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Field of the Invention The present invention rel ates
woaom/messar y wedge-type scanner, nore parti cubPariig2004/@0383
a wedge-type scanner having an optical axis that is
|aterally offset relative to its nmechanical axis.
Background of the Invention Scanners are used in

el ectro-optical devices for target acquisition,
obstacl e war ni nROYABYsWEBGH: SGaNINERenNt |

. 3-dj i on profiling, and the like, wth the
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cousto-gptical crystals, the index of refraction of
Ba‘iﬂ&‘%‘}dé’ﬁéhf’ﬁw%ﬂm% the deflection of the |aser
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‘sinultaneously, It is possible to produce a scanning

beagg  Blag lasyelight redlectas fami thg abpedtdakeampesd by ehe detector section of

t t.ai nabl speeds, and accuracy are reduced. Al so,
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envi ronnent al condi tions iIn fer. Vi bratrons a
beaie ope bat altezed Ibyctheamigimgn the Roltfte] @&p&@ﬁG@Z AEAMEANDES tpressure

ﬁ&lﬂuti on for fast w de angl e scanning an
apphiechi RS wlnerhappevaruisesselidcantyiforyvely smplhiapedtires and requires

j gal. wedges facilitates a design that is not only
com%@ehﬁp%l%i;t,ror%g, in principle, is also nearly insensitive
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wedge-type scanners’ su om serd ous !
possible toprodiale Aeeheid i fedtd Wdt&ehth 'ihcr@eisiﬁ)% Bgﬁ?alta?yegure attainable
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annul ar nmetal nounts which are then pre

speedie andsiciuiratiyaraee eredoced he Alsberwhen rlacge afpek@iEge.are required,
mirror-type scannefs need a large space for two mirrors that rotate in planes
perpendicular or parallel to one another. Furthermore, mirrors are very sensitive to
environmental conditions in terms of vibrations and temperature fluctuations.

Rotating wedges are the best solution for fast wide angle scanning and
medium-to-large apertures. Scanning by a pair of optical wedges facilitates a design
that is not only compact, but, in principle, is also nearly insensitive to environmental
conditions.  However, the classic wedge-type scanners suffer \from serious
drawbacks. The opticai wedges are mounted in, or bonded to, annular metal mounts
which are then press-fitted into the inside diameter of the internal race of large,

peripheral bearings. The outer races of the bearings are then pressed into the inside

diameter of the main housing of the device.



peri pheral bearings. The outer races of the bearings
are then pressed into the inside dianeter of the main
whowgiovegsof the device. WO 2004/ 099850 PCT/IL2004/000383
PCT/ 1 L2004/ 000383 2 Wth increasing optical aperture,
t he above-descri bed design bgcones very heavy and
 oses its conpactness. Large“nounts and bearings have
| arge nmonments of inertia, slow ng down scanner
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- posi ti 6h= bBhdog dsametenf the Invention It is thus one
of _the objects of the present invention to overcone _
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Altogedhier) Ragdtterquet déandd w6t iRy rediRCtheAertibe 1#8\eMhé Hstem, but
to provide a scanner that is capable of operating a
alsohingdkes sestrel aefd the gwedgee| mord i dificuly emsacialy uhen - oscillating
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movement 1S required, as Wefl nas impairing the reading accuracy of the wedge
‘position.
Disclosure of the Invention

It is thus one of the 6bjects of the present invention to overcome the
drawbacks and disadvantages of the known rotary wedge scanners and to provide a
scanner that, for a given transmission aperture and, angle of deflection, has the lowest
possible weight and power consumption and is as compact as possible so as to reduce
space requirements. -

It is a further object of the invention to provide a scanner that is capable of
operating at high speeds and high accelerations to ensure full flexibility in scanning at
a reduced sensitivity to environmental conditions, that does not demand excessive
manufacturing tolerdnées, and in which the friction moment of the bearings, as well
as the moment of inertia of the set of rotating components, are both of 'a minimal

value. .



a reduced sensitivity to environnental conditions,

t hat does not demand excessive manufacturing
wao odoengasses, and in which the friction nonment PET/112004/000383

bearings, as well as the nonment of inertia of the set

of rotating conponents, are both of a mnimal val ue.
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present invention, the above objects are achieved by
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with the drawings making apparent to those skilled in the art how the several forms of

the invention may be embodied in practice.

In the drawings:

Fig. 1 is a schematic illustration of the scanner according to the present invention, in
a first extreme position of beam deflection;

Fig. 2 schematically illustrates a second extreme position of beam deﬂectioﬁ;

Fig. 3 is a perspective view of one of the optical wedges, including the annular gear;

Fig. 4 is a front view of the scanner assembly;

Fig. 5 is a perspective rear view of the assembly;

Fig. 6 is a cross-sectional view of the scanner of Fig. 4;

Fig. 7 represents a cross-sectional view of wedges, including the annular gear and the

bearing assembly, and



Fig. 2 schematically illustrates a second extrene
position of beam deflection; Fig. 3 is a perspective
wo r@woesssone of the optical wedges, includi ng PEEIL2004/000383
annul ar gear; Fig. 4 is a front view of the scanner
assenbly; Fig. 5 is a perspective rear view of the
~assenbly; Fig. 6 is a cross- dectional view of the
scanner of Fig. 4; Fig. 7 represents a cross-sectional
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are provided with partly~taperi seen
the betetagoffset is 55 mm, with the outside diameter D of the wedges being 150 mm.

The two wedge pairs 2, 4 are provided with partly tapering bores 14, seen to better
advantage in Fig. 8, which bores are concentric with the axis of rotation 4R and
accommodate bearing housiﬁgsmounting ball bearings.

The off-center entrance beam has a diameter d of about 25 mm, and the
maximal dewnward deflection represented in Fig. 1is o= 50°. Fig. 2 represents
the wedge positions producing the maximal upward deflection, which is o' = 50°. -
Accordingly the total angle of scanning is. o + o ' = 100°. The laser beam is‘
transmitted through the off-axis aperture without obscuration losses.

Clearly, the central area of the scanner, being occupied by the bearings and

their housings, cannot be used for the reception of the reflected beams, and reduces



advantage in Fig. 8, which bores are concentric with
the axis of rotation AR and accommodate bearing
whowgiovesso nmount i ng bal | bearings. The of f - cent B€T/IL2004/000383
entrance beam has a dianeter d of about 25 mm and the
maxi mal -downward defl ection represented in Fig. 1 is a
= 50. Fig. 2 represents the 5\/vedge posi ti ons producing
the maxi mal upward, deflection, which is a' = 50.
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t the s er, heing occupied by the .
e FEDhRlogMBR. vk BRI ot tBe aehioRbey e Tocated in
[ f ,
fro S SR e e AT E S RE R (bRl SRRl ysteng, The loss
of tfeou¢ntifiIbectivivey errca tifilessr edaainodil, iteca®le i GNTak&hin optical
and can_ be conpensated for by increasing the ,
systent ight dessqicd pesethrongh s ewotyesedy about 10%

Anot.her. enbodi ment Vi s d enpl Qys a sserinn :
opt ] Bafou Rt L T k3 TR b 288 &ARIAQEY seprately and
: [ e I,nNg re j.cal -
ind yegdgﬁly T‘ﬂlsethl %ggé’éto#bs Al : gﬁﬁpg?sar’g}g%}gégl Kég}%g?’e gngular position,
acctlegRiongarhsglof| rotAReA Ueanhihgap&iedH SAHRIO&AR! b§alectronic means,
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modi fyi ng the mechani cal design of the device, thus
perkhiet pnegngrqdq@anmﬁr@rrd wthe sotaallsé rosettenhyviagpliffesdnit @8&ical and

and furthermore facilitating a change of scan s )
hor‘&é{f‘tairéf&fffﬁlqnéa@? i%@lcliﬁg&ssgggw & ias spyh-pratererweder in the

hori%g{l%g?c?igegti%ﬁa%ittﬁQh%%?atﬂ)rnegﬁs; %HE C@gﬂ%abtgﬁrzg%i f’ptlerl]r?e. Other

rosette, having di
co1ﬂlﬁﬁéxt¥&f$&ﬂlov¢liﬁ_€ﬂ3§c@ﬂ§,-in%dﬁ%f%hﬁy i@{qe%ﬁ{i%@%ﬁe blalﬁh

scan pattern wider in the ori zonta

t héVedgai 2 antados Fashairogiding bidghdineanntal speanewe@eBa rotates
conbi.natiaons allow |inear scans, including scans in
slow]g(evsgﬁﬁr viedge 181mplingrieyeral tens of turns for one turn of wedge 10. Both
the angular phase difference and the ratio of angular speeds are pre—deﬁnéble. The
rate of rotation of wedge 10 is designated as frame rate. Wedgeé 8 and 6 rotate in
opposite directions, providing deflection in the horizontal direction, versus no
deflection in the vertical direction. The rate of rotation of wedges 8 and 6 equals the
- frame rate. The initial angular phases of wedges 10, 8 and 6 are identical, which
means that the scanner provides maximum deflection in the horizontal direction when
wedge 10.deflects to the left or right. (
| Wedges 8 and 6 could also provide full turns for maximum width of the scan

pattern, while scan patterns of any desired width can be provided by performing

partial turns of these wedges, by oscillating them about their central (vertical)



Wedge 12 rotates fast, providing a high |linear scan

speed. Wedge 10 rotates slowy, with wedge 12 naking
wa@eaegdsse ens of turns for one turn of wedge 1BCT/B20D4/000383

t he angul ar phase difference and the ratio of angul ar

speeds are pre-definable. The rate of rotation of

wedge 10 is designated as fréane rate. Wedges 8 and 6

rotate in opposite directions, providing deflection
positions h& ob exampid, ahe dirhaates of wodges U8, 108 af@blRetd BE30N1, 1 and

the vertical direction. The rate of rotation of wedges
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EngFasisteCcpying (chenngls doyg dhe samesdaflashion haracteristic for the -
exampl e he.turn rates of we s 12,. 10, 8 and 6
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mus®begréd@t i on can be changed by changi ng the phase
di fferences of wedges 10, 8 and 6. The scanner

t r &ingn3 tshohisghsubassembly dicledingansvedgt! b.gmogkbded 6

aperture being used to collect the reflected -igﬁ
geay Hh,obeakg BewTpsr 1 &ndaide batobearing 28 mbalaptings weighe 22 and an
: indeéf ansmtting and receiving channels have the sane

ef l ection characteristic for the sanme wavel ength,

WhiaGhu14 pr ' ' Jo obtalkn, .
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and ds bbadahto ey peeplgirhsof isctveas@twhichetleRTordWsindethe position of

used. Fig. 3 shows a subassenbly including a wedge,
the geay, withegseeos to dhauhain kpusing. géar theediffreardengt ttmusiahgxpansion

18 ubl e bal eari 20 al anci,ng weight 22 and an
betoie e Rifianapt SBarvadE 810 RS UGS b8 kA oS abhr large,

o f i d is bonded
alloWEHEE s B STIANR GBHAND W' sPe il st aretl enlgulated layer

thicl@sk ttheNisotompressed with rising ambient temperature and re-expands with

{aﬁnular spur

falling temperature.. Each wedge has a bearing housing 18, seen to better advantage
in Fig. 8, which confronts a similar problem, discussed further below in conjunction
with Fig. 8.

Each wedge also has two ball bearings mounted in bearing housing 18, seen to
better advantage in Fig. 8.

As the center of gravity of the optical wedges is obviously not located along
the mechanical axis AR (Fig. 1), a balancing weight 22 must be provided to move the
center of gravity exactly into that axis, to prevent destructive vibrations. By carefully
shifting weight 22 along annuiar gear 16, a position can be found in which the

subassembly is dynamically balanced.



the gear with respect to the main housing. As the .

di fference of thermal expansion between the silicon
wo@oonheossedge and the al um num of gear 16 is reCTER2004/000383

| arge, allowance is nmade for this difference by using

a speci al adhesive of a calculated |ayer thickness

that is conpressed with risiﬁg anbi ent tenperature and

"re-expands with falling tenperature. Each wedge has
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Fig. 8, which confronts a simlar problem discussed
belgWir t her bel ow in conjunction with Fig. 8. Each wedge

L3058 AP D3 R0 SRR, She, PR AP SEEHR of e
s B Ul Gl 4, SRR metiones

lowbfctioai MOt Ibin B2 mMHEE ofnPalRWiiAesh EtRYRstdE of a steel one,
center of gravity exactly into that axis, to prevent

thergby redixting ¢hevidtalaveighs of Bye dewieé by 1650 ghi The ngsonehlgthitwedges 6,
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In the cross-sectional view of Fig. 6, there is seen a central shaft 40 which
passes through all of the wedges and about which all of the ball bearings 20 rotate,
each wedge having two bearings mounted in its bearing housing 18 (also see Fig. 8).
Central shaft 40 has two threaded ends of reduced diameter that fit into recesses in
the hubs 42, 44 of spiders 28, 30. |

Fig. 7 shows a wedge including its annular gear 16 and bearing assembly
comprising bearing housing 18 and ball bearings 20.

Fig. 8 représents the central portion of Fig. 7, at an enlarged scale. Here, at the
bearing housing/wedge interface, another differential-expansion problem must be
dealt with, as the coefficient of expansion of the silicon wedge is about 2 x 10 1/C°,
while the coefficient of expansion of the bearing héusing is about 7 x 10 1/C°. To
prevent potentially destructive stresses. from developing, bore 14 in the wedges is

partly tapering, as is clearly shown in Fig. 8. A special adhesive, of a calculated layer



accuracy, therefore their gears 36, which engage with
annul ar gears 16, nust.be equipped wth anti-backl ash
wore@haissns. Drive-notor gears 38, on the ot hePCTrHI2004/000383
may have sone backlash in their engagenment wth
annul ar gears 16, without interfering with the proper
operation of the scanner. In®°the cross-sectional view
of Fig. 6, there is seen a central shaft 40 which
thichasse s tdeddogfoialig i Wdzesendaheiabdadhg tiouwigs 1 8al The tapering
of the bal | bearings 20 rotate, each wedge having two
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Fig. 8 A special adhesive, of a calculatéd |layer WO ,
embmlmﬁ @@gsegr rsmmﬂgzﬁumso@omt dsaptamrcg«fe@n thes spisidor essential

he med their be g housings 18.
attrifes! SgPORigneis rf dhiaere: s bs Sonsiirired in all
‘ resp%éﬂsais 1‘?1%1%%@\% ﬁer s P?es‘f‘ﬁ B> tlﬁ@%ﬁ@e\’(@%l{hﬁ fnv?gpgléiemggmdwated

housi ngs renderrng
by e dd@df c@iﬁﬂnﬁiﬂ%} thdh e h
Y coi%tl?l ity between annul arﬁg}gla?&?gbﬁ%g beaﬁmo}-1 ind all changes,
whiplp asinegvitiintthe meanieg asd prrgearteqaivaiassi 6f the dMuhﬂlﬁ are therefore

r transmssion in the present enbodi ment was

1nteg§%$@]1gde1§ rageddh¢rein.r ansm ssi on, power from notors 32

to the wedges coul d al so take the form of belt

drives. It will be evident to those skilled in the art

that the invention is not limted to the details of

the foregoing illustrated enbodi nents and that the

present invention may be :



enbodi ed in other specific forns wthout departing
fromthe spirit or essential attributes thereof. The
w@e@sessenbodi ments are therefore to be consiPer/BER004100383
~all respects as illustrative and not restrictive, the
scope of the invention being.indicated by the
appended cl ai ns rat her than By the foregoing
description,- and all changes, which come within the
nmeani ng and range of equival ency of the clains, are
WHAR IS CLAIMEDeHted t o be enbr.aced therein. WO
- 2004/ 099850 PCT/1L2004/000383 9 WHAT IS CLAIMED I S:
L. z%sgaé@mg%s SPsCURPIISHEPri sing: a main housing, and

opti,cal wedge rotatable about a shaft
gnlgg &ogtpgrg \%fihi n said main housing; wherein a
| a%@ﬂe&@%ﬂb ic'a pﬂdteﬁ:%le%cﬁlt %n&dﬂ‘%é%glgtloeﬁgé%ﬁhin said
opti cal Isr ract ed at least once by sal
mam/éxzbgemgghar acterl zed in that said shaft means passes

through the center of said at |east one wedge and
tha’t’hftfﬁlé apeswabeaini Bawng sa @ptinel awist andigneidbetaeni said optical

o AR APSE B oo o St T
in cﬁhﬁﬁc{@r dGRTRL Wghaf?nf ﬁ%%}?&% ”chr%i:gfx%?é@x%sf of s3id at least

optica ges an a gecond P

oneWReges andaih@t fthé sdptRall e Ofdkab@iihsideht ‘I\&‘égeo%ak%ﬁ i SQubstantially
rot at abl e about a common central axis; encoder nmeans :

paraltdl vadiué ladyradlyi af fsep fionm) saiek shipfs nifeans. det er ni ni ng the

I nst ant aneous angul ar posi tions of said wedges, and a
2. | addic Ssammng SipleR, apekiaied ig dlaiget, assapnisingi dent on

t he urface

sodr BBt dher e Rl Bl S arrhcoand ?ﬂiéscgjcr%ﬁ‘hlﬁ optical
. We%gs@’t’fﬁ ﬁ?‘st%lna's@?&ld gnai‘f%]af Weaﬁe%‘&;ﬁg 'r&ta?aaﬁ &]'it' £&8mmon central

dge'is provid an a r-gear
axigttached to the per| phery thereof.

encoder means drivable by said optical Wedges for determining the
instantaneous angular positions of said wedges and
a laser beam source,
wherein a laser beam incidént on the surface of the optical wedge closest to
_ said source undergoes multiple refractions. | |
3. The scanning system as claimed in claim 1, wherein said optical wedge is
provided with an annular gear fixedly attached to the periphery thereof. |
4. The scanning system as claimed in claim 1, further comprising spider means
whereby said shaft means is attached to said main housing.
s, The scanning system as claimed in claim 1, further comprising motor means
fixedly attached to said main housing, for rotating said optical wedge.
6. The scanning system as claimed in cllaiin 5, wherein power from said motor is
transmitted to said wedges by belt drives.
7. The scanning system as claimed in claim 5,' wherein said motor means are at

least indirectly engageable with said annular gear.



4. The scanning systemas clainmed in claim1l, further

conprising spider neans whereby said shaft neans is
wa@tdaobmsdo t 0 sai d mai n housing. 5. The scanni NECEHY0&M00383

as claimed in claim1l1, further conprising notor neans

fixedly attached to said main housing, for rotating

said optical wedge. 6. The sthnni ng system as cl ai ned

in claim5, wherein power fromsaid notor is

8. trarsemdanathd eysiaindayvetiderdbiy delm 3irwhegin %aidlAgtor means are
scanning systemas clained in claim5, wherein said

ﬁqud;y attachsdrie said main hosaig, ferdindeperdently gagesdparatelyt driving each
ﬁal d aa?nulcé? gear. WD 2004/099850 PCT/|L2004/ 000383
of the) opticaeedgeanni ng syst em as cI aimed in claimsb5,

wh d} hed, t
0. SN Sl Pleh TESATARGeln Latfsl AR i 31 Lav s
pro@ﬂ%ﬂwﬂ'f af Btele%)tt &8k tNR3aRSpor8; The scanning system as
~claimed in claim1, whereih said optical wedge is

10. pr dMied sdaniifify mteﬁn headdinpalr i yelhiaped,i figtiar eomplising bearing
The scanning systemas clainmed in claim9, further:

hougiigs rfpébﬁ]é bsaEREh @n Waighi saib wiegge @QﬂaFGSbé&ud| lrfﬁ;mr@housmgs being
d t d
profidsi R i A°E P LBBerizE rifes Gdie Sl Raeebartt tapering

boréttlng sai d at Ieast partly tapering bores sai d :
daring housings being joined to sai d opt|cal wedge by

an saithesdritg Dcﬁuﬁngspbaﬂgtﬁtﬂﬂdnt@dseﬂl@bptlcﬁlhw%@@®§ arﬁ@dﬂﬁ:swe of a
adhesive permtting radial forces apt to be created

predeierminedildyfostrickness, sitlhalhesize qvatmtmpgm&dlahfmmSWtdo be created
tt% wedge nd sai ci bearing housi n%{3 be

dnerifiesnten T dhe Ky amal spansiansyl A PRCAbIedar and said bearing

¢ o_sal d.bearing housi.n

ot %, R RFios LA K4 bb aph 2™ BGh aPinatt B arEt gplical wedge

‘ 1ela"t1©@!%§éu@rbe‘aﬁn%m1%u§ iving areais at least partly . -
conpensat ed r by ans of a Cassegrain system

11.1 ocHteestanningfgystem af claimedadgaisybtwherein reduction of the receiving

area is at least partly compensated for by means of a Cassegrain system located in

front of the wedge system.



