AN ENDOSCOPE W TH ULTRAVI OLET | LLUM NATI ON The invention relates to an
endoscope with wultraviolet illumnation and with deflected distal view ng
intended in particular for observing defects 5 presented by nechani cal

parts and shomj\lmmmn\‘llwﬂmmm penetration test substances. The invention
applies particu t exclusively, to industrial endoscopy, in
particular in the figled of aviation, for visually inspecting internal 10
parts that are difficult to access, such as, for exanple, the rotor bl ades
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fibers beinggorpeeidR! WiHli%h is caused to pass through an orifice
of small diameter (e.g. 9 millimeters (mm)) which is
provided for this purpose in the casing of the machine to
15 be inspected, this technique presenting the advantage of

not requiring total or partial prior disassembly of the

machine.
Endoscopes are known which are constituted

essentially by a rigid probe for insertion into a dark

20 cavity and fitted with means for illuminating an object
to be inspected and with optical means for providing the
user with an image of the object. In general, the
optical means comprise a distal objective lens for
forming an image, an image transmission means formed by a

25 series of lenses, and a proximal eyepiece lens which can
be moved longitudinally to adjust the focus of the image
observed by the user. The optical means are preferably
designed in such a manner that the image transmitted
through the eyepiece lens is not inverted relative to

30 reality. The lighting means generally comprise a bundle
of optical fibers having a distal end located close to
the distal objective lens in order to illuminate the
object, the bundle of fibers being connected at its
proximal end to a light source.

35 Axial-viewing endoscopes exist in which the optical
axlis of the distal objective lens coincides with the

longitudinal axis of the endoscope. The lighting means
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proximal 'end to a |light source. 35 Axial-view ng endoscopes exist in which
the optical axis of the distal objective |lens coincides with the

| ongi tudi nal axis of the endoscope. The lighting nmeans 2 of such
endoscopes are constituted by a bundle of optical fibers having a distal
end that generally fornms a illum nating %ing around the distal objective
| ens. Endoscopes are al so knowmn with deflected viewwng, in 5 which the
opti cal viemﬁng axi s is inclined relative to the longitudinal axis of the
endoscope. observati on neans of such an_endqQscope conprise a
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mounted in the endoscope generally  include a proximal
correcting prism which rectifies the inverted image
supplied by the distal deflecting prism.

15 The .lighting means of an endoscope with deflected
distal viewing are generally constituted by a bundle of
optical fibers having a distal end with a bend so as to
constitute a lateral lighting window between the distal
deflecting prism and the distal end of the endoscope,

20 with the lighting axis being substantially parallel to
the viewing axis.

The lighting optical fibers are glass fibers capable
of transmitting the spectral components of white light as
applied by a light source such as a quartz iodine lamp or

25 a xenon lamp, without significant attenuation of the
light. Such lighting means are unsuitable for
transmitting ultraviolet light as produced, for example,
by a mercury vapor lamp; and in order to transmit
ultraviolet radiation it is necessary to use fibers made

30 of quartz or of a suitable plastics material, or indeed a
liquid conductor (a sheath filled with an appropriate
liquid that is transparent to ultraviolet radiation),
such light conductors possessing a degree of rigidity and
not enabling their distal ends to be bent with a radius

35 of curvature that is small enough to enable them to be

mounted in an endoscope.



by a mercury vapor .lanp; and in order to transmt ultraviolet radiation it
is necessary to use fibers made 30 of quartz or of a suitable plastics
material, or indeed a liquid conductor (a sheath filled with an
appropriate liquid that is transparent to ultraviolet radiation), such

| i ght conductors possessing a degree of Bigidity and not enabling their
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15 The invention provides an endoscope with ultraviolet
illumination and with deflected distal viewing that does
not present the above-mentioned drawbacks.
The invention is defined in the independent claim.
Some optional features of the invention are defined in
20 the dependent claims.
The transverse disposition of the two prisms side by
side is compact and makes the endoscope easier to use.
According to another characteristic of the

invention, the light guide means are ultraviolet light



invention, the light guide neans are ultraviolet light 4 qguide neans and
open out longitudinally at the distal end of the tube onto the defl ector
prismof the lighting neans. This nmakes it possible to use |ight guide
means 5 which are not angled or bent. According to another characteristic
of the invention, the two prisnms are fixedly nounted on a comon cradle
capabl e of pivoting about a transverse axis carried by the endoscope, said
axi s being perpendicular 10 or substantially perpendicular to the view ng
axis and the thhtingﬁaxis. Advant ageously, the endoscope includes neans

p
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the lighting axis.

Advantageously, the endoscope includes means for
controlling pivoting of the cradle from the proximal end
of the tube.

15 This makes it possible to view forwards, sideways,
or backwards, and to improve the conditions which objects
for inspection can be observed.

According to yet another characteristic of the
invention, a screen that is opaque to ultraviolet _

20 radiation is mounted between the two prisms, in order to.
prevent parasitic illumination light from being picked up
directly by the observation means, said opaque screen
being fixed on or formed by the cradle carrying the two
prisms, for example.

25 It is also possible to make provision in the
endoscope of the invention for the viewing axis and the
lighting axis to converge substantially at a determined
lateral distance from the endoscope tube in order to
achieve better lighting and better observation of objects

30 situated at said distance.

The invention will be better understood and other
characteristics, details, and advantages thereof will
appear more clearly on reading the foilowing description,
made by way of example and given with reference to the

35 accompanying drawings, in which:

Figure 1 is a diagrammatic perspective view of a

prior art endoscope;



characteristics, details, and advantages thereof will appear nore clearly
on reading the follow ng description, made by way of exanple and given
with reference to the 35 acconpanying drawings, in which: Figure 1lis a
di agrammatic perspective view of a prior art endoscope; 5 Figure 2 is a
di agrammati c perspective view of an endogcope of the invention; Figure 3
is a fragnentary view showing a particular way of nounting the prisns of
t he endoscope of 5 the invention; and Figure 4 is an expl oded

di agrammatic perspective view showi ng how the prisns of the endoscope of
the invention aré FbUREEAZt &SpPvEEaIREFERE e HYF SRAFE ivsi tilaW yo&t @rFi gure
1 which showsnddBcapprber tatt igndaseope essentially conprising a rigid
rectilinear tube 10 contaiging lighting means and observation nmeans, t he
tube 10 having a proxPHEF énd® PofFPAG Yend e o2 ARy 0% ded with an
eyepi ece cuppddficandrawdiystdl mendti6df athd NSEIrIMNG i MHe @RS dibe &Y. Via
15 a smatl -diapget gr ggkghce L erein. The lighting means housed in the tube
10 conprise a Ilgh? condlctor 18, such as an optical fiber cable, having
a proxi mal end nounfedukn 4 denmeceixed soketi R amartrice panstdre: handl e 12
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P rectilinear tube 10 containing lighting means and
observation means, the tube 10 having a proximal end
forming a handle 12 and provided with an eyepiece cup 14,
and a distal end 16 for inserting into a casing, e.g. via
15 a small-diameter orifice therein.
The lighting means housed in the tube 10 comprise a
light conductor 18, such as an optical fiber cable,
having a proximal end mounted in a connection socket 20
carried by the handle 12 of the endpiece and designed to
20 receive the end of a lighting cable 22 connected to a
source of white light. The distal end 24 of the light
conductor 18 has a bend, e.g. through substantially a
right angle, thereby defining a lighting axis 26 which is
inclined relative to the longitudinal axis 28 of the
25 endoscope.
The observation means comprise a viewing prism 30
which is mounted on the longitudinal axis 28 of the
endoscope at its distal end, and which is associated with
image transmission means housed in the tube 10 on the
30 axis 28 and including an image-forming objective lens 32
and a series of achromatic lenses 34, together with an
axially-movable eyepiece lens 36 which serves to adjust
the focus of the image by being moved longi:tudinally 38.
The prism 30 defines a viewing axis 40 which is
35 substantially parallel to the lighting axis 26, and is
constituted, for example, by a unidirectional reflection

prism that produces an inverted image. Under such



whi ch is nounted on the |ongitudinal axis 28 of the endoscope at its
distal end, and which is associated with inmage transm ssion neans housed
in the tube 10 on the 30 axis 28 and including an inage-form ng objective
lens 32 and a series of achromatic | enses 34, together with an

axi al I y-novabl e eyepi ece | ens 36 which seéves to adjust the focus of the
i mge by being noved | ongitudinally 38. he prism 30 defines a view ng
axis 40 which is 35 substantially parallel to the lighting axis 26, and is

constituted, for ex le, by a unidirectional reflection prismthat
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subst ances, %h@%%ctt@% FBAULr 85 1 ukN& el ects Jia e ﬂ-'w nahed d n
ultraviolet [ight. Reference is now made to Figure i: ich is a diagram 10
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means t hat e simlar to those. described above, conprising a viewng
prism 30 mhog evﬁ@%%ﬁgsakpskﬁolﬁ&%ﬂﬁﬂﬁ?ﬁﬁJfSW%E%ﬁW%R§%%)%%&?qongitudinm

axi s 28 of the tubefé@enar isbpest imseld ens B2ure Seniteisctofi AChrONERs
Lenses 34, 2By SECUBERens 58 Pl atal 1o URR s shown by arrow
cup 14 nounted at Thié endostoR@ tdeeprirmiie tie cfartchereeridiosicope: el d
l'ighting meangpeonpr bge sublnaviolsslydd ot Y 48 servation means that
are similar to those described above, comprising a
viewing prism 30 whose viewing axis 40 is inclined
15 relative to the longitudinal axis 28 of the tube 10, an
objective lens 32, a series of achromatic lenses 34, an
eyepiece lens 36 that is axially movable as shown by
arrow 38 in order to adjust the focus of the image, a
rectifying prism 42, and a cup 14 mounted at the end of
20 the handle 12 of the endoscope.

The lighting means comprise ultraviolet light guide
means 44 contained in the tube 10 and extending along the
axis 28, the distal end 46 of the guide means being
rectilinear and parallel to the axis 28 so as to lead to

25 a unidirectional reflection prism 48 of the same type as
the prism 30 of the observation means, the prism 48
deflecting the ultraviclet light beam coming from the
guide means 44 so as to direct said beam in a direction
50 which is substantially parallel to the viewing axis

30 40.

The proximal end 52 of the light guide means 44 lies
outside the endoscope and includes an endpiece 54 for
connection to an ultraviolet light source.

Under such circumstances, the ultraviolet light

35 guide means 44 may be made of quartz fibers, of fibers

made oif an appropriate plastics material, or a liquid



means 44 contained.in the tube 10 and extending along the axis 28, the
distal end 46 of the guide neans being rectilinear and parallel to the
axis 28 so as to lead to 25 a unidirectional reflection prism48 of the
sane type as the prism 30 of the observation neans, the prism 48
deflecting the ultraviolet |ight bean1con}ng fron1the gui de neans 44 so as
to direct said beamin a direction 50 which is substantially parallel to
the viewing axis 30 40. The proxinmal end 52 of the |ight guide nmeans 44
lies outside tg ﬁndoz anﬁ in i es .an endpi ece 54 for _ connection to
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avi o ®tonnected to the gui de neans 44
_|nc|udes a bandpa?ée lighting prlsm 48 is made of quartz or of a

glass that is transparent to ultraviolet radiation and
thus transmits with very good efficiency (e.g. greater
than 99%) the ultraviolet light delivered by the external

15 source.

In all cases, the source of ultraviolet light
connected to the guide means 44 includes a bandpass
filter centered on the ultraviolet wavelength required by
the user of the -endoscope.

20 The prisms 30 and 48 are mounted in the immediate
vicinity of the distal end of the tube 10, as close as
possible to said end, and a screen 56 that is opague to
ultraviolet radiation is mounted between the two prisms
so as to avoid any parasitic ingress of ultraviolet light

25 into the prisms 30, the objective lens 32, and the lenses
34 of the observation means.

As shown diagrammatically in Figure 3, at least one
of the prisms 30, 48 is tilted laterally towards the
other prism so that the viewing axis 40 and the lighting

30 axis 50 converge, at least approximately, at a certain
distance from the endoscope, forming between them a small
angle 52. This improves the lighting and the observation
of objects that are situated at a radial distance from
the endoscope corresponding approximately to the distance

35 at which the axes 40 and 50 converge.

The orientations of these axes relative to the

longitudinal axis 28 of the endoscope can be fixed and



filter centered on.the ultraviol et wavel ength required by the user of the
endoscope. 20 The prisns 30 and 48 are nounted in the imediate vicinity
of the distal end of the tube 10, as close as possible to said end, and a
screen 56 that is opaque to wultraviolet radiation is nounted between the
two prisns so as to avoid any parasitic éngress of ultraviolet light 25
into the prisns 30, the objective lens 32, and the |l enses 34 of the
observation nmeans. As shown diagrammatically in Figurﬁ 3, at |east ﬁne ﬁf
the prisms 30, 48.is tilted laterally towards the other prismso that the
viemfng axisgzcégE thEeFrgH%?hgvéﬁwé%ﬁs rﬁbﬁ&bf@é?%ﬂ?#&%ﬁﬁ?eCtlo“
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thema smal | | §p%2. . This hnpr ; ighti and the observation o
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28 of the endoscope can_be fixe d 8 predeternlneg; W th-vi'ewi ng being
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(1 ooking towards the back.o e endoscope). n a variant, and as shown
diagrannatiggfﬁﬁsyﬁrsﬁi86?& ﬁb Ple LFPESTE 3G aky £9URN P arsithted Bh a
comon cradbé,58hewhirehsiverstsekfi smenfoed nigo peiryeincdkoiltaa 4 ransver se
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axes 40 and %@gnhthegea.axessbebna Baralh@lsOhyes peing parallel or
else converging as shown in Figure 3.
The cradle 58 may include two housings 64, 66
15 intended respectively to receive the prism 30 and to
receive the prism 48, these housings being separated by
an intermediate partition 68 forming a screen between the
two prisms.
The pivot axis 60 of the cradle 58 is embodied by
20 any appropriate means, for example two diametrally-
» opposite studs carried by the distal end of the tube 10
and engaging in two orifices in the cradle.
Advantageously, means are provided to cause the
cradle 58 to pivot about the axis 60 under control from
25 the proximal end of the endoscope, these means
comprising, for example, a longitudinal tab 70 whose
distal end is hinged to the cradle 58 about an axis
parallel to the axis 60, and whose proximal end is
secured to a tube 72 that is slidably mounted inside the
30 tube 10 of the endoscope, the proximal end of the tube 72
being movable in axial translation by the user.
"By way of example, the distal end of the tab 70
comprises a transverse cylindrical finger 74 received in
a transverse semicylindrical recess 76 in the bottom
35 portion of the cradle 58.
This enables the user to pivot the cradle 58 about

the axis 60 and thus to steer the viewing axis 40 and the



el se converging as. shown in Figure 3. The cradle 58 may include two

housi ngs 64, 66 15 intended respectively to receive the prism30 and to
receive the prism 48, these housings being separated by an internediate
partition 68 form ng a screen between the two prisns. The pivot axis 60 of
the cradle 58 is enbodied by 20 any apprqpriate nmeans, for exanple two
dianetral ly- opposite studs carried by the distal end of the tube 10 and
engaging in two orifices in the cradle. Advantageously, neans are provided
to cause the_ cradle 58 to pivot about the axis 60 under control from 25
the proxi mal 1éfd 9Nt R&iendds CHRIT t1ekd rbbhsi B orpiesi hg, vier exanple, a

| ongi t udi nal floatat@swheseiewdiyad,aloenshdisndndaged to the cradle 58 about an
axis parallel to the axis 60, and whose proximal end is secured to a tube
72 that is slidably mounted inside the 30 tube 10 of the endoscope, the
proxi mal end of the tube 72 being novable in axial translation by the
user. By way of exanple, the distal end of the tab 70 conprises a
transverse cylindrical finger 74 received in a transverse semcylindrica
recess 76 in the bottom 35 portion of the cradle 58. This enables the user
to pivot the cradle 58 about the axis 60 and thus to steer the view ng
axis 40 and the 9 Ilighting axis 50 about said axis in order to view
forwards, sideways, or backwards. 10 CLAIMS 1. An endoscope with deflected
di stal view ng, the endoscope conprising a rigid tube (10) contai ning

| i ghting neans conprising a single deflector prism(48)



5 and observation neans conprising a single deflector prism (30), both
defl ector prisns (30, 48) being nounted at a distal end of the tube (10),
| i ght guide nmeans (44) extending substantially froma proximl end of the
tube (10) to the deflector prism (48) of the lighting neans, 10 and i mage
transm ssion neans (32, 34, 36, 42) extemding fromthe deflector prism
(30) of the ﬁ&@gévation means to the proximal end of the tube (10),
wherei n t he® defl ector prisns (30, 48) are carried transversely side
by side on h.chmmendcsadbe ¢58) dapabteedfdpbveli ngernbodr thea transverse

axis (60) p I tan y r i he ewi ng a
(40) and «hE FogREPCondr LEPRE) Eqk) Bl e poE, RO OB ers “pri o (30,

48). 2. Anléﬁ@bé@@p@eéeéoFﬂmﬁﬁlﬁbnaIél AiAgLlGhErELRCERE PEGR 2484ui de
means (44) ane dbteavheleh hight guhngeipeagsaabdng@pede@ltckorgptrtdinnal |y

at the dist end t b 10 t he t i 4 f th
IightinglnEZhg?’ gggﬁnggﬁg§§§8ﬁgp5 éﬁgdﬁﬁg' 492Ia?ﬁ1 rmghéﬁgbgeg?aaheﬁe?n
25 the i mageittahsendsbbéntheansbeortpli selaghbbpedctevaeckens (4@32) and a
series of agg£gnaihg %88§%§n£§éh yogethes g&lemalpegalg%ltﬁgr&%gb'ng prism

(42) for recC Invert e i mge su the deflector prism
(30) of thél@bsé@véb?oﬁeﬁéaﬁ§0r39r4SmAﬁ48hd6§c6b§ &égbtdnagmednerai m 1,

wher ei Qi t bﬂglgﬂﬁﬁe BRAASME 494 0A2medh) ng cgnir gkl i ng)pexenagnaf the
cradle (58) from %rOX|naI end o An endogcope

accor di ng tgraﬁytﬁ?eeg Fﬁ§t8FaPﬁﬁsﬁhéﬁé of tE@ngﬁefgéflpﬁapeags &que to
uItraV|oIetthadpabkmmaESendnamteﬁebeumeenlome tve reehl eteorcwori sms (30,

49, 11 S 489 endgscgne pec 95%'n98§5§§ LS5 ANLEhR e 3¢ §he 1S

carried by or cradl e ar ylng
by side on a common crad (58) capable of pivoting about

15 a transverse axis (60) perpendicular or substantially
perpendicular to the viewing axis (40) and the lighting
axis (50) defined by the two deflector prisms (30, 48).

2. An endoscope according to claim 1, wherein the light
20 guide means (44) are ultraviolet light guide means and

open out longitudinally at the distal end of the tube

(10) onto the deflector prism (48) of the lighting means.

3. An endoscope according to claim 1 or claim 2, wherein
25 the image transmission means comprise an objective lens
(32) and a series of achromatic lenses (34) together with
a proximal correcting prism (42) for rectifying the
inverted image supplied by the deflector prism (30) of
the observation means.
30
4. An endoscope according to claim 1, wherein it includes
means (70, 72, 74) for controlling pivoting of the cradle
(58) from the proximal end of the tube (10).

35 5. An endoscope according to any preceding claim, wherein
a screen (56) that is opaque to ultraviolet radiation is

mounted between the two deflector prisms (30, 48).



two deflector prisms. .5 7. An endoscope according to any preceding claim
wherein. the viewing axis (40) and the lighting axis (50) defined by the
two deflector prisnms (30, 48) are substantially convergent. 10 8. An
endoscope according to claim2, wherein the wultraviolet |ight guide neans
(44) conprise a cable of quartz fiberslior a cable of fibers nade of an
appropriate plastics material, or a | eakproof sheath 15 filled with an
appropriate liquid. 9. An endoscope according to claim2, wherein the
uItravioIet6lightegdbde©pean5¢@44)ngncbudéaémpﬁoxWhakeéndth@S@FrQQDside t he

tube (10) aﬂg pyk dgdpyi 59 @Brﬁ@gpb?fc%hez@rééﬁa fieg) C@B@‘%%h@”tk@ an
ul travi ol et t source. 10. An endoscope accordlng to claim2, wherein

t he uItravFUPegefi@ﬁﬁoﬁuPHéSW§ans (44) have a proximal end mounted in a
socket 5ecured to the tube (10) and suitable 25 for being connected to a

l'i ght condu external to_tube ..(10). 11. An endoscope .a cord o claim
10, mhereln IFaﬁ?sC88§d88F8Fdé§9e%ﬁaﬁn¥opfﬁ guBg %iﬁ 'S a °s ééth
filled 30 mhehvaawapgrepnsatéol|quddth$2llAhtendosuope (@d¢odgifngedo any

one of clalgh Lnbordd: aothgLeLl b gsﬂef'%t Ol g be® 4Bk cah g i ohting

means is made of quartz or o ass that is transparent to
ul travi ol et CPRURATPBA.-

10
8. An endoscope according to claim 2, wherein the
ultraviolet light guide means (44) comprise a cable of
quartz fibers, or a cable of fibers made of an
appropriate plastics material, or a leakproof sheath

15 filled with an appropriate liquid.

9. An endoscope according to claim 2, wherein the
ultravioclet light guide means (44) include a proximal end
(52) outside the tube (10) and provided with an endpiece

20 (54) for connection to an ultraviolet light source.

10. An endoscope according to claim 2, wherein the
ultraviolet light guide means (44) have a proximal end
mounted in a socket secured to the tube (10) and suitable

25 for being connected to a light conductor external to tube
(10).

11. An endoscope according to claim 10, wherein the light
conductor external to the tube (10) is a sheath filled
30 with an appropriate liquid.

12. An endoscope according to any one of claims 1 to 11,
wherein the deflector prism (48) of the lighting means is
made of quartz or of a glass that is transparent to

35 ultraviolet radiation.



