;Zfe3eSYSV||(6AT:<1 APPARATUS FOR SEARCHI NG FOR AND DETECTI NG DEFECTS I N
PARTS BY ENDOSCOPY The invention relates to endoscopi c apparatus for

searching for and detecting defects in parts that are 5 suEmm
i naccessi bl e, being |ocated behind a wall. BACKGROUND OF T mm’ M{"

is already known to inspect internal conpénents of equi pnent or, 8,58
by nmeans of an endoscope, i.e. an elongate optical instrunent of §ﬁa||
dianeter that is 10 passed through a snmall orifice in a wall in order to

exani ne the dfffdddice TIR COMRPRIYE FORAtANPeDEDEATENGODEFRETSt hgr si de of

the wal | . Thignpwakes, idnRessiple in particular to inspect the blades of a
t urbomachi ne such as an airplane turbojet or turboprop, w thout dismantling
15 t he turbonacm|§§e|%ﬂﬂﬁ%?%9%5%61¥¥@5a%¢l$@90$©Oneceeppdeanssfos limted

by the resolw@aﬂtdﬁndfEbﬁHHﬂ&*ﬂeﬁd@ﬁ?ﬂ@Qéef@@t@”?ﬁs 9PEs PXaEhﬁ
|Ilun1na%|onsdgétad% ar.i.entation of, the endoscope relative to the surface

under obser vation 2 TANd 20 by dFee it e Feihe Hefated bahbhgse weheér

things. It is also known to BREKGHEUHDt SFOTHEBCNIVE®TCONPONENtS by using a

penetration test c consists in deppsjtin ani ¢ subst ances
on the surface un rqgiaﬁﬁ%awgéﬁne‘Pa'%%ﬁﬁﬁﬂ%%?t hﬂt?ﬁngﬁsﬁ DPAGeRhE 25
resul ts undePiuleuawmngna: qnlaumann1Mﬂ1bytmean$huﬁ @@Sém@bgcbpeﬂeieét

surface dlscgﬁtngddg%é ﬁg“€'§§Lgﬁ$+in$%%§$§% Bgeéy snal

dlnen5|2 and that are InVISI e under nor nal epBsi ting
a f I uor éScenPady & ok hiRa ao p ek ] QMﬂﬁﬂﬁQhﬂ;laeneilhtes 8Bdént bot he

surface di scerbimiuiet it@®, a3RdLhamdY Mashidith gaPé Pééé?@dtgﬁ
correspondln surface of the onent, and su sequen y deposSiting a
devel oper to 3v8§%th§lP@u6Fg§ggh lﬁﬁlﬁmﬂﬁkﬁﬁ|4¢r9@%@lbh@01mhe
surface d|scpnttmauﬂeesthmaspmanﬁﬂﬁ bﬁadéﬁnuﬁ&uﬁétw@ﬁﬁ%ﬁﬁhé”such

ul travi ol et di,at h |te the fl yorescent whi ch responds by
enlttlngsrad%gt?gangpwgh% et e v P f%ﬁ%hﬁﬁﬁmﬁ%ﬁ%ﬂn%fb?%en

ol or thetbﬁsﬁeﬁéogﬁeéﬂm@nl ThIS penetratlon test techni que generally

requires the nmachiyjagc¥RegH %aMRAAL | t, di sassenbl ed nore . or 5 | ess
conpletely. Pro osalg haveea reaﬁ% ﬁggﬁl%' &< &%% (%uéﬁéiﬁk§ﬁh 273 110, to

conbi ne the t&BhREHUBY Bheeﬁ6§§é@ﬁ}qmu¢ﬂﬁth&NﬁHUEuaknsyshﬁmrmﬁlth@.S|ngle

i nstrument wehebseepeli 5 Sthlenlailu%h%&%% CHy %’ﬂ}% é{;&[e A, of 10
di aneter, a qu rtz tube for transmtting ul'tr VISI %

light towar ds aRSERBSof® ﬁElVﬁSFPuﬁQﬁtﬁﬂﬂﬁaQQ;QﬂQﬁﬁaQbﬁQﬁﬂannnMNEnd under
exani nat®on, by thghhapipe oﬁnt&bnu@geb%%se%ﬂd&gﬁ%*ﬂﬁﬁ%fﬂkﬂﬂﬂdgnnated Z0ne
of the conponent,I@ngstQigg RhBG? f%rs%%$QE%%e?¥l:ﬂﬁwﬁaéﬁine
components by using a penetration test technique, which
consists in depositing organic substances on the surface
under examination of a component and in observing the
25 results under ultraviolet illumination. Tt is thus
possible to detect surface discontinuities such as cracks
or fissures that are of very small dimensions, and that
are invisible under normal illumination, by depositing a
fluorescent dye on the component, which dye penetrates
30 into the surface discontinuities, and then by washing and
baking or drying the corresponding surface of the
component, and subsequently depositing a developer to
reveal the fluorescent dye that has infiltrated into the
" surface discontinuities. The component is then
35 illuminated in ultraviolet radiation which excites the

fluorescent dye, which responds by emitting radiation at

R
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15 penetration test substances onto the component under exami nation. An
optical filter that stops visible light is renovably nounted at the other
end of the instrunment between the quartz tube and a light source that emts
in the visible and in the ultraviolet, so as to' enable the 20 conponent to
be illunminated alternately in visible light and in ultraviolet light. The
outside dianeter of the sheath of the instrunent is small enough to enable
it to pass through an endoscope orifice having a dianmeter of about 9
mllineters $amg. oRkBeThatvpieogtart fiorstexampite priesentreseves Bbr diawbacks:
The illum natjon,ef;the gggggggﬁg inultraviolet light takes place via an
axial outlet in order to avoid using reflecting mrrors which are
excessi vel y penal FRifgPsDeitiatépns tef tsitashanidiue geneatssidrpt feon. i dée
outlets of theeSpEaYiRLPEAIBEERBREFIRA LY 12X GiFu N quilets, for
illum nation, and for ihe observati on neans, thereby greatly restricting the
use of the ihSPPuRRPLeFALYddition, the section of the observation |ight

pipe is 35 very spabposailBCRasai d1pkepeymbelen eavR suff i sPase insi de

t he sheath t ble,the quartz tu and the pipes for feeding and spraying
penetration eg?gs%ggtaﬁ%gofr%m%gﬁg i &IlIQE‘@,S %ﬁqq?a?c%ﬁérﬁ@%eop
instrunent igengedabioh tkstaugoliet ai klingileatinetruderaamilick up only a

I f ti - I i gh ' tratj t bst , d
her of of 6 doea 6t Srabl S OBSer VADNGR £y -STE Er GrIRed T 815 Ay CBOETS

AND SUMMARY GRITHERT NVENTHEKEA pubei Eolrar rabjsedtt tdfgt he immendliem is to
provide a Soii%hﬁmaﬁ& wb§bﬁé0?k8ﬁﬂ:"‘@b€vﬁrﬁ§. gh”%ln%’ St aiﬁ)socre/umea”d
i nexpensive. 10 The invention seéks to provi de apparat us comnbl ni ng Q%e
t echni ques ofR&hdb3cHPYSENHOpEREL FARPERCRESNAGE Wiialmd. nakdiadi ngp tlieght

dr awbacks ofp kp@weoneansingo1hkssend, obBe rivavant ian JRfipwdes ?&f@&ﬁ us for
searching for, and detect%ngaggfgﬁts on Earts that are 15 substantially
e h

i naccessi bl e- Her HPPRTAL ed 4§ RAPPS £RE AfSAimcuernchbipiarig a rigid
tubul arlzyl ipehettadt iond béssmalbstangesebnteor tpas songdnkkmuah@y endoscope
orificeint . pl pes,feceLyv in.the_r for _deposi,ting penetration

t est substaﬁ%%?ﬁﬁ%%ﬁ%ﬁﬁti%ﬂ %?kﬁgg%hgl%gﬁf gﬁaérséfgﬁlﬂﬁﬁ%ﬁiez%k?qqght

gui de and i mejeremesd g shonnhednatr ebei veldernehte oifod hieo iindtminzgatte and

observe sai boaiddoncil dherpariuppdghaexatt gati g, el (e JJ iy guide
and i mage transm ssjon neans are constitUted by a Hrest 8% ostope tHiht
oper at es wi tH25F 3R 2P ght WdenvdBraxialey, i ot B tod emad leurbtmunded by

pi pes_fay _aidorgguhaenets abé o L @etnsuba! aneesnatang eRIG3GARY NaNigig: a tube
that is rectu#%near e gui de neans and t I mage

%in mhic? thf,VISIb| Ilght ,

transni ssi orf 'Hears Aref HoLRteY rHIBhr al FBR, ChhaldgeAdpmetise ofpdiha us 30

fu(rjt her dcorrpﬁrhm aofsetdwdirgsrdnmem’e %jba;smeﬁer @E@&gw' th 'é'nfa'ba&\é qg—_e;td i ght,

i ndependent i of -t he ove- nenti.oned ro or

observingIﬂﬁgiéﬁﬁﬁéﬁgg%fggﬁggﬁgr?oﬁﬁa?rﬁgécﬁegﬁvfpgaFeﬁl@W Y& pnetrati on

test substarfdd@it 35 ninl tireetappar dtok. of the invention, it is the visible

i ght emgdoscope bﬁﬁgtiﬁ&jy%ygfgttggg{pgﬁeﬁ£tBrgggnggpggvkgglpenetration t est
al rod,

substances in the cylindric
drawbacKs:

_ The illumination of the component in ultraviolet
light takes place via an axial outlet in order to avoid
using reflecting mirrors which are excessively penalizing

30 in terms of size and light absorption. The outlets of
the spray pipes are necessarily axial, as are the outlets
for illumination and for the observation means, thereby
greatly restricting the use of the instrument. 1In
addition, the section of the observation light pipe is

35 very small, since said pipe must leave sufficient space
inside the sheath to enable the quartz tube and the pipes

for feeding and spraying penetration test substances to



4 which is used solely for observation in visible light of the portion of
the part onto which the test substances have been sprayed.. The effects of
t hese substances are then observed by nmeans of the second endoscope whose 5
optical performance is not restricted by its crosssection being reduced
because of the presence of pipes for feeding test substances being housed
in a tube of dinensions that are small enough to allowit to be passed

t hrough an endoscope orifice. 10 Illum nating the portion of the part that
is to be treagednphakisibl suchghhasufvhienesheo iesunendritati ¢ hesdestith

substances asecPLopslby depasihedioand Ll lum pating S%‘éga};%r Lon of the

part in ultraviolet |ight by nmeans of t he secon 0sS

possible to %5%%?%%“0PgaFF? thehtseriftéeds bof thise peestt raulistraneest, t her eby
optimizi ng detiesthapesf dafieehsrbRokbedpakt % uNdaL Axag ALl ; Acqording
to anot her qggract ristic Oi'tgﬁ invention, the light guide nmeans of the
BhpFTed GRibpPre

first endoscopép% al fiber cable extending fromone end to
20 the other of the tub2RJEGES cabbestaMARg erbent entkgtrend that is

ori ented obliquel | o_{ he axi the tube and that is for
bringi ng into théyv$§%ﬁ%%§f%% %£58F3i8§ gLealBXFPtﬂﬁét1ﬁstPoPE@Vé%5hﬁhed.

The illuni na®batoom|ee thishpsohbemaxhath bt simp2’,pebperdiacarn, to the
axis of the jubeind oo gxpppl e, so turning the rod about its own axis, and
moving said rod in translation along its axis nmakes it possible to

i 11um ndte and obSe? vENTeRgEomr 2asksf tohprpuits. afhe ratage comdistingsi on

means of the:Hd rsdcieftioscopes 3ngoseEHGeadr ghgkkﬁ%ﬁgns%gsggn%ptical
conponent s, gf. rising,an i m e-fornlng ob[ ective fens an ‘
i maget r ansf éFHi 1y FEMSES9 Y SEFWRIEERdPAGkRPEM BR&NERD of the tube to

the other and al sbo conps i eidng &m@hinv@ﬁt@@hopraﬁﬁaésnﬁbph§gtﬁ% e end of
said set 0f§§§%¥%§§q$%é¥1;ﬁ§ &EEO ticalda is and oriented obliquely
relative to said optical” axis. S e Hde %%?FE%IOPePPéEFthﬁﬁaﬁ§eand t he
bent outd et se$teimtivel Iy | umoesnipobapl beting Lboseetiopehhar angaane
oriented in+GQr rgsfondi il um nate and,olserve the same
portion of the part. SL%?eéeﬁaE:%EQQﬁ% %%?%%afupgr?ﬁcFﬁglﬁgéﬁgairéoﬂorned
by a prism SFhéMedfy chitanaf dmconfraseipy i smrosgadeantadesuspy oriented at
45 rel ativeolra iR apf itGRd AXI S, 8&5@; fé@@fvécﬁafﬁnhﬁéi Dy ggans and the
arty-t

bent end of jllum nating cable 10 extends perpendicu the axis of
the tube. TAEPHSTES thiFENShta HieleitR%E | TR seaRerls apbuadDOheibhr of

endoscé@pe thﬁrb@&tammﬂdr[Hg&hiﬁhﬂxkaﬂaﬁmFmag@@dg@i&éqghg Pﬁgﬁ‘ ext endi ng
fromone end gf the n%gltgﬁﬁpe othe&} nd each having a first e d for
connection t0-feed 15 Medle "STHE Sl Bhds o rehet pobibrmanatei qgofd pi pes
open out at ObReryer sessomdintg cencb bftHehepaod imddheeganendi{ggtion as the

iI'lum nati ngnheeans, apd t En%gg sm.ssion neans of the first endoscope,
wher eas the second en% &ngLe alfﬂ%?%gygﬁg% S out AL FYOR e ARS eA B

constituted by a first endoscope that operates with

25 visible light mounted axially in the rod and surrounded
by pipes for air and penetration test substances, said
endoscope having a tube that is rectilinear in which the
visible light guide means and the image transmission
means are mounted in parallel, and wherein the apparatus

30 further comprises a second endoscope that operates with
ultraviolet light, independent of the first“endoscope and
of the above-mentioned rod for observing the portions of
the part that has been treated by the penetration test
substances.

35 In the apparatus of the invention, it is the visible
light endoscope that is housed together with the pipes
for penetration test substances in the cylindrical rod,




20 of the rod in order to protect the first endoscope arid prevent powder
and |iquid becom ng deposited on its end. In a particular enbodi nent of the
invention, the tube of the first endoscope has a dianeter of about 4
mllimeters (nm and. the rod has a dianeter of about 25 8 mm The second

endoscope for illuminating in ultravioletélight can have an outside
dianeter that is substantially equal to that or the above-nentioned rod,
thus ensuring good performance in ternms of illumnnation in ultraviolet 30

| i ght and obw¥Bi¢ht ilen usfeddefodetly ifont b grartat B B DESCRY PI| ONgRE $FE
DRAW NGS Thetihaventd W r d_ ot her characteristics,
details, and agvgn:rgggsn t&r?ertlg%f lb\%ilrlttf Oa%ﬁﬁfn%?gtrg e%?%tg'/ %‘ﬁb? 38Fﬁ§ t he
fol | owi ng de8@VepPesn 3Prreds -by They sffastmpi® Wiede reflos eaceesoatrhe

acconpanyi ngtHeawoBgervied Wi &lEans &r Rigure dod ' @ﬁm} L&, Vi ew of
t he appatgatus gf. the i nven\t?%yon facr),lrS i1lum naticglog %\aétal?fﬁjla\)/lgés](l5 e %%ﬁt and

deposi ti Ag pBRELFALI B TEOLAERSs tian & FRTFRHESFhrRY t Bt HeceRaT ned; 5 ~
Figure 2 is aedtagnaierhigc reiceiveef Hdre sac ﬁ@&&ﬁ@i&xé@%fh&yﬁégati ng
the part und e ,nation in ultraviolet light; Figures 3 and 4 are

di agr anmat i c%%f:a)ég\rendé\%g gfesfchgl‘llbﬁ&afn&re% ILtiedrF?%aﬁc?”n’gegcrle/i%i Brlee | pHht and
f or depositi @dgmeospenet taeitom reesmasubstrancss;;tand Fowuie ©o ise apassed

di agrammat i crgxbaknSgRt | [ of , t:hq visible Iight endoscope used in this
rod. MORE DETA LE%) D%%CE?%‘?% \gleno ilga'rcee 1, reference 10 designates a wall

such asl45 a turbbékhbhinatéas fgebeontd omhiacth ttheeme mr etlpatr t s 120 fioe

exam nation sgehtag thevhatenbhades of f | N€ 4] 1,20

i ncl udes an endoscope oyi filceel4 %?1 snﬁﬁfltﬂgetzéé é(%t?%f{:ua yt}h%i%%eat%l?téneter
of 9 mm, th?B‘B@EaRﬁﬁéhai‘—”? PEOp&sdivhidenas ditieshr tane riddl wei faring | smidat i ng

20 with visipbetibghorantel phreprayiung RENYIA 1GHEY, Sbsiances,,one end
of the rod bgéggn rov&ded W th % blogk 18 for. connecti on to neans for

suppl yi ng penetrati on-rasPPEubétafices &RFS eSS EPSATVe FHP3ELy other end
20 bei nyo des¢ fhedt soobetbeotight spbistahaes,a t2f iy age iofi 4hey part 12 for

exam nati on. yetection of defects in the parts under examination.
According to another characteristic of the
invention, the light guide means of the first endoscope
comprise an optical fiber cable extending from one end to
20 the other of the tube, the cable having a bent outlet end
that is oriented obliquely relative to the axis of the
tube and that is for bringing into the vicinity of a
portion of a part that is to be examined.
The illumination outlet is thus not axial, but is
25 perpendicular to the axis of the tube, for example, so
turning the rod about its own axis, and moving said rod
in translation along its axis makes it possible to
illuminate and observe large areas of the parts.
The image transmission means of the first endoscope
30 comprise a rectilinear set of optical components,
comprising an image-forming objective lens and image-
transferring lenses, said set extending from one end of
the tube to the other and also comprising light reflector
means mounted at the end of said set of components on its

35 optical axis and oriented obliquely relative to said
optical axis.



The rod 16 is shown in greater detail in Figures 3 and 4. The rod is a

rigid tubular cylinder, e.g. nmade of netal, and contains a first endoscope

22 for illumnating and observing in .visible light, a pipe 24 for feeding

and 30 spraying a powder on the surface of the part 12 to be exam ned, a

pi pe 26 for feeding conpressed air, and a5pipe 28 for feeding and spraying

a liquid which may be in succession acetone, a penetrating agent, an

emul sifier, and water. The first endoscope 22 and the pipes 24, 26, 35 and

28 extend | ongi t udf'REFI FPIA CERe TRdd €T4 O SrRaeTe ad1sl thisermoft tautther ot her

t he endoscopentiybBAgtaa hﬁ&uﬁx&h&t%g catbh_% ed 16 And (¢ t@le‘&esﬂr]?cfl ared: and
ally T

28 being dis osgd around t he endosg shown di agrammati c
Figures 1 and® 3S"FRd %Pr§Preﬁ38§€3&€92@aﬁ%$913qr%ﬁTehdLQNMRﬂa%%ﬁﬁettlon
to a 5 sourcebsérvesthkeshinghpoandoa @ECQ%@ eRGtwhich is described in

greater detail be |ch Qpen he end 20 of the rod 16. The
pi pes 249and 28 f%gg#ggg EHStPEEFSﬁ té?F SEHSTafEeeshARe fiqmiednds 32
for connectileyni & oPrasks 34 10 cont ai ni ng the substances, thenselves
connected to a cogpge§§gg akr ke 6,2 Vi N second ends 38 whi ch open
out at the end. 20 of the r 5 né %gfgeﬁglgﬁﬁa% %olﬁh§Q¥% eSS d rod.

The conpres§%6?%??e@eéﬁ ﬁéan§eéﬁ lVﬁet§o@h©e9p@ﬂca5 eixdisblogf ame ummﬁﬁylolet

ight are preferahlys gsaupedntoagtnenel Bed:! ead wpduhe 40y Jctisgl LAl uding
nd_conpressed air sup € %end 30

| ect
gfefhelffrs %ﬁﬂﬁi%g£%¥@ggaﬁEP aééyaﬁ°e§86|é6é549feﬁgglt@@ean observer to

V|em/d|rectly t heTR9 simpéacehotht heepaetelzedndar tgxamipati %EQ the
end 20 of t $€ % endosco e 22 is shown in greater detal lgure 5,
and it essentia Mprreescyd PFbFﬁ 39IPﬁHrP&BF téb@oﬂﬁereF@Pena@@dbf

met al havi ngg diJeCp@B@opiZ@et hexeendangopromabnki bed e@bkaed6 Lok guindi ng

ble | d h th th ble 46
aving o {1 e Gnd T CONRGCT ORC6 TRESY: EPBI EOFi R EHORER Hroveasd i n

t he feéoP nodiRE %10, HhRi %eeee@nen@ﬁdoﬁstharpgghewhanu Lightidi pigelsi ver ed
and extend|m@édwoﬁﬂ)éﬁa@méec@@f@@ﬁ@h&ﬂhéreﬂdtﬁftEﬁ ttgh Eggh%%ﬁ% 44 at
I e

the end of the endoscope that js renmpote fromt

eyepi ece 42.°7 P HE % bhl WREPat 5o areans sandi shesétagasi de the t ube
44 and extemiadﬁmxssndnnmﬁémalﬁﬁJﬁyeffpﬁggn@p@agcggeth@hggggg tﬁ@ld i mage
35 transm sgiQn, 50 be|n constituted by a rectilinear assenbly of

opti cal conponeﬁ} conprlsfH@ th DT i QRPRT: O%B p¥agel Yok ifeoBpect i ve
| ens 520andodnéhey nowt eln order to protect the first endoscope and

prevent powder and liquid becoming deposited on its end.
- In a particular embodiment of the-invention, the
tube of the first endoscope has a diameter of about
4 millimeters (mm) and the rod has a diameter of about
25 8 mm.

The second endoscope for illuminating in ultraviolet
light can have an outside diameter that is substantially
equal to that of the above-mentioned rod, thus ensuring
good performance in terms of illumination in ultraviolet

30 light and observation of defects in the part.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood and other
characteristics, details, and advantages thereof will
appear more clearly on reading the following description

35 made by way of example with reference to the accompanying
drawings, in which:



8 transfer lenses 54. Reflector neans 56 are placed in the tube 44 close to
the objective |l ens 52, between said | ens and the second end. 48 of the |ight
gui de nmeans 46, the optical reflector neans 5.6 being fornmed by a prism
which 5 is placed on the optical axis of the inmage transm ssion nmeans 50
and which has a reflecting face inclined @t 45 relative to said axis, for
exanple, in order to observe in a direction that is perpendicular to said
optical axis and parallel to the direction in which the end 48 of the 10
light guide 46 exteRdgUrAslcan Beddeamagivedriey virewiarehd, agdwerdtght guide

46 extends abgpnghthenwahtieh the t , 'On mi‘ans
50 occupy practicall ggalllof tﬁg rlgl?n'glfﬁﬁgrtqg]f% :‘Jr}:tkit ubgselt%]h lg%i

possi bl e to G8R°E1%5 eE?PSﬁrPﬁéPn|§e§§I%%Qi?%ﬁ?%ﬁxﬁﬂﬂﬂeiﬁ&npamm t@age
transm ssi onbaearamdNedn order to i mprove observation. In a particular
embodi meat, given, hgrern b exanple, the rigid tube 44 has an

out si de di ameter of “aBdat ﬁngléglré 16t Vatssutoucheertegana@rs (cnj.
It 20 is desergdreslcdapeafuralLlSBOmrLelaatm\getih@ bl taxindeand danhame ¢ figl d of

observation of p5 a tus of the invention conprises a second
endoscope 60 s om%lé?ggrggga?fcally in Figure 2, which second endoscope is

i ndgpendent ;{;;)m t helgwre363anddt heazs ﬂuas_;tamnﬂm&@o@ﬂa&‘Q V&@hs Soﬂietﬁhegned
to be insert t u cope 10 | order to
hep 9Dluﬂfn§999§ gﬂ VQEEE een&¥Fé%$ oEere! 'ﬁ

observe éhe surface of once
penet r at{ on ReRgE %%%%?%n%%% #HP§téﬁG@§€oeed60 has a first end provided

with an 30 eyepleceFﬁ@uﬁ@dsnﬁgné @ﬂa??émﬁgﬂg%c%&gglt%e% %%F S of
ul travi ol et ﬂ? art o eed no a second end

fo
66 havi ng afqrgHY v }%t{b%?geEH?EEFQPetBsﬁﬁelax¢§léfrpﬁe endoscope for
illuminating the treated surtage @EﬂwﬂiﬂwﬂﬁEéﬁkﬂ?T}dﬁraVi0|et l'ight and

for 35 observing e do e 60 e of conventional type, or
preferably it is i# %régfypg des F%@ﬁerﬂg HSPHQPaﬁgPeﬁtwalé SN Gt ion in

t he nare of & Helippradaine @mmcegthehleddws¢opetﬁeresau&e@aqmsrqQ aMy it
may have trangwerse: tArensions, t apger tha ibleif it
were used together with or ?ﬁ%te ?5?%% %rrs?seﬁgogg gug%?%ﬁc e rod
16, which in gene® Waldhsl® harcledes @@sen@becbperbkmﬁunate4tb€ surface of

t he part 12§m§ﬂkﬂsijbtmg \@éﬂf@ ﬁégbﬁ%agdﬂggmgpgerg% bhemges htgu%%ifhe
oWs:

penetration better. The apparatus e irnventron’is uée
10 Initiall )‘2’ lrtodlsléx?%‘”r]?fs%r?%dll?ﬁ?@*agﬁ rad obi freeildumanahengal | 10

and |t§CEndwm&hfynnxhﬂb|anhmeﬁndrg6§I@@f@plggdpgﬁegehggokuEggq -about said

axis, facin rface of 2 to e exam ned. I n order to verify
whet her an %p%§$e§#xﬁEfeé¥a ?né) %af? 12°1R90PTP¥ifAge wifkak def ect

such as a ckaékckorléa ﬁqrssmrmeqjenrmrmrm@amesfosubﬁppmgeﬁgare sprayed in
successi on gRhe e g on. of art (12 thes substances
T e R Pt e M REg auf peonna 3

including a fluorescent e
di scont i nui OtEEr £nrh<N ,ﬁflng de51gned to be brought up to face a

25 surface of the part 12 for examination.

The rod 16 is shown in greater detail in Figures 3
and 4. The rod is a rigid tubular cylinder, e.g. made of
metal, and contains a first endoscope 22 for illuminating
and observing in visible light, a pipe 24 for feeding and

30 spraying a powder on the surface of the part 12 to be
examined, a pipe 26 for feeding compressed air, and a
pipe 28 for feeding and spraying a liquid which may be in
succession acetone, a penetrating agent, an emulsifier,
and water. The first endoscope 22 and the pipes 24, 26,

35 and 28 extend longitudinally in the rod 16 from one end
thereof to the other, the endoscope lying on the axis of



20 liquid, and a devel oper powder for revealing the presence of the
penetrating substance that has infiltrated into a surface discontinuity,
even if the discontinuity is of very small dinensions. Exam nation of the
part 12 and observation of the 25 spraying of penetration test substances
onto said part are perforned using visibl'e light, with the surface of the
part 12 being illum nated by the light flux |eaving the angled end 48 of
the Iight guide 46 of the first endoscope, this light being reflected
and/ or 30 back&chPPetEdahy ERe BiPEECEdof 26heapdr 28abe ibgi ng spicest up by
the mrror Soromehthet ghasstbpalong the axis of the inmage transm ssion
means 50 to the Q%epigce 4ﬁ,nnunted at the other end of the first
endoscope. The rod® 18"t ALAIHATRAF AFA L L Y oAT't Bé J8AEESsdopad3s ortitfs ce 14
and the secofdrendesd¢opeci® 2pnhast @dfiesthensgognceoef cihheawighetd ight in
the feed: mo 40 18 ] diin.turn through the orifice 14 and its end
66 is qio %%%ﬁ@ﬂ% %% ?g%ggiﬁel%?%%t%ﬁdsﬁrFEgSngfePHe“B&FP 2 111 um nating
the treated dRFFaHeedfinhargatrer 1¢etaill bedvivohatl Whibh epwses dulte at
penetration diastesubst angertbat hasginfiltrated into a surface

di scontinuity and 5 which diffused into the devel oper to be excited, with
the penetrating substRFReS redpandi 48 forshereadergi penebmabyohl tesesci ng,
e.g. with agreseceorhavhi ehreanegigasdyrhe %gﬁﬂ SE'BHetQaE‘é gd hi ch

t he us ry can, observe by neans of the eyepiece . % A generaP, t he

separ ation TP HECIHIRhCE % TP RN SRYent iRl vep| aannacted ot A

ul t ravi ol ﬁt ddngmeﬁnﬁiéilunfbél@dﬁi@@,l Wk NhSikbeskbghl @H&%Zﬂat whqgsl bl e to
i nprove the Q nge oth illumpnation operations and_to _inprove
observati on Og%eér{ hged]%oar%eeésﬁo%n%ﬁ%gié e%ﬂll 1?1%‘? rodq g\FR?rPSn@EAP&'EBlNSﬂZOL
Appar at us f dhesettichiof fard anad det ecting defects on parts that are .
substantially inaggessi i ng. | o d_behi nd |1, the apparatus
conprising a rigid tﬁ%ﬁﬁ%&ﬂgggiﬂgh%rféé. ?o%n%fagﬁagﬁedFQHEFﬁF fér passing
t hr oughtan & @t idhtoavirkele Wdht arpesretesavby grotipedrod for

deposi ting penelthdid oh tefesdbdANGESION A POTEI 0N PhalRE DRLL. unden
exam nati on andl%ﬁﬂgHQUIde andc£nage transm ssi on neans recelveé I'n t he
0

rod to illuRNste THIEET VS F AR ITOH DEC t pePphy t meader

exani nati on, whelT&ien erhe 30 gt &nﬂckiﬁﬁﬁiéd&&&béé@n§@1§§&pgd?gaﬁﬁ are
constitutedeﬁ% qegkg 3 %P%&)oo e that operates with visible ['1ght nounted
ePr6d Sand Sit FhPIRPEE ] or© ay+eundi perbivathen test

axially int
subst ares, ssaifdces ofnddec geerthad nnded uheardiwdtion r eg6ihgneas kAgwhi ch
the visi bl eyl gt Lgui de yeans and the inmage transmi ssion neans are nounted
in parallel, and wherein the apparatus further conprises a second endoscope
t hat operates w fReulend@scsing 43 gt shimdepiendergatodér tdetfiLsin~endoscope

and 20 of tlregakeve,manid ared 5 iqf1 BPSESYI NG dhe, pPIél&“S of the park
that has be%glggg%tiec%lbytugo%e 4%eneé[.rga.t Imoandet eoi;[ n?eutasf al'?aC\?ifl di
, g disposed
25 therein an optical fiber cable 46 for guiding visible
light from one end of the endoscope to the other, the
cable 46 having a first end for connection to the visible
light source provided in the feed module 40, and a second
end 48 through which light is delivered and extending for
30 example perpendicularly to the axis of the tube 44 at the
end of the endoscope that is remote from thé'end fitted
with the eyepiece 42. Image transmission means 50 are
also disposed inside the tube 44 and extend therein
longitudinally from one end to the other, said image
35 transmission means 50 being constituted by a rectilinear
assembly of optical components comprising, in particular:
an image-forming objective lens 52 and one or more



2. Apparatus according to claim11, wherein the light 25 guide neans of the
first endoscope conprise an optical fiber cable extending fromone end to
the other of the tube. 3. Apparatus according to claim?2, wherein the
optical 30 fiber cable has a bent outlet end oriented obliquely relative to
the axis of the tube and designed to be Brought into the vicinity of a
portion of the part that is to be illumnated in visible Iight. 35 4.
Apparatus according to claim 1, wherein the inage transm ssion neans
conprise a re@ndfiswearensep of. opRefhectonpuaentsSéoapei pilagednin the

i mage-f or m ngHbjectd e 12~ hpge ngher i Len ext endi ng
substantially fron1a%gﬁg%dafo@?ﬁeogiﬁgtgg%.%%égtégé.Eéegiﬁgaggggsﬁgggording
to claim1, 3erdih I9PTHeRRe 548 rahskesi bahfreansdef mepast ¥bst tordoscope

al so comer - iog iaptl AL I@H SEtREanBans BRYALedoaheling ead 0k <hheytuhe on
i ﬁ 3 obplquely

the optical ,axis of the i e transm ssjion neans and oriented obl
relative tolﬁméiﬁﬁﬁéc%ﬂ QEIs?pﬁhp%f1%@bﬁragughﬁcéEFEPnérﬁﬁsﬁﬁéﬁﬁpa,

wher ei n t he memage 30 arsdriwsicn means péflbetihgsFaendose0paeal 5@ qenpri se
optical reflegtar, unted. at the end of the tube on _the optical axis
of the inagé%?fgﬁggfggfﬁﬁyﬁgéﬁgl%ﬁd£%¥i%ﬁ?@@iﬁbl?ﬁu@FéeFeFStP9éeF895aid
optical axi$h andirBGinarithathe vpécpendethbetrotonsand apdithe. akest
outlet end ahd ke Qpticaled ides gabl j i ent So as
to illﬁginate %ﬁs'observe respective yféﬁefgaﬁgfg%r?ﬁgngég ?Eeggasg? 20 7.
Appar at'us adcé 'ﬂf%Q?(ﬂQHQﬁ?ﬁn@%erein the optical reflector neans are

si tuat ed bet ween Hsheendbofsddre cfpé?éiig}n?ﬁrﬁ&&r@f50thgahi§H€p88‘iBES and
t he bent ou%let ndcff t.he opt.i cal ftbe cabl . 25 8. Appar tus~accordi ng
to claimbs, AWhEERIhETHYI ddie it et brthrahebar €47 orRedthe ampeesm 9.

Appar at us atcengirig simrcnedans, s whet@ipy theaopibsal yr gf | eskorpgeans have a

reflecting f iented at .45 30 relative tp the optical axis of the
i mage trans?rcfl!é;snéa;"%g{rﬁlje(r%reaoﬁfsq tjljnedq:t"ﬂoee’be UL FFEI RGNt oPOSREPLELFR BRBefds

per pendibcul aelofice thetaxis aof ltdrgd wbe. pdds idpparat ushaccnageng to claim
IR g g Y L o NG g
t ube. In a particular embodiment, given herein by way of
example, the rigid tube 44 has an outside diameter of
about 4 mm and a length of about 40 centimeters (cm). It
20 is designed to aim at 90° relative to its axis and to
have a field of observation of 55°.

The apparatus of the invention comprises'a second
endoscope 60 shown diagrammatically in Figure 2, which
second endoscope is independent from the rod 16 and the

25 first endoscope 22 and is designed to be inserted through
the endoscope orifice 14 in the wall 10 in order to
observe the surface of the part 12 once it has been
treated with the penetration test substances.

This endoscope 60 has a first end provided with an

30 eyepiece 62 and means 64 for connection to a source of
ultraviolet light and forming part of the féed module 40,
and a second end 66 having a light outlet perpendicular
to the axis of the endoscope for illuminating the treated
surface of the part 20 in ultraviolet light and for

35 observing it.

This endoscope 60 may be of conventional type, or
preferably it is of the type described in another patent



13 11. Apparatus according to claim1, wherein the pipes housed inside the
rod around the first endoscope conprise an air pipe, a powder pipe, and a
l'iquid pipe, extending 5 fromone end to the other of said rod and each
having a first end for connection to feed neans, the powder and |iquid

pi pes having respective opposite ends that open to the out si de of the rod
in the same direction as the illum nating neans and the inmage transm ssion
nmeans, and 10 the air pipe having an opposite end opening out axially at
the end of taePkbdatbogener ahe aambowfothaiAde@cpmmLecGﬂutd{f?ffdbgfO}hES
first endoscopgs ak at cgQrding cl.ai rein e tu

the first endpsc%%ipﬁgg@aigig%S?eggogh§b83§’4l%n?bé%éﬁgﬁ%léﬁgvaﬁﬁﬁﬁ?loned
rod has a di&eterions abbat 8ramlargeraAspanateylscder giosg itod eclisi mtl,

wherein the wditéavéobetobbgher §eeANdrendaseape oaspan fqlifdssé %Sld%oségﬁémt er
Uaro. ar. 55, ApEh o RN Sl ik Alp AD. AEF9ERY) mesg That it Ls
#| $) SUBRE 'O3Fibl¢ [ 666 henbnaYpcsheaboakaakealkcaheabrakcalealaalsal cal ca
e cacalcaley cabelenten ealpeh il e sselenlonlssl a0 i Eriam
el ey Tl ea tgiggbeatea}ca]ga]ca]ca}ca]ga]ca]ca]caK
V051 C TSSO e L SSIONNE (ke L1 (SROLBIVE (el ORI )71 19
s$10%E5E5&'()-7!f9$$1dng&§%z&7 o \ .
zX6! | 0953109 x&F) LA H 7 0sBIOEKRE: {§- ¥5: 1n8eBLOLT YOG 9e$10%2& () - 7!
f9s$109%& () -ofc f isHL 0P {1 - fi¥e Yw&1l 10™and its end 20 is moved in
axial translation and by being turned about said axis,
facing the surface of a part 12 to be examined.
In order to verify whether an appareht-defect of the
15 part 12 is or is not a real defect such as a crack or a
fissure, penetration test substances are sprayed in
succession onto the corresponding portion of the part 12,
these substances including a fluorescent liquid which
penetrates into surface discontinuities, a washing
20 liquid, and a developer powder for revealing the presence
of the penetrating substance that has infiltrated into a
surface discontinuity, even if the discontinuity is of
very small dimensions.
Examination of the part 12 and observation of the
25 spraying of penetration test substances onto said part
are performed using visible light, with the surface of
the part 12 being illuminated by the light flux leaving
the angled end 48 of the light guide 46 of the first
endoscope, this light being reflected and/or
30 backscattered by the surface of the part and being picked
up by the mirror 56 which returns it along the axis of
the image transmission means 50 to the eyepiece 42
mounted at the other end of the first endoscope.
The rod 16 is then withdrawn from the endoscope
35 orifice 14 and the second endoscope 60 connected to the
source of ultraviolet light in the feed module 40 is
inserted in turn through the orifice 14 and its end 66 is
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0, .
0% brought to face the treated surface of the part 12.

Illuminating the treated surface of the part 12 in
ultraviolet light causes the penetration test substance
that has infiltrated into a surface discontinuity and

5 which. diffused into the developer to be excited, with the
penetrating substance responding to said excitation by
fluorescing, e.g. with a green color, which can clearly
be seen in the dark and which the user can observe by
means of the eyepiece 62. _

10 In general, the separation in accordance with the
invention of illumination with ultraviolet light and
illumination with visible light makes it possible to
improve the performance of both illumination operations
and to improve observation of the corresponding results.
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5 cylindrical rod of small diameter for passing through an
endoscope orifice in the wall, pipes received in the rod
for depositing penetration test substances on a portion
of the part under examination, and light guide and image
transmission means received in the rod to illuminate and

10 observe said portion of the part under examination,
wherein the light guide and image transmission means are
constituted by a first endoscope that operates with
visible light mounted axially in the rod and surrounded
by pipes for air and penetration test substances, said

15 endoscope having a tube that is rectilinear in which the
visible light guide means and the image transmission
means are mounted in parallel, and wherein the apparatus
further comprises a second endoscope that operates with
ultraviolet light, independent of the first -endoscope and

20 of the above-mentioned rod for observing the portions of
the part that has been treated by the penetration test
substances.

2. Apparatus according to claim 1, wherein the light

25 guide means of the first endoscope comprise an optical
fiber cable extending from one end to the other of the
tube.

3. Apparatus according to claim 2, wherein the optical

30 fiber cable has a bent outlet end oriented obliquely
relative to the axis of the tube and designed to be
brought into the vicinity of a portion of the part that
is to be illuminated in visible light.

35 4. Apparatus according to claim 1, wherein the image
transmission means comprise a rectilinear step of optical
components comprising an image-forming objective lens and
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5. Apparatus according to claim 1, wherein the image
5 transmission means of the first endoscope also comprise
| optical reflector means mounted at the end of the tube on
the optical axis of the image transmission means and
oriented obliquely relative to said optical axis.

10 6. Apparatus according to claim 3, wherein the image
transmission means of the first endoscope also comprise
optical reflector means mounted at the end of the tube on
the optical axis of the image transmission means and
oriented obliquely relative to said optical- axis, and

15 wherein the optical reflector means and the bent outlet
end of the optical fiber cable are adjacent and are
oriented so as to illuminate and observe respectively the
same portion of the part.

20 7. Apparatus according to claim 6, wherein the optical
reflector means are situated between the end of the
rectilinear set of optical components and the bent outlet
end of the optical fiber cable.

25 8. Apparatus according to claim 5, wherein the optical

reflector means are formed by a prism.

9. Apparatus according to claim 5, wherein the optical
reflector means have a reflecting surface oriented at 45°

30 relative to the optical axis of the image transmission
means and the bent outlet end of the cable extends
perpendicularly to the axis of the tube.

10. Apparatus according to claim 2, wherein the optical

35 fiber cable extends along the wall of the tube and the
image transmission means occupy substantially the
remainder of the tube.
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at the end of the rod to generate a flow of air for
protecting the end of the first endoscope.

12. Apparatus according to claim 1, wherein.the tube of
15 the first endoscope has a diameter of about 4 mm, and the
above-mentioned rod has a diameter of about 8 mm.

13. Apparatus according to claim 1, wherein the

ultravioclet light, second endoscope has an outside
20 diameter that is substantially equal to that of the

above-mentioned rod. .



