ^ 

1«" t* »ÜÜM of i^.#. éitm ,. M#l #o#t  MaBt mx^ ^   ^ 

*«*W .f Uf€t, .t ^int.wÄAe« («.tag... 

1. 

t. 

3TÜ-Ü c£l"»r«ti«i.    Ckieafo, liliali, U.t.â. 
5*5 P**»,  M «M.r,,  «S UH...    i^,^ lll(|||||t| 

ï^?\te f*«i=u T».ti^.   r^ 54.1» u.a. %imam 

4lf l«0»tr»t,icMt Iî^FJ, 

•—*n« ria« D«tMti«i# 

4«      1*1 U* •    •«• •*•«*«« 14, 

¡^ 





- 17 - 

9 

9.1 

9.* 

9.1 

9*1.1 

9.1.2 

9.1.2.1 

9.1.2.2 

9.1.1.1 

9.1.4 

9.4 

9.4.1 

9.4.2 

9.9 

9.9.1 

9.9.1 

9.9.1 

5.9.4 

Principi« 

Application« «nd T«at Procedura« 

Applications 

Typ«« of P«ntr«nt» and Taet rroottujn 

Hot Oil and Chalk 

Pad Dy« Pen«tränte, Fluoraeeent 

Interpretation 

St#jnd*rdlaation 

••fety and Preparati« 

t«r«ty 

9*rt— Preparati«« 

•ejftipaeat ma Catti 

ïjr» Pwietiimte 

•lé»* LI*** 

•rW 



wmm—mmmmm mmmmm 

- VI - 

* 
i 

5.3 

sa       
Ffcnetrnnt flaw auction proc«»»«s can be used on the najoritj 

nf ntteriali; netallics, non-metaU'ca, magnetic or nor>-»ngnetic, to 

•itect surface cracks, porosity, leak« and other defects provided that 

tb* defect is open at the surface anu clean.    Penetrants are unique 

•nonfat N.D.T. methods by being very little affected by geometry factor». 

Penetrants provi.Je a >nethod of replacing or assisting visual examination 

reducing both tha time required and vhe fatigue arising from sustained 

•»»•entrâtion of inspection personnel.    Penetrants improve reliability 

rfjdtiee the cost and improve the sensitivity of surface inspection. 

%mZ ******** 

The surface area to be examined : s made as clean as is possible. 

â penetratine liquid specially formulated for this purpose is then 

applied and entere surface defects after a short period.    After renoval 

•a* esees» penetrant from the surface and subsequent application of a 

int procese, »ny defects present give a visual indication 

under appropriate lightin« conditions.    Penetrants can be 

penetrant process«.» where vi wir.g ia by white light and 

•es where viewing is by black Hght. 

if± nroct¡di¿iT1, 

f.3.1     The major users of penetrants are the aere »pees indnetry «net« Ine 

na>rlty ef the «ateríais are non-**gnetie.    In ether industries «sen 

aa eleetricity undertakings penetrante «ay be the only praetieal nvtlsnf 

t eneenning fillet and other welds  m auatenitis steels and also the 

»tic coil bini.ng rings on alternator rotor..    P«retrants nay to 

te the plant for detecting f.tigwe or streee creaks or ether 

infecta ant  to cn«ek that defects have been aempltte^y  droved before 

F*-»»2ettng.    Snail nit, are available for th.* p.rpc»,..    Alter»aU»nlf 
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5.3. ì 

5.3.2.1 

5.3.S.2 

th. *«t it«, w * ÍMh ^ ^ cin ^ dwttai ^ ^ 

io . parant inaction bay in „ lnepeotlon „ „^ ^   in 

«» lattar ,.s. . „» „ tngyM „ other part5 auch M ^^ 

««"«tin, „„., „. tarMnf bladlng> vaive5( ^ ^^ ^ 

- »Id«, joint, .te. can * pJt th•* th„ peneW proo.„.   ,or 

*»*U* »»».„Mo» the ra<i (lye proce3E l5 œst applicabie baMuM M 

*«* ll*t 0-, which „^ mei „ alcctr.cii 3upp^ ia ^^ 

I«», of penetrant« and test procaúgr,,. 

jlfllHflUnAQdaj¡J]^r. 

Hot oil M ohUk ^ „,, ^ arigiaài ^^ ^ if 

•MU «Í fcr the proli^n^r tajpeotlon of „^ „^ ^^ 

a- tr» ^oy. . «ut«, of 2S ^ oll ^ 75$ k#roMM ^ ^ 

•0 C   n. co^nt i. iBm.rMd in th. hot Mljtlon for ^ ^ 

•r >« to ^ow panatration into .^ ^ ,_ ^^   ^ 

•*m "^ th* •U" at "» o^-nt i. «^ by „^^ ^ 

d«t«rf«it or by the uè« of drv .««rin.+    „,. <   ., e« or diy MKdust and i, then covered by «thin film 

« '-eh cha, whil.t ,tül wann,    ifc, 8^e of ^ oU ^ ^ 

«.ct. .um. th, Äf ni« ^ 0nmbles «„ fJefect to b€ iocat#d<  ^ 

— ^Ution « tM. föhnig im thc low COBtrMfc ^ ^ ^ 

«* th. b^^.    It i9 mú%Alm for critica mli^iom ^ ^ 

** «****• <* ^ing rrt.tlv.ly «««y to UM. 

»•* **• Intrant, tr. AVêU*bl. m lütt for .i* ^ „** 

1) 

IT MttMlnf «ita iwtrolm* »tó»»nt. or UM 
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P*i»t and carbon etc is on the surface this should be 

bjr suitable paint removers and ruât and seal,   should also be 

Before application of the penetran*  the surface should be cleaned by 

•praying with the penetrant rénover and wiped with a clean cloth 

J and this operation should be repeated if r.ecessary   ;ntil no 

contamination in visible or the clUh. 

2)     Application of penetrant.    Spray the surface with penetrant «akin« 

•UTt that it is thoroughly wettod.    Allow tht penetrant to remain 

In contact with the surface for fifteen to thirty irdnutea.    The 

•horter time ia adequate where lar,;e defucts are so ight on casting», 

thirty minutes should be allowed wher« fatigue cracks or other 

fin« defects are »ought on machined surfaces.    For certain applicati*»« 

•uch as austenitic  3teel with tight cracks a period of up to 24 hoars 

has been found to be necessary.      The twuperature for penetrant 

Impaction should b* that which is confortable for the human body.    It 

tfee temperature i. too high or if the component  itself is too hot 

the penetrant may dry on the surface. 

*.      taoval of exceaa penetrant.   Wipe the surface with a clean dry 

•Uth or disposable tissue and follow this by wiping with a further 

eleU» or tissue which ha* beer: mcistenea. with a penetrant reamer. 

Finally dry with another clean  :ioth.    It is very important to be 

•ire that the surface is   hcro-.^nly clean and that no trace of 

•>• steins the cloth after t»:-   final wipe down.    This operation 

sftculd be repeats  if necessary.    No traces of penetrant should 

W allowed to reami!* on the surface    - spurious indications will 

ftwilt.   An alternative to the dry cleaning is to ose water. 
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U»r* .r. «it«.«-«, rach .. Metrici .lt.m.tor ^or t#11   _  ' 

«m* «*r. th. pr.,.n.. o! mUr ia mt  ^^^    ^ f^ 

-»H b. tlc.n into ce*,!* .tion **, plÄiinL# ^ ^ 

Appunti« * eloper.    IWu^, s^ th. *re.ol ctìntAÌJ|.r 

Sprv th. d„.lep,r orj to ^  eurrtcfl in a ^ ^ ^   ^ ^ 

* not to K.V. th. tllm too thick or lilw ^..tion. w fe. 

5. 

5.3.2.1 

•* «iti, mttuumt ^ iltatatt, ^ *** . ^ „ 

mi 1... tfc. ftfu« «mat.. ^ ^ nior# ^ te BinuUi ^ ^ 

«pUuti« of th. ^Xop.r.    L.foa. .r. 1Wfclii .. brl#t ^ 

« . «hit. backfrow^.    Crtok. «j cr.ck.li)«, Jrf^t. .r. 

M Un., or if th.y *r. fin., ., m MrU, of ^ dotj# 

*~*tjr, Arink^. or i^s ^ tmál9d M a ^.^ #f ^ ^ 

•» M • «i ti*t.    S**  .rtii^tia« of the «.,* of . é.tmt ««. W 

*/ th. d^r« ar^ ràpidity ^ ^^ ^^ ^ 

thru««» the tils  cf uweig^r tAW pUc.. 

W th. r^ltc«Mnt af th. r-nl «ly. »1th » f] nn,t«n 

^ •**• nÄlb^ U#* «ter. ir-.di.U4 With ti#lk ll#t. 

Of   fllMTMOMt   P^ttfWU   «i*.  ^ch   ^^^  t   n(-Ur  ^ 

»• *» «-ir pr^.ai*, .l*, th. „wvirtm *f bU*, iifh* 

ütatalU,B fir ^^Äf •»* food .vuf... tM-taxg fMUJU.. «M* 



^ 

ÎMa aatoaa «à* fr«««»* mará aaapliaatad ajul raqairet 

•wd prajaratiar, »refaraMy In consultation with UM iiypjlln 

•f »»natrant F»*t#riala.    Jt i* « feed rula in nil application of 

ta apart from the ai api* ,-•»»* * to h«v-  consultation with ta» 

• r 3f «ampliar of tha penatrant. bafore ambarkirif on an 

tMflalltUar fearaas« tha sal.eet.Lor   e' tu«   ¡..ar.etrint for the Job and tUt 

»ra-«laanint prcc-ii,»g ** p--o^aduraa ir^ an et-ential part of tha 

•asful uaa of this j^.thoi.    ÎK ill   -a^aa mnufaoturara will ba 

to fiy«? auch adrice wr*d AI si ¿tarca. 

KlOo.    1ijTinrtiiitin" «* -*'f!ti 

111 ind.Uati.ona r^aai^f by penatrant, inapaction do not n* 

rnr—*nt dafaata, aa ipurioua indication* may occur.   Indiarti« 

•aliara* to ba aaurlous should be aflorad by VI.UAI aid mathoda and 

if »acaaaary tha taat »rea ahould b* thoroughly cleaned ani 

ît ia daairatu« te   tardarti sa th« panairant proeacaaa.    In Um 

•aaa of t*a rad dy* aaroaol ö»n* tha check connota of havin* a 

»mirant apa-1»», ,it^r a natu-Uly crack«! pleca cf niatariaX or 

M artificial taat apaclann whlsh „at be c^an«! thoroughly .ÄCr ti» 

it it *•«*.    *»*r. a panatrai.t -,ank • -„tarn ia in.tail.d it i. nacaaaaiy 

U <*CH»k that tha panatranta ha»- r.v. ^Uriorat^d or beco»* contaadiarti 

ta a« autant whar. thay ara no lcr^r affieniva.    Information on tfcaaa 

•W «attars i, ¿van. ia tha Air iagi.trrion tìoard.  Civil Airaraft 

Xa-a^tian IWadura,, Laafl.t Bl/LO* Ts.u. No. 1. 15th April 1965. 

•paatfiaation MH^U*: (AX) h*. dialled pari ormane, ri 

taat awthod, ^ .^^i for gr0agiê 0/ ^ ^ ^^ 

**—. «nd DID 929 da trinai t*.a «arerai «^iran-U far 

naaal and fHar.aa.nt paaatranta.   triti* Standard 0*9:1*9. 

ftr Aaaaaain« Äaak U«»t *aad in fcor**agtr*tti*a Taatinf aaa i, 
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bUflk light lawpa, .«i % cont,^ U|t for eh#flklni 

of pmttrwt Elution..   Th. apparata, ¿..crib* m t*. 

***** for checking bUek light lamp, can al.o by the .1^1. 

•*.titution of a tínw for ^ flu0r.SC3nt §crceni b€ ^ for ^ 

inalbi, light la*, fcr u.e wath red iye pr*c.,Se3 a. th. phoWr 

i. .clad in lux and tni. enable, bet* for«, of alunnati«* to be 

checked with the one photometer. 

*• with all other N.D.T. .*hod, involving M€#a. to plant «r 

"•*!*€ with *achin.ry concionai aaf.ty precaution. «* b. toUmmi. 

TK. additional precaution. n.c..aary in the caa. of p.natr.nt mrthod. 

Ti- f*. the fact that they «^ require ^ UM of toxic> ^..^ 

•* volatil, aerial..    Am. vher* penetrant. ar. to b. uMd .hould 

W «til ventilata and heat, open fire, and flame, .hould be kept *mj. 

*ra confinad .p.c.. and th. interior of pr.s.ur. v..-i. «c ^ 

lOM&TTid forcd v.ntUation ^ be ee.ential. 

U*ti*g.    Vh.« nrthU light ig uMa ^ ^ noraÄi ^^ pr#Câ||tlang 

»^rdinf .lactrical .uppli*. %re needed.   ^W9 blâCiç ^ .§ ^ 

*U.t in aortal u.. this is haraie„ to the ^ ^ ^ ^ -ho|a4 

* take« f anatre that the radiation i. n.v.r directed at th. .y., ^ 

tàat miction fr.onn.1 Jo not look directly Into black light la*,« 

«iU»r intantionaliy 0r unintentionally, besau- of th. angle êt which 

t*jr ar, Hal* or munted.    It i, al« ^c.aary.tnat th. black light 

Im. Aould b. impacted at r.gular interval« to .n^re that th. gUm 

*U*r U «aintain«* in good condition.   Th. d.aign of th. la*» .bould 

W tua* tfet tà. «IMI« «f uaftiWr* radUUoii la kapt te a 
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it 
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Ai previously dltautMd aarfacaa tfceuld t« 417, *»«., 

•J* fra* fro.r »emit dirt greas« paint or ©thar for#i«n «Uir 

that will interfere «Lth  M-.e lr.tfrprttation of th# teat.    TI» 

•ttfcod und for cltanin« w.| preparing tha  surfaces »bould na* 

•AUM »«cae sir« surface roighneas or scr-atehas bacati«* th#aa 

Oftft raault in corXua.nf  IrvücV-ion«.    c£r« <nuet »l« '.,« tafcan 1« 

•laanin« »urfaces by uJLa&t,;n« grlndir« or by the UM of mmrj 

elotfc in th*+  crack* may o*   burraci or«r.      Maaty «rindli* •* •*» 

•urfae« of ail <n«t«riüa3 is te be avoid*;. 

Nftttranta ara low in initial «JMì rwwùn« cotti.   Taay M« 

aaaptabl« to in *itu and fixtd installation  UM.   SC fi 

«inn« ft direct raasure of the  «av1ng, «ri sin« from the 

ftf panatrants »re available to th- a^tt  r,  but the ^r.tiiuiiaj 

•***naion of their us« indicate that they are ra«i*«i«£ 1 

«•tit. 

Can ai at la« of f<r^ tMC 4,   % »»iJatiaal » aaeii boa «a«* 

iaatrwlione.    aapraMrrtatlve prie*«, in tha In itati Kin«** U W 

.    * Mt jf replantant aeroaalc «ar.s if purahaaaf i* 

•f 6 or 1¿ will cost i*fj than jo/W to r-e^laee , »a*. 

aft ÜWm»th«  to the Mrostl Cang H a s*t of fi4M j*,, «^ 

«f laUth in turn la attached to 4 »parat* «*« ; re pall „it 

»ft*.    A  Mt *ouM 3o«t ,'<> to £3.    fta Du3il p.ril(tr-Ät mt#rtaU 

fir tffftiiaferrir« t© «l«.« Jar, 0 ^^ or for u## ^ ^^ 

it a« oaaa 19 *>7 u*n, 0^ far *M ia XUei irataUaUaaai 

•bi« in 1 «alian ( 4.55   I ) ane 5 «aU«n (   V.~)   1   } 

•afta ftnë drvna. 



J.M 

•C ta» •f tt." par t j.11«» (i,^ j.Sf#ì 

f.f.l 

5.5.4 

•4U •tiy tararaJn* ta tac \3Juw of »«#%, 

HlÜI Hirt    •ITU 1     '*»•" *>!*•* .li«.H Jajrç* r#qulr*í 

*J5 t» 145 fê**,   •-«•>*• U- MU traAtfrnwr and entrai a< 

M* ftltêbJi. far ilu  «•   »4-I valt 3Ü//«  oy»les in**. 

ftrlèfr HaMifU,      irintipl., wf pmimtrw*, Ctf. Irt,. rt^p__fi_ 

C«»X—lit*. ChiMa© 1*3 Library «f Cartgrass Cat4J»**a Car* 

••>.  éj 1J4Q0. 

4fU«la W.G. Co« U,., Fr«fraaa 'n Appli.i Intarlala 

4 Itey«** *>Kî Cmnfmv Li*lWë ¿^retati 1*2. 

t/a cifrar« TaelWiie&l Utarataj-a. 

ïfct f«*!*,!*« Miiali St«niMr«a ara «ya^i^iai 

• **J Hrt li 1*3 7Ua,ary t>r tarma ua«4 lu 

TaaAln*. NnatraM ri«. r«i«ttian. 

• *•» Fart  jftt 1*;.    Hartes f3r fc.L.T. *f tip*« ««4 

*•* *! pa*a*ra;>t WKli* «  *arr»u. flp«, ^ tufcta. 

» 40aVi 1** H«tav4S f»r T..D.T. *f *,•! a**!**, 

• OAM319M »«il»* a/ fc.û.T. of rtaal fargUaji 

• 4414 l*f Matto* f>P ^^yi t*jti*g a# «aléa* ar 

Jttnft« t» lajtaàa 
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••ja 
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M 
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M^ 

Mt^^M   MMM0 

8 

eMMri 

¿Valicati*** t* fl«»t 

5ti#»i invaiti* 

»e ti M tu tlk« 

fciMtien al tfUipaMiit 

lat*rfr«tatio« 

fefrty 

H<*ijpm««t C««tc «ai 

JMrr«rat »aptiflar« 

Fi»«* ìir^t 

flfcr**eep«j 

a e 



«a 

mvtm— m le««*« erack«, »reata, «wrote»», .ai rlaar aarfi 

it ««"wi»., «rtai« tué mid  feature« «Ma M tTfr. 

kratien.    I* »ip#B „^ jj^çt, kl#6fcl€t ^ 4.fcrit #aj| w 

Utataa,    nm*l Ala. «•.!.*  U th.  mmmélf ,f CWf#i|#wt, 

•a* ta« teatiaf mé  lignei, of »aeiiiae«.     fiM*Ai 444, 4, 

M« »raelée iafematie* M MtkcvrfM« «r interior feattt#«a 

•Í aXie« e»«*», t. ugM.    Via*al UdioMNMM U 

•• "Wt* *^aw    Vaavapar ft    laâaa*ââântl     Bacati BAA     A —  ^ —w-    1 1 »«lata cMwt aaaetra*« er «ala*, «*• 

*7 tac va« ef f,*^«,,,^, recare* earn »e 

CM 

A ttaaal Ail ayate« eeaaiat« «ft 

*•*•«      (a)   A aaarea .f iié>t n^«. u -Mn#i Ä w ^ 

•f a teat *)•««• u recáete« a*ta («) a 

« leac a*4 (*) tr«*«**u«i u y» timm 0f9m    n¡ 

t«JM twa fimt, 

ftratly Mtk«ai f«r paaátlamiaf a 110* aawraa aai 

as faticai 1MM *ijae«*t tm tm aarfaaa I« aa caaviaaa. a*i 

traaaaittiaf ta« „ Mittat imw, u %im ^^ ^ ^ § 

•f lttiaea, «lactracalc actrices er ytota^ajfclc fila*    |a 

affect trm*f.rrH ta. ««m« ^ ta ta. ataaaat. «a« #, 

cf 

•f aatlcal 1 

claaai circuit «a* 

fytM «laaaca «M aprici 

ta* raaaluftlaa af 

. Vicaal Mac 

flaalclc« ai»c4 1 

e tua« cai 

fjtM «Ml 



•ippa 

•   fP • 

fia  ••—•! i* —irti #f lift* !• M aUttft« 

fliOMMt las».    Th*aa ar# availaftla in • rtaf» «f aia«« ajai 

ligM «tttyttts«    ?i»eh  iaipprt   r#^ui.r«  » atarea o/ fìa~trie 

ir fr»w a  <irj t>r   "-"rh^'K^ale  fes.t+-»*7 «r  i>©« a mal*« 

•in •  attj'áow.i  t -aa#fermar,     ti»* iight  output aagr aa 

!• th# fa-r* «f • *,-*tlLrh*   u. *fnl   for •tiiroai^-' tha Ughi 

lata raeassaò   ;r.t air  i rXh - ••:, t.«r t-i l»  f^m •••- :- or  it »ay hq 

itk tha f»rai <s*'  'irif'»ia i LI j-nj-nation ü»-V an  i'ri«,    7ha lat%4 

l«e a lar-«r    .at. to fe-   -; ,»,n>.    -  by t'ia ..-y.) mo.1"» falchi?« 

tà* liaiitiM.   is irntf-iiüMt,   taat    • not  attacha* ta i 

i>aat tli.^ra si-a*ua a»   iaeiliLi**  far moriim Its |>aalti« 

ilraatiac *h" »aaro.    «fltaa ta*   r^r.iT(i i;   Lassi ta a 

iaajtr\awer!tt ai   »tt^ehaé«, th#r   thar-    .iiuid  a* pravità* 

•aatralling the intaaaity »f  iUaalnat.on,  this la vary 

•'t*  taa ruch   L u;i»t  is *&  to-^d  'i too  lit ti-s.    Aa llfàt 

fils*««*** aula* ' -i*«  <w>m# diaaaV;>ritac •«, th*y faaaraia 

aaj a##u al#etrir?'  cii^tt sf a tht.a if •'-'taf ai-* te ha 

la flamwaal* *tita>*^hare* T *] act deal olvu.^a «tiara 

••at ar alactrical aacut ittara are   *   ~t#v aithar thtir M« ia 

lAcaitaa' ar apaci&l pracatttian*- ;a^  *i#«aaa«.ry.    At  tba law 

«•itafaa,  4» va.1 !,a or   l---aat  u... 4 ©i    in^rtaaant*   u¡*  light avftgajt 

!• Halted  %a  *  f->* tratta,  aUhaugn  in n*caf>t    < ara tà« «.«awta/ 

»a laaa *iv'v: «i^iei  li ¿ht ai*;.j,ut  'r^ ,^,i? ha iapi jvaaMacft« 

ila« tfea  us# a, a>%rt--.  *»*u p«ra«>eji  ra< * ht . *n»hlt>J light 

to ha traa»«H;itted thrash  1 i *#•, fmdes *.ii.'*t k.a#ain§ tl*a ligh>* 

•varec «#ay  fra» tt,a  ,%r*a u«vipr axaajinatiar:,  MM   ilse 

la«»" lataneity Ught aouree    ta  a*  **«Mt t^««-  étvif< 

rigli asá liait*} ia ìeaftà.    A» »áv^»c««««t  in Ughi la* far 

alata ia the a*»il»hiiity a     .lamíale flara-aati« 



• t* • 

%M««1 fit*« «r. t^tmiH #f a fU# gkmm 99n 

fife• t^wlt iifM  ^ t#t.a  1-t-raài   ptn#efcl^  ^ 

U*l ray, «fri«« ftÄ# M« of *h     fU„  .„ cwi-4 fcy 

•aU-1' ifit'^»*l   Mfl^cti« U th. «rpe.it. «*.    Fifcr. 

Aimt »nty.      Mtern*U**iy If tu* few*i, «f 

**~ fife-,« i,   ^^ ao tkat l-ivrlé||a,   fUrM ^ ^ 

••""t .riluti«, »ita WtH -4, ,rrwf^  „ . la^leÄl 

»fr», th.. tki« tm er KB«, ,n ttmmlt „, n%Uaà 

* fcr»*l>C it ». int. • hwèllè, î« of „p,^, -^.„^ 

•»• f.r r,«h  fi.r.,  .,* ^oMuctti« th«,  l.*^.^, ^ „^ 

«i »f tfce  h'»1l#  to  tht  t^r       "Vii ^   -,  •   -       ». 

ft* mmur of f;kr#tí u^ìy UM ^^ ,^í0O0 ^ ^^ 

•Ita WU si,.. r-B-iaf fnBi 2 u ? miiUjMttr (aw) t# w 

•*• (J")  .^«r..     It  i. W4J1 .u |u h,vt   ,  ^^  ^# ^ 

ictiol.   mJs .iiB-..^.. the „e^tjlt.. ^ fr^im ^ 

lU ferrali,   )V.r , „^  u^k   ;<fia(sw ^^„^^ u 

% »«in« M i»c«i»#r«iit  fiW» ¥«41 # a»««là«4 i* . 

•wM«f« 1«. e^rt^i^,! in j earryi^ eM# witfc witckiM 

«MiUilM   -U   i.f-it, co.trl   U   «  AMti««t   «««à   M  « 

"*"r--'-    Ä" U***  «Alt ^7  ^ 2 ^tp., #r ..,. la lwfU 



m« U** tati* ta» al«» W 

**4** *•*• •» «HlMwi a*a* «ialaa »tu M 

•••aj      U*»t 

r ar tat i«« Mtf?  hala« 

Ihroa^.     Tfcf.it  causi at   af   t CTlà»arical   t-y  fcattarj 

talatr  C'iMël«) w-;t*   •* é>ta.-**»iii  hai io* e tan M  ma 

t#wiiaa4i»f is i ?.. m »tur»   fi ]•**>•» !*t "x^fc o    «i «i - r»r. 

â variât y  of  attach«»^.;   i p   tj4#   fcr„   fcf minifying   1 tM<| 

Mi wàrfr*  ar«  ava;.] »ala.    Li flic  praatf  *r» trallallà la 

felt« »r «ata, 

•ajai >W di*—s.    (*a*a»fUaUaa i.«>  <  „« 5 *). 

I» ta» ai»a.tat ia^p^tioR myaim a Wt lana H; W tai 

•Ely  «ai  i.n*»lT*d, tithrr   uaeH   i i eafcJuiiCioa with M 

IMtpiaáx.t  light wur't  r»     forri^ f *,i ;   S1  9 Liamt J>a,t¿ 

ljr.    A circular ti   raetaaruai   hmu k^ié ltna •# *j 

fleati3n allawt tir acula- v^on   sna fc^a a  larga   fitlá 

•* **•*•     With  tfc? amali #r  p-x-àvt   t, r»# C-2 *-.gnit*i«r wit* 

fleatian tf  5x,  6x  »r  áw  tfca   fiele  „f  vUm Wl11  w  „^ 

•ai cadenti atti.    Whilst tuia ir..] \  nH,«  fi*ar 

1  ta >* ilatiafUaha*  ,t vili   ,aa#i<iar*»»iy <,***<  taa 

Uà»  tata«   icr a» aaamiaation *<   ^«grtaii«^ »tft ,   Ua» «   «MU 

I» «¿iitior.   ho »*c^ii./i/*€  lati« m^ájyltf Mirrare ara 

¿latte,  »gal* ¿y   ;a a uoavaaiaat «IMI. ; ricatta*,     la 

tli*>  aa? jf t^ -• ¿x  f:artd   4tn« or T,< vvmrs my »a*   taa 

far f*areh ^rpaa«»,   „ita a„e*meati«»a af *t t« I, 

ÌHC pulsaste. 

ficaia* atar*  Uia are ««taria* tka fiale a# 

t*fa«t   ia»##tig<*tia»  *,.  a^aauraatat* 

•pa*   (»NéO« «tali.,  Kkap*> ,iw,  ira-! tfc# 3,^^ 

Waic  inatrwiaat cornai*ta ti a  Hgié «ai al 

a auaaar af ìWì^S  and  *r¿ai** vita a Hgfet 

•ai atjattiv» I«*a .t *»,  ^ aad « ay,Pi,c«t ^^ 



1W 41 «i-t«re of ênêmmm*M       - •«»•n»u ran«» fra* 3 • 50 

•Élli*H«r with    •n*Ttl) .«ni..  ,•„      , ^ 

m H i^tk .r, llllMUjf ,M. ir ^^ rtp  ^ ^ 

-•U.M..' «,*!.., . *' Wl„i t    „ „„.ltim^u    Hnm ^ 

K*"'W *° "**" ""'"*  '" «'"«- «W.,«.. „.^ 

'" W fr"'**4   "   "•"  "  >*••» «T..  .Uh., ky „.„.j., . l-f 

IHM -»" •' *w *>.u„ ^ .,. lf d..ir^ . M-fc a#t 

!•••*•    Vl«i»t)     *mjr<-«       •«. *«;   Ml)re«      »r   ^  rith   flwftMMt   -gìllll 

HTtt.l. prie......    fh. tfclrt ,#tw us#- a   fiWt  u^t 

t«~ -lieh  •»*,.. Mfh i(lt^ity  ^^ u ^ ^^ 

»MII1W4M.    . «   t<>    M   eMMRMU« 

•l«etrtt«l e i re« it« »r  riaMMfcl« •*-—*. •mi••A* MMMiiphfr»« ar« 

M infer •»i«*!«« r««^. tfcj€ tui9f9atìm u |fc# 

ta* r.fl.rt^ li^fct i.  tfjiitmm4 *, m ìmm m ^ ^ 

•k  «Í m •l.etfwir   n«c«i e«^rÄ tljt^ ^^ ^^ ^ 

lMt4 eir«,it« tmvoH* fclM tl»€t«-«a«*tic li^M 



V 

- *>1 - 

<w 

m ea-asdal «able ta a œ*ivr wfcj.?h lacorparat«« 

»ray tub« on which is displayed  - blacat mmA «àlU 

•f the «riginal ecer,«.    As the eleotrieal  signala ar* 

ssat broadcast, and c&n only b"    ectiyed vu th« coaaial easU«)t 

•à« ayatem ia  r^t'err^d  to  as cloeec-cirouit telavisioa,    TTsa 

•»art «f th«  «y¡stari - r.  the  vi K ron en.*.? re,  tub« which is 

anr«ilable in two aUeaf 2?.-1 euiUreter- „and 1.2.5 «illiaatar 

**•»•*•*•    vidicoi, tuba« nrp incorpoi «tad  In several tyya« 

•f ••ff.t.v. cameras which rrmrv u¡ outsil*   ìimmttr fra* O.fb* 

«• >** ana vai y in length   from 6H to ?•.    There ara renerai ly 

t*ra* units in a c.c.t.v.  n^r-, chain, the esmera incorporati** 

rial can,  the tas»ri coatrcl   ¿ait with power supplias saW 

»Ai eh ir.cludea the cathode ray tuba.    Electrical 

ilia* fra« malas or a portable «ererator »re rehired.    Tfea 

ef the coaaiìd cablr  ranfes trm 15 m*tr*m (50') ta a 

kilaSMtre er mar- il  required,    lig^tìnf is n»c»3*ary far tatt 

fjpa>ratlan af the vi dico« tub« «a is supplied either by 

fllasaaat bulb« «et rawwl the lena 01 by a l**r. placai abats! 

•f tba essors  or in auch •th*r positi ta« m are .suitable,    A 

Na*r*l ia ine©rc>eiat  a i ri th* r«w«ra contrai  unit to vary 

Isaf iaAaaaUy ©f the  illuminati or .    ktcorüng of infermati«* 

•am be éew« either by Dhot^i aeUnf the »oaitar aereen with 

• J5 •Allisvei ••-•»r, OT   * pola^cu.] - ,,m,.,r-i, cr ^y en an sell iag tba 

tafwrmatiea into \ video t :«pe  -e-ordar.    Ite latter «-»able« 

tè» laferwatie* te be played b-ck if required, ima siaplaya* 

•• • •••Itar siafnll'icatia*,  cf the ima«« caa ht arai eve* by tab» 

WW af larg« aereen «onitors, 

ra*H«>«r»f*ác tuba saawra.    Durta« tba »trie* «fee« tba •! aitassi 

atti s^a-aiaiatu/e cleee« circuit teleria!«« casera* mr§ 

baia« «Xreleoed for »'»h,;   inspectiez a yfeatef^hie caaera 

wmm predicad  ana u*«a.    This rassar-» dee« not previa* 



M 
Ma 

*. WMtt*tim ef ti«  ;*t*rm%imm *t 

mrteen wBfJ«r      Tfeiiif. i«  f*.U£» d *~ m  : „.g ^ t# Ä 

».Un. or      /^ t,t, A* ^  ymilÄfclf#    ^„^^ 

i. MÉ.  fcy ^iteHiag   ,    tb,  1 ^t'.„f.     T^  fil», 4. ,tw^ 

la . ..«Min* ««4 th* rf;K, ^#f,-Hi#il  i4 .«»i,«*!«-u,i 

la* («Mil ^inf uWi-t¿ mvn tktt tHW(, wit]) tta pl€twrf# 

*  iHt.rval, of 100  ,m or oth.- a^l-c-f u  11^^,  «M 

UMcit;/ .,: i.-V) fletar».--,     i j *ct*»**  ^. .^^ t-| ^ 

.%%.1.#4 m)t"r ;i*ic«l 1 *      ?*»»   -T41»,     _   . 

I *«atr*l te* j« .-«»„at .„ ¿c, tì„ tm^¡m 9y , #<èl# ^^ ^ 

•• «$ to  70 ri(*«r««! ]<»iw-  >r   ¿^ <•«-       *,,   «i   „*   •      , 

I.  fr«. •.*«  ^1,3 »...      p.jrt^]. f^rr»,, „4 mim m 

1. c.i^ni.«fl, «ar.lt^ i. ej in+rrn .t 10 «.ft. 

ça*»eli/. 

Bìn*tieft «f »r««i ii^ee^sjikÀt t. ta« )MM| «p* 

re  »*e.-ei«t 1*1 Wr. *4 »titer ^«g  nntwgm^ 

Mi *tft.r it^,e ef pi«!  tot r«r/.«4.-.t  em#i«if  crMkc, 

fitti^, ^h over  .,-^trsÉtT.r   -i roct  ,m  Ufmeta, 



V 
I 

mmmmm 

m  M   - 

UM*«*», tMli «4 Im— M***« flauti«*!«* »f 

LMM*    Verificati«« MM àimfomi* «f éuftcta 

«i er'cfc«   ímurui fey »¿yff*«t. c p#n«tr««t  *m\   :>th«r N.Í.T. 

•»tapa« and c®afi 1T j* ¡.ori   J.at  .•"•*<-'i*    turf ç»th«r d#f#ct« 

«*»• te«*« found! rut  priir to  .^0'«n«HicMM«t  o I'  rspaár If 

w*14  *r  :>th«r   ^«»«M», 

MU     ll—ytloit in Uc wrtAV 

Co»firiiaü"->"   *r».i  ii^Mif  of  Jet'etts  f«ui ' fcy 

••gR^tie  ^«^r1 r»'it.  o    ut».<M   n»*thocU>  y»rif-'.f»ti#j« t>i«t 

•rpfffe« «r «tttr i^JVtis iiawr »>*•*« grpwul »ut »r etn*rwi*t 

'•M•»•* »«for« w<»14>fc  r*p»i'S   'enmt.iM'*t ob»ükinf »*t«»» 

fW »«lJ »v-r-pi'n* tratipn of  j->»t»rvii  in   -ir^wr- »hi e h   art 

i—f ••iH> te UP e«« e7«. 

AaKI p»l«*ti ,R •?•' »^jifw^nt   «*J  integratati 3» «f  riamiti« 

•alactia* ©f th*  -WF*Bi ; »if ««jirLfPMtt  invela* tk# 

sy af **«ai»*ti©*,  tr»a Biyriktitmcr at <iafVcts 

tfc« «IK«   s»i(i  rmt .exity  -. ' t-t<->  f^ant  .mvelfti,     t*^ii 

fra« tha prmviaii* oi  <>«,   er «orf     .««it  yrote«  »at* ft>r 

»ra*l »»«frahap   we! ft« »••-•  t» tkt provi«io« (..f cloaca 

•iWttit t«lrv¡sien r< •*•<-*   i'i «**i arga*i**tiO*i aitfc  lnrft 

flaa* it*a* *n*ij*«t f-o  t,lock3Mr*t ¡«miif ^e.    Thé   **¿at 

••Ha* i« tfc •*•.  ti# cwt  ®f fia ^•iii>»if*1t.  i* almas r   Uraatl» 

i «Mi  ta tn# ahata»«*   .'MHH t; « *•**,! v#i   to th* 

%a> M  a««aviB.«»á  sft^i  tfec  áafr»*  #r  vsnax?  ««Mí tartuou*  »MMt 

•f tto rauta, 

tapia t seta Mt  % gtéiá« t» #*l*etia*,    íñ  tk«a» 

•••Pi  PMT«   %k#   /•***   «f   ÍM^«CiÍMi  #r   ri«M   »?   ?.a¿l*** 

•r» hiét tay> fmreh+m „t wfe:%¡.iy d«a¿§»*<4 ~-ua»»ra*>#« a* 

i».*y  W »arí--*t#d#     Tfc^-   ®fii^«#>t ».aMfftc %«#*?• 

f«»   *»#rifi       J••>.-.      !•    i.    »   *   •'lit7»o-x      t-.   ;'i<-fc--^*. 



IJLL 

m 



• 







- 5*- 

if pMilii m «bara 

«ft* mm» off weaaiiM afeara UM anility 

!• **l*anl». 

to U 

feiika COM* atnar N.D.T. *at*a<ia vl««aL »iaa 4» 

oravi«#  indication m   * ifK»t«r wliictt •-&. na ri 

Vita tiiait oataineci   !r«n « ;.,.>acia*n b«t   preTid-i  *  riattai 

•* »*•*•• rapài "   t.¿tag« ánh i «»qui rea  i«t»r>r<«tatian# 

tacaba« of th« *ft"ev.t ef  aruu-tmc-* ••fuoratiaet the ¿oaitta» 

•Be intensity of the lighting  *ni dirlicui.tj  iB  vi awing 

flat «re« fro« mor« than ••>»• roditi on,  «i*f «ri «mca  is 

aaM-aaaary taian uaung tndaseo^as ana tua*  camera*.    Tke 

fftUaaring instructiva hare a#«m . ompi u-d tc aadist n*a«ln 

at» ara not  faailiar or «xjptriancad w1fh andeaeapaa, 

«laaad-eireuit  tal#visiont ©r ahoto^-aahic  tub*    wtrw. 

flat oaaic  rui«  in  using visu«!   ai dp IR  to  go  fro» tna 

to ta* uftäitawa er unfamiliar, tkat  is,  1 tarn to UP* a 

•t**«l  *i<i inat manant hj  u*in# it on w-ll  known €>öj*«to 

«alca caa a*  roaiiiy r«".: ogni and  allora roinf or, to taa 

i#)%.    Ihia allows  »* .;i*&tal adjuatwrnt  to  k>#> a«<|o  for an 

amplification or  distortion of aj. i-rag«-  du«  for »xanpla 

!• tn* angle of tha caaart or   anaoaeop*   ^o tha *r*a 

»•••r rat ion.    Oily  jft*i   confiaanor. h*s  b<- »n aataalii 

is t%i* way aàanué »arto M iittarnratatia* a* 



• *• . 

I« 

I« 

f. 

rt  Má Mt  wp> («mira,   3«atr«l   wait «Ni aaatftai 

»ti«* X»«tr»etia*» u ^ ^^ ^^ aaraat 

••int iste taa èa*l#r it i. |*lf fi4 u ^t^a^ ^ 

»tatara aaalltj ta „«4* iat*r?r«tatiaa. 

taa laaftaa of a»ilar taa« (mt 1«M tu« \gm ^^y 

*•• I.©, M ta*«« i« U« aail.r, si* tate «ite 

caaAUiaa« atollar tr> thaa« »©y^t P*,r, i.a. «tal«, 

i aaaèa, alUiac «w»H aratratiaa He, M< «a» 

• fll*«t Ut«rMl avrfaa«. 

^ • aia«« af fe«*«* Tay« writ« aa*«ral lattar* ar 

I" %• f" ala» «4 niie« tut« U %*. 1-wr «rfaaa »f tèa «1«« 

•a**» «lana, t»« taa« Mi« er «lreAf.wirti.iiy. otèa* f«Aliar 

+$mU taa ala» •• *.•«« u ta. t«èaf ,.f# mikm$ . ^ f^# 

ractlta ara aataiaa*. 

lag lJ*Hll»f aW ataar 

riavalla« tèa 

èf faaáUar tait* ta« aaa*rala aa ta« claaa tata 

faaállar aèjaata, ta« aaaara «aa W trmmtTrM ta ta» 

tèa «aatral« aijaata* if a««aaé. 

>ra ta ta* Wilar lama« aa4 ta*« tèa rvfi 

»• Ml ar««aa*t« Jnafraa ia< aatll 

taèaa aa a*aal»l« ami üacwaa rasait« vltà 

«ara aaar if aaaaaèla ^tm* 

tèa 



JßE  • 

*•*•*    MfU 

-i 

Tk* «ataèliar<.e<J  r»fMir««Mta fa* «•/• tmà —€ 

mua ve>r*\iix on  ol-*Rt  v«  »fullea*!* fcut  a 

•f f••**/*«.  r«ai'iir<» addi ti mai r-quaidk rai. iati.      First ta* 

*,      kith tur? *Ti;-*t' ion *f th*  ''ib«   ••»»r*« th# 

ir h*-   * r>  ^¡•c* hi a %•-* agaiaM    >r  -y*-! i«e« aajé 

fcly operai« tte# f»n*d «««à    iff i   L».t«aauty .-«Ural» 

«fcUlat *aántaé.Hi.A*'   iimrf  oba#rmtioft#       It   .s tf'*rafar« 

te  cofléìiicr  '•«ia wh*n uirmn miri, acaffaléiaf 

•«••s t« tlu» ôtejrct  bt»i/»f t »atM.     C"mo«iitrstti©ii |« 

•la» éifficuit     t  »actsaivc naratia««  éuat t aaia«,  aai 

aar*aaant et  ©th*r po»flt  »r» pr*«*«t#       S*eo»«*iy i 

«ill Viffar éapi&f- if iiw#nM<1 in  M quii.- »r avajeeta* ta 

ìa»t at••• and w*«trr  un.»ss «f»#ci fir%lly 'i*aifm*4  far ta«*« 

lltio*t c     I» at r'»eut « M« *J KO  *<lv*raely %ff*ct*é aj 

mtâ riaratlon«    *har>  inatrta^wt«  »r*  to «# >ipa<i if 

irtiar«   afilli« or  U»ik  •"*• of  » nf l»*m-*b. «   'Ivriéa Mf 

»ocurrid or wb*B   Iñüfwting fuel   twnfca or siwilar 

La* it  il a.#c*è.*ajy  Lo  ar.«urc th*t   lifting *qiài 

m lifat »ouiCft on  iiifctrvw!#nt.   »r*   "": — r   [rn-f and 

With ral«v*at   etandarèa -.g. Bri ti.-H» {twavd 2?9.    rW 

•Éàar ai tua* la*« a*f»ty r«qmr»>w#T,t.r oft«« raatrlct ta» 

«a*t«f* »f a*)rtJ*l* lifting ta ft »alta A#C. with 110 

tap traaaloraar fuyciin'  far pert aal a taala aa4 

ia 

t*« e%j«ct af tfca «aasiaatia« la ta U 

m üafMaaw aurft*< «    r*cka «te, t«#* a aurfac« 

*&••* «r h%* a««*, claaned  if a4v»itafa«%i«* 

ta« Mrfac* ua>df r .»»«an rat i ou ¿a ii«cc*aaibia tfcia i Mit liai 



• * • 

Ma 

•» nanu* mé u*«f9*,t«tuft 
• éttfflewlt.    M«« tj^ »fcj^t is t» laeat* éetria 

•lac*»««  *anaralAj M wf»,, preparati«« i. r, 

«••rchia*   fn-    rfirratt«   pit,      #f#    ^    ^^   |#è#- 

%*•» tw-elaaaiir*   by aachajiicai   rotati.« h»*,l a*ch „ 

ta« t.*»«  »»il   TKk^inf tk« poBBibility ef  iéaaUfyi-« 

aVrfae« ia tao tfcick th* tut« cmn will  n,^*  it «ff ta« 

• én«tei,,u(i *fcioh i^ai,.. Vi,.i,ility.     r« g^^ral, 

i, wk«a «««urchin«;  ir,»   eorr««i«B jitUmr «io net dea« 

fir«* MUM  it  i* #*a«*r.i»l  te aJ'.ow th* oaaar« te 

thravffc ta« t**>e.    in t>thmr eaaae « de«* airfare aael a«a 

la*er»retatie«. 

«•«•«etian «irrora, ««f*ìfiera, light  rr«W« «M 

•ri»« «ur« avallabl« »ith«r eia«lv or la earrjia* 

•9 ée«ie}R>at«d mmta,    T»#a« a*ta «re «xtaar aeai«ma« 

'•* •r*ci*li»«<i af*p>üeatiaa ».g. autaMoeil« wortiv air«r*ft 

«•«JlM« or for fmeral  purp,«« u»#.    Tr<# price ran«« far 

•»«fie it«»« cmm b«  i»-3* than CIO t»cfct  for acta fraa 

fl5 U £100 »r aaav« p«r a#t.    An a»er*«* prie« fer • 

•»•rai far»»*« Nt wem Là B* atout £30. 

Plf«4 Ufht aamrce, caaprieijic a lieh« te* «¿ta I fcajjl 

Mttaje» la« rai ta«* laaf>e, tran«ferner, light eea*rel 

eajitch ate. ta« e*t|»ut connected ta a 1.1 a«tar (»•) l«a*J 

flavi»la fibra aúnala with * prat«rtIT* «atallic «atar 

ateMth.    The prie* will •« £100 or atore.    * racial aalet* 

U*h* haae« ara avail aal« fer uaa la expleeire fecteriea, 

«fcaaaeal vor«« «r »thar basaren* ara a«.    lfc» art«« will 



i 

. m - 

mi« aja*« WéUM aaié u#* «• 

9  fHwjtwii *r *tkw Sfiatali 

Tfca prie« r««* af w»é»r#y»«   r#flaeta • 

•f éiaawtera,  Ini^.hi, aaeUoaal   arrant aaaata  •»* aajaatiaa 

| taaia »vaálaaia.    C«aa#iicin* «t  féQ er  I*«*  far ta« Mal lar 

¿•IR**«1 tyaa witaaut ìatarehaagaaiaa aaja«ti»« feaaáa 

raa«a t« £500 - £1,000 j0.w§ for  >/«ry  larga aaéala 

• af »«ini uaad »t iiataa^aa ©f i- 15  »atraa ar »ara« 

Ali aaAaaaafa« ar* a»»»lia4 with * atraag fittati earrylag] 

«a» aMafc eaawad %11 ooapaaaat*  ayar« ani*« aie. 

tgajatfcar«    aa a guiéa ta prieaa a jaiata« aaetiaaal 

H it aàlli*atraa iiamatar ì aatraa la laaffcà »ita a 

tf latarcaaajcoala aajaetlva haaéa giriag radiai, fai aar4 

rlaaiaf eaalé eaat  aaaat 4200« 

Flaraaeaaaa ara aa« Wcaaiag aa%aaHa]»ai m 

ftfcu apt le aaaafaeturiag facilitiaa a*4 aaaarlaaaa ia 

tlam fra««    le that it ia »ew »aaaiala ta awraaaaa 

in lanfta* fro« »40 an (»V iarà)  ta 2 «atra« 

(4» 4») ia âiamwtara al il  a*4 15 m mé ataar fi 

U a ramar af iiaaatara frea 3 ta  lé aa aita laaftaa a, 

t —iraa *r aaava.    Tma prie« raag* far flaroaaaaaa ia 

gatta* Hyo far afcert aiaaia fiaaaVfaa^a uaita ta 42,000 «V 

ajama far laajar raamrta facualag Mga amalitv aaaala«    Il 

•f laafta fiaraaaaaaa ara liait»4 ta aaaajt 2 aatraa) 

fart aar aavalaaaaat aaa takaa »laca aaa «as aaa* ta) 

far tala langta aa a ri fi 4 «aaaacaat fawr » aia t 

amwrar, taa flamiaility af fiaraaaaaaa aff 

paaalallitiaa of aataaaUa« tàa aaapa af 

Ima tjyaa af cliaaâ airaatt 

ia taia aamaar, 



• Ik • 

«l«H«r « IM  (;*».   „tfcfc   fenfM.u vir(¥ >#%^   ,gU-|tly 

w wt^,^d ,, , , ,  ,l(<y)    , >w5i , v^    ^^ ^ 

••  • tt.J M O.i-    .r,^,v     -^  r.,„   ^ ^   ko i5 B u 

».    Ä.n  M.LRf-   tu.    -'«WM   rie« A#art t*. c«.,. wiU 

•f 57.1 M (V.¿3 lr) th#lé# (U^t)î t   <>.#i,t« ^i 

l*»r.    In u..#   m'y  í3-r cent-cl* • «.  r^ir** f»r 

tiwi.     Irir«. CljMV), 

•mtvi UA   t t ,,,, it. i#    Tp ,^# wjkJ^ k cmirmU ^ r 

ft* 9m*rm-itHm     •••>» jp2,5--j. 

le •'•j**  'iwi'p*.    DtaM«#r O.f latte«.    La^ti 

ÍU«É*lt MfMlit« i„ «t^r^i ti y* tmki  f UM cm»rm 

"""M t# **»• «*!• 60 wir« i«« ^3«0O').    à cw(r«l 

lift le« p«r a^.  |B^# er , «itr©f«ii MppJj  >%t»i»M  i» « 



t*? 

Nr m «t*lae> ef f«o • nap uj* 

' •"•ü' ^«i*»   ;«• fap s*t«i4»#i' «ài eh e MI •«** nimtire-e 

éle»ejiUin¿ -jlurt te §•-  i*eidi-#    Fer Cl OC •,© C500 

s*>p*affi»r»«c5P#.*  f,nj  ce ; 4 iif;-]t  .©,„-.,.,,, r3W t# pvre 

Ai«* »i¿l   (»ttefti *fe«  nur ber  tf ».._•*«-; on» wen  «***i natie** 

te» W ferri*4 »ut  *»d n*f*mmry i .. fernet tan ek>t.«i»«<S wit 

«•Beatili^ tu"   riant  r»r x eiyi n* .-,,  UtnUfent  ff*eaeej»rm. 

fW »laut »her*,  «ut-«« eo«L-;  «re ài ¿h »*  ,|..M cent.rei ef 

tf*ra*iefte s*-*   m w»t*r trefft«.*.-   ïtr fcoUerf   i* e«ce«ti«* 

«à«« t*e e*?««4itur» «r íit000 te «7,f000 win  eeteeli«» a 

»••4 »f eftéeeeepen, fiere.aejpe« ni . :e«fej ci i cuit teleTiaie* 

•F pfc»%err»phic tue» ?eaera« «hi eh 4311 *»«el« m fere»« le« 

« ta* eeexijtir,* «r ¿RàK . ^¿»1^ „.«g #r fl^it to ^ 

»ili  «e*e . contriez tee» te pleut   »vailafciliüy,  ej 

setter   -î«itr.il   1,   *o  «air.teiïird.     Tie  c©et  ef 

1—iêiM end «eieteir.inf ri^û »i4* ww*t  h* ©ffeet  fcy 

iacttiait efficiency er inereetion »*<t »y savia« tia» a» 

le»**r i* UmanUi«*; pi ,Ät to #nMjlç «urejet *.«».! i 

•• W    MeV.     Fiant Ka* **** ,n !rit,é  Wj(i BAÍfltalií#é f#r 

M the W'.fìie of mtpeiUe« hy  traine..! «>rf mXfrL 

»m», tin,, ^»^a *.i(i(l >„, ee^ieaeetxiip; eaietiftg 

•eUfh kave We« prober ey ex»erieM« ft« »e 

te. 



• *l. 

JA 

m 

fj.i 

M 

T.4.1 

f^iMlplM «f 

applicati 

Fror»du;*M 

fbp«r 

Fltttr««e«ftt Ufwii 

•M*  IttëèlM   «4 

>*l*f«ft L** 

rati« 

*1|« Wit CM%« Mi 

llMMt 



. «I. 

r 

f»t 

fu 

TW •«••* «f IMéI t««*iag rw*m twm mnUj 

MB »• <M tfe« W«4 «f tfe« At i «»tie Oc««« ama op«r»t«> rellatUy 

Hr 20 jr*«r«|  «wn«# tkat «oon *4tr<MiJM)tj 4#p«rt  •* Usx», %m 

btMftiitf   » |»Mncti.i»  i* tu*   iM#r    ut* of s Meyel«.    I* tili« 

>•»" ft*I-"'r * limit.«* ai-irrop.^  is Mit te thia  Urg«  «%«>«t# 

«M tlf «a«*«*,*  i«   ,n L**k  ttiting of  *»*./•;?-reue Heat  • 

i**)« eever etetion «rtiï-t>e* conisi e#r§. 

Fer MOM tip« t*«   >voì opri« ut of improve«! ectHoée f»# 

•r  leek  t«»tjpf h«v#  ««<•*  in progr««« anë t** 

• iuft-rmetie* en tiiii w^ffc Mtj »« 9f vai^^. 

*•*   J*-*»*- tf friîtr T" r, 

fet«l ftore MMt fe* « »«eea*« ir fr—itj ihmee» *ie* • Uee*4 

•* ••* em »**e *'•• »a« iBiwr te tee e«t«r ewr-feee e# vie» 

Ml tw« it «Mt  IM detect«» 4.    It  if »««««aery te eerteellell a 

1***mt •  différentiel Mr»H the well »f tli« «eject  »eiaf 

If freee*ri.lM eee eie. «f t*. wall^y evacuati«*; «*• .1«. •* 

If a eétneift*t¿eii «f both.    Taer«  sir« Trmr napumli U l«e* 

tea* i a«-. 

•*      eWteeii®».       Kü«WÍ '.f   tint    *   1 »  Jr   if   rr>»e«ftt 

••    I*«»*it»,    tmoming Airr  it  i «. 

••    eteeeriptie«.  ftatirf leak  rate v* elee. 

é»    aaveoeaMet. ftatint: the eifftxfieaaee «f ta* lee* reto 

fer ta« aejer.ty ©f ,,i«t «»int«»«»*.« Mp* át it ^^^ 

<aeffe«*e*t  t« *e*e«t uA In«at« • l««ii tau r99^r #r 

U taUe i«!« a*» « 



• m 

•r ««Ml« 

7.M 

<*} 

t. 

a. 

*•       •••» «r fa*» ael.tiaa 

*•        lAle(M  4#t*et«r 

3»        BttfcaJ.r Tu»*- 

••        Wtriienit Trsnala4 .# 

Otfcar tcchfilqw»« ¿wjik m rtélmUn *• 

••••traawtarí.,  »r« not átsciMC'4, 

tW principi.« r.f tfc.»a.  ttcNM«,ua» «ru- 

Ci)      T«««r ar CîI»CJ1*.     With 9«,  ,;,4r  ,f t*. ^1 

•M atM|*«ric pr**«^   ^ %»•  »tfcer   * «.a*«* f«, , 1#§jj 

U ****  *njh'  *   1-if^t«* tap#r «r ¿«m«. A 1#al i9  4li|#-Ni 

If  t*#  flan. a* ,lg érmn t& ifc# 

ttt)   ir« »•»«ti-ajir   tas*la«.   Tki« ìBVIUM »Mtaiafffiag ««, 

•**•  «f   t*.  .«H   w-;tfc   a U^4i   tB  ^^   ^^^ 

•atte*.     Th# ctfniñt*   .ñi#   ;.*  r.»#„ a*«,!*«*  f.r lraMB #f 

ta* «>• «wir«. »  ^,>trMt 4aT»iaPar or  « Black U«*t 

llHf ,-il*»,«»iola: i~v wKich e«M«« tw #• t« nwmit 

aie« iateetloa, 

«ie* of tfc« •.:*•, rtj^t la a tata «r lik •/ «M, «, 

liquid »hilft    .AjRt«iuÀ«f  ¿* lat«ra«i air er *«• 

'• •*<• locctisg ta« l««k «7 ta« «eerfeftt »afttiee, 

it  la c m*éh : e*,t M  iamrac tifati« ta faaiee tit 

a%Ja«t « EOîJ ôr 4at»r£«*t «elwtia« «aa te acaUle« 

%» ta» ewter ^rfaa« »»4 fe^u. „1U iAéUeat# 4., |f<| 

•*a» ta» plant «r veewal ta a* !•«. t*«*., e«a »• 

•ith a ««* a*^ „ Tr»<m, er a ai*t»r* •/ 

tvfcraeiurléa  «e« «ir »à«« a Fais*«« Uafc Deteetet 

•a» »• •«•« te »»arsa   fer i*mê   in thê «,ttrial «„.f,*.. 

If a*«lra4  ta» vea«« i   e*a w  *vacuat«<l vita ta« act ««ter 

!• tfce .«tract«*«   ùM  •*« i*« Caa  apelie* «ft«».».!,. 

<Ui> Zajaai 



TPJW ••i 

Kt#-«t«r aar   a %mé praW a**«* 

•••»»•»•J» «laiaa* i» ta« far« af * ¿air -if aa^-artne 

platlaaai epüaaara ataaa**-ta<i  toy *  ca  ajn 

aaé«)   is in.1ir#etijf  i<**t*>4  «ná (.parataa at 

C.     TW MftyJf   sf   a-r   i*   crawa   tk^aug*   tha  (;**  katv«ar  tfct 

ta» piatir« ejli«¿ara   ay  „   «»ai     aater-<**-iv»-,   far».      í*h*  f 

U  KMI   W:  fcy   -*   j Mtrt   ¿ari*,   f.eWibU   3*ai*   ta  t/i« 

aa.itai M  tk<r   i»rti..-tlMF   t#»i •;*>«,   iat»aaa«aJM     HgM 

J   •*•*/** l a   MMl   ÍJOW.-Í    óV^p.l x*e. 

Iti       A ata» la aaaaiatua é^ü^^u  .^tínlly far  iaait iaatia* »f 

a* a« i on «•*d«nr««r  t**-a   *•*« a«**, éas^i bal */ I.M. 

E>4ia*»ria« Uta,otaria*,  C.l,d.a, a»^^ JaVV».«?3 

*•• l<***«      Ä»  kaaie  aaparataa t<a*a}>riae* a watf>r j*t  fwaa» *• 

• TMWM,  1   jr ¿ «»-te«« f a«**«, a »i.»*Lr>r jar, 

ef *eljtaaaa t«tiaf, ar..afi   „,iw ^ 9tk<„. --lill 4%#lw# 

»riaaiplt a* ap*.-tum ,e   »0 errata  -   /MM  in Ur  taa* 

»»i  »y ta« v«*ar jrt  pai*,  «jt^ tàa tuallrr jar «a4 vaavaa 

ia tà* tatraetiar   Una.       Ta ptaaf ¿»«a  , *0*«á trat rrt—1 

%t ä pra4atar»iaa4 *ai%« w*a* WfeaJ->r ^9>*^» t*ka« a aa/lai ta 

:iala tia«,  w^  ? aiaut*«.     »ara tt.a vtaaal  aaa a isa* 

Ma» »ui  l    i©.#ar,  „r  .t «u.  *ot W > *aaj»la 

%a raaaa ta* aaa« éaf¿-e« sf »a* l4t«Y, und alalia» »ui aat 

<ft)     1W altraawal    tr-«ei»tL    it    ^     lÄ u tacimi»**   iiacaaaaa* i« 

tat* aaattaa.     TW ia*tn*,*t  »».4 ei,r 4,ta«* ta« uitraawaát 

piani'« varas ca*a#4 »y * §«* 3r air iaafc ?** a ina—itMi 

•aaaal,  talspaans casia, »«!»,.  ,ae »j^ t#BV#rt    traatialt 

iflaa aa att4.it 1* raiaai ^w a aawaai^aá  «f ^  ¡.^í^.é.- — -^ • R'aNM er aa íkaUeat'af »atar,    â 

•*•! •*<•%• «alieâ ecutaiaa • iiraatiaami nxe 

pnaa«  ar« caaa*ct#ti ta ta« iaatr«ja»4  a-r a t 

fltmiaia aafeia. 



**«    tf    «    fTtfìMftfty   to»!   €;f   %   U   Vk   ; 

tt taf!« W-  f^M tfet  t*. M>rtt, ef I«*« ,f tfc# lm 

«•» I« étt*«t*4 *7 thi« ultrMMle tr«ai.ter !.•. t u* t« 

•t*M»à«r«  h«v«   *   fr*|t*«»cv   vitHin   Mita fc*ná. 

e»rr*at »iDciéir^   ft.»  fr,* «arVW t  shaolotF, tut In tfc« 

fi» /wr, to.^,  *.,*> K,r   ,*T, ,.,lar:y 8pf.:i#/1  • „ ent-i^riaf 

plm.t, rftiin   t»,r*  ,n ,-,,  fcf.„y   ¡ R fcti^ltf   ^rti. al^ly ^ 

*Äpf*Mtt  ;'!'' ^^••r   «i  »rc^e« piwit.     :.n rhi« fi,u ef 

*«*  Má-t«»,*.   th,  ;,«.tr»tlV   liquid  u4  ^*p  ttchni,«..  ar. 

»•11 WtAU«^,  k»o#*T«r with  th# ¿ncn».*«  im  tranaportâtiw! M 

•taraft at ittniM a»* *-i«iiar proaaft. *M tum frort« af 

r.fn«ar«tiaa a~l *.., ,Ipri t.,A#ylllt fc. ,t #llcll<l||-tr- et||#r 

¿•a* taaUfta, Uefciuaaaa «r »  WcoBing Mr* ua*4. 

lai amati aa «*f m>ié<m.9 „B a-jcdur« i* ¿1 ,mtL u 

•»!• Jé*:  196%    feti»«« far prr.ig *h« Gaa TigktMM af 

»M«, », Pr««^ri?,u PA«* prie« 35A.    *pt*»di. 6 iaclaaa« 

• H%lt«t «*/,  'aa*.* 1C'+-U3> t    Krw, «4 tooka om la* 

UHU:.    Äa pi->c*«Mrte  for   »tpJy.,.* ta. teekaiawaa pr.Tlaaal, 

MIMM4 to fcvAi- sUt'w soadenaars «a/ rtfiin « triff 

'^«itiit.    A »»war -taUan aaa^aaar ia . isrj larga TN« 

U"W'' mr*i** *^th » *%c^«i in tè* ragion af 345.32 «gfA* 

(2f 1*. If) «MtaiaUf ^»#r^ taawaa. a^f.rrwa tata. 

*np,ml11 •*" •**•«*•• faataaa* lute tè« ta» «M »lata«. Tara«** 

tèa tora .f tèa ^ tufa »aaaa« tèa coolly *«tar fnm aa«, riaa», 

1*« MP Molli*  t^r,  *.>*  *j ctmémMiag thm **kmmt «it« 

frw tfc# t,4^i»« •• it  «•>!• t>« condenMr •«•11   :rcatM mi 

f : 
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•f Is* treated hoileâ   fa¿d wa^tr 117 ta¿ untreated -o*U*l 

asitsr «¿ta cou»»qjiîTit   fi ranci''i ]ose««.     Ts* a,.i»lity of the sslls* 

t—é vettr ia aonitcrst? r-y mMMrlM it* eeswiuctivity Min« • 

Maaic recorder, which *ill Lidi cite vhen • l<»ak above a niaiaaa 

•is« has occurred,  ttc wf can s,-j » leak h:m bean detected, »wt It 

1« than nf-eaeary  tü   lo rute   i.. 

Aeree« to tha to »^Imc w*tt.* *ide and tha end« of tha tsaas 

i» obtainable    for leak t.teti? with the plant in tares diffai 

saaaltion«. 

•• Chut down,   îtfto.-,pT TxC pr^atiurc   both aidas of tha tat* 

«all 

%• finit down, stasa nid' Tilled with water, giving a 

él/ferentiai acron« the tube vail.    Head of water 

la ataos ehe re. 

•«. Load r-xluced,  cooling water sapaly cut off to one half *f 

the oer.deiwi' r,  and vacui« saiatainan'.    Freesure differsatlal 

aoroaa tub* wall  fro« ntncspasr« to vacuus.   Only affli ««tie 

to a tain or split condenser ayatem. 

f.)«J«l* taasr.    Plust condition ;c) Vacuus on at e am aide.    A li gated 

tapar or caadle is pssseü o»er the end* of t\* tubes, a tats 

With a 1-rge or gross leak will    rav tue liase inte tha ásala 

•f tha tube.    Thir  teoijiiqut   'oquireB  the irunisus of equi feat 

aai can «till b<* useful wrifn oMi?r sore advanced techaiqusa 

sjr» ast aval labio.    As * naked flaae is used attentiea aaat at 

aaid to posaibie praaeac* of ir, fi ¿amasi e itaospherss. 

T«%t*t« Flaarsscoat Uouid. 

To Issate leaks la s condenser by this tachrisae tas alasi 

i« aast dava, tfc* condenser shell filiad vita veter to tas 

sjiuaatt flaage, renài tior t, and a saall aaoant ef rinaraassla 

la added «feilst filling ia ia progres«, so as ts obtain fairly 

dispersion »asi saluti on in the water.   The sasatity of 
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2.3 

nwrWMli rooojlrod rarlM accordio« t» tao 

â oooo of 50 p.p.*. (  ,  ifc. »*,. i0 tWi# of wH#r) -w|iU ^ 

»*»d A,r* it  i. «iMir^ tf) -roid „ÌUA, fQr ^ ^ ^ ^ 

to dry bofore oxaainati«*,,  but  ,uch rwiler dooes,  ,r  ih. 01 

of 10 p.p.m.  or U»,t wgr b, »dequot. «r.r. tub. pLt.s ar, «try 

«i ta.ro xa oc dilution of *h. l.akii^   rluoiMc.in «luti« », 

"°1,tttrt °" th* ^-^ "i- the plat.«.     QoaoroJly aporia, f tho 

OOOt of ta* Ll*h,i   -Jose« i« ce arid,  comp^ed wUh tht   coot of 

ti» ti« mtPd ,n (iryim. ^t  t;je  tube  pl-tts wd w8t#r ^^^ 

«ad wry amali i »,.*., „re ra(je ^ obviouili  that th(, ^^ 

doao ahould be ue.i. 

Attor th«  fluortac.i» solution ha* »ooa ir tfco ee 

f»r « fo« «imite, th. tu»* rl.tr io irradiatod with Blooli Uff* 

tnm • loa» iaa.rt.d through tao aoa-hol« ÌB tho »tir box 

eoo», Aon look«, .round f,rrul..t ^ or craek#d or ^^^ 

t«Wo, or .round »Uy-nut. io inotontly r»v.»led by . bright grò«« 

fluor.*«*..    Troce of K,»ao *rd certain stallie oxido» gi*» 

ri- to polo blu« «d whito fluoreecoac«, but th»o* ar. 

•lttlnfiiioàtóle fro» th. Aucreoconte duo to the leaking fluoro»*»!» 

•olutl»,  oarticulo-ly if the roe   *or flrot aoke. Mooolf 

fMlliv «itti tho Utter by üreet »x^ination of « f« drop« 

•f ta» »olation plac.d under the \!%ma 

*W MH »recodar» can al.o bo uaod to éotoct »ai loooto 

!••*• la task» ma eeBtain.ro or a poaotratlaf flow torti»« «U 

••7 W «ood 1» Wth coso» rtoviag Uo nrUraoì amrratoa »jujo* 

Bloch Lifat. 

ÄlUt tho UM of • oc* », ¿otorgo** -loti- i. mil 

••tobliohod for look dotoctiag «•« locati»« 1»*» mm fffOUe 

to tho'outor »urfoc. of « pr»souri.o4 *o*»«l, tho applicati.» 

of * foa. to a h«at exchaagor tubo buadle UM the rer.ro. 
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•fftJt*.     I* tai« CAM a 1** la • tab« raault« iB ta« feaa 

Wlag «wca«d iato th« tub« «ad, du« to the vacuai in the condannar 

Uà. *aitht Coabuation, 56 (9) V-3, J965 in an article entitled 

"fcnariene* with th« use of Foam for Condenser Leak Detection"  

étacuMod the advantage« oi   thie technique and investigation« 

being carrird out by C.E.O.8. S.w.  Region. 

With plant in condition >c)  the turbine on reduced load, aad 

half of the condenaer  recessible,  a fu.-MI mixture  ia quickly 

on the tuboplates.    With vacuum pr-aent on the ¿teaa aide 

a leak in a tube ia ahown by  foair bein* drawn into one of the 

tabe end«.    It ia necaaeary to use a foaai r>f the ccrrect 

coaaistancy nnd near., of applying it quickly over  the surfaca«. 

7.3.2A.    Halogen Leak Detector. 

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

OMiiMir und«r vacuua with on« half acceaeible fro« the water 

•la«, ta« halogen detector probe la put at the air extractor 

«xaaaat outlet.    A not?le i« connected by a flexible hoaa to a 

*7li»à»r of Arcton^dichlorodifluoroaethane a»id then applied to 

ta« «ad of each condtmaer tube in turn.      There ia a wait of 

30 »«eonda to allow the gar to paaa through a leak if 

and for it to be detected.    Thua thia technique ia ua«d 

ta »arify aaapact leaka rather than detect leaka.    Alternatively 

f locali«« the area to b« aoarched in detail the Arc ton gac can 

ht introduced into the top of one of the watarboxee with the 

door« cloaeri «nd „ith the halogen detector cloae by th« air 

•xtraetor «xhauat. 

aaaalar Tuba.    U«ed to verify re«ult« obtained by other tecnni«a«a 

*.f. fluor«acein or foaa,a*7 be applicable under condition* «toara 

thay caaaot be uaed. 

Procedure. 

1.     Th« plant off load aad «aatdoaa. 

; t 

Hi 

li J 

I. 
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t*       OM«JI fcy «ifhtinf throu** thoa that th# tatet t« be te«t«4 

Mtt block«*. 

**        Flug the far end of the tube,  u*ing a corti er bung »Ai«* ••*•• • 

leak tight  joint. 

%•        Connect th<*  vacuum pu»o to r   «uitable witer »ttptiiy **d let water 

go to dm ina. 

5«        Inuert  the .suction p rv bung  finu.v into th« tube unW teat 

ft  little  v»ru'jm frt>t?:.>  cor'fining H vacuum  «e« lini? compound, 

6»        Open  f.ne vnlvo or. tht   »»xtrncti on lin^ *r>d  v¿»cuum wilL be rai 

in tuo«. 

7«        If th*rf: is  •• large leak  íulL  v neu va will  not b«--  rmiu*á and 
the valve 

on ehuttinr^tho vacami will   Call funi bubt ! ' .*  »rill continue «tal« 

it le  falline;. 

If therv> 4p a arali  le*dt, 20" to 25" Hg ^\V1  b<? reached in 

•bout 2 «irutcc.    Shut  the valvo,  vacuum will   foli, too alovly 

to b« observed but bubbling will  r.on1 inue. 

A sound  I. ito will bo „r.<Uc»tecl if on reaching 2^H Hg MM« 

th« test vnlve Í3 e' ut  brbblinf ¿¡topi; within iO Esconda. 

If the ßt..-v:dby rondi tior; th    water puirij i.:: run cortimioualy 

with the valve dormi.       Be ft.» re «topping th.»> wflter   > ì*P th« 

•»traction line muet  firjt be brought up to atmospheric prf—f 

to prevent water bein-j ßuekr-d back  from thf pump to the bubbler 

Jar.       Either of the ou rig;-: in the end of  the tube may be CMM4 

out gently to do this. 

7»3«2»6»    Ultrifonic Lenk Detcctora are ¿-vaiInblc  fro«; H number of 

•anufacturera, and a wide  range of appiicr t .«v,3 aro Hated in 

their literature.      There include leak detection on cheaical 

and other plant, prespurized telephone cables, preseure and 

vacuus brska md control  uyattu»«, Keating of valve» in «neloa+d 

or open óyeteme mid corona discharge  from hiçh voltage el«Ctrlc«l 

supply systems.    The majority oí these applications require th« 
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traaoaWar or arato, tm attor aaoliaottaa*, ##f# 

Mia* a caotaet ^ i. ^^.      a***..^. aagiaaor. 

B.a»a Waa «eciiatoo«»«-  t«   ¿a«  MM«   fo,« f,f  »tatra^cnpa  ta  Hataa 

ta tha char attristi,-   co*r ,s er   Wl^:  eirwwati o* rla*tt 

M ta« ultraoonir.   fff.qu.r-ry i»  mi   ,»©„*   t„t; -l4rtiki#  r^|f#f 

thara  «h©ix<# fe«   L*>«*   interference-  f>oa eounáa  %ria¿m»;   freo 

•tter aaurc«a.    Tho  proemiare   íH tJgPl, the pr«**ur«    »«i I«  the 

teat eajact  forcing  lir or MB  out throu<çh  the   :*>*-, r.n traaer 

taaee or f»p#ci*l   Lighting HF*  raqui reu.       Phyairil   cantea*   is 

»et neceaaary wh.-n th« microphone ib *«ed  tK« hot  »ieeliaea 

«r pipework ©»er higjt  ipuitage  tranafi)ri<:rf  far fire fr«f«»»tiea 

purvtmms cari  b* teeted  without   ru^ding a piai.t outage«      Tho 

•aerophone which in eenaitive  to uItr<.»ound ewr an **(i# of 

aperoslMtaly ¿0    13 «canned ©v*r tM »tra* er atejeet,   me a la«* 

%aVa detected ia follow! to it« aettrca« 

7»1*»0 *afety »ad Pr«»«r>tio^t 

7.M Thare ara ««Tarai  asceta *f eaftty te »• ccaeiéaroi.    Tao 

aoillty of tac vaerai  fcei&g tarta« te eta»* ta« ereaetree lavala**, 

a.f. weight of v«ter *f*d effect   OR ¿ueportiag atri*ct.ar*=a, er tèa cai 

of a veeoel darían >d to opérât-    andar »»cuia ronditie«« whira ia 

»reaoarized for leak  tpatin*.      Th<-  affecta of a failure >it the 

»1 wail at nadar teot *lth the caruiaa**ant   loca ?>f  <* voi eoe ©f 

>, ar exploeiv« or ia*loaive  Rctiea attat fc« cjnaioered w*oa 

»lami »4 a taat procedere.     TW uà« of »*»*rcà or traci» ga. a* eoa 

invai*« a riak either hocete*  (1     tir- fa« **y fora ar  t^i'*iK 

•latitre with air or (2)  it Mgr haw  texit ^r aej* „n^at erefortkao, 

If a March gaa fra« fra« either riak cm aa Oktana«* u«e lt. 

Otaervlae a gaa with a tomic/uapayiiaat riak -fcich «.a« a« reoueee) 

*• • «lalajai ay arecaaitioaa iti pre 1 errat;» ta  -r* with wale* there 

ia> a riak of an ntaloaioa.     Th« h%n-11i •r.t'-aarport .mi 

of eyliadara of g*** murnt alno a« co»aiiar«<l. 
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vier* faraa art to t* MW4 M*MUI af rant ti «ti on 

M.U  "finked   fia»*«" M tk* t*»«r a*4 Kalofaa. UÉ 

aVtaetor Met rot  b«r  u«r--    m »r« s *rf-.#re  i « f "i waj»«b > vi*r«wra 

ra« eirist.    Tn*  finnl   nsp»cta   <re *l*K¿ir, -¿-ti  aufety when electrical 

i»jatria»ent.»   *ni   . ialiti r-.r>  i-n   tuvol»*-J  nutria;   ¡<W TO It afe Blac« 

Llffct   La*?«  in  wat   a.ti. iti ,.*njf  *nc*  8:*fr  ae.'tmi of  ttfveaa by 

pravini or  of . caiT     4irtf pi«ti'or*n ot.-  wh*n  'rqiair*«'« 

*•*•* mrfstr?ni- 
In a>namJ   »h« (i#5fr#« af »reparnti on  refuirad if not as 

graat  %• in e.*,«   othíT M.D.T. »atbadn.    Surfte- *• «houli ba elaaa 

•Mi  fra« fr©# loo«*-  d#(tri.i(  flkinf faint   : nd sc»l«   which could 

¿at*rfrr« with  tha   »*»«t.      it' the  «tr-fnee«  can be dr>  tin« ia 

J/ r"»ffrabic.       «ft»* ih# h id »feri   le<* aatector  it» to W 

clean:»"   f"i«i.i« nuca «h tricnJor«t.|jjL»;r.a should be fcept  «My 

fra» tha t«îi«tinf m'«» mm they will  »ffec:   the teat. 

7.*.3   lllpaynt Conta yid   Savjfy^ 

Ja%«J»l« »atar Aoì ibi.» KI JO rear-in pyef ¿rice about  r>;/- f*r 

•ii«f "* i° 5*»  r-ack  ©fct'-'i.ritbi*  fra« Cerifica1- frapplitra,    Baak 

llffct laaip«,   tow volt <,;<--   U.ae than £20.    Halogen U.* Datactars 

liaatcl* t::v"r.      ^Itra.-orlc trnnalatora *4¡o»it £120.     lu»»lar 

ampare*ja -:ct  »'>'    h*n £20. 

á laafciaf raoJatAr oa i c«r er trwcb Male» tila«» tfca 

to *rai»  ir./ «id rffhch    n tu-«   j.*  rej,! «biaba* fef 

att'j   -^JI  i» J  te *  tacke.í cyjinani   birek,  coat of 

aiaa TO«* ©f nor- ,vai¿ab], •. tj **y b«t   ics«  ti: an Í100 or  ¿aaaiaaralif 

•ara.      Les« rf rnf rifar<**t  [% m transport   tan« could laaa* ta 

• la«* mî ni'Y  i>*\*ß, w .at >.i vi tie   vumiaj  irof „tinta.      A laa* 

tfcm*f» a «ali ir«  •» atoragt tnaji     >at%inimr  .ennaaabla, asvlaaiva 

•*• «arraaiv* liaulâa  er  <a**.- c»  r-sult   in   u.ss of Jifa,  iaajagi 

ta »r*a«rtj ma lea« *.f  proí^.t,on, with  "Ofc**(j(u«nt larga fina»cial 
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I« aaver »tatioaa tlM eeete af leaka in 

tea he placed nétr two heediaga: 

•)       loa« in afficiency du« te reduce« vacuus and blevdowa 

due to net being »el« to locate and plug a leaking take 

wallet on load. 

CI,000 slowdown loanee per aonth 

part of £3,000 vaeuu« loaaea per anata 

Flgurea for A atation with 8 x 60 MW acta, 

»)   Ceet of locating n leak. 

the fluorescein technique, which ia the étendard aae, 

reeeirea that the aet be ahnt dova and the at*«* aide filled with 

«aider, and ecceea aade to the waterbcxea.   Where a turbine ia 

•hart dam for a ehort period of 3-V hour» overnight then a 

Assidacela teat can be aade, although for email or evasive leak« 

aVVtral auch tenta nay have to be aade or euccesaive night a. 

• ••* *• °" *•*• *<>•* and a opecial outage ia required than 

teat of taking it off load to can/ out a fluoieaceia teat 

fro« £200 to £1,000 per hour.     Tor thle reaaon and binasse 

lsrge aodera turbi nee hare passier type coesenserc, which are on 

Unì Mie laeal «a the LP. cylinders alternat i vee to the fl joreeeeia 

tMt «hioh can be »applied with the aet on loud axe being aeught. 

At ten ea-lead aa uaed here seas* that it ia     possible te obi aia 

ta tha tube platea of one half of a coadenaer, or eaa 

ef 2 or aera whilat the aet ia on load aad vacuas ia 

Lstslsed la the coadoaaer.   Because of the relatioaahip betweea 

ir leaka particularly la coastal power atatioaa and boiler 

eerreeioa great iwpbaaia ia placed on achieving and eMntaintag 

et andar da of feed water purity.     If it were found aeceaesry 

!• take a 900 PW set off load specifically to locate aad plug a 

leaking coadenaer tube aad this required a 3 day outage the oast 

would be £60 ( 000.    Whilat theae large figure a refer to apee i al 
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iWy —ry te i»4ic%W tk*t 1 

I»» • M«t for pi «it »aiut 

(•)       lrltieh Standard %V:   > 063 

Matfcoda for provili«; th* fa«  ti^tatM «f f| 

»f»aawÌ6*d   ni wit, )V- »»t. 

(»)      tritieh ftaMiMi-ij 29^1:   f.-.rt   i  lf$9, 

(Uaarary of term« ustd  in Vaettua "tTlm'fi 

Part 1 Terme o* (lew ral  Applicati.» lé/- 

(•)      Uak Teatina tri H«s>y frig-i n««rlnf 

C. Harrod.  *.   Sc M.M.D.T.I. 

•ritiaa Jcun^ü  1«.IM. Nanu,  1*4, a**M I • tt. 
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Of tfc# P.*.?. •at**«* 11**«4 la tèi« paja* ta* 

«Itrawftic MilMMi M« VJM win«»« M*** «*j a»»,it  «Al«* 

f*r l«e*t.in¿ ««J   L,ïf r^ifjtm/- »**- *wrf*e# ««fart«.     It |ê 

taWé  fa*  tisÄti,.^ *.ll*  -imd   **;%**t«|   ri**tt#« NW*, 

aaW aal»* fer * • «***#,.     C*--"*»l<» .MMî  '»iclu»«**  tmi 

a* ta*««, iam**  «MU «M.-*.       *»**i*#; W»ri»#: lini»,*«  fM 

*S*m can ka Mt.-i s>n    ,  »•••*#>  r»^,-. *f fut-ri*!»- 

cts,    ?->«•   limitatien«   ir   mnj »pai. t c *l > on UF> 

Urlai »if*-,!,»«», .->}»»«*><?    iwi t«<«aj»irf «f tu*- 

•*#••*• *•* •í^:»*tóibiU^y mí í>*rtmr+m ami amrtm— 

nadara. 

fato t*r» M«*»ij*r'  WMi^i %«•< •*»« «f vifcra*êia»fl 

fraajaw» iaa in  •urto • i*;fc  rh« Vjaaa ••* la rmini—iati W 

!•».   ?0 Ri ta A; au:-..     ViktaiaiM  ±*>re tfei« »j^ar liait 

aW «aJl«*i irtt riattane   *r.H   rm¿*  U   ¡>f .Véit,|  iroi¡ JQ y^ ^ 

IgÛÛO MB.    tTi*,ra*©»îi<* •   ./«*,  fer« 0Ä,t  #f t,h# M. «««tie 

•r-1 ara laeàwif *l   m*r*A»m «au.n ca*  raaéily 

ai tàrawfe *vm$mmm •**».«• «auefc poe«*«» »iaMUlty, 

Ute »««la af *! tv-*a«a>i«  thick -»m m* fca*r«*«nt  -»f 

é»fMt «*t-cUa« prMM.4, K i« tu*  ïm% t«*t  f«r  « «riva« «jpa 

•* ••»•rial, a.g# Ktrtl   ->*•   *l>*niri * tfe«  v«.i<*>eitj  »f 

•ttraawai« «%*rgj thr©*«* tr;%t •««•ii*i  rtwiw 

NMtaa*.    fW« «7 l »><••.»»*  * pula« af a%r»*»«i« 

tè» r«lM a«« tà>  t ,*• -if  t^K   arriiaj   »t   «  -r.t.ar *• tè* 

Lt» »i4#,   »h*  traf.«.;«;«, m „r tra*«!  ti«« «f tj 



-fi- 

ta aanaa«   ÎW UHasaaa» »f Ut »»M ^|ft w 

értagajia** fr«a th# fámula 

t    •     *t KMre   T   i»  «! tracie   velocity   ill   tH«       (1) 

••«•rial aatraa/arcoaj««     t   ia tiar#it   bla* 

la aaeaartc.     x  i* Jx;-t*jtr*  (thica»*;-!*)  iR 

faa. 

c waraa i» «i^ai MI.   velaci by «f alti 

I« •*» » 10? a/s. 

TW« traa«anaMiaa ttcUi^f r«n at«» t>« aa*4 ta 

«atari errtaia \ypmm af ti»t»r»ftl  <Wai.-ta by a« 

•f * «•*•!•*••  l„  th«   r#r.W.¿   aigrtal,  Wt  tills  irawlrr* 

••****  !•  WU   li*«*   af  ta«  tVa*   o*.j«ct   »4   «ligMMHl  «f 

traajajáttar «M rntlm taa« Ila* Uà* It« afjalie.Uaa« 

t* «Mel« tartia« ta », carri*« ««t fraa «*. «té» 

«lf9 a** ia Me« af tk» fact tfcat •««« »artiaa *t • 

r*aaaa)itta4 teltraaaal'» »••§ à« r«n*cta4> at a aw faa« 

twa aa+M« with áiffrrtit  aeaaatic 1*j«aaan«. 

li« Ia*«4aaca, X   • rv (11) 

• la 4**«Jty »f *at«riMí 

t la altra*»«!« ralacity la ta« a%t«rial. 

%• MfK* aar fea •ataimal, ..«. «it«.«a ta« latftta 

• «t*al Wr aai «Mrraaatfiaf »ir, #r ut«raal »#i- g*^ 

aa«rv#a«4l fa* ar al««,    fkm mtUti la la rjAarl lëa 

litta« i^ia. »aaà t* »a« r«c«¿f«rt life* am ««fca 

ratarnla«, •» ta* «nia« trapala UM laafUi (tal «fea«—) af 

taie«.   Tai« la ****** aa ta» pal*» ««*» 

tltr****>i* aaarfj «aa W g **«r*Aa« a*4 traaaaall#4 

attWr aa c*atl*a«Mi* *•*•*, er aa aaart war« f aatiti ar 

pal***,  ea»n*a*%>a vavaa eaaot  a« yumé ait! ta« »caá 

II 
SI 



wmm 

.      *~:     . 

ani «o tie pulne «ch« t/p* of equip*« nt is 

«laVM* VftlvtrAal ly ««#4  for thickness ««fimire»#nt «Ad 

é»f«ct detection.      For thi entibar, •'vteurcnient m    'ufi mimai 

*T9* *t ultraonic ff«|uipni*nt:  v.« available, which irnke« 

•' *»• principles-   )j   rri*or;.-U:'<•>.    Equipment.? a:   thie typ« 

•re u««<l  iu the  U.K.   fer >,ro ¿u; tion rtthtrr thwi «Manti«? 

»4 Will  «/;!• be   urei»*», .t  further in thi*> paper. 

4V«taJ     Armi Piagram of mtrwnxc T-Av liv-ho Egulp««nt. f^| 7 

Ä« «*«j»«nce of »vent« tc  •,.*  fol Iowa:- 

fto trir*«r uttit ¡-«nd-   un   ini Mating signai   ^o the 

tr»m«mLtt#i  irirer, and time-b.-jne circuit«.    Ti»*» M.«- Irai 

•*»•" **• «lactr«* beam *cro«fl the C.R.T.  ccrean,  fra« lift 

to rlflfct  (» wie) at  a uriforw prtdeteraiiï«d rp««d.    At tlM 

•mm %im* the tr«*«aritt#T  di~»v*r «ends an el«ctrleal pul«« 

I« a*«rgi«« the j)l«*o-«l*rt.ric cryetal which ror.vert« it »• 

• patt«« «f tutraawwic  eaerff? which pa»*»*« into the te«t 

•««•rial, thi jugh which  it travels until  rrtiectei at an 

tat«r»aJ   f*r external   curiare,    ¿cm* of th«  reflected ultri 

in rac«ire<i bj  tht> pi••*o-*l«cirio  crystal which 

1 fermi, it to « voltale which i« t««r.   M«pJLlfic-t, eed appll«« 

t« tlfcs «orticai   4«fl«rt1t..n  plat•**   (y *xia) of the   (1R.T. 

•jp«WÍMg  m * blip ori th* stcrven.    Thi* ^ycî« ir r«p*«t«4 

JO to> anOO ti«*«  a -î*c«md,  the nuafcer cf  repaUtiona toiag 

•1 the «jnftcfcroiilecr -w4 tricar unit.    I«  figura y 

1« «how« a« »*•  ao th? t 10 «a, on the *"~1 Halt ll 

L« <«rr«ap«n4o to a *t««l  tMe*««*a of 10 av.    A aingi« 

i9 ««r« «ci«, compression wave pro««  Le pnaiti««aé 

At A, sifmala 1   Mí 3 art '**en.    Vith the prob* 1— "liuti 

•t •» •*•«• • laminar typ** iefect, signals J, 2 «ad 3 ar» 

rUifcl«, with a dW*cr«:**e    n th» height of %    Thua th« 

Alatamc« of the defect  fro« th« cux-face can a« state* «ai »7 
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tha probe over th« aurfac« the length and width 

of ih« defect can be mapped out. 

Basic Roquirareen?;*;  for pul^o   »cho ultrasonic equipasnt. 

The baeic compon» ntr. for o parral purpose pulse 

OCho ultrasonic equipment are nc under: 

ft)       Electronic circuitry enable ot generating electrical 

oecillatione i-anging from J.5 MHz to 15 MHz in pula«* 

of 1 mieroeocond or »ort- duration» 

»ectronic trigger unit to initiate puie-.ue find th« 

CAT title baee and to control the pulse rapatiti©« 

rate« 

A pieao-electric transducer to convert electrical 

snergy to aechanical energy and vico veraa« 

A recai ver «plxfier. 

A aeana of accurately measuring tiae intervida frea) 

1 aicroeecond to 2000 ni ero seconde.    Thin may be a 

cathode rey tube (C.R.T.) raetsr or a dißital 

prtaaatatioii.      Items -i, b and t are contained in a 

C*M with power suppliée which is connected by a llfftt 

fl Jrtblc cc-axiaJ   cable, v ich »ay be up to ?0 Retraft 

ia length to the- transducer. 

The trannducer* cotsnoiüy uacd are quarti or cernale 

lv known aa cryatals which tranafor» tha electrical 

to »echanical energy, and vico versa, by the pi< 

•lectric effect,    fh« di**-tars of cryot>*ls in coaaaoi 

rang« froa 3 an to > a».   To protect the cryatal and enable 

•lectrical connection* to be made it is raounted in a metal 

Bolder with proviaion for a wear plate on the front faca, 

fra» which the ultrasonic energy rail atea in a be «a, lika 

light froa a torch.    The coaplete assembly of crystal and 

•ovating ia called a probe, and the type previously deaeribad 



- «3 - 

i« • eaaptassioa wave probe.   The other two m. type« of 

•rt tho «he« wave probe and surface wave probe. 

A probe any contain a einglc crystal which alternately 

•iti and recoivo«, or two MparaU cryrtal8f OM u 

«d one to receive.    Alternatively, «ùngi* cryatal 

»robes any be used in paira, on. to traneait and one to 

receive. 

u. 
«Uraaonic energy CM prophet, through aatorlala m 

• Motor of wave nodes, of which three are noraally used 

im tortine.   that« aro, Coapressional (Longitudinal), 

ma aurface.   «hear wavea travel at OM and eurface «aro« 

ê* Ùéfy tao •tlocity of coapreeaional wave«.   Only 

•ro generated by the cryrtala normally ueed, but by 

tiag tho cryatal on an angled block or wedge of perspax 

•r pianigiana ao that refraction occur« at the mrfae« of 

ts* workplace, the comproaaional wave« are reflectad and a 

of «hear or eurface wave« are trananittad.    those «rt 

•hear wave pr-ob*« „^ «urface wnvo proben, 

the degre* o" nt^]f> its decldod by the ,.t#riala of ^^^ 

**• wodg« and teat object are coapoaed, and tho angle that 

tho incident ultraaonic energy aakea with tho nomai to tat 

aarface of tao teat objoct.   (for dotali« of the liadtatloas 

m cholee of angle on« of tho standard reference work« «hamld 

W ooaoulted). 

fans tho ultrasonic bean can be directed at an «agio 

ta tat nomai iato or along tho surface of tat tost pdoot, 

• sjatter of great iaportanee in wold tasting and rrthtr 

•PfJlieation». 

idi 
¡ '-i 

¡it' 
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an»li«atl«n« of Bltri«,^. f?f 

Ths Min re«cous for using ultrasonica for yriwiMit 

sad nt enanca are firstly to ncasure IOM of natal aristas 

fro« wear, erosion and corroaion, secondly to locato c 

and aiailar defects, thirdly to toot for adhesion or 

bonding and fourthly fn- v«ld testing. 

Istabliehed applications includ* the following*« 

1«    Taating ¿-torada tanke for corrosion and thinning« 

2«    Thiekneae and corrosion ourveya on ahipa. 

3«    Corroaion and thickness aurveys on boilor tuto«, 

*•   te-straoa moaauroiacnt of high temperatura plaing» 

5.   Testing rivetted boilar dna» sean* for later-rive* 

o raking. 

••   Tasting turbina and coapressor biada« for 

7*   Tasting bolts, studs and rivats for t renovaras 

!•   Tastine conpreanor «hafte and railway anisa ter 

9«   Tasting rail« for crack«. 

10« Tasting porcelain inaulators for 

11. Tasting weldo. 

12« Tasting blaring lininge for 

13* Tasting imparhaatcr tubea for 

tr 

thiefcneaa aeaaur—*nt. 

Tai desasa measurement« vara rasali ai sa tat 

winding drum of « crane, widen «bowed extensiv« 

Aftsr flats had bean filad down to tha bottoa of ta« 

ths ultrasonic probe could be accommodated.   Tha sltraasais 

aWSamraaanta showed tha thickneca had dacraasad frsa tas 

Original 1$ in to I in at it« thinaast.   Tai a UfOraatlaa * 

raanlred to enable a decision to be aada oa wastaer 

ootid remain in use. 
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elraaf»r«iiti *i  siriani    K* 

*~  r..,.rM   on  thimu       ,t   w   ^^ ^   ^      ^ 

« littl* 1««« tte, 4  ,„  ,« ~ 

./  • «  •(.•>Qrt»«ttl/   lñ i».     r>n<.   r(r-|ai 

"**   *lrh   r««    i«tO   the   bor-   o-   .   4-il ..4   Ul »" "        ^.   •   l'i! iti  IMI *   *(,«-    Ä).gj 

-ti--« to b. -, iim.  ,... lM. .  tii  ,n ^    ^     ^ 

1» tk« here «M •pproti««t#iy O.í» i«. 

• *"*••* !••*•    ?.% i»ch «ttvwt«r#    TWt 

••*• • tata.1 ©f go «tuda M «—^       »., 
•X*U •* <m* »«ài*, t«   N t*«*.*.    ft» 

•**«i »f tà, .»Wie* »- t. «We* fiw. trwww» ,r«É, 

«*• ••thM of  caii.r«ti.||  «M t« «M  « M« ^„^  ^ 

r»f«r««c« f.r «^ti«« t*. -Wtt« ««te» p^tt,* „ «* Um 

AU 

•  n« •*, « a mi«», »r f te • i| te 

trmm tta te? •/ u» ^^ «â» »tte »f «te 

•*•«• •*• Wi^ H«*.*!« «Ú, te pi«**, 

****«»Ua« ihm *r*k ** „^ fPafïW^ 

C^^Ittc   1»M   Of   «.sJ   #f  »t^  #rt**, 

ttet  ta« «ÌH4 ia crmûfé ca«^l#t«l7 «ei 



. m • 

Ma* 

UM 

il. 

m t.-«*ai««K-i.iig mi    iltrtf«ikii  ftqpfiiieatie* tk»ra 

• **«a>#r  si   <>m'Ujf •   n« V  km» La «i*-i, tha «Mit 

sf  »teifh  m *..->(•   9U'.  i now.     Iwtvi r,   f«-»*   ail 

%k»   ai«*!«.-,..   !¿»*  o       |0*f   •»   í:    Jí*   ,i'    ti».-   fiorii   ÌPVol*«d 

«94 aos«  »rjtp'-r i.ir«»rit%i   w. » t.   «:.  t   fi^sl  K^H I LIU; cantftiaiax 

**"• ê*f»c* -.,   h#tar»  r *>**»**« 1*4  fjit*  t^att*^,  «úlíaH ta 

***llaw.téf " »cf% ,f   -»«vier'» a»-». tavalv»¿ a*«r> ta *a¿*ura m 

naMw-aa fml at»al i <- *t i «* • 

'fa# f>-ftt*rs  -tr*-. j- 

,;H "Jglffif, 

nit^aaaaír   raerjor t« «tt<->«u«i4*<¿ «to«« »acting through 

fartavlsia tej    e»tt*rf  «Aawrpt.o«  -íM* «|T-«%élA/> ai  th« b*«*« 

P»r a «ivar  w»-.t*f- i il   th.r  ihortjr ti»«- wivslanffth of 

a» «aflia« \*.l t r »enin..   Uwi ta* pn^r  ia ta* attanuatia« la 

a*a*l«« tiifomgíi   tnat material.    T>m» Ly   iiM.rrabine t«# «aval 

• <T«a«f íF   «ttrnii^tlür   , •?   .irnrfd,    Th.-   #• ' 1 *<~t  i« tkat. 

«Mr«#r    a*    tí* t^r» ©i  « *«t«<  «    t,)*. iong*r tk# vavcleajtà 

f«r tr>«iaa larici mi aaarc V. m la*» r tk« ultraaoni« 

In  "«al"-«at  -r  r-*it©fîs|>hy t«>r*  th# radiant 

I« «Iftaaifi»« ay • .'#l«ar ht  m «Urwaoaicii »tv«] .»««til i« 

áafvatly «**•!.     I*«***» ..itraaam* ««arisy  ia ««atrally ría* 

ay f»afaa»«7, «jrpr-s^-d m •¡.-rt.z («/»). 

fa* wa%#¿««ftl.   ,* *rj ultra««*: ; »au» ¿a 4#tt¿«l*«4Í ta- 

ta» fasta««, ta« ïrmv+mry  »i «kiek ta* crystal anilla««« 

flBi tè-; *aL«eity ©;   ti* •iitraa*HU'- «»rQ ia tk« taat 

t*« *tl*ti»*>Mj   V-t««»f. v«*«l» >rth, aywanl    A.       fn^Nvf 

»1   / «--i n »rv^u.- »»iocitj  «y**©!   v       i„ , «atarial 



-«7 . 

2.5 Mh, tata 

• « IO6 UM X «in w 1. M * alwa» ^ 

•!••    Velocity ia .t»#]  .5,900 ./«, f 

9,1 x )G* 
• 2.% M 

1« U. «mj»»*. tn UNI .t .  ft-tajm, «f f.> 

•b »tU th* wlocity  ferali, ^oktd#     Tablt j gi9mm m ^^ 

W Mlacti«, „f fraftieary tor <liff.r*at »ateríala. 

•9 • 100 Mit 

• I 

How»» >«• 

-tOii 

*•*•* 

MI*io«i 

*•*•*• 

T#it ArrllcatioM 

Cenerata, wood pole*, rock ana 

etiler co*.!*  Ptnicturtd natarlala. 

C»Btii^«, gr.y iront ao^ji^ ip-||< 

•M r«l«ti»tîy foaraa-É»tr»ct»r««l 

«•tarlala, «,g.  coprir- and «talaltaa 

»t#ala. 

f «tilatjef et««l altriiaia» araa« «hi 

•t**r aaAariala with rafia** graia 

Rartiea «J alaatia-llka a»t«rlala 

•» ««114 r**«* »raaallawta a* 

»r ¿raiaa. 

toll*« araAtctsj aatallic 

alai«, atra asá aill#ta. 

iraam aa4 *xtij4a4 product si 

tafraa me afcapaa (ferrosa a>at 

farroua). 

rargla*a;  lerroua and 

! 



^p 

Mala* 

•j^J 

I». tfc«!* 1«  «MtlMf- aafwt  la  tto ctolca •/ f 

•* •oooloatftfc th%r »*> iwe*d  t« W  rM*i<ter*l, wMeíl  la tkt 

•i»i»a» •*«•   if Je**-M !.   that  »fcowiJ  h« J#t«- t*i#     A ro^ 

•pOfOKioation 18 that  fhip <*orr» H'Ofii":   to   tt, • *»'%•'-i»»#i¿t*| 

•f the  ultraaxmic   »n«.-ey, íhum  ir  th« ei«*»J« ^r«»l^»aly 

(tivt.!  th« «ininiM s.i.••• rir>f     w;n   b«> -^primm; t»,í/ ¿.*• 

Toa choir«,  of  'r-qu.,-ii<*y   '* thrr»[orm áat«rwtrwM  h? th* 

grota «triture o)      •,« »«tori*!, t.ktf amlim* »it« ôf 

•»laific »nt   defect   s^.i f|,»r   r/u-K» of  prub»'-    <*»i*!ahl». 

BltrAí»Bic inVïu**ntc «re  pruv i d«d with a switch«* 

rojf» of * ri.-qucricj «F,  but ' <u.jâ r ,-nb« ha« a raaoamt  f 

»fcirh  i« J«it»min«d ly  the thickn**,.   ^! the )>Uao-«la«trÍa 

crystal   and  rircr1.  • har*>ot^r" atU- . 

TTití  position  of ib«  ¿,-f-.-,   to b«*   -*pUr«4 hy th« 

«Itraaonic bea» a»d th« ori*nt«t1on «f irp+ctad éafacto ai 

to coaaid«r«c) in t«¡atie» to tKe curr«wa en «fciah a« «itri 

proto(a)  oan ha potitioiKJ.    Kor b<-H /«auIta th» ivl<HI 

tfUrannlr U« uhetUd b# »t  ri#U   <«;].« to th» rtfl*«t«í. 

Zh thitk.fi«*.« aav^reff.nt and 1 iminat toi, t«^t IM; «f alala 

•tor« a c<*»r< reunion WJT-» prob«-  «*itt ¡ng t.   »)-*i  p« nP«mlia«la#> 

to th«  «urfac« o*   •>»"   ri^tf   ,     -«ployH •f-x« , • naiti«« i« 

«fetal»««, hut  for radi«]   rracks  thrnugr  -,  pi^ «r  ftìr ^4 

*••**•• •*>•**" »«H jo oh*« ¡ira n*    se»ry, *M'at   for rr 

etêrfac« cr.icfct on turbina «*<*•-, jur'ot« wvr9 pfvtoa Mtl| 

raqui r*d. 

In conarleirfria«; th« «ath or th« «ltr«aa«ic 

ih« «atari al  tt ia aiac »»t^-^mmrj to ««-cid« ha« t« n 

Ito proto to thr vorkpja««.   THer«  *r« 3 c««jo*a «Mi 

Ai HÍ.J M**a*lt • * • »roto «*«r a aurfaa« I« roforwé 

to as a **ocaaiN. 



I» «fell   «J  .  ¿1¥,U ,,r  Mfi%# Mw,!<rt   (##^t     ^ 

1  1-**J*« awl i«  p«rtie*l«rl/ v**ttû 

ter w*i« «*a«lit«tlt>n. 

t« —A 

*•  Ut*-  curler   f.ll(|-.   |^   ^^  m1%hf>  ^mntà 

u t», Wf«:, i.   ;f,aH ti it ^y , i,Jtr er j#t ftf ^w 

•**•* ll«ii4 «Ai.»   i. mlMtai^M UWw#1 |h#  %-R „„^^ 

• uiftii »*.•. *«. >,„• frt, mf Pif ^^^ ^ ^^ ^^ 

»tit  ultra««**« »,i, t«»«t!j* rlf. 

ifcU* t»w» i. .  r.J«tir, •»*»« MIN. «I» 

ft Hag * aui«<*u MMMing 99**,^ u 

—*m  art R.1«A«4. 

*• «ciii r»* 

• «»«pi* girtnf é*t«U« ¡I 



Wr^ mmm 

Ja% PataUa, 

fatali a»a{ a '  aai Calla—Ila» 

aaaalta attalaae1 

r,oti'ÏM:\{H£, t»at 

' 1 

¿•«•iUá prat-»ear« «aaata faa*a wfmmy af 

laatiana atte» MI ih e  n,Ka Uriti flit lull vafe 

laJa^J It-it tan Bal i »ay a h*«a eaaleyM ttltraaaale t «»at taf 

fftr ti*  laayartian at    -xl.-v «ine»  19*»? and kav* ar> 

Mattili -)* »vidriai'-'" *u* kBftw->Ki« or.   tlai.   .*ifej#e*,# 

of tbt rautia« aatar* and vr.>tt*t« af war* it is 

ta eaft** aad train prrwonnel wit» «14a lavala af 

tarali e «J  kaawlcé§#t  inrli.tainf ••*«» »*• *«*• tnaaa aaraaaaa«! 

faalttlaa aeedM  far *  r<?H*ala  «4 conacLaatiaaa taatarv 

vat beva iittia R»awla<¿£* af angin**'ring ari«ax:t.    Vaia la 

aaaiava« %y eadifyiaf tka t*#t.  »roea<a*r«  for a*€h typa •# 

•ala  me »y a»jMr«iinr  ta« fr#>n«ral t#«cKaif»#c   ¡'rem taa 

particular,    nvtteaaa »f taatini» |>*r*i'•ular aalts i^a aat aat 

I» "rVat.}*!« Cfcarta" **\ich «ith*r «aal «ita  fami i i aa af 

Llar aale typ>a» ••«. «arri aje «ala*, «agjgaa aala« ar 

anta« w »ita tj>»cifi«: é^eipM  for laeaawtivaa«    A 

-Wt caaaiste af 4rav¿»ca af **• avia ata» If 

ire inci i4ir.« cain.r?»tiaa mé il «a* rat i a» af 

trae* »attciaa,  witl   «i witanat   Wact 

ti  tataaìftca «ita «aj>la»at«ry »atariai  an 

tr m a striae af eaaj -.tra In a aaaa- - 

1.1. laaaV"*  «f Wiir+mmit Taatta**".   faa« 

r-ta«a tfc* *aa*  KUUI '" '' a taa »auipaaata, iacl 

•» »ritiafc. a^^  ..¡i   tartare  r**«iv« „ 



• f» - 

à»il»r 
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Jé 

I 

CIAC.    ftfAffl. - it 

—J 
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^••••p 

- v» _ 

PAT. UnnXie* Pr»c«A.ra Ito. 1 

iff «f»frf »*^»i Qtwram 

»   SP  A 

*ff A 

-1Ì 
.._ « 

:%«• 

Grinding, 
ft*»*  fiai an 
•i»»#<iti *1 

Sriaiiftf, 
fiatai 
ici 

Hat*o4 I, Taeltnia,«« 

ÄÄJiefrtplif. teure* 
inaici*  ai i(l#> 
n<*n<>raau- allot. 

ftifM« 

crMfciag I» 
«•li 

Hmpimt. e  1 ,500 
•aneara t«nM 
»inia«jai. Mtita 
p«,nt aM alack 
ink* JhMiegruafcy 
( »*'l»ftiv«). teure« 
i Mi 4« «M I ai> 
on «a«li pia« f»r 
% ««r*«i*r*« »*r 

Pt*g»a«ic. 1,50C 
«•pera tttraa 
lifiil litt 

f*int » aiaek  i a* 

fu 

ti 
t 

f«f«a*Ut 
lag « 

•itMa wie*. 

lai 
ami- 

ti farwftiaì 



- ? '. - 

*ir»  brach 

IU« 1. 

Valia 
•acari ng 
inapactlon 
capii poplar* 
•fttr Jofc 
IftflpeCted 

No»» 

•«•»•raeAtir 
tut« «tu» 
fcaloa int© 

Gri*« 

*r. 

pf tet»i  M 

TI* atout 

parafent  nr:-n#>t 

t^hr. jque 

£ur*«ce 
<~r*ckJii¿- 

3  "hoir  ! »r h*>*der 
r«p. 

tachaiqu» CirriMif«r#ntia1 
era«* lac 

ea»flr« ta« iiac»«!.. *l* wil    Wus#i        •"«pt  te 

trt« •iC£__r±I'i »i"*a 

"•freti c   . ->r 
atrfa««»   émfmttt   BFl 

i í'íTr^fhjr «her« 
•tflicalvl«  4gr 
iaterwal   âafaet». 

•a<liacr..pèj 3  fil« 
9 aapaaavaa ft»*! a 
••11.  NacMtie 
aft««- atraca 
rai i aval a*. 

Typa or 

s»rm 
Crii'-k*,  «lie 1». 
claair>nsv »le« 
fccla* * paraaity 
lac*   of  ro©t 
faaatration, 
aaar 
aaaatratia« .•«* 
af aléa «tell 



•pHmpHII«paapiHPi *m 1 

•f Uda took vlian trained and it ia also available for 

Mit, price £5. OB. Od. frwn the British Railvaya Board, 

322 MaryUbon* Hoad,  London, N.W.I. England. 

i»3»*«3 Iritieh Standards oi't'r. nb> V n  romáúc nblr. iotütl on 

tochnlques n„d procedures *.g. BS '*J36:  - IA:  l^ Methods 

for H.D.T.    of Plato MA ter ini r't IA diti -imnic Drt*ction of 

laair.ar iapcrfactions in ferro'JA wro'j«?h<. :\l.nlr. 

tesori bee ^ techniques - JVchnio/.;-« 1   20 dE d-op. 

Techni q c -•> 2   t! 1 aw e, ¡ho/bo 11OM echo 

Tacimi-iti.   3 íftútiplf   echo pattern 

Tochiu fut' '• kei'rrence Bleck». 

fail M* d by k »roc-tjre Jr.rjt.ructicns mi  of whir.h conji.-mc« 

•ith n calibration pjieedmv;. 

§•}•*••>        fee oa«p.lcfl of aiuole N.D.T.   Inrpfctior. Procedure efa*«to 

fro» the authorr ore/mi nation   «i« eam^i. 

A valuaba sourn* Cf information  Tor th* coa»! .Latios- of 

«Kb proceaure ah*ot<j nrc th,   teat or report  uheeta wfcic* 

•ra »ritt^n-ap att«r «very job, 

»rtnaratien ^ ?--.fntJfî 

Ac in other ««ctionn of ibi» esper ta« eat asilase* 

raajplraa^at.   f^-  a«re «id «¿ci re  acccr,; ana working 

•Pfly.      Afaia ìR th* majority of c«^ a pcraon will 

to aaa» «itala ra.-mh of tha Wat surface, whica may be 1» 

pi lionr* TC-CÚ-1&, or  rheffic«!  >lmik  SO vent .1 itiosf r«-a*vai 

•f eaaioue fuaea, ««ana of exit  arw  freídos fro« exceed*» 

«Ir* aa4 heat *a*at be considerai,    kecauoe ultraaemic tai. 

tili M «»rat« caa b« su^ea* *uU/ c*rri«f out under water     N 

trataie* ia •*!-. typ,   ,i W( 41( .*.•   ^ ^^ Wf@r# atu-Ftl|-] 

aaa».    Fres • ** electn;s    -,*f. ty ^,f,*rt:., »d wt,i<Ät pf^.1—» 



- <")* « 

©perHad trWiBiatori«ed aquipmenu h*e eliminate my 

probi*««.    Thero nrc no radiation j.i-rr.autior.u i-quimU 

8«%»2     Surf tier» ^»parotioi, 

Surfte rouBhi:^  m(1 th<!  „„^„^ ,)f ^^  ^^ ^ ^ 

•tcf  on the -.«tcrial  will ,**,< ..*  ^.^,,jf   .,thftr ^ 

Vir,  bribing,  £Tit-b,.,e*i„gt   fi,,., v^i^ or other «,•. 

Ultra«onic  onerpy can  bo tr3:.^UH  t,ro^;h a  » ir,hMy 

«dfcertng flj,f  ,.g. pnintt bllt ,llGuUnWl   rji.,/firc ,ondniono 

CUB ; educe the rrUubility oJ   ;1 t.op.t, rcrK^r it invalid, 

or cue* un eK,«;w Un« to I;, t«l.un.       h'n,- .^,,,r.10f to 

WiC^^ruliy   n0r,. y   Q:¡>   nl>r..MjAil,   ,.x.,p;.UlMo.   ,   ,;J.   r;v#n<.,. 

bei.«*-'  drum "a<-niu.  i Î, v.o no« -.-- ;.;»v • t„ ,,,,....   ,„  rJ. „ . 

lad««    tht .truma, which -,rrre ihi,;kiy cr^.i^j w;tu fl 

protect!*« paint.    Only „her gri.,  b'^M^- h,,j  rtt!Mf.j th# 

rsirrt could the !JJ*.r«oni .  u-ct to ^,-,1^ ,,rr,,d out. 

A«*i«f  th* tim- taken t- carry  ,,uf ^rxoaler, survey -iñ 

I5OO « o.   boiler-t.ilr-ü  i:, the conb.uition eh--«**  ,- w  tí>(wj 

•*•» grit b'..-*Ur- **c uard.     To    alab^r.h   ',«-•   ,;,.,,i, 0<  e,lt 

!• b» UMd  H **; .^^..„eavy to  ,  lTy  out   ín-,,i tu rxyrir-nt:., 

«1.min« aurr*c*a thm» t*Btin« th,> r.-,*.,*-; nr, a. til the 

ttltrMorV t.«r,trr • on.1-i obtain correct r««»Ata with^t apeMlia« 

tia» ch.ckinr, WH   -oo.il   -Vrmlnf aï a-iBr. et. 

lauta—yt, 

ÎVr« uv » ,.í4nc# of ,»ort>b   > «m-lti-pwpc v   «e*,*, «** 

•Itraawnic équipent* »-#*ll*»ie.    Tb*y *li   h,79 c#rt«in baalc 

f*«Ur»« but r-Hk-t ito» «»»li   ^meutoru** «MU. ,y o^rrt#.i 

tfl*a to I«*., u>¿ pprt .-«<..,/?y a,4M of-srsU. tyjK.r «jtfc 

«••P rafia lamta, «Mí ca**<«i|%i*ftUy t<* ©T  »or« contraía. 

••5.1 

il 

•• »*••?-^    •* ^     *      s ^tfcj •*-—**- 



5SH RI 

-<w> - 

» 

la recent years th« ability to ••»•ur» tala* •• ss of 

plat» aad pip« from one ci do and whilst hot has led to 

tao dovolopaent of simple to operate single purpone 

«Mea have the mini in um of controlo and have replaced tao 

CJLT. with • meter or digital  presentation. 

A large selection of p., o be a ar« available including 

LI fingertip types which can be inserted into «Kail 

tures, and those which can be used under water or at 

«Ifh temperatures.    Prices for ultrasonic thickner¡a 

raagi  froa fc^OO to £?00 and from IhjO - £1,000 for eoiiii 

which provide delect at>aosc*>ent and thickness gauging 

facilities.    Probe« range  trom CI* to £70 each.    A r.uaber ( t 

are required to get the beat return for the money 

la the instrument.      This mssber of probos will ranga 

3 to 30 or aore. 

fxaaplec of the cost savings arising froa tao applicati« 

•f ulti atonieA are given in Section 12.     The running easta 

art low, soderà sots are reliable and aaiatenanee costa ara 

law« wallst service froa the manufacturera la 

IWtMHI MAPIUQ. 

1« Ultrasonics, Benoon Carila, 

2nd Idltloa, I960 

Ik Craw Hill ¿oofc Co, Zac, flaw Tara, 

•• Atrasante Testin* of Materials, 

fil Kraut! -sawr, 

VItrassaic Teai  ag of Materials 

Bsvised Osman Kditioa Ooorga Alloa 

l. «7.  lüa. Od. 

Vorlag, aerila, Hei4*11erg Esw York. 

Translatlaa af 



• rt . 

*<tt*«*>rth  w« c*.   wt.i, I*lu|a«,  ,.,0. 

I, T—»irt 

kltl* *»*i** M l»r •».., 1}  etri e »à 

?• *ltr*«o»it  ThJelm«e.s a«**!*!;, 

•. IwEiirt, 

tolti«* r*.-in* J*»ii,r ¿»«j l!#«trt§«l  îi 

*• "'«M«  lectio«,     t* 

U«U «Vitti* *««V!|, for U.M. • 

r«. it«. 



«f ' 

%0 •-l •*** 

%l •«t* 

M •nu''i pi»« 

W*J U.twr- ana ^reperti«« t# I Mi f 

r*/» 

fcM i«*Ì0frf»,hi'ì fi   » 

M.9 fTtxtuctior  <*>f  i   ii/l 

fcM fwMfc*ti.or  a    •$&»••• r%vf 

9*%o Af»flir^. i on.» et'  í T• i«griflgr  I»? 

%h* Ap*»li€>*   «»¡"s  •©  c*;.*r ft art 

!.>.> S*J*'V-»    f/iV      .-..là•>''   '**• 

fcJO^ fc*ü]i:u 

9.^0 à'r^fUÉrfcit. m  f»r<l C'ífítj 

M.i fr#j»ar*tt«*i 

9.*«* kt'ft/ 

•.5^5 •f»ip»»*it   mA C«Mit« 

14a lqMJflWfct 

•¿•i £»vi»fa 



- vy 

•a      
% ti» u- .t U*t, «aia* le .X-tr+^v^tu itoiatia, 

attori*!. «. w nmin*ê far .*rfaca defaot.., MMUm,nt. 

t« to Hd«,  «J «rf»*  f«rtuW8   ,^*«,a.    m.wr^r, MCMN 

tto M.}orit7 of Mttriai« »re opaau* to i.gfct n,., ,;i?n|ltt ^ 

•»to** to this *,t.fcod for internal delect«, but the-, CWi 

to p«Mtratod  Dy ri-Uo-aa^etic  radiation of toortar wa*a. 

l«*ft* than li^t, «uch *. x ^ gumm rig3 ^^ can th|M} 

to «ato to oëtUn infortisti o« on internal   datura« in ^ck 

«tortala.    Th« «pplic.tion of X »d «an», radiation far till« 

», mine pfcotofr*p|iic material  «e th«   ^taction mA 

H«ia« .«.Jit», j, Kaown a» r^i^ra»«,.    Th« pèoto^pai, 

«•tortai MI, * fi)«, panar an platan.    I» thia »r\UU film 

i« iMad tàronrfhant. 

»*Éitor»*hy la th* proauctta« af ran^ntrnpaa, «MA 

atnrlto a »amanant ^ctarlal rtwj ef intarlai «r «rfmal 

faatora« af . nat.rinl «r teat tojnet am a pia«* af 

film. 

Ito raaga af atjaata vfcian can to a»tf «a fulij 

nütcraftoé ta die»!«? kiéda« faataraa rajifaa fraa 

alato lana*, «to niñato alaatrani* caaannent« ta aatarlala •# 

• tàickMM ««jm**!«** ta 500 •* (30 i»eh«e) #f rtaal. 

Kl        trinciai«« 

a^aa^ _ toan *f I ^ - 
^^ •* * *r ••**• **»*• |>Mri t*i*w|pi a ««tarlai 

•V a tant aatoct aM iani*#*a «a a anaaitiia« fila far a 

•It Starala«« avp^aw paria*,  form»« a lai «at ta«#*.   fj 

fila la tW;  ranova-i ato rraceaa#^ fey éa»«loplii«, fixing, 

MtfiUff and drying.    Tto procrsaaci  filj ai**rLa# a a«e«ti*a 

ia«f» ia th«  radicar apto which  10 th«6 e. ruti&is*<i <M as 

illamlaat*« »iaw«,   in  a darkaaad >o«a  far    BUrprataUan aa 

Í 



•pa 

•   T4   • 

UM ability «f laJlafraafcf ••• *»   fciiayi i* 

«r aatarwal   ¡«at-ra*  -f aatariala ar fc*at ••>•-«* 

•pam ta* iiff>twàU>I a»»otiU'*E af r«Oi*i«m ariata* f*» 

êiifaraaaaa ir.:* 

(a)       thick»«»* 

(%)      «leitsitj 

(•)     ha*»«a»J t / 

A frr«t;r quantity ef raaiaAitn   «¿11 f+** OWN*»** * 

lian ©f • t«a* object «ter»  ta*i••  le *  ctvity **«• »411 

Miranti ta* wlH «Atari'.!   M»<í taia ai tTartaa* will %• 

r*<«rlM «r  «!••   -ídia/r«** >"• *  "11 r "'    ',"*     iW r »• ".• t^,r«^êki• 

4*wltj.    TKw f.r*mtrr tha «aouat 01  radiât i «a traaaa)ltt«é 

tar  âarfcwr ta*   r»J LOfr*^*   i» th.it   -ai"»^. 

«ata!     •«tïrt aj* Prwrtjea tf I md *wt mi. 

I «avi gwaa« 1  y& ar* ehort »«*»•! #>i¿¿cik *la«t:ra»a>a|Mt&a) 

raü«tia»ä EìMILU   ib (é«titra *• liftet, tritatala» 

X a»d f r«yjí- 

Ln atraigM liaaa mué »*««uc« 

r«fr»#tta4 (Wat)  «a liatit  i« **•» aaaataf 

gtaaa laacrs a© « : Maat Vi fa'.u@*Ht in tala way* 

JfcUHl «fíaetrd ay iMajartic   tiricia, a« ta» »itatfaai 

|a M eat.H*wt*-r-«y t,\*>-f ?..   -^aw^t  a?  f«cw»*ti 1a (hi« va»; 

1 Oasfara to ti«.   lavara? Sq»;»«' 1<*».  * •$•  If ta« di ataja»*« 

fra« a    »urre ta  m ftatattor la «auèl<ë  ta* iataajatty «f 

railat1 a« r-n-aivc 1 »ili W r*é»ca4 ta aaw aa>*rt«v af 

•* th* firat aoaàtisvi. 

Ava laviti»* raaiatiaa», t*a* la, ara iaaa»|p a/ 

iaaa ia  a gaav ática aaafclc» taair a 



%••% 

ft.».* 

******* má %%*   |,. .•^•¡%f *., 

te« «ml*«., P r„:rtiw »"Bitif: ^r# * k,,t, „^ 

• f te. fW»H, »%Äpirwf ..^.^ ^tf.r.^ ^^ ^ 

ite te#r.       IV,   J^UU   *mlB±*m    .^ti,.r  .^.re«,... ft» 

«ti  *   .tM3.   _.,,    iim  ^.^   iiLPt      ,wi   ^^   ^  ^ 

te*. WMI iw«»^   lor Br.^»>i.r:,  ,wtd^  « >*r»* Lr*.tn;« 

•f NM^r^ir   filie, •«.->  i«^HH»t  •«*    « •«aMj^|. «*i«ft 

te v%miH  m * rMf* ct wWri - **,,- **.K*r IMl flim 

Ite Mffc f tW 4tMlt/ 1**«,.     A«.  -   ,• ¿,-  tv   -LI.., ,<   t« 

ems* Uw; if .1., ,.„t *,   „,,*.,tJ,  f.ir v.^t u 9mt)i9m9 

it  teH*tf  irl^H^   ..in<i   ini.r»^^;^^     ^   ^^. y  fm^ 

tecMM* tu. é»n.-.¿tf «t « ^riu<a«r typ« •# m« %m 

pli|Uli«nAl t. tu fMfttltjr if l ».  T r*41a«&«i --|1TIIì 

M« f»it},     Tit  **i*r*«4 M«  tiü,   iá   »enie^  „,   imá^ 

tete th. a.,.*«  «A^^èj A ,«ys n^  flH*w*#4  f.1  «vttt. 

i 



mm^mmmmmm 

m   Vf   • 

HT *• 

a eaatrallaal« taaa tf I 

I raj tata 1« n»é.    Tai a la • 

a* ata)«    t» 

far rail agrafai 

gl M« tata cl 

t vit* M cl«>etra«a •«•Aedi i» «I «Mû «ai iti 

aaajaa ««iata.    à íiia> v»lta#a ia applita *ei 

ta» alaatraaaii, ta« t   altiva i.nm taiaf talla** ta« 

iva alaetraéa, ta* eattaéa,  aanalai« af a ##tl »f 

«ira wfclaà wfeaa taataé a» tta aanaaf» af an «laatri« 

ta wfclat ••«t (ivaa aff tUatraaa*    taéai   tta 

•f tua alaetrle  fi«-M alactraaa truval  «I aia* 

ta tta —ai» tftmr* ttay ara rtappii ta tal i i aia» vi IH 

Ma» »arfa* aiti I*raya ara faaar«taé.    Ohi« ataitt 14 aitati am 

MM*#7 ta a—aifta4 ta I-rafa a« ta*t eeallnf af ita 

ta> faamlrai tèa* I»raf laai parata raggira »il ar »atar 

fato faci ttat Wapa ara araéaca* ta a* alaatra« 

• tai «aitata «Mala« tv» eaatrala ta ta l»taip«rai«a»« 

•a (ta*Litj) Varrl** tH« arai1*4 alaatri« 

tat*»«* mmmé» aal cattala will altar tèa 

m faetar af tta I-reye.      Ml «aar va it aja« 

ta tta aUatraa« calli UM »1*» ita ti 

vataeitiaa aita tta praétaatia« af 

aaajt* aar« paa*tratiftf ratta*!«». 

- tagliati at ita earra«at paaaiaj 

fi lasa*« »y • »ariaaia valla** aayplf «AU 

ral tta tiaatratur« ata taa attaataa af al a« trai 

Il ata taata tta aaaatity »flrv ratta*»— 

Ita al*«tr— Waa «tarraat aaa ta il 

If a talliaaprrt aatar ata ta* ata atta« af tta 

, far a fj*a» 

II 



•  •' 

i*I*v»lt«f« «M Mt«rlal IUI«*»««»« 

f^rrmé U m JO taf», I50 tat», 

*0D ta¥» «r l  fef «u,    TV taV> |MM4M tail«»#«lt ,-a 

it*«« «et m tk*lr «va r««Ufitr.    ?W« art • 

••*••* ef ¿Imita «M •»•*»•»«*• far «^lyi*« ita« tai* 

fi   MM«  eMPTMlc  «M M«*!!« ita« tata«  *«•• 

mm   far  r«c!iefraata.jr »,. ***  sw^rat#4 *, 

I •«*••< ia ••wiHh#nt  ««aie»««-  fa<   ^ta*l  «vi^*»* tant  «r* 

WilLMWualy *»ltt«4 fr«« • r--* Ai«» atti** ai«e<» »f aat*rial# 

ferftrta «f »».«.s« «atota»*»* ^«fc ». radi¥i| a,. t-M|Nl iB 

Mftw« Wf  ita««* »•#,;  f-r r*4i*fr«rkT «r« *r«<l*e«« taf a« 

ita«« fHfW,    Ttav«  • mmii  tyUtémr mf 1**1»» 9r ««tait 

4« Met  r»*l-* tl*. », 1,.,!,^ it  iB tw r#%eiar f„. . ^^ 

•f Wftf •«- «•««*«.    j  ctaa*«« i» tta* «t«a>|f: atrwtart «f ta« 

•*t«ri«l  M««» r««atljic i» * r«««aei!i«- ia«t«e« «f ita« 

••«teg ta«iag f*,.***, ta* atr«n«th af «Itirta <««•«»•» 1 

•*tt*«ti«a ti«.*  «U • maaWi  af »ta«r faeiar«. 

••ta «ut ita* tv* laMep« «««rc«« «taieta ar* la 

irai «M . Triti» lft, C«t,alt ÉO. 

l«*l««*ti*» i**t«fj«« art ua,«tataU «a4 ji«é*allj 

M***«.    Tta« »WMi Mfkii lea« «M e«ap*U«ft«4 «a» 

Ita* fv«* ite raala^aafci« riamati»* tta« r«a»lt it tta«t «ft« 

•f tta«  S*»rea 4»«r«a»»t «¿tta Mi», K*M« «ajre«« 

*• ** r«»l«r«4.    fta« rat« if INUM* i 3 fi»*« î»r »acta 

tft« «f fta*t«t*v a«« a **aawr« «f tta« éVcaf ef ¡*eti»ity la 

#••• *F tfc* "Itami f lif«" «f tta« i«©t®»€.    Tm« "ta*lf lif«* ia 

á»fta«4 «a ita« ti a« in «Meta u» rtr«a<tJi ©f tta« ra*l««xti*« 

•M»«« «M«M7 t« kalf ita laiiial vain«.    Tta* taalf.Uv«« 
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• ICA • 

r*ß 

I» 
Ift» IMI 
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«ir» 
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I* tNi 

!rur»4 
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Têkl*3    G*»"«*r«y | X*»**y S*«rc#* 



1*5 • 

•Hi*» »m«^ «rt ^»Mtitl la 

• f tto M»rc« attar • frimé »f tw» »mlf-u 

*• «M a>«rt*r «f ta« initial  »al»« «M« 

• laataa» im*,<~  f«r ryiifr^ e a* a« 

•toiatol NRtm la • w»w #f eaiaatriaa.    Tto 

cal Cantra af tto Ü.K.á.I.A. A»* rali«, tomato, 

•mmtr\— «*< aiamlar  falliti.* »IH u Cajaato ato 

• aVaUA« • far fanali, 

»• Ma«aj af tto «»4tta4 MM radiati«» la «twaUf 

•to la »tola af X e*\Ula* alactraa raita <i »*).    «**, 

«M» tto* ta« aaa*trati«a «f ta« rtolatlaa far Ito tw 

•**•» la a*a*< tto* af «to «OO kf ^    iipnlatl    I. 

Aia aia» a«ajatra*iaa raiiatiaa «aMta 

to to tarriai awl a« tfciator aaatiaaa «ill 

i mUm a# Ito alato« 

«* Ito attor tosi Ito aaatolti af raAiatla* 

ttm m giva« ratta laMiai la faftaraUy laa» «torn 

Ito wajuari Ila» Ito 

^' *•**•* *• *to toUlta» »atoral arito M» mirai 

fPMallly raattaaarafto«   atowvar   aaato ray 

•f» •* tola« *^tM9 af aratorUa» 

iato raarta 

•I f», aatf ara 

•t plaa* iMtt«,   fto fa»« 

* m »to 

B 



toc 

la tte Milu ••»•T» «tito* faf tito 

•f aircraft fcvit i« íM; mth^r   \nenmtritm í% la tte 

tea fMMi in We»na«   t|« téirknmme, ti mmtmí «tee* «Mi te 

f«M4rMt«»4   I ^r  * atatad trV>   i«  ¿#p«ti<i#nt  OB  tte aaaait* *f 

tea «atal, ttom, tn» ]   ^t vaia**  -ill »y    uMé far ai rf raja* 

mê f»*el*f« affar« ««<vl «cap» ft>r JUrara aajatf*»** i» «te 

JO • 250 *v» ra»#»t #wt*h «r« 1 »Uti**i j lient WM« pwtéU 

tepUaa*ia*a te u   rril't aptliitaaafte« iaelute!- 

(•)        Kaaaliui* sir<"i .ft   ta rh»ck «n tha y>tnw> 1 

• f wmtmL terrnmivm &r l«Mf« ta Ala ¿adata 1 

Bitta f»r fatia>« ':raekia# 

MBaátarli* NrrMlM a*4 era«» graa** 

•aarcalaj mé éaartc «»4 HNwfcia« Ite m «ff 

alatami ta «mr* tfc*y ar# aal« te fuarttea 

Laaatiaa «f eirlm teil<4-*» in alpaa aai 

«te eewiitiaa »f jat  aa*ia# Haa# tate«, 

tte fl»ttf«-i*l »aviaga wMtM4 ¥7 tte m* af 

•a» te Mfht Wmii tte iifanaatiaa «an te 

aÄa»a**liaf eaaawMmta «r a*.r<mt\*rim aarlag 

lia« antat« tin«. 

\t ftfcfT lìmi 

la tte«* inéaatrl«* »ter* tte »ajar aaatHaJa mmé I» 

krt*etiea ar# t-•« a»4 ataal paJIafrtfte/ te 

a •*•* liait*« aeala. 

Appli cat teaa laclwéai« 

Cawtlag«, ?»/•!»• cyliaécr*. Val*« 

CM 

U) 

U) 

(a) 

falbi     aBaáUÚátti. 



*w • 

Ma 

•* i* «»iti«  f~ .«et ipplI.Mtm.    tUf u Mattai 

***•**«• #f   *lmt   «•   ••  * M*.      »»«««<,   , 

It  U ai*  *.«„,«•!   t*ai   w  i^t^r.t,,. kl|ow. th. 4H1J 

•f ta«  *>wfie*r«pfcit  fichni^  -m^i^yé. 

!*• »atafcüafcMt «r  » «•<tiif»et„r/ taAni,** aman, 

l*~l~e  .  „„tor el. t^rl^wfa  „rp^r,,,  „M  j. ^ 

*»t  initiai,   llt  m r^ivraphi«- Idratar* Wfer* 

«••i* i^^trti* it. i, ,lft,tl lí#rtMiiry t# íillM|in# 

aa^tloa ta* teat  <*><:t «no  .1)   r-aulta  Tnm •»<* »etlaa 

»1« **  r««ard#d tey fl».»tofr^h.   **<%/;  árt 

1*3 - 

>l«a «f raÜafT«a*i.- Fme€d(irM .^ taafcaiajaa 

Orgauaatia* A^«»^«é«ti«*i Mí H»», éM^ti 

¿*101   1**%     Q.,,#ral   a,eMM4mtiei|B   f.r  ta« laaiafra» 

««I   1<*¿.    GHìFìI   laaeaaBaaaatia.^  for tM aariiaaraaM« 

LM*IM «r **•*«*.   *,lé#4 »^ J#iBU u Umml^   ^ 

U-* »aar i Üantad li»fétB) Cirli Aircraft   TaaaacUa», 

Baca**a* «AA  lilaatrataa a »Fpieal TtehUp 

*"*'    •"•"•Uf • TtchRiM ft»«t aamil« cwtili ail 

lafatvatiaa MtM  far »••?••* ratiafraj*? ta a« «arria* 

iafetica!  eaariitL»*« «iti tk« «rifiaal. 

»1«   « aa1a«t  ti  •«  —'•'-fr-firni it  i« 

ta) plat« ta« fil« •* aa* alé« a»á t>» «w«,  :•«• lattar» far 

lâamlfUatie« ta« la««« ^Müity inaieaaar M ta# «ta«y, taa» 

•• ÊÊmmrml it  i    ••«AMI&J—  * 



• Ml- 

tlM r toi igt api ia ta to »atotl 

Horn» «toa sMt galea tato« ara «ato).   Mr 

acaffolding er «1 «vatin« platform* «ay to 

A« fttaatloe af the mrface particularly of wclcU, «Ml 

«toy «toula* to gravati  fluaL is * daaatabl« point.    «.A. tofOl 

Iféé.    i.D.T. of lt»el Coating», 8.1 ¿urf*e« Präparatia* 

• Catolaga atoll to fattled and loo«« »rala an4 am»««l»a 

•hall to raawrad.    A foaé» "a« caat" avrfae« la 

ta.     In th« eaa* of Wal «huent* the quoatio« of Wirf aro 

propagation i« ion critical.    M 2910:  196? toaUacrapti« 

a»—at at lam af Wales - Sactlan 6, Surfaca Conditio« «tata« - 

"ft attain aaxlatai flaw aoaaltivlty th« »art of taw 

to la aaaalaoé «haul4 to anaatk «to' frac fra« 1 

aa valtf riaflao, gritolag or ckirplng 

•f «to voltf aar faca atonia to aao*»tk ato amy a«—go af 

alatoli to gratoal.    r/ agraaBoat totwaoa tto oaajtrariiag 

partiaa, ilia vol« «ay to raéiagrapHai ia «to 

«•apatìa»". 

la practico grla«l«g äff tto ««14 

I« «ito «ai aaaay, aa «to aigaifioant •i«««in ia 

aja* • ««gratto voléa ran lavar ¿«foot aaaadtirity. 

«•a aarfac« ia «roaa*4 ©r «a« a elaaa riaaal •—alaatlaa «f 

tè« ««rfaaaa ia aaaaatial, kecaaaa e«ip«t a«14 aaat««r ato« 

•a» aaaao 41 ff1 culti«. i» lat*r»ratatia«.    If tto «arfaa« 

U «at prapara« tkia afaauli to atajtto la tto topait aal agf; 

Tao« «arkiaga atoala to «aito. 

«alt« fra« 19 kg «yaaréa ato attaatl«« ajaa* to 

glaaa «a prunaia« af 1 atoara, lifting tacila, a« affai «taf 

•to ««fa al at tri cai auppliaa.    Tto«« arr «a éiffaraa« fra« 



• H* • 

la ff uiU m 

•••*•»• raüafraafcy aayW« labiali« radiati«»« atdtfe 

M «ffa«t tk« huM« kcxiy aéditian*! ra^ra^ic aafaty r%la. 

•»•t W «¿«rateo«-  mi  rollai.    â*4if>f ,.a**ic Mf#t|  has 

t* W  NMiterr4   î.,   ral«, i« te tU   i*Jioa;r**h  e   Staff, «fcaa» 

r# to  r^liatia» (if  «, )   u paitara*  »y   fi], a«*«*, 

Ura «ad «fee r^iw ^--riadic  U@«4 count.« «id «adirai 

l«*tlana,  M<t in r«lat.e«   .a »oMonitarM ,,«.rao»,*«l. 

l^ifrapi,y  1a r*rri*.,  ,,t   ifl  , „xa»«,-, co„.tr*.fi 

•í«tory tina« ferali, »»H^traphie lta/f „üy  v,  ÍMrt, 

rUiofraphy  i« carrtad «>t   ir, »arkaha,,   <*«,,, , ^u^ 

»• ^iJBf coaertta  l««d pirwaad  aaaals <*<-.  eaj| w 

.. fall, radiafrapÉùc  itaff ara aaialy  L«a*l*ad, 

**» «Uaatiaa auat u  aaJé ta th# paaaikilitr af 

Mltarad radiati»«  raaekia« «tartara ei.taida  tba  »arria». 

Uà ra«ìa«raa^i/  i. r*««i,#dt lt >«r », «#c«.a**ry ta 

m aaja*»»t »laat  laadUa«  te • éaJay.     Ma***ar, tai« 

•a» »ftaa »a  «*aid«d .y pra-plaamia« a» tkM  ta«  radi. 

4* ••rriM a«t  éarinc . «.al  br#ak er.  aft#r ^ ^^ 

fia*«*«*.    fWr «ita «ark  At  i ,  rwmrj ta #,* t  karri«*» 

Ì,H|,,f •tfc#F «••*'**!. **r»i*i »Hir,,^ fl*aW«f *i4 

*»*•• IH« aèjart ta ka r«iiatr •»»««., a>«jiiM , raéaaaatiaa 

•*•* W «•••i*»ra^  a« « apàar»  aawticaiartj  la a 

•tltlatara, diluât,    apatia** .tata tha a«ia*aa 

m««.«« aaa» par« ita« at ta- karr4«r, «ad naia« a 

(Malta, )  tkia diät**««    a» a« raadii/ éafiaad. 

i» • |*id« «*«a Maia« a la« atrnajta (; Ciarla)   Ir 1* 

tfca rail a« af tka raditi i ». ««•» ai i i  t. 9 a»traa ar 

H  ia alaa aaaaiala t@ r*i*e* tkia if naeaavaawy af ti» 

••••fa laad aliitléia^ auf '. 

ara  X»tema*i«ai  aad »%tit 



-lat- 

ri %rmmjmr\ mm «paratavi «f 

•• «M ta*  a*«ra*iaa af I*e*f 

t* a»lf aait   ionising raiiatia* «lit«  eloetrieal 

UM   art  4wit<-|»<t  on).     la  *He TfcUa4 Ml «4« ta« ••>•* 

•awtralii«*  T*<fc«atriáíd   ia»4i»«;rapiiy  »raftiaa •§••, 

Uva iul^i«r^   Art   i^i,  «Hich  giva*  awttority  fat- 

ti» «M af F«éio»^tLr» m«t*r :*ls.     ftadiaattl*• 

••• *•*&•     Walwiy    o«<^/(»#«¿ *m   arc«»tl«tia<n  *n4 41i 

•f rfjüaa*ti»* n«t«rih.]« m»à  rpfiKtr-xtimr. af  n#»wi «f MM 

travila»« *a4i«tiei...«  '5**l«d ¿kwna) ft*Mfulatia«a 

ÎMKrwMMK  (£.1.)  1V/0.    Ciu.-Ht ftiitia* ma m 

•r ttataatary   ra#tn*Mata cw*#rin« r IT ••uni  fila 

ajad  racaraa, 

ttaaa nfcir* M« r«j*iafr"»phir **a*  »a»«  a li 

il lì*  a*raaa  ar p*r*a#tff   in rfearf*  af tila 

aaUf a aaall   awanat ai' r «al afra**? i«s «••« it 

U ta aaaUy «M   >f u« ».©.T. o««tr%.t ai 

a wrli-«i4« aarvie« «apla/lat tra« »a« pmrmmmU 

M 

m» 
) »ta*** tm âne affla* Jfcf 

•f «ta Wilaa»j «111 

ia «arri«« awt la ti» **àl«iag a* t» f*» 

«MM «r a« atta.    Xa   «M emm kmmm ta ta*  — tat, 

•t a» »iaapata!/ «fci»l##4 aviléi«* «ita  fi*ll   faaUitia», 

a *> ta« caattr? er m* ttta <-«*rl «•*  appi aal—til, 

»a -aat »f  1-ray  »faip*««is is «a*»<«artaa*alf 

••i #••» aiwüt ea«4aia*ra tjQt  aa4 sfeava. 

ail raal««ra»fcy ». u   a« carri*« a*t  n> • waraaÉMia a* a atta 



- ITI 

Il «411 W p*Mlfcl* U H«rt vit* «M (MM ^,^# 

••f*. Ma tortrm far ti,000 «»frr«iMit«)7.    If a *» fcw 

** **** •*   k* **"• *»i"^a<à#<1   'hit »ili  ees« «  r*Hfc#r 

Ofrti* coi, h.w ^„ e^l%tm4 mt mp9r9nimmUlf 

O p»r rrnm^mm^ pr»éwc,d  f*r « priHuetie*  l**or*.ry milk 

• »•< wirk  la*i,  or   yy. p*r  f*,*  ,f w#la or   „ ^.^    ^ 

•• • *w»il*r velu«« ©f we* raj fc» fclgMr. 

wt!9tm        «ttaJMft& 

•^Wi .f ft^ir, ti»  etiles  *d „H*,  t^l^i^ «,«„•!^ 

é»f«ct« »r» fmv,4 Wfir, ,ni,in .Urt   tH#„  th# fi,w«KÌ«l 

r»t«r» is »at mm «traiffetf^nw^, »ut with M ««t*, #f «^ 

*»•*  ••*, **# t«   i»**.»^^  r.rilr 9« « critical c< 

«WtUf «ytlùaf  tr— £1,000 *»i £¿0,000 »*r .»* U« 
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J • 

»a 

**• •*<«* «FPaiefttUM a' a«é,  tÄm-| |#ft%#  u te p^git%4il ^#f# 

tH. «trait.««, «f eaataeWaa« M* fpM aa^f .. a**la tl%# ,„u  t# 

*• •arria«' un» aa u»*.    rtéy r.immt  t»at« «rt limitile ta 4at»etiaa «f 

éafaata «t #r it#nr t|i. pt,rfl|et( 

MÉjr «irrat Umt*  c.a *« carri#« «t *a .11 aatarial* »tie»,  %r* 

•intricai aa**,-tt,ra.     i*..:, ara   .*».!  far rrack *atafHa»,  «•?«, *f arÄta 

it,  «atarlia* or  aroala« an)  ^«.1« «f *r*  rarrau. •**••  U 

'.    Sarti«« of ««»ala aal M»,,Iftwt flf «wiifciet Lrttj.     rh«r« 

•»• •«»•r apalleatiaa« but   ta«»a u.t.d at.«*. mr*   „,«,  ,9r pllÄt tAÌataa*%«# 

fttaatlal gratia»»  taata w. Uaitad te V r— applieaUa»«, taie*»«..« 

M**Wr«»«at, er»eh  lapth MMurM««*   «atf fer taking tha aaadiaf ai «hit« 

mìtì •••»*•€ Hal*«..    Thar» va af ,»;t« »all •ajtafclla*a* elactrietl 

%«**ia« UatntaMata «tea a« th# f>*ctar, which car  *>* *•*« ta titriri 

•iaatrUal «a.tart raaiatam« . »at thaaa ara aataiaV tha •«**• .t thl. paaw. 

*•* aadMlaàM 

10,1.1 léa> «amata ara ia*V«a4 e»rra*a «blab «Urlata «rítala a aia«« 

•f ••«•Itfaairally thai fulla« a eirewlar pata if ta« «.tarlai  i« flaailaaa. 

arlaaa fraa am attrae? *! aèdi»« ia a »»ckwatar af a ritar ar 

I» Saetía. *• f*rw ¿,Z  rafaranc» ww a*4a  ta thf   fact that aataftaaar 

m «laatrlc avrraat flava  tarane* • •«••Wtw It »ata »p a    »#a»'U /Uli 

•* ***•* «*gl«a ta ta« «tractiati «f curra',  flaw.     Tf auer. a **a^Li  fiala 

la) fJ.taaa* »y am altanaría« enrraat  flawlag In a eail it »ill alaa raj? 

im •tvaa«i^|    fartaar—ra  If a aiaaa »f natal ir alaca4 im thie var/lag 

IU flaU a4e> earraata allí a« la A* ft«  La UJ« aa.nl.    That* •«*> 

«ill lit tara pr«4ue« a varylag   aajaatic   fiali «fciea a«ta am ta. 

•»41 «Mi araaWaa a cham#a la tha «ari tat lar, a»irr«at. 

•«•val af tha    ala«« at aatal «r raplacaa>rat ay atàar alacaa «f 

éiffaraait alaxtrieal c«a-«uctivitj.  panaaabillt/ aaj«1 faaaatry cam all »a 

aWt««i«a! ay a auitaalf  arraafiaaat «f ceil(c) am« alactraalc tirawitry. 



¡f 

•#*> mrr^t tactia* mm %«*« aaaaavt •# Ute* faaaatr* «f ti« a»«***« 

t*** ic    ta« <K»€a*iarfu a*iM« «4 ai«« - Fattara Um ta« «Hal ttaalf, 

tfmt ¿a, fivangMi in r--    i^'urr.. j'  *h# «¿tal  i.«.  ftrrwi »r aa« farraa« 

a»4 apae^fle  coti '' -ti- ;       f   J««A te.r T«ri«timM 1« eaapaaitl»«  (eaaalaal 

| fflt»),   ^'oy .-•-  .«.«'^'f^, V*Hr;«««f  v«*tl h ara* «a1MJ> h«at tr—taaat»  avais 

arta»t«tia«,   r^u'iml  «..    ;i,^,  .. .*ati»ra ma tra« •' ••fact«.    fa*tara aa 

•44j curraat  ••t-'in* o   >r W? i -n . mtj«*»l  CM te«  "**ar«ia«d M1* aa falla*« l- 

|0.î.> £xÁlí * Th* e ' l *r * -    ' "'• tk# •*•»* *y aaiefc tn« iipttu tuie im 

i\rtU\ i<à   t>»   ^Kt  «a%i- ct «Ml iaf«m»ti«a es It« e«*41tlaa ratoiraaé« 

Tajar« ar« th^« 5i;tc < rw— «f ?«il - fa) «^«ireHaf Cat!, •»!«* 

tfca aat»rial u'.]'>  *î(*t.    Thia 1« largaly '**•«'  f«r r>r«éuctia« il 

««rf t«atiaf.   (a)  lataraal «•il, • Mil  v*l«*i t« mrrmmmé a» Uta 

««Aar %aat.  (•) »»rfaaa call - A eail •haa^l U ra«r«r» ta UM 

af taa natarial am in taat.    Calla a me « ara «fia« laa •!«!• Mai ava 

tlai tjaaa «aat a*«4 far aita wart. 

Ta aravi«« ih« primary ar «aitati«« fi«l« ami ta érta«« ê»tmlB %m 

«•41« Mt à« -a«4, a ariaary («acitatla«) sail am4 a aaiaaiary (< 

••Al« la««««» mm «ail caa te« met—tvlly waa4 far teata 

rtajallftaa «ail aaalga aad aakaa far a caaaact aaaawaly« 

la élatlafkiinhibe fc> tw««a eh*n«*a ia th* taat afcjaat «aia» 

flaaat aai taaae whieft are aigaifieaat,  ta« als«, aaaaa aai 

af ta* «ail(a) ««a V»« «aatrall«*.   Thia mmlaa a ««il «r 

waicn will i«iw*r« «aaa «*«»tt« «mil« i laaiMlif ta 

la with a larga area arate« aaall ««facta «ill te« Ipatnt 

laaa ar aaaétMtlvitj Allât aaml) ar«a r«*»*— cam aa •• 

Halt th«y tail« aatlc« »f anali acfacta wtiilat 1| 

tlrltj ar tkidai«aa. Siil«iéa4 fvaraa with « '-iitru* mm 

m Ìla*t#i ara« «f ttea aurfac« aa «ff«a«4 U tH« T,60* ci rev« f«r««t Ul ft«U 

•f m «MliU14a4 ar«%«.    ÈmmiiUitj to t^lmls« caá te« e««itrall«4 ay 

•4>aatl«f taf rati« «f tara« m a twin call ar«*«. 

A» ia ««partie taat lag it ia R«e«aaary ta coaalaar tiva iilaliaaaHlp 



•*;> - 

/•     ^i^.    -i>«   -B-j^rclitf or Hit#T!i»l,  th# 

1«« «*i« if *liCh  H..   ,>„, w > 

**Ml*<*«,i»»' on.*«. 

•«•I r*|Nir«»t«ts. 

•4>e«*t partían« «f tu« a«t*rlal mim t««t. 

Ä«*r«ti«*lly    th-   •*!« «m r«t ¿—^ ,     *_ 
•*./ nmt âmmi'.y iier^H ft** tfc. «urfM« U 

to -li* i». «^ ^h w ^„U#B J#.r,K-  Th#rt #rt thrw fÄeWa 

IM —tr.1 th. Al. >Fth . «ai.llvJt, «y^l ,. th. rtUtu# 

••tie fl«14.    Tfc« «fc»*!  f#r-ul4  t:mr ^^ (|#HJfc ia w 

Sill» d»f»th - 1   r*w- 

imi— «r« •»•iiaèi, ta«^ o* tfei» famul. li.tlaf tb« 4»ft)t «f 

•*• fw OB« .ituati« «á iB pr.cti.,. lf thw t,^,, er fof-lU 
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• • 

•f »strati* e„ H#  ,,itn.lW   -.   Iri.f  .W-Ml3ri   lf ^  iyf, cf 

tr-u     '    * ""^ <^r   *.-.  •*»•,< i ft#r,  -mû 

e#lli   «nr*   fM   fc?»l 1f«  • -» \ „  i,.,     _,. ,    „ 

;•*» •%•!* ¿r'»-'- . »  .-r-^p, f4>ii., , P#i„:t#ii   jlBfs >,1#cU41|fc# 

*W tM«l&« tk»   K«tt will It  «¿f*«t«4 ^ « ,M^| |(<f„||>Ml ^ i^ 

iMMt »y • ta*la.    AB «if •f^r»t«4 «MI fer «ajwHjir Um |i«>i  t 



I 

• m 

*»* mUft^üM ni f,mtfirt 
tt»9«l fl* %pfli-»»* L«Wî« of   9<My  <>tTT*-mt-¿   tfc  pr**>i«ti®f    ^r «•r'.irf «*i«rtal», 

(«•ti 1*4 « "iri» .*•   3f  \fh»^ ir««l,  «•••pÉwn'ie*! «M   ?ti *•     ch«^«<l  '-mm^ummi»  fW 

é»f**ta «ré «si-Lin« in»'•oti.^a in tuli  »i^l.« « * w II  #*t*iiî L»h#4.    !>• 

•ffilcaMcr.«  »o  pi«** «.»i*t«n«*'«t •'•»*•»  f•*»•»!•, te<     ».r*  fr«*!1*«,   1»  •ijremft 

iC0  »êêy   e trr*rt   'och»! ; <••  *r«  u«#<¡¿ f>T  -r»el«  <Wrt*c4"i»ii   >iri4 

it   MIO   *••  - -.«< aam«»*   »'   '^rronio».    i)»   r*i Ivayt + h • r« ;«mtly 

éf«tl«>9«4 *»l«e   ÜWtru»«»*   ¡m  í'iüáinf *i%9 «M,   or#r  **) h** la« *#<NI 

•ara*MMt4 by •»#  country  »L«»«. 

•My cwrrcat ft^tipm««*.« %rt *>•!** **«! la» t»»«ltiá «at «rial« 

• »M tattler  11.     <*mà inerfi«k«iiif)jr f*T ta* U-alt* iajaaartiam «f aa»»f« 

•rfcaa*»?» tuteiaf, »*#r*  t>#j «r« **• aalj aractlaa*!* t«M*a)ifM ta» Ito 

afta ««ta**   ef tut Lä#  i£v«]v*d. 

fa» applicati«»* »Tt álacu.*««! 6f  ta« nt.Str  ra)  tortati* •té} 

•a»ip»a*t« f»r ir-pitu  t«atiiMi »f Mw*f«rr«u« *«at **cn«»ff«r  tua la*. (*) 

i\ê *Mj current  inali ja>*»at * tor wurf««? . racx  <f*t«rtl«« «id 

HM«t. 

l*».*ll*<i   iafa«a4 J JH  er.   >ht  -H'T^i«-*tiW  of th=  fagactaet 

klag c>ea>B*»amt.* «tr.  ! / fi*««  in « rtoMtly publia**« 

farta «r rtaeHaj  f*» Italie »t •»* af taia Sactlaa« 

•»•lcfTWM tua« iMtiM ift e e«t •—•»••  aai ***** ea#>t 

%f • a—Mralal #44y e«rr*ftt  *Tiinaeat e**«lftcall;  iaal#»*i fir  tat« 

tecaaja pMtikli U ti-» r%it*i II»««« iâl l^/M «»«• th« 

•rallakl*  f»U«wl»# ê*f Itf wa» h} ttm th«ll Of il fiai C». 

cl»C • ^r^«Uf   1«4 «%t«la • **• flMt 

•f tai» MM i.«# «•t#ri«lt   «««,   iMlMl äU t%U 

mé %ÊÊfVk»     IM %m e«*» «f •  c«m4»ftg»r,   it m tirtm»iv« murrmj im r««jHlrH, 



• *é» - 

m*fl«tet fr m, «., m. ^ ^ ^ u i# ^ ^ c w 

. »té. -  t» ^.t  tl».  ce^t«.  t*. **„„  „,  p# ^.^ t# è#  u 

m %*«* e«, .. .lffct.4 •* M«^M ,ife# ^ fJr it^ti^ f,m 

•ito  %,•   t,te*  *,«„,  ^  ñl.mm,        u   .m  ,.m-^lm   fw  ^   t^#-  ^ ^ 

•**•« ttr».«h *d th.  t,^ «4 «** r,^^   ,     ^ taè#ê w# ^ ^ ^ 

*ri«* . 1«MT *u».-k«  .*„«.« it  Bi,, t. „Äe#af;i.Py ,0 „t ^ t9 

r«#*e« K«*.  frictiM.     *,., t , rr### t„,. ^^  fif fe ^    ^ 

« %*• «lJMt cr ^.i^t^t ..th  fr.#4om rrm  .^.^ im «^^ 

If Iter« i.   tea Urp » m  th, frm*9 wIU llft „ th„ ^^ #f ^ 

Mi t*««r»r»t»t1M «l, », ,«*êkr.d éi moult,  .mmiHr •*»! .lj#, 

••ft. „ tM t..„ «4 fe#tt#w ., th# tll^f thf ^^^ n#u r9makUm 

tk* W» í»fMt «in k, i.^ tl3M| P^thllNf iu %0t%m #B# ^ ^^ 

»111 m*   »• «kt.i»««  fro« #««a «ig* ê.f««t.. 

MM» tk« ««*i|M« 1a in p—ititii,  .lwtrie.l mê »ir «»»»li«« * 

it«* tmé ìumà lamp «t k«tk mém tk« pr^iuf c» eMMMt, *«•* 

*f »«tU*-.., th« iMtniMit with tk« f-«N u . >tNèvl >-•* .f X.5 • 

U«ft» #f tfc* M,« «,t«ri«l,  **ll thtckMM me iat«r»*l éimmfr m 

«*•• •• •• tMt«l.    TW *«*«*,* tM». will hwv« « mmtor ef Mt*nMl 

•» JftUttal  tHimU«i *a4 «rtiüci«! «•í»«t« úI tM  f.n ,f fc»l#p w 

mt iMtnMtt la Mt up M tfci« *t«»éAr<t tub« »itfa th« p« «• tto 

11M «f tu« .Mrt «4 ai ctr.1 ^tti*4^ r«««r«»d.     1. e-* 

•• MiWMnti *m « tw»« bftnai« ar« k#i»4 MMttH *v«r « 

•f y«^«, « êtmémê tuU i« •—ti*l, kit «*»• Mrhla« «• 

ma m «*«r*g«. Mttlac •• »»IIä^. 

• r«itlM WM »>•«•«« •»tafeli»ii#4 th* 0y«rAtì«t »f «M •« 

Itac th« m««»# tkmiéti th* tu»« «n4 nullii^ i- back *-f tk« »lmcli 

«MUt a mc9mé «an MùM tb« r.ecriimf and «tuUM tb« rtc«r*. M tk«7 

«W« pr^f« t«à«8 ^o,Jt  i Bia>,t. ¡#r ó ««trt 1«« t»k«.   Tk« .1 



• m - 

tata I* prismi «vary !«r, *aá %*   ,h* '^f-Äiaf «i aaé af avary 

fili«     Allaviaf fa- rj »Miit «f a"fttif*>a»t •%«•  *«C© taaaa «MI aa 

la • 10 ar.  «ay. 

Caa'Jaaaar tute* aaffar fraa aa«r*ral f«ct*rs «kle* aay raéWa taair 

«tarai  Uf»J  »haaa incida» ¿>la)i *«le« ty aarf fcurifcilaae* in %!• ¿al«* 

,  ataajn T—Ì'JK,  TUJ w**#r  a* rasile  «mi  m *a*-w«tar taalaa" 

wa/ina  lift  '"ic,   *¿> *".4«ñ#i.-. 

Tasaa  f*< taa*  l>..-.:ij.-t  i    p  t^n(f(c«rr«>ilfl»,  nal in« Miài  locai 

á  tt  le  'j*r->)*íM»ry  to Tfcisitf» th« tyj«  af  to T««tèS  atti taaff 

t» taa  -h*rts yra<*<oaa tir th#   prívelo*. 

QM way la  ta «atrae l -••   fcaaaaC«; **d aallt it ajrially taaa 

vtaaallj Uuf'A, »ala* » ruad  i MM 0* • i'lwaular aiaraaaaaa i • pit 

•aaaurar ana • »all aleram#tar ala» »aai»t la aataralaiag tat 

•f alta «M •ariatioa*  ir  wall  thirkaaaa.  Rawavar thia 

flaUaé aw <>atn,ctiv,  »as whilat  lt la aeaatiataa »acaaaary ta 

ta •»•h éaatrwt.iv»  taat* •.« aitateli** N.D.T.   La tarar Italian aat a% 

•Hila« a eaaéaatar 'us»» sut  eau b*  % t<aa ¿oasuntiM **4 eaetly Jaa« 

flat MB* af an «aáaaear«  id t*n»r«f«r«  Dit   fir«''.  «taf ia in tarar«ta*la» 

aatasa* *f *airl»f «a imvr«aaisr  ai   * pit >,y usa af ilaatlaaaa m 

Aa «duy surr*at iaatn.i«««t th* Aal«c aar tasa éa*«laa*a »y ta* 

•f Da fase« (Navy) aaacitieally far ¿rack attaeUaa la fartai 

far aaaapia w*li<§ aa« otaar ot^aata,  witfcMt  rsaairtaf fJat 

•f faiat mat »r 4irr   m<i tn« «ark lavalvaa la aaajawtlt 

•    TV« aajttlaasut *hta la av&Uaala mam i laily  laayiliia a 

•tali «attary »tarata* »raaaiatariaaa laatrvaaat  i in   ilil ta »rata) af • 

fiatarla aaftla. 

Äa piallili parsaaa arata »rartáta «ita tHa mit tau—a» am 9 

f aal aaaa» aa araa aaaraalaat« kj 1 * } i*.    Iva prta« la aaaj 
i 

a atataaaa "air far** mi 0.0% U.t  pro»i41 M lift-.fr caaaaaaaiiaa aattav 

ttaB • yk af fall-acala toflaetioL.     Tji ut#, t%* p«*«  la »laeaé 



**. 

•f IM ww* and tfcm rw<*ti «fella* a4>«*ü« «M liftoff 

»1,  tk.1*        ra««ata4 «til  th«   nstitUl »f tu« a#«41« «f tao 

It NtMMfl »ae«*tial 1 r  ti,i»->eB4«Rt «f tin» 4i*<t%na« -if %kê 

fUf.    A  m|i  jf pre* a« »r* f#r »•»>-l*ua tytwa »f 

«M MWilaftla. 

Craafce em fca <§*t«e+«.l   'rt*  «  -}-*•», „* CM« ^.  ^^i, ly 

•MMlttf   aU«f«C't    »r««*   Witíl    «Mit« Li    pv^fe«,    ^yl   fcy   a»«*y*ta*   tfc« 

**n*<»ti«» #f th* »•tar.     i»«Jiaa.Ma*i af s^tv.al  ::r»efc 4»ptfe  i* tfca 

©••15 U 0.50 in.,   can fc* •fetaLa«! •• M »c-uracy af aèaut î 2?*, 

•• ••»•ati»!   that  th# ciack »r«»i-;a «urfaea.aiaea tjM» larri rumia" 

«IM «arfa«« «««Aietivlty ©f tu« nat»ríal. 

A M««»4 lMtff«M»t 4«ai«*«4 !®r tfca «a.awraatat «f 

•É«Él«r typ« aurfa«« éafa«t« í« th« D«fa«ta«Mtar ¿,i>* M 

•*••*••*• fir.ftrattr.    Pila «aparata« MM »ié> aar nata fa« tat 

It »f «irfaea ¿«facta wch  «r craaka a*4 IHM.    Dapaatflaf « 

•f pr«*«, rraah «af*fea <i» ta M M ita »« éa««r»l»*4.    Barattala 

f*r * raaf« «f ilaartar« trmm k ta 12 m with tv« *4>ata»l« 

*•» ran«*« totw«aa 12 - £5 M ar« «»ailaU«.    IWt 

17 r—gi« U aavar fwii ••fjitl«, »MI 

Iti« «átala. 

M.      ftmtan tyya ai  laatrwxat  lar «rae* Asf/t* »a»**r«*a»t i» 

lato taa »«taatial (Wttaat T^ttmUfm !•*•» la tai« 

•Ha tita Aslaa ta4 tu« D«fa«t«aa«ar ••» ala» ta aaai Jar a 

•a aaftaria** aar t las« 

It 

*#.%.i «fat* 

•miéaa a*taa*la» 1« amia U aafaty af 

rmrti+tlmlj m wt    ialini« nìiiìian 

: mm aaaaeta af araparatlaa h*9m mm Asmlt dtt la 

t«*t.    Gaaarall/ «éJy e«rr«*ta IJ Mt  r««aira aarfi 

•r aaaclal claaairc «-.it «urf%c#a attrai ta fr««  fra« ««talli« 

ftralfi aattar amia* MW fi«« ria» ta 
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to ta« •*•••  1« wfeMi    «i«| « r"1 ««If tfr» 

tu*««, iMre pr*»el««iia4i ^J ••%•* «te «la. 

I0«%1 It«)* e< rr«rt eft/tiipawat: «ewaa 1-   twa  farà»,  «ul*Li"¿ 

wUafc ay HIM »f »ia*>ia furt.« *»efe »f   "yquwiey IWíMIH «ni a rarlaty 

•f frafcaa #«» ««f« »ita. • at.a*«r  «f aia all eat lasa.    Tli« «ltamaftiva la 

asalMMait  éaaiajMMl far OK* »y*: if ir   MIT-VO««.     êafar* purelaaa «f «v 

aéa> a»rraat afuipmamt e—ultaUa* with A »»«if.vt'irar la aJaairaala« 

Taa r—ft af pris«« in tfc« 'í.K.   L* Trim afpra«iw«%*l,Y fl29 

WWt   %• «l>f«SÍIN»t«l..T fWXJO   far   t*a «a4al   70  ¡»rafeala« vita  • 

I aalaatla» •t irafcaa. 

•^•3«*   iBlÉtt1 **• «aria«» tfiiiAf f*aaj ta« afiallcatiail »f 

ttfcjilf — arias fr«n Mviftf naMlMwr« i» 4ias*atlla#% a* %m airara*! 

•aiftt«B>MM««   «Ml    "»V«i4lBf:    lftMMM   ÉM   ta   l*Ayl«MM4   pl«tt   «ttafaS) flji 

»s4naé «fflei«M7 in pmr atatiaaa ay »rrrialj« lafarwartla« m tfc* 

nsjfUiam af isj««aaalsla aaa ftnwi l«t —^fr 

fWtlMV  lattila** 

1} *•*,!. Ite« aaatrastiva Tsatia* HtmÊbmmk - Mit«4 fir AaVJI «f 

••C^MafaaHar.    Tfca «««14 fTM« & assay. Haw fava lfa*. 

1) »aartri jal, H*4*stle m* Viîw**l Mata*4s »f TastUtf »alas Isla 

J.Alts, t.G.Kia* «Ml £>,G.k»«s:«rs.  «tttsrvsrtaa,  Lsaj«s» 1*9 tM|. 

3) Iwymnit taatiag af Caaés»«sr ISA«. J.r.Bstl*. 

a«i •••tiMiiiv iMtui V.I.3. ife.i r»%. lyjc wjB, j* • jf, 

k) triti.* Naaaaraa. »sa lut «Mtla» i*. 
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M>#â.l SCu*t 

*o.â.3.i. àrnxcàtinm,.   <m*l»¿. 

ICA.i., oju^. METTI MAASIAMIW 

16.A. 1.3 TOXCKM^tt iJCAJUrflHUPt 

la.4.4 T'àKVèMAfli • AM OAfWT 

ICA.5 W111IT, COOT AM uvxita 

«IIMM 

lb 
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;  » 

HM.i imi.     Ärtentlel Oradiaa* Mea*ai saint, of eraek asp*» la 

olotttrically oeaoutive »eteri»la, and imuniwit of talrk» esa of plato» 

froa OB« aide, Md toot la« bonding of white metal lining to boo* antoría! 

ia bear inga. 

10.A.2 Principle 

The principio on «hioh this atthod io based la that the elsctrical 

resistance between two currant proda on tho surface of a relatively tal» 

aotal piato ia lnvereely proportional to the thickneaa, with tho voltago 

appi i od between tho proda kept constant  for a particular teat.    In 

practiee two proda are not  feasible for « number of reasons and k proda 

or potata art roquirod for i workable mot hod.    If four in-line electro dea 

aro plaeod In contact with a aetal object and a current 1 eaperea la pa—od 

between tho two outer electrodes, a potential gradient will bo produced 

I botwooa thoa.   Thie potential gradient caa be measured by cosaoetlaf a 

smaltivo galvoaoaeter to tho two inner prods. 

10«A.3«1       Applications   Proceduroo 

For tho teat la« of tho bonding of wait« aotal lining» to • tarlata 

a ooaairelal inetruaent, the Hoyt Bond Toator, la obtainable froa tao 

Eoyt Metal Cowpany of Great Britain Ltd., Deodar Road, Putney, Loada» ».W.U. 

Jiote!- Ultrasonic techniques for bond tooting are discusso* in Section A. 

10.A.J.2       For tho eeaaureaent of crack depth by thie itothod, two laatnaoeat« 

have boon developed by Dr.Karl Deutsch of   Soraany.   Theao ara nnaaeriilallj 

available a» the RWG and RT10 gauges.   Tho ST10 haa roeaarfaabla battorloa 

bo readily taken to plant. 

Theoe oqulpaonta are uoed to aeaaure tao depth of a oras* «Baa» ha» 

fsuad by visual or magnetic aethod».   ballai crack daft» »in»»Malta 

by oddy current tec imi que« are possible, tho potential gradioat aothad oaa 

daal with deeper crooks, moasureaonts to a depth of 100 aa being «toted« 

10.A.3«3     For thickneaa seasureaont the author knows of no eoaaorelal oojaiaaaat. 

Ik» aal» advantage of thia technique being tho ability to copo with maty 

or dirty surfaces.    A auafcer of organisations have constructed sad uaod 

oaaipaonts baaed on this principle, and aeaaureaents of tho thickneaa of 
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**•*• tm má t^uUr typ« «ir haat.r. h^r «»„ miml mt ,y th0 

M»tr*i colite.«  fer .tTtr%1 ,W£,#    i^for^ti« or. th. daai.» 0f 

••eh aauip^t i« fiv« 1» ^ AWT - »« eaitmctlir« Umtiag "^daooà. 

Soetlc« 33 Vol.IT. 

M>.A.*>      Präparat ^on y 3*faty 

Littl« wrfaca preparation u r«*uir!>d for tMcttna*» irramt 

«•in« hirdanad .teal  point, to the proda.    For era* dapth «•.iwrw-nt 

l*Sil cl.acing of th*  contact araa by «tory cl.th cr rtthar RIMM MJ be 

»acaoaary.   >or the ifor   Bond ^ater th« **«il«cv../>.r. aug*.at that o* 

•*Cêi,Pn* *htB th* "»s-canf wh.lt« -natal BUI^C.   ^ an   oxidiced       «ki* 

•mémmjU dirty frorr    contact «rVi th« lining mw<Jr«l it  is prefarail« 

ta> llfhtly machin« th« bor« b«for« taattng. 

ft«M are no unusual aafaty pracaution« required, vn«r« anüna 

•lastricai auppliao art r«^ir«d th« at tant ion »»at a« paid ta thia 

M»Mt. 

»a coat of taa aqalpaaat« aatloaa« 1« ralativ«ly aoaaot. 

Ai thay ara robuatlj construct «d, Malata*«*«« caota ahculd W law. 

Ai «oaaooic mmrimm Iron obtaining accurate and raHafeli laforaatla* 

am «ài iapth of a crack, or vfcatnar it la a crack or aurfac« aarka can b« 

MfpiiilA«l7 hifh.    Oftaa apadfication« call for ejection of a coapoaaat 

if a oraek axcaada « .tatad d«pth, iHfurmit any »ea* tha dlff«raaca 

rajaction and ««captane«.    Again »any plant iteaa can raaaln la 

rio« with cracka prwridad thair d«pth and axtaat ara know «4 it it 

m vfcithar thay ax« f««fr«aaia«> - ropoat aiaaxiraaaat« can tana «ava 

plant. 

farthar toadla«- AJjfT anmdfcook «f if J).T. Sactlaa 33 and papnt ay 

it Ul. iuta« tharaia. 
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U.0 TKOMAL AND 09M1 

U.l «OOPt 

U*2 THERMAL METHOÛt 

U.2.1 INT RA-RIX 

11.2.2 CXWTACT 

11.3 KATOtlALB flOWD» 
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»• K.D.T. aathoda for plant MIBUMM« di*cw«aod la tala p.p.r 

•ra tàoaa 1« daily ua«, in addition th«r« i« a claaa of which only a 

»riaf account can be given.    Methoda under ¿«velopaent or not yet la 

«*«*r»l ua«.   Th.« are theraal methods, corríala« Taira red aad Theraal 

oaaaaratora and «ateríalo eorting equipucnta. 

Dwalopmant and complexity of K.D.T. ia a coatlnuoua proc.aa, but 

ta« aethode «elected abore all have the feature of being applicatela to 

Plant ia-aitu or in the repair ahop.    The boundaries between N.D.T. and 

•»tallttrfy, wilding. «pplied phyaiqr>, mechrnical, electrical and electronic 

«••inaarinf ««4 cheaietry ara oftan indiatinct.   Thua N.D.T. aethoda ahould 

•at be ooaaldered iaolation, but ahould be coaplaaaatad or coaploaaat 

»•tallurgioal aad other teat«. 

"•* B^nal Math^ 

llaotroaafaatic Radiation with wave langte* loafer than rad 110* 

ia oalled iafra-rad radiation.    It ia «altted ay hot bodioa, auca a« dry 

ovarheatad alaotrical conductora,that are not yet hot enough to b« luainoa«. 

U.2.1 TheraoYiaion equiparata ara now available which can acan an objoct 

•Bitting infra-red radiation and praaant the information on • cathode ray 

tuaa.aiailar to a t«l«vi«ion »et.    A built in facility enablea temperature 

gradlaat« or iaotheraa to b« aupariapoaad on th« received pictur«, enabling 

taamjli atura to be aeaaured to a cloae liait. A coaplat« equipment can be 

mmm**«4 aa a Tand »over or ia a helicopter for aurvelliance of electricity 

wyply aub-atationa and tranaaiaaion linea to detect overheated jolnta aad 

«lang«. Xh« inaiatane« of the Jointa incraaaoa du« to oxidation, which 

raaaata in a temperature ria« which can lead to failure.   Tha u«e of thia 

»tthod ia now «tandard practice in at leaat two countrlea.   Othar application« 

ar« to dataet hot axle boxea on railway locomotives    carriage« aad valona. 

Btajie.Liaautal work on detecting corroaion in boiler tube« ia alao making 

food prograaa.   Th« capital coat of infra-red equiparata of the thermoviaioa 

typa ia approximately £8,000, a coat which caa be recovered by organisation* 
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MI electricity supply where the outage of traaeslsslen lia« for 

a day can coat thousands of pounds.    For the wider application   of 

infra-red measuremeifc to plant maintenance there are possibilities 

that lower pr-*?«-: '.\nd simpler instrumente with lower rrroi,:tioa, will 

become available. 

Reference - ThenjOgraphy  '    .    .l-'-iu.;.     •   I+. '••> replication to N.D.T. 

Leil Berfietori and   ^n Fértil     B org ¡¡ritinti Journal OÍ D.D.T. 

Vol. 10 Nu.2 June,   :-9u-  pagee ß* - /^. 

11»2«2 la power station boiieris ¿tu r ir g eroctio;   and repaire tuba« My 

bocona blocked, either ccnpIeioLj- or par ti oily, by the entry ot foreign 

bodies.    When the restrict ion is savor* tntt failures CAí* occur,  leading 

to loaa of plant availability and money.    The Central Electricity Research 

laboratories, Leathcrhsad, Fhgland have developed the C.I.R.L. contact 

flow« a tar which can be used to compara the now of water in bollar tubos 

thus providing *> simple and rapid method for locating blockage or reatrictiom 

la such tubes. 

The basia of the method is chat:- 

If the tube is blocked either partially or ooapletely,   tat reduced 

watar flow rate   acuiti in a generally reduced heat t rana far rata aloaf tat 

tuba length.    A blocked condition is therefore revealed by heating a snail 

ara* of the tube at a convenient place and observing the» subsequent ooollag 

rata with a siraple contact thermocouple instrument. 

To use the instrument   it ie necessary to nave access to scan spot 

OA ths outer surface of the tube through which the water is flowing, than 

a circulating water pump muet be in action and scaffolding or other acce— 

is required.- The teet ie CUT i ed out with the boiler cold.    Full sesie tost« 

hare been carried out on large modern boilers and blockages successfully 

detected.    There le therefore a good possibility of this aethod being 

adopted as standard practice on new boilere, but experience shows there will 

be occasions when it will also be useful on existing plant.    A patent for 

this d'orice has been applied for, and a comercial model may beccate 

available.   For further information on this instrument enquiries should be 
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CoMpnoBta and r.ethod* for sorting «i««! aaterialn er centónente 

•f aimilar ^p«*•,^ tu'- d¡8i«ii.r in composition «J piarti«, are wll 

eetafeliohod in production,     in recent    year« with th« incre«*d UM of alley 

Otéele it ha« become nftceaaary * O hove waya of  -dentiiying „ateríais at aito 

eurin« eonetni*tion on drivai <r. th, rtort% or „v^ iMltu-    lhlB tJ!|Bs 

that generally the continent oannot be pat^d tnrou^h a sort.in« oquipnont, 

»or io it al^v« poctibl,,  to take a aa/rple,  particularly if a largo number 

of cempoaeato hove to b* sorted.    The Central Electricity Generating Boera 

«foelity Control Unit, I reduction  Inopectioti and Teat Branch in   conjunction 

«Ufa other ueer« reviewed a number of equipáoste at a Conference held ia 

ia February 1969.    The aquipmoato currently available operato on 

of the following principi eoi- 

1) Spoctrefrophio 

2) Wdy Current 

3) Thenao Electric 

*0 Iaotope Fluoreecence analyeere« 

5) Oheaicel, Magnetic, «park Tooting ejotnoe*. 

AB io to be expected each typo of euuipateat er aethad ha» avantage« 

eloaavantaftee,  there io no cure-all, and choice of an equipaent will be 

by fectore au-h ao »clune of testing, tiae, aceeaw oto.    It io 

therefore euggoated that peroone wiohing to uee each iaetrweate anéale 

contact tao author of taia paper. 

Iafre-Ä#d Radiation 

A.Vaefco Ifeglian Translation of 3eeen edition, 

niffe Book* Ltd., J* feaeel Square, London H.C.I. 

Sorting Mixed Materiale. Chapter 15 

Roa Deetructive Test in g. J.K.Hineley. 

London, 1959. 

paOAaeipeo ay 

ano avena* anoj et 
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U.O fritti« of Kothod & S»—!«, ôf elicti—. 

12.1 t*l»cti»n oí N.D.7. Method 

TVP> of Defect 

Crocks h fits 

Accf CRible Si.r ' ''C'.'.v 
Oir»3 Vieiril  .Mdf.. if 
noeded. 
Set ?-«ble, X  

1      ~~ 

"Trough í-'j.«.o.'.,:'-r.    Or*ekc I/uni imi ioru.    InacctBiblt 
°i.e. Yoidc.   .-.'cid Defecto ì'rr ßide 

YiS'nl:   Vi ru'il  /.idr 
renetrantß,  í'-^jn^tic, 
tíltrnoonic  lurfrc- 
Wnvee - Edd¿' Currents. 
Current Flow.  

Crnck r.'er^t'r.  n*"»fnir'',r«,!'át. 
I>f«ctoiB«t^r.   Jei.r.oht. 
Ul trncor.xr. ','rdio¿;nrh;;, 

Recording Surface 1< foots. 
fop f'nrkin£,   rrnf,. -.Li • 

ink and t-ipe or rcpl i •".,' « 

rhotograph;' with 
•ndescoj«* ort ib* 
calieras* 

J   T 
1 

C\.b/I3a rfr.ee 

n."dic--r,-ipby - 
'Jltrr»sonic - 
¿ddy Current« 
Thermal 

Leak detection. 
flnaeous 
Liquid 

r*urfr.crR 

Eddy Current 
Current Flow 
Ultrasonic 
Thersiol 
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il 

t BMII «r 

t (*) mtr»«e*l« 

(•) ftoyi tonétot«* 

(e) Dy» taMtrwtt Ut 

,1 «hit» MtAl   lifl*4   »Ulft 
Iftda, ar«/.*<l Ply« ,T«lata« 

I l«*ring Liiing Bond 

Olir—alili A io M ¿iaatler 5 UH. r>«r««l, 10^/5 proto, 
i« aff»nn«d over  ih« lfniaf»  «ni  say «r*M Of 
nati toaá1 not»«!. Thia t«ehnl«ju« 1« la «ffoct 
• thlcknoaa n«ACt<rinc «B«, patch«« «f 
«on-tond r«fl«et ta« ultraaorie «boro 
llviM a "taifwiitf" indir.ti««. 

••art Poa<a»«t«r.    (Cirrtwt fit» Tooaaioa«) 

ft« af*«ial akill r««ulr*4,  iaéicatUa to « 
• a«t«r. 

M Br* Ftn^m1 

StKrd«r4 dy« poaotraat fncilvi 

«tor« lata #f t4kja toto 1« avaf>«ct««:t or crack« «r par—ity la 
Ito llatof É>« ««attrat* ae«««4ur« e«n t« u«*4. 

Th« author «jtevs of M pati latto«! 
oa ta« poralaaiel« «aottat «f aaw-toM far 
«•arine« «r brat** pip* jaiata «te.   Ito 
following fi(ur«a ar« fiv«n aa a fai*** 

DwiraU» to «etaia utal »««4lag, «r ft* 
affi «ima,  to •• ia acattar«« aaall «roa* 
ava? fraa    «a«««,    lag« «aM - IO» 

la« »oyt &««* on ta« Liaos l«ar1ag. 
Hit«4 i.A. 
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IVO   tritala* » 

Ha  AM* 

13.3    **a4  rar Tralala* i« N.M 

13«*>     OrfMlv-^lrf)   nf   j'rslRitg 

l».l      Trata i»m Offira* 

13«t»l       l'r%ÍAÍ»f   ¿*n<w«I 

13>.3      Train, if .>•,«*«„ 

13»*>«3»1  T^tel*- • T.•»¿.»tai' a*é Qaaü 

I3«t.).f * lanata« l'^inl** 

1JU*.3.3   iJ*-raati»à#i ~rmé+» 

1M.3.4 Syllafcuaaa 

13.M.3 Cawraa« 

13.M.4» ».r.T. rraial 

U.M.7 NMU % 

íi 
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IM 

IM 

TM« «actif« provi*«« inSaraati«» m IéWIII tm 

éaWtfWjCtiv«  t«*ÜR|r per«OAr«l   ,f»»*Hfi(.»ti*w  in fort», AmH«*, 

JafJM «A* ito Unii*á Kin««««.     Til« oraa/àaat le*  rf Tmiaia* C«il««>, 

ta*) pravi« i u* ot   floaearia*,   «tan4ar<e(   rmt*r+ne»  *»rfc*f «*awala 

ir« iJMirMiinvt« *a ai4in¿ tu«  «a«* ef traiai*§ ara «il 

U.I 

1>.a.1        I« ih« Dati«« King«* tM »*«4 f«r tritata* «a #iatta*t 

»ti«a hm*  toa« il»  «vb,)««t  of na*«* 44»ot«ai*i i« raa1il 

tfcia HA«   tra   to » elafi riHt *  of  truininf »ai 

*Tfc* «/at««* Mr-   lev* le «merit,  ut  t.aa »t t. taaV»/an«v^ 

•till fat tan»  r*Mfnr»i  by mr. *niivi«a*1  i«  «#»#•» i« 

liai/ a fi»»« taa* «r j#V. 

ti««  i«  èafia*«*   %«: 

*»«tiviti«a «ai®* aia «t a*v«laa»a« «ft* 

kl vaia*« «ri« 4«4«r*tantia# f***lr*i in »li amia* *f 

lift« f»Uk*r tft** ku««)l*4f* ma «kill  ra^tia*. t« aal/ « 

Itali«« fi«j« «# *e-ti vit/».     (»ry* 61oM»ry *f ?r«a«*Jaf. 

tifi Uni «try  -f U«<>-*r ».«.S.u.   4*. té.) 

Il a «arra« NMi traiate*« ti ta* **•»!ai ti an ef « «Mil 

*mt • t«*t, a* i aé>»««ti«a i« ta* a***trt««7 «f 

di«« traunia« AIM n>'»c«ti«i «r« ìIIUWWI «JHI ta* 

«Jai «ala*** >>f *a»a  i'.. ä'I *. 6. T.  e**.'**, »re èmpmmt-;<%+.  «a  'a* l*v*i 

«# t**«l*4*« «M airi ti   r*i*ir%4  «p il» «ara<*i »M4  t«*fc f«r 

fi»!   mm 1«*É f«r Trafic la I.E.T. 

TU« «a>U«f*?*orjr a*«  r  lui!« aa#^««v«jM*> «f 

fajiia] •**•«*•  tm  ta* Taatar a» ri a« aalt »ea*Ua*l «till «jai « 

'«ai« ta**ratic*i kri** : «xi*« r,í ta« a» ta*«:   w a*t»*4* «A« t« 



• I*- 

•.».T. it * 9mh$m% •*** tornirne 

*U ** ••wTi*l», «iiflftwtrir« rsi«M« «4 1*9* io», 

"Wl,i* * w r@« *f «yt^tlr traîne it ~e,»ty. 

•iftf t**«« MRUfterttc in «notfear for*r - Ttor« U «  'ri^M* 

«fti • '«r«w<  vajr pf  1,,-«, .„^ ^-tp^Mtructiwi T««t,    In 

«•••a aMa* ta« wr«v* w%/ 1n t. •••aj.n,.  to »h«« that « t««t 

•%>•* U W~t f>~.    Tfc# «MIHJ,, mil «M UWfrtt, al- 

ta» Twtar «r« *.»a b*«t »«f*fu*r<i that  tlM rigM ««, win »» 

•Mi «f lMii«««i«M  i'»t,*rpr«i»4 cerraaUj.    4 TMtir we« ^T 

Mil* Uta* « •^•f.U.r praaara« *r« ayalas»!!« ««.m or 

* taUfMtl« i. wti«r •*»!»•*« la Mint «u .M tu ri*« 

•• MifMUU tW tapartajiaa «r kit eUiet. 

«M 

1V4.1       i éMUI« W»lM W*. r—tkmà that M 

•atar* «i MM? «n tramala« i.B.T.  »tra—il vili 

l*tt* •*• *•* iMtrieial la« fir.I •*•» la «• aaJ» * 

r»«P«*alkU far «rtwiaiaf «* «Mparrtata* 

tM 

•maw l  »I.J.f,  aWf.    Alt 

tt.b.i.   ia **t /at «••ivy«« « 

to I.I.T. tr*iaia* ani «è* ttiUiM 

Uralj, la « 

** »M a 

1*4.1      U 

I« 

t at«, «ri 

•ailla* »i |f iimiMy M^MUM la ta* 

laa »4 PTMUttl atiwti «i I.9.T.    fa* aaaalallaaa 

Hi awaw ara Mt «Mil «ita ia lit« papar, tal taf 

laala U • aaaaar »f aafclicattcM aft« pario4iaala. 
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taa O.K. IadaatrUl Trainiaf Act 1964 • 

la* ef trainlag «chenea and faellitiaa has bNR «ataeUalhié, 

m Having a Trainila *œrd for «ach type of induit 17. 

are now approximately yo mich Traininf Boanla;    as a ritmi 

on a ayeteantic »pu^oach tc í rainiryr covering a wida 

af par» orme 1   the  jnth-T ga^gnsU the publioatioos of  tht: 

laftaaarin« Indurtry Tn-dninf Boardt 

140 Tottenham Court Hoad, 

London VIP   *.N. 

lettre ara aiao Tr>*titm«r and Aeeooiatioae devoted aalaly *• 

aaaiatlafr industrial »nri coraaaroWl trninin« «ad repeat i a«, an* 

la ta« 

•rttiah AMoeiatian for C cam* retal and Iadattrial Idedatlom, 

U Park Gravent, 

London W.l.    (known aa B.A.CI.1.) 

Leatione auca an MUE ar« a aource of iaforaatita en %m*Èàa§ 

•won aa filma,  profr^aaeá learning, «to. 

Xa aéâitim to the certification of I.U.T. ptraiael, Jaaajn 

ami fañada hav* taken notion to enenre organi• »tion« provi dl** 

«tlÜJef i na pec ti on n*rviee* oorfom to » known «taaaard.    I« Jaana 

Mat fiajrr* Valdinc laglnaerlnf Society haa a Radiographie 

f^tia« Cenaittee (KAC).    Tai« checke and «fualifiee the ItifcaUtai 

•ajaMlitftea for radiograph? of the inspection coaanaie«.    TeartUf 

faotlitiee of eeaaeaiee auat reach a aatiafactorjr ataaderd ejen 

tot* puaaejul  aaat confiât of at lewat two impervi aeri ani ft?» 

«•aèmiaiana ate an«« to aa aeaUfiad ay RAC  by «aaaiaattoa.    Itela 

•artifteatien la for «enanniae only, net individuale,   la Ca*ana 

«•» f anadian lUadarda Aaaociatioa have pufeliahed a coda - %aaUfi«aUoa 

•ait far we l di a« laapaction orfaaiaation» CSA e1TS-15>o6 which aeta 



• 'TT - 

«il «tortai* for qualification of orfaaiaatio«» perform** 

walilaf laapeotion and  the procedura« to ba followed in «aintalala« 

tu« «ualif i cation.    Th« «t-Midard is »dinini.tervd by the Canadian 

Moldiac Burtau and -•. ¿ii j>;IMmta for cot tificati - are set out ia 

•*•• *»*aU.    Tiri«* ..„.„«  .. M^i»...:? categorie« . vh a« buildlafn, 

triage«, «hip« arid pipeline.    Standard impaction procedura« ani 

Uat arocedare« havo to bo «ubaiUed for ali w.,r* and the«« aast 

W approved by the 8ur««u.    The teat method* mii   include all f« 

af I.P.T. uaed.    Perponn«! are claaaed a«, walking division 

aaaarrieor, «enior wudii,# ¿n«pector, junior »M Hing iaaaaotar. 

atti taat aanlpaaat operator. 

'*4«î       P.P.T. Training Scheme« 

13* 4« 3*1   Tabla       «uamarliee tao nark uttaa a^a lai U tèa 

aataaliahaant of M.D.i'.  p*r«pnnel qualificatirr  vii certifleatlaa 

in Canada, U.S.A., Japan and the United Klngioa.   Taaaa 

ar« well «locusNsn.ed ani provide a valuable ftttd« to 

••tabllehlng a trainir^ «eherne which confora«  vo a nationally 

roaog«l«od pattern.    Ilu» aohea» produced by th ? Amerio» Soeiaty 

far »DT - nucomwrv-M er*ctic« * J. SNT-TC-la p. ovirie« in 5 all» 

»»la—a arid 2 appendices  the information readt'1  to eatabllan M 

•Bf aaraonnal training an i qualification eoa***  l'or tao 

arta« «f aparcxlieately i 11.00. 

Aa approach to plancia« ani eiaaalalag m »W 

•«»•ai la a& follonas 

Writ« a Job DaacrtpUoa 

Carry out  fob Aaalyai« laalediag lav«la af «till • 

nao«ledge ani dooaaent aaaa. 

raraoanel Grado*, KT.tauaatloa« «ni Q^aliflaatlaM. 
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trito •yîUhotfoo). 

training Kntorial. 

(h)   Tho Jo* Doocrlption nay rolato to tho anility to porfora AM 

opooifio ÜBT application, or it amy oxtand to oovor tho —fHfomiiU 

•* •* *W laboratory or T©«tinf Group. 

(»)   Th» Job Analysis may be confined to routine or pi ««o rito* 

»•i or again it may «xtond to tho ootabllahmont of tocami< 

it of dofocts and consultation on K.D.T. 

of tho faotorfl to i* ocnoid«rad in carrying out Jot 

Lo art tho following: 

Krnovlodfo of tho plant ana location and typo of dofooto 

I* or oxpootod.    âMHty to ooloet tao appropriato f.AT. a*ho»(n)t 

IplfMut and toohalfuof with an awaranoo« of tho limitation« of 

•mm» mtthodt, toohaiqooo and oauipmont.   Ability to oot up, oallhrato 

ma onorato oorreotly tho soloctod oquipmont.    Ability to dovilo 

Wmh*lm*»B.    Ability to dlotinguioh botwoon rolovant ani im ninni 

iftAi oat lona.    Ability to rooord and roport toot room It«. 

of appropriate aafoty oodoi regulation« and praotli 

iloiffo of appropriât« Standards for 1ST nothoat and 

applicaci«.   An umdorotaadimg of tho function of lom-eootrmttlmn 

totting la tho workn organisation in relationship with other 

or Motions, for exampl«, motallurg», »wUimj, 

I» operations, r*»oarch ate. 

U.4.J.J    roroonnol Crado«. Examination* yd ^JlfioatloM 

fehle       oont&ine information on Orado« of JTCT pereammel 

Iemale of hmowled*« and roapomibility.     3 grado« appoaro tho 

POlo and tho procoduro  irlcptod by th« American Sooioty for I.P.T. - 

Practlc« »o. SJTMC-1A, of Level I (bottom) Level II noi 

WJH 



. mm n JP« • «»•ap 

-Ml - 

/. 

Uftt II! (*«p) »void» UM ti m aal ties «*t«% HHMIT 

WÊÊÊk M Technolog!«:, Technician and Operator ejajr ea*»e. 

oonftldrring pen? mn*l  for »pacific  trailing conree« it  is 

teelrafcie  to r(!\i«w *h">ir ¿d.mattonai levai  mi H  tf neceeaarv 

mia« to apcnc' ». o.-ricd  «»n revision of wb.jM^r a-ioh a« aatfeeaatie«), 

electrical «i't ir-v-hani'-al tva>n««riuy principien.    The villiaa*e*M 

•f IOT per«ci-rvr«l  to attend ccuro^a   *n4 their 4*v%tl»uilifc.? •«•< 

alto be taum into coneleerat J on.    Wh. 1st  th«re 11 et »reeeat a« 

•laarly definel ÌW7 snreer structure tri* plao»  ->f NOT trala taf 

M leevlliif to a reco^Tiieed qualification auch «e tiaae eaeaai ta 

fehle ahoulii be eleerljr uaaereteja and etate«. 

13. i. 3. 4    SlUahaneo 

In devising a eyllabu* for a eearee we can 

to Table «>t*r* it will he eaa» that the Cl 

for Radiographer* places project• lato 4 

aataor of thia pj per «u^^esia « aoeHfieatloa a« aere 

fer plant Maintenance,  vi/. 

(a)    Weld,  ma Melduente. 

(h)    3 trac tur 90, T unite, CrejeM« 

(«)    Cacti/'*« *nd Forcings, 

(é)    Fir**,  Tubes and !Xi«ttaf. 

ta* ran«« of KDT Method« fer flaut 

the naher from  > te i a« felli 

Raanetlc 

Pénétrant 

Vlaaal alia 

Uak Teate 

TU trátenlo 

Raái ofra'jftl 

(IMI fmi< 

laJj Cirreat ani Electrical 



• Mj • 

^•ifc Ifc» ) Itevi« ut — 

• ••  «te«   tMm tei»n  k- .   w_, «"»"   W .   ta»,   ».H»,,   ,».,.„   ,^,4#- 

»~u.., .... w)rtll, „,,, ,w| ^.^ ä ^^ 
••••il 

«• 

* viiaM r*. „p,,,,, p.^^, ,IWfNilei 

li   Mé   *ááU   -fc-Éh    a 

»*. A „iute. f#r ê ^u Hm lmtÊm rf ^ a ^ 

^ »eoo w«, un-«.,. _ .„«„^ „ „^ rt 

Iwtitat«,  7é **rtlte* FUc«    i —a. , t.*    to_ 

*«• «M •U.ftetiv, tel*«*   #f „^4^ ewi-^ 

!• •• «te tè* liten.;     - 

»M vuy ta w*p» «M *•**• "«• te w« 

••«IM «r te#). 

•• ê t#tei u.« „ 4,  1/f   |M ^ |4 mt||| 

âll ««.rte«,   vttfe  tte wcttUm   ^€ «te IprmuM«,  U# 

«ridite %jrp*t te-mië f^, ^t 0t   M u%#€1.%t<Ml ,^lfcW 

•Hite^ly  Iteát^c  t* s   ^^iMj  ^.Jxf^u^. 



mmmmm* •••••••111 

NI 
[•i 

PWUi^i» te kM*4 m m aaiala» «r teliate* Maat 

•ai at**»!« ifi-5lt*è» aa    aamaattaa araVW ïmm* %aé • 

•^•«•nu     tfa*n  «ittirv»!   t-Wir—m %/••  »taarf   fcte ayll 

\ê te «aaai^ml te #»nwir«  taat thay %r« v:*¡t,aMa for ». 

tf HWWMl   »tiaMinf   VM«  a»   la*   «a  prue Una* l«     ewfa*« |« an 

lkii»i  tte  ^raama-iUo«  jt   tr-i'Hi/i^ ,-.o*p*«»a «A4eà ara Hattet 

to titel* •afM'tie,  pane'rif!   t   -nji^l  «j«* ate   I»«* t#ate **« 

teff* ••psa«i¥«t   tht oot-1.  n«*a  staxplj wà,*n  otte-* a* t acte 

•Itraaaaio,   rmài*gr*ihíct  *tr.   »ra involute.     To  anaala «1 

to «Maia tte aasaatUl. familiariky HüD twt  *«*i patata, 

If»»»»   *7te« •# á«(M( a*4 ealikratiou araoaéara« 1« la 

te a rovi te aUracaaic •«/UsJMntii m  ite ratta al* 1 

it par two attutatiti«,  with tte ©oat af aar* aajteaaate 

• filli* •# pr>tea Winf »»arljr f 1000.    For raattaffra«! 

§M«Ui«f ate *wo er w<>ra I-ra* «a pai »our«*« tte aaat I« 

•Ite ai|ft.     rt  tea tea« utiaakW  that  tte oeat  af aajaiaatef 

te   Wt   Tr%i»itef {-««tra  tu provite m oumpratefiaia*  'Mf» •# 

•V? «falpaMit  ia £70,00) mñ  »Wi,    Par this ana atto» 

toa fa»* ttet i i tte «ajorn;/ of ^a»a» tte ptrMt i 

te I.r». *.  la m atelt tei fea» *lra*4/ laarat aa» tr«te 

La* te a%Ua f.r. '•.  avat te atete.    Ttera a al te a U 

f.K.  a aawter «f erra*i»**tt*a pravlátnf »a*«ra«i af 1 te 4 

IM terato»,    te«* ••*&••* ara »rfa**»»« ay i.f.T. 

iv   »y C»l U#aa,  parti «alari* tte Calla*» af 

•tery, Staffavtetera teiea aatara t^v tte City ami Saliate 

Cate»« 432, me te tte teteel  af âa»li«4 1.9.T.  at «te teUüaf 

tatet tu v», Ata afte* «all, Cc<atei4fa. 



"• *y   m 

trm M5~€é5 ,1- ,*.t«*.Ual —-,lM_u 

Hl,n af tvrî;j ,,     ,   f m«, for w^,i.%tlail- ^têii ^ 

»•liât Imut*...    T.r,^.^^ 

•t*a»t, ©Hiiéf*^, *irra.y, la^laf*. 

**••* «tl«ta % r**l -MMétr «f «aawaaana   aaata 

•« «* to traUW 9mm « ^ w U9ut wi J 

î 

unreif JT *••*u ••»•*• win a* I lapidari aftd 1,1. tf 

ft* il* of tachai^« **«„,,, 
*•  training »ida. 

fcUîlarrv-,1 ».   hjlíl¡   .. ,    ^  ^„^ 

KiaaluZif 

ftupplaa*nt & 

t«*I>tla«aat ç 

rmotfa^n,   fTT-f-«a 
C—4i,<    I,    r lh# Cualifícatela 
Certificati^ oî ioa-d#atrttctiva 
•"«»l Paraoïma*. 
•Mf>laa*nt A - »aálotra^.ir  Faatia* 

Mataos 'An pa«aa) 
MafMtlc P»rt tel« 
Mata** (84 pa«aa; 
UUnaa'jnir iaatia* 
fcUcrf (44 pMNj 

»*»l«a*M Ti - Liaju* fanatrapt 
••**<* Í76 pa*aa) 

- lidjr C»rr«nt aVtaod 
(56 

•«•lia* 11,0 

laatiaa 14.0 

Cltj «ai ftalláa 
•* >—••• laati- 
*•*•. 76 »arw 
U»i ttaaa, «t. 

•aaiafty f»r 
•— intraati»» 
Taalla« 
•U Cai 
A*« 
niiatii, 40JU2, 



•pi «HPBMPI 

- ut - 

Ur 

W-4-1  Tntre-' ,•'i-:i   ,u .\ ,nd«-t ruoti i 
TOT*,!«*   (2;y    p^,:-.-;) 

PT-4~2 Libili P»ni;!f%nt t»«tln|f 
(?(''- ¡Aro*/ 

(410 pi.. ^; 
l 1-4-4 o itla^w io   i«i!,iftf  (i   »»¿I 

Fl-4-5 I**/ fuTont T'itine (r voi 
50) r^f«'*^ 

PI-4-6 *a<U<>jr»çhic T^t^nf ( *5 vol 
1 ì*> \ pa*«* ) 

OH Hirr Thí CCfVUETI SET 

W-4~l*t,  inoiu-Hifcf %1J   «ix yT9g 
Ir: i truc!, i ,-.n Bo«àa  (1} v»l 

CU»«r«om Tr*ar.t.iy (ì<«f.  T«*fc«) 

W-4-2 liquid Poncirani ^Miliaf 

CT-4-) Mariai. Forties '.'••ting 

CT-é-4 lhtr«»«rùc T««ttn<r (10? 
CÎ-4M Kf'Jv Curvtnt Tsatiif (201 

ta mjY T!-s¿ coMíñLirri fir 

CT-6-Att, \-<>;ttf,±u£- ui fiv« Ct%iir 
Tri.1 r\iryg B©r»k* 

JLCltL 

c*«r»« *f t'if *«vrf"    ^i*oorl«4 by tw 
••*• «¿run   .1 '•!»«.,* jv,,:, ur r«f«i 

' 

IW Cirvefm lene« r©ur»« r 
7r«pM«4 tj U«ms for  pw»U««U«« toy 
to«.   1«S 1970.    Je-.nt  cr0tnl»«f» - 
àfJT M4 i¿4 (im«ri e«» ftoei«tj f«r •»**!•) 

•ilt«i ir fir. k>è*it Z. 9r\ 
t8jO pc».  1,250 tllu.trmtt 

'»•r. 1 «•!• 

114.50 

fio.jo 

^50.50 

tw 9màm%m»%lm 

914 etu*§» ài 

«MM, f.l.A. 

»U«*ml e< 

JaJUiyfO ?•!.  Utili 
•#. I. 

A.S.1.9. 



- 14*. 

¡13 

i*. 

ÌU 

L 
tó 

*» uri—, ""»•«»»(*• «M luck lMW 

'ïSS" Sii1«*1*f" «— »- —îizi^^«rM.io mir»,';? 

ktla» 

HI 

Î20 

Crow»« 

tV- 

tjjo 

8~*i«i 14.3. j. 

»•Mi at 

*• V«Uiaf 
Xa«Ut«t« 

••otic»» 14.0 
Tabi, 

••re«  gfia- Trae« Ai 

*é\»oational ft/at«aw 
L**.# lrt«lol. 
• *.  Lawr^ac« Irm 

Fl 
Wl.f 

»•il»  t! ^r 

C«**»*! fil« Ufc»^ 

****>,   I onde, ».J, 

*"*'*'•• lajrvali 



^"•"w^ippup •PBNP mmmmmmm 

-1JD. 

IM. 1.7 

«•11 «ritta* and UUatratad nanuala or fcaaábooka Mí 

•MMéara ahaata ara a powerful training »id both in tha el 

r««» and for individuala.    Th« proviaion of »anual« for oaati 

!• undartakan by NOT «epixpmert manufacturara, torn« of who« Isolato 

Ufamation on applicaci on«, whilst larga organiaatlona vhara 

thara ia a raquiraiiwnt produca manual« and procedura sheet* for 

iatarfcal  or axtrrnai circulation,   fxainplaa of manuals and 

.wavadura Bht»\z which illustrata tha form in which auch deovaa*%a} 

ara eeaailad will oe includa* wh»n thla papar la lssuad a« a 

•»tlleaUon following tha Spapoaiu». 



-1». 

K.0 

Uà 

IM 

iMa 
U.X1 

IM* 
I.I.¥. 

» RfflftU 

Mbf« 

¿J 



- 13* - 

!i 

The accompanying tubi« rete out « nuab«r of IrltUh 

which contain infoi•tion on K.J.T. Cttoc«*ri«a, »«theda « 

•OR« »'vxdaxäa producta b;r a a Tiber of other cow trie« with 

tí. produced by the  ir '-:~rallona   Inafitut« of Witliia*. aft4 I.I.O. 

farther infoiwation on Uiir, s^.wt i. *j he rouad i„ th« paelleatiaa» 

•f th« Interrxatiofiil OrP;;,nt, a-ior  ior standardisation I.J.O. »4 fe 

ta« catalogua of 1.x.W. ocvmer.« »nñlithed by th« Lut «matt i «aal 

laatittita of Welding.    Alno in Materiale FvaJ.uatiaa Journal «f tfca 

Aaerican Society for M.D.T. July, 1969.  /©iUB!# xmi lía.?, paje lj« . 

ISA, under th« titrt »Ccmnonly ueei ¿peciflcationa mi 

rron^Mtwctir« Teating«.    Th. lattar i* r.vi««d and uaaiH 

tMlutM tha «Mr«aaee 0f nil th« «naaiaation. aupplyiag Speeifiaatlaaa 

vmâ It andar da. 

The author rojrota hie   ^at.Uty to próvida »ora «irteafir« 

Mf«r.atio» on M.D.T. Standard* than that giva«.    Tha Coli««tl«a «Í 

«ich «ocrent«, is « difficult ana laborious taak, owiaf t« th« 

•f «iij »laglc International committee or body t© co-ordlaate 

Howler, in 1969 me«b«r countries o. the  In^^ticaal Orfaniaatla» far 

3ta»«arui«atio* 1.5.0. ,,y«cd t::  estable a Mimical Coajrltt« - ICI» 

«••ciflcaUj for N.'J.T.    Th« plenary aa«tlag of thla Ccmittee la 

Ar th« Autuan of 1970 v  en th« tar«» of reference .tc. «iU W 

the pr«««ar« or «-eh « Teohrtcal Comaittee ett bt « iaeertaat 

tCMHi coordinating inforantio» o« th« «xi.tao«« of M.D.Î 

th« ana? count ri «a where they ar«    **. 

»fiala* th« «ifniflca»©. «f ««facta fouad tJ M.p.T. u #f|€a . 

•lffUMlt taak «jdU« field la *uch tha aua» er «f rollati 

i« liait«*.    A auaaer of aritiah Steadards «tarala refereace U 

N.û.T. »etnea« ar« fives la Table. 



•ita   tà*   Tm*4       - 

to 

•••*"». WekM., fcIBMM M t# ir> u ^^ ^ ^ ^ 

raiia^^lj fra« AIA jwrtfc««« 

MMftoftUitj.   TW« i*f*r«tc« -^^<r,f>> ^ 

a# a a« «f %**- whr^. fMi»^pM wl„ t9m 

• «« .f » u.U.,  (5l»iM,)i..riM >^r . t #n-é4 

»riaaa t« A^.T.X. «ator«. 

iMa      innikftraN ^ .  , 
•»^»» n aitar ape • la • éittmrmt —f+*7 trm 

Ulto*.   Al* «a,**». M r^r^MtU^ .f «ii^^. ,*,•., 

•f •^•rltj »f %*• á«f^t« Ä0vt, tfc« »Miti« •/ tà* „.li 

larlatiM.    Th. t«t i. U Frmca « ,ié. #f ,v. tTm. ^ ^ ^^ 



i 
wftfe pmr\i—lm t—*wr* i- t«r p^w, 

CpWM* •*• •» ftl» 310 fetéft* C*MM.    AM* prlM« 

l«wr tb«a ih* nrml prl«M.    Th«« rmiUgn&im frm m ~lm+U 

•r r*f*r«M* «id frr N.D.T. «»4 v«U in^Mtloa JIIMMII, 

*th«t- »owe»* 9f r«f«r«i» -• rasi««!**« «n« a o«U««tl«j| ••» 

%• «M»ll«<i »j Sài.   •íffmia.ticn  f*r  i»,»riMa u«#.    Tv« »riti* -*«JM |j 

*tt Ul»«ti*U«.. *j  ruijagr*^«  cc.t^U^ 4«f»ct. «r« B.«.i*f,  P»r* j, 

N*í. W.líU« T.r»« „m. ü>,,b«l«    - -*•imo.!o0 af M0 Mr«*UtliM for 

mmlUms lap«i-i«rtl.»«# «.- i«/•*!•< hj riticgrtffcy «4 M.2797i lfjé. 

»f a«f«eta i* «itUn » r«VMil.J »y -iflipajlu 

!*• fiwt i.t.r*«u««*i ^í.r^, « B.D#T, ^ |-u ^ 

B»UiM U lf55.  th* éth J»WrMti«»U (*•*«•»•• wUl W I« 

. An« lfTO.   T« .rg»»!». tu.., «««ftrtB«,, ^4 ««¿»Ui» 

aati«M M  I«t«rMtl«Ml X«laU«r* C«nitt«« k«   

•lü f«fr«««*Ut1v*« fN« th*«*  .ouatri«. wtd«* à»*« « MtltMl «.D.f. 

•.f.   «*H«ty,    Z»*tit*L.     TH1«   COMlittt« •+•!, éürü* ta« 

•*••*• »• pia»  futur« «ctlvin««.    *« «MJI y#4u. 

••»tri«* e^taUtt • fiwi.t,.  Latiti,ci«» or «lau« *.«y U 

Mi f«*t«t tu« gr^tt of K.D.T.  u  t**t ©«uatry.    t»t  fe** fem u 

ly U« A».rU«B Âeclttj f*r ».CT., A.iJI.T. »ita 

•*« aa»¿ ct«*r e«witr*««t :.ubli«Li»f « >wr*al, 

12 ti.«« „T mjm9     ^ tà# y R   tM ^ hi||||tl|| 

iMtety «f Amt ftrltaia 1« *«u ««t^iiii^, «M U» « 

•f ««MM a «tu«.   fttfell««u«a «f t»» i^i«ty. 

% UM« y«r «na.   A tu* M»ì1«**ì«» 1*4« M« â 

r. MIUM la IMMA ## n^ fcfU- 

••« ••)•** •* Meto mnál+u m l.*.î. «* 

mittele* «*r~t«ri.«4 ^ ^ vlUiafMa H 

»-Hicmlarly t« M^«T. ^ ** u „, w#f# 



-I». 

• «At. 
W iMltMU üt 

tlMir 

•*ll«atl« #f ».o.T#f u tmt %h9 

•ttm fcav« J«** #r 

»    Á 



-IM- 

.». 4ffi 1*0 

iMitilfttloA« for tvmlm 

m«M fay n I 
»M érfwto «Ita * 

•i Ito «14 «i 



• «• 

*M u^i im 

Un* U»i i«u 

'art l¥»i im 

'•ri li IMf 

tot Ui IfH 
I 
I 

\Hrt Uli itti 

» *   34511 Itti 

I. UH. UH 

"fifìiuf i ii,r_ £ 
itm M^ u*4 

JHmwüe tertln* «f 
i'«rr**# pip»* 

t«U« 

r«nt W«tl* 

p^m* me 

« NMi«i« gim 

. #«r 

!• ferriti« «t««l«. 

ti« 

MMll  Ml«l 

i «ImÉAiiwi «Jlayt, ir.«lMiUji| 
| «ÜHnjiiy »ri «y, -(- 

flttarcMcnt p*mtr«mt 

for F«fMtrwit Tt*tl* ! 

J 



-á>* 

i.l. 4J04, lf*7 

jM. vmt IMA 

(s. 3. a?4 

••ri li m? 

** u» IM« 

I »•*. 4J3é 

*ii ¿A 

r«i i» 1*9. 

Hri at lfftf 

1.3. 4M» 1«4 

for t«aii.Dg 
fiMiM t^léfl In ««pfmr 

for »'PT •# »te,i 

|   Mfceia f  - VT ^  f*\ 
»   ftrgirjft 

01tr*»ont,  i u* HNUCI 

1   M*#»ii«ï ^rtitif flaw 
1   4«i«*tion 

uttaL-iw 

••t«rltL. 

Bl*rm»©íüc érUrtlon ©f 
lâMâA« - iRfferfcctitn» lu 
torro* wroufht >l«i# 

•**•!« «*tt£M for C«n«r«t« 

*ifici.t,io^ loi  g'^Hlr 
dkteetio i inici «ti 

ß.$. km* IX* RHlwd /«• ar^,.^! 

M. /mi itié 

«M lf» --d trapani-• flaw 

••». 4SI i 
p*rf«r»iiw-> «Jharaatarlvtla* 
ef '"ltrawriie '¿aw f*^#«ilan 

U Pt-f« 



-I5f . 

».ft. JfiOt lfU 

».s. aéoot in» 

•••. ittBi im 

F .s. *n. im 

••>. 3*5» im 

£;wiine«tleii for 

»«. Jéiti l*j 

Corraapatxia vi tu I.S.O. 

• ft. IKCIi 1«4 

Oajtaral r«e«nMndit in« 

«•minât*on >f Tu«ion 
mlámi bw'.t j-ji-.ta in 
rtaai. 

Cavtrs ft Individual 
W«Mi,j*»g for X and 
G»*»* ray exajsl iteti en, 
éaes net e établie* 
raiiagr apfel e: 

Oa»areJ. r-iooma*fid*t lotie 
i    fw ta» reii4ofr*jJ»lc: 

• •evi M tien <îf fuel en 
•irwiwft 

.4-JUL 
tia wit *n*e 

li i rtj end Qmm rejr 
toa**i«/iM 
tf»aa »f fil« 

ftfaalfleatien fer _ 
•reality iattleeter* far 
ratta* repftgr turf 

»ntoticM far tfcelr 
JM 

ftpaeifleatieti fer diraat 
raadin« eer*ee*i deeaewter* 

i   tu i li 

Sf*eifi«ati0fi ter S U li 
taf un 
Oauerai. ráwo;wíft¡iüiatieiée far tàe 
Wet in«,  calibration and 
»raaaaaiiìf ci radiatimi 
—dtrying fiij. 

I re/ protective i< 
XlAftJH 

ÜMh. t   ft nJ ..      li   £u.     .Aafc_.   an    M 



• I*. 

Hri it 1** 

it. yam* 1*4 

i. 

•« 

ù»U an «JU «lduig trm 
imi-mlr* >*«4i«ti0n 
•fcialáing fro» tarma 

»•tri« «HI« 

radiography > *fm%n 
•«Uliwri for ir«iuttrl«l 
fMT>*«t)» and thaír tci&r*« 

Jttaáau 

Mitri« «nit« 

Ta« fri©» of ariti«* 
If ran**« fro/B 

¡JitUJL.f 5/- to £5 
bwt fcfc« majori ty «est 

•riti a* Standar* a «r« 
paUl««*« fcy tha Iritiat 
*»^UHi In**l iutieri, 
J Hi* Sirva* f Isafen 
HI 4M. UnlWö Kif«4M 
Mi »r« sfeWiitaàla In U_ 

rity of if» a**Hriaa 
•la." 

I.I.W. Glaaaariaa ralatlftji ta 1 
Uil of wm («Me in 
«ltr»a*«ic TaaUng-. In «lw« 
¿«AC*«**« with '-J9l«i)ttl«i« 
•f ta« t«ra» in Anglian ** 

1*67.    /»••AUfcl» 
th* I.I.  «"«¡liingj • 

Clarification af Dai«**« ia 
•aifcUic fu»!©« W«i!t» «ita 
•^•AAtioN« ky Cajntual««* 
T «ni n at I.I.W. 

ftaali atoad 1« W«1*1JW I» t*a 
*WU i#f.7.4. 



•  ¿ 4¿   - 

M«, A.S.T.R. 

V.S.A. A.S.T.X. 

U.I.A. A.l.T.g. 

(b*U 

bwiMr 

Mtvy 

E 

«Í mm »Uw H«%íMMU italiani» nutijuç i« k.i.T. 

U2V4J 

•UM) 

if nu 

ni.»un 

m .uto 

.ÎUl.H 

•h47H 

441 aie 

Tili« 

tic PurUe.»..-» Ii.Mcct.iWk 

r»far#r*c* piv t oiji «ph«,  fw> 
M»M*tlc partiel« inrh CAÜWMI en 

^«inod   for       -*.  :ftfk#7Mitlc 
partial* iiiaf« atroci. 

fiajuar*! ^•eommndêXj.mxa f»r raiiofrajMi 
•JWBtíriAtlcn ®f fièêioïj *alé«l Jainta. 

Seat rwUegr«phjr af Hiit #al4« lu 
f«mM «atari»!*. 

CUaaifi(îâtior en" weld ¿«facti an 
ta. 

•ni Gfcfflu»-rijr t «at tuf ai vaut 
an iwWliic m« tarlai, a. 

lotira taatlng ajrthaia. 
lwAuiln« ¿y* |*»n«iiaM «ni atfwtit 
partial« «üthadaj r aril agrafa, tfWM wat 
ajábala of w«14 d«f«eta, al**alfla«iiaik 
ajai aatlraatlan af trald 4t€««ta ay I raya ; 

j   ani fia—a«ryi. 

lai.iwjr»fiKi>' é«tanklr*tì«fi «f «aü fault*. 

Ûra4inf of *alu« ty ¿-raya. 

i   laftJaaéa «f ln«|M»clien «f v«lé«i awaw 
|   Bf/ X-raya «ni 

(H»o«wwgmUn¿ Kr**tio« for naüafpafnia 
i iMfaitian ©f fual m Ml««* wM >•*«*• 
(fa* »tMl ripa« #U 21> Mil tàl< 
(faaa—ni< ii aratila« far raatlafrffcia 
(ijMptatien if furari »al«M*tU >i*U 
(far ai««]  alites #U2 1». 
( fettcfrafttU im#a «k*iltp lfttia«fUr«. 

.^MÏfaditiiÉHaiaÉlÊik_ 



• Mf 

••3. km» IH} 

i.3. 90é- in? 

•.ü. lU)i 1ft* 

Ü.J. 

».». 1511i 

!••«. i«*! ina 

Till« 

Hrt 11-FüBiwn Welded 
•t«*l -tir r^c'iyar . 

P»rt   11 - ^(.j*i>/s»ri t.o 

Sp»«if1eftt';oii for farrci« i 
pip«  MKl i-lBir^r inst/^iati,*»«  [ 
f«r,  «mi  in x*,»»-'etljn with 

; 'P'Kifleâti in iui- «at«/- tiefe« 
j •*••* UwwratJng ¡'u.t  (lnr>. 
! SvpBitteajtftra, rahaatan and 
i »Wal tua« MoiwdMra). 

Lneliécla* r 
Ultraawric, 

FWion ««lewd piraiaur« 
•••••la f©x  UM in chwffli^al 
>«>tr«l*MBi at J «111*1 
infeltrita. 

I.  CarkH.'i, ar*d law »Hay 
*i«*ie. ..action* 4 and  5 
•HI ApvarvLx A. 

%rt 111 Alnauiu.ua. ita/ara 
U r«*i«*rar*ic a*aMna ti ar 

-4 

Inapt***«* «j* 

«liraaarüf 

tte*t*u walked owiiuM 'rasarla 
<«**•/*• a* <*«aiai ^r 1 , 
eamair-kat^flr) f.-.P .,.-. jn ' 

«al, patreUim *nrt «11 i »al 
•tria a. 

^rt 1. IÍ65 Ca Au« ma farrìUff 

Kl*ctr*4a toilar« uf riwtai, 
•••*)••• waidlnf and ««ai 
ir«* •anatruct.àaii fer 
waiar h«atin* ani «taa* 



\*\ 

h 
*.i. aé)3t i«é 

1.3. Jé45 

i.t. a*H< 11*1 

».s. /m>> i«4 

«.s. 3W1« i%i 

¡f.5. 3451* 1*2 

i1 .1. Jft*t 1*5 

9.S.  **• 1*3 

I.S. 45X5 >l*f 

TiU* 

3aa«ifie«ti©n for *r<*- 
»•ldlAf of f«r ri tir 
•taal pip«   *or* f r 
c»rryir# flui<ii. 

Tesi for ua*   i» 
iaprawwrit of «Tildar», 

i   ¿fari li -•    - 

Fart   U  Jj.t* ^ec-'.i«n, 

CylirulriraJ   i üMI »I* am- 
maliar» of w«ié«ri 
coftatrvetian (othar than 

Piagna; »grata«» t^r ih* 
m m i ta  ndattrv. 
TaatiRf fuaian wai4s in 
altMdnà« ar4 alunita« 

ALìHIA*     •   •  • . i... 

fcwfaranaa to B.3. 2*10, 
Includa« «cernitane» lw-U. 

a«   • 

Safari ta ».J. 2940, i•"'.,*-«» 

Cardati arti  ÌAv-aIl«y 
araaaw« «aaaait far 
ariajgry »lrauit» af 

la rail ayafcl *, 
altraaawU ajajMrinati», rra*k 
ani i#ak éataatien aattttxj). 

¡  Matl*a«ii if arevüif ih« Daterìa*» 17 a*t*#4* of 
t   faa li^itnaa« of vt&Mm «r      ;  aterine gaa tIfiftM»» 

araaaurisarf pi; ut. 
t* acri bas 17 narlJMis ef 

. «IT*. 

3f»ciî A ïat ktm lar fliU 
aal4if* 3f  eiurhafi «tatti 

I  papalina« Mini «lia. 

lacinia» radJ.afr%|ti. e, üitff» ^rj 
an« riattai ajtaMnatif*, an4 

Is »i aoaeeta*«*** 



^^mffmmm. 
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i M WfMlMtlM M MtllaMV AM MBtiMBt 1« «ft» 

Mirm is aaaallj laalaéaé.     far MM «f n farta»« 

•• f«11 «via« mài*—it ara «#| ^.j*  »«le«. 

Aa.i.f.    TW AMrlc« *<**#< j  for 3an<ft»etraatlv« Taatla*,!»«. 

914 Ala**. Av«m, ifraaata», IlHMla aOfO». V.U. 

M.t. iMlat» af brMt amain,      fa« iw.|tMtr:i«tlH Ttatt»* 

tMlatr »f ",ra*t untala, Chaikwall Park NNM, 

100 UlWM «Ml,   WMtellff-«»-«««,   (NM,   SUO  fi*. 

•At« OtBtf».       ffM ftca«Mtraatl*a f*ttU*J CMtN, l.|.|J.( 

«mil, »l«Mt,*Mk*felnt is^ia»!. 

P» ft»famtl*ll  « all  ata«atf  #f iMwftmtiM **lft*. 

I Milt«* 1«*,   triti»»   St 

• M* iti««, *•»*«• in iu, imciM*. 

0ta»la*a *9%m mt Iritlth Startaréa 

MMVMM ia a larga rr*> -r o' «uuatrla«, 

Of« «MM apa«lat«l. 

••*•*•    loWtMtla»al Or^*aafâiioi t©» Miaittrllaall 

•Mtral ftacratartat, l.  mfcl 

Uli.    tum 20.  J*it»arla»4. 

at* I .S.O. taaaa»aaaatl«aa tM at 

iMtitattan far Ualta* "laçéaa 

•ala«  la    \hmr I.S.o. main a« 

I»I3, latmatlaaml Iaatlt«ta af lalila«, 

••ai«tarlai, 54 Prlaaaa Oat«, BaMlltl 

s.t.7, 



-Ml« 



• 




