-1- ANNULAR OPTI CAL MEMBER HAVI NG BOTTOMED | NNER GROOVE 5 : - The
present invention relates to an annular optical nenber nade of synthetic .-
resin and, nore precisely, it rel al. menber which is*
provided on its in r f acE W
camring of a zoomrﬁ{gn&rﬂ&%& y , s s 5 s H ce—m t h
a camgroove in which an association pin of a novable | ens group which is
novable in the optical axis direction is fitted, so that the rotation of
the camring causes the novable |ens group to nove in the optical 15 axis
direction and effect the zoom ng. In a conventional.camring nmade of netal,
t he canmbgroove i sTheuagptresentt hienvenpiat trelakgs gtooves wmnhlaxt epkical
t hrough the cam ring, A camrin de of synthetic resin has alsqg been
known to bem%"z%%iri n’qﬁﬂ?cho hesgé‘ﬁ?"za é:r 05\?esl¥l s%é‘ ot tm(;%r#gd i%rf?leé:rlscearx' it
groove. Tl apesl oodaat gl 4 n@p tdfcaly nmeabes rvdsich cds rpdoeided on
manuf act uri | cost because, unl ike tl?)e hr ough cam groove whi ch nust be
covered by ’;p%dfé?%fesPF fAfe; Wi &hc8pPPrEge SP5FoP " ®EY%n the outer
surface thereof, the bottonmed i nner cam groove 25 does not require such a
separate _light intercepti ng menber. Furthernore, the liottorreo_l cam grogve
hardly f@duces tHEPRtFRAGEANGrOfha ZQRM LRESi dScofptityoRTRvifethon Htsugh
cam gr oove.pei e rd DI siPEdc80watRad) Eandgitavivegia halichnas as®odq agieeye
has a projection corresponding to the bottoned, cam grqQqve., The :
proj ecti onPigF ©fhd “?ﬂ)‘f%‘?’rﬁ 18{‘@ GTOUR R c‘ésiEnﬂ}ﬂg’m?ﬁeas“bOEBFbPé’tiiﬁal
accordance aditd) Bheeed oy 0is| &ithed,hi oenghat hehleot i sramogr oee leam
snooth side (right and left) camprofile surfaces as well as a snooth

bott om 35 &iMShcEaupSRevERe MoVl &) lfNE o HPYHat Ot PG dPh e t GRtical
surface] saus8s i Fetiefon Chh& G f pecef thBezbefing.

In a conventional cam ring made of metal, the cam

groove 1is usually in .tﬁe form o©of through grooves which
extend through the cam ring. A cam ring made of synthetic
~resin has also been known to be used in which the cam
20 groove is a bottomed inner cam groove. The mold product
(cam ring) of synthetic resin can reduce manufacturing
cost because, unlike the through cam groove which must be
covered by a separate light intercepting member provided on
the outer surface thereof, the bottomed inner cam groove

25 does not require such a separate light intercepting member. L
Furthermore, the bottomed cam groove hardly reduces the
strength of the cam ring in comparison with the through cam

groove.

A die for molding a cam ring having a bottomed cam
30 groove has a projection corresponding to the bottomed cam
groove. The projection of the molding die is made as
smoothly as possible in accordance with the cam profile.
To this end, the bottomed cam groove has smooth side (right
and left) cam profile surfaces as well as a smooth bottom
35 surface. However, it has been found that the smooth bottom

surface causes an inner reflection of the lens.
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2 An object of the present invention is to elimnate the above-nentioned
Qra)A/Q_ack of the inner reflection due to the bottom surface of the bottoned
i nngr- cam groove. According to the present invention there is provided an
annul ar optical menber nmade of synthetic resin, having a bottoned i nner
gr;)?ve gn_ an inner perihpheral surface the?eof, wherein the bottomof the
ottoned i nner groove, has a rough surface which defines an | -1 nner
reflection surf k. objegkaffi e qussente inyentien 4§ ﬁ?cgl’iﬂnﬁw cthe

groove nust, el e t APabBhERMoTU IS ei fAdr bee1eetdbnf idues ks uthace
or a sinple non-reflective surface. A S|8n|,f|cant feature of the present
i nventi on ibetkem suwetnee ehcthe hattenedniBRBEr ofRBUPFIBY®sf t he bott oned

cam groove. |f %ééw{n?aﬂbgtﬁeV?r%Eeﬁlt dmventiicietttierd alk provided an
mechani cally cut by a rofating cutter, the bottomof . the inner cam.groove
thus fornec@nrulaeyiopfidficrly Bepber Jwrdecef SYBYRetif, X 'b'asg‘atYf’_g‘Q a

plastic nolyghtdhifed OtReP Ob+O8VE Ush 88 LilePCpEASPhEra D! SREfAYe atherdony

die which has a projection"wth a rough surface, correspondi

to th
bottom of tWhexreHm gkBeybottem @k rthe BPRtARRHadBNKe FTOYS H%%.g% Bgugh
roughness whicfa E&NWRLEN €8bs #nb8" FhUhntinghnkef keglieekibh surgacecal

instrunent. In one case,, sai dnant i-inner ref|ection surf conprises a
group of general T Rragllafy Qg the 8A8e¥RLY FrEtRSeF A eofr?gf"hgrBSY?om
of the bottpied HANSNCPLROWhd G CB6EEEhY susatedeasy Ad Ya \robgnedihight
intercepting ridges lie in planes substantially perpendicular to an optical
axi s of theSumfaserospri eimpienpep-refdectiys §H§1f3€8°can conprise, for

SM.X\‘C"]‘%F' e,” a groupyof s gGReE aEhML V- 2Baage! | 8Bt tRECT pLBEEAY I ifAYeAtibhchier e

y used in optical devices. Said bottaonmed i nner groove b | i near

groove or saddressed to the rough finish bottom surface ofngﬁe go%tomeg
cam grobve. _ '

If an inner cam groove of an annular metal blank is
mechanically cut by a rotating cutter, the bottom of the inner
can grodve thus formed is inevitably a smooth surface. However,
in the case of a plastic mold, the rough bottom surface can be
easily formed by a molding die which has a projection with a
rough surface, corresponding to the bottom of the cam groove.
The term "rough surface" means a surface of roughness which can
‘prevent a harmful inner reflection in an optical instrument.
In one case, said anti-inner reflection surface comprises a

— - group of generally V-shaped light intercepting ridges formed
" on the bottom of the bottomed inner groove. Conveniently, said
generally V-shaped light intercepting ridges lie in planes
substantially perpendicular to an optical axis of the annular
optical member. The rough surface can comprise, for example,
a group of generally V-shaped light intercepting ridges which

are widely used in optical devices.

Said bottomed inner groove may be a linear groove or a
non-linear groove.

It is preferred that said anti-inner reflection surface
diffusely reflects light incident thereupon so as to decrease

in a light intensity.
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non-linear groove. It is preferred that said anti-inner reflectlon surface
diffusely reflects light incident thereupon so as to decrease ’in a |ight
intensity. 3 Since the inner anti-reflecting rough surface of the o7
present invention can-be easily forned. by a synthetic resin nold, no

I ncrease in manufacturing cost is neces%ary The use of the present

I nvention is Hg{ limted {o a can1rJq9 and can be applied to any annul ar

optical el emrerft*®S%c ANPERs Aforreflechking rengh swefage of&hinthe of

t he pr esqmesmnimanmbh eaw hee obé@npeﬂo?ﬁéa%yn aﬂeéﬁhéhétié reEghence.
to the acc agég ﬂ@cramnng I n_whi ch: - gure 1,1s a perspective view of

a camri My ¥ﬁ%sﬁré§eﬂ?“Pﬁ9€FFF6ﬁg £P§tr dsonpgegspxwi al secti onal

vi ew taken al orige tlige | ofetheé ﬁfe$énflﬂ#06nﬁloﬁlﬂ§rﬁoﬁ 1§mﬁtaareseatbsﬁ vi ew
of a nDIdln die.which is us to.nold a camring enpod t he present

i nventi oF IEh AN GARePE REP; 1P§n§|°t ¥ annarn apkica vF meng g SUgh g

zoom | enadavi Tehs Kodd | i 68 gﬁseépﬁiﬁﬁgpl éherein, shown in Figure 1. -4-
-A camring 11 which is mad synthetic resin mpld has a bottoned

inner cam gridhRxanpleof the present inyeption, widd apwsherdescribedof
as shown Beldw Utn dedafl 2w1ti|ihQ'e|f&&%hcéa'ﬂcQ r&@/eacé&.ﬁa@m@ hara@ings’ t

si de can1prohjéi__
Figure 1 is a perspectlve view of a cam rlng embodylng the
present 1nventlon,' _ '
Figure 2 is a partial sectional view taken along the line o/
II-II in Figure 1; . | | _
Figure 3 is a pefspective view of a molding die which is
used to mold a cam fing-emhodying the present invention; and,
Figure 4 is a longitudinal sectidnal view of a part of a -
zoom lens having a cam ring incorporated therein, shown in
Figure 1. |



5 surfaces 12a and. a bottomsurface 12b.. - The cam profile surfaces
12a afe t apered surfaces having a draft which is used upon nol di ng. One
of te nost i nportant features of the prgsent invention is directed to the
bot t.om surface 12b, which is a rough surface conprising a group of
generally 10 V- shaped I'ight intercepting ridges (projections -
and depressi ons) 13 and which define an anti-reflecting surface.
The cam ring.. 11A icam prmhﬁdem ahicht sis i made pef.i pbwmletau:rfﬁeeim wold

simlar .proj ecti ons ‘and ressions of |ight |nter dges The
camring 11 Ra8 aR 1Bot t%’ﬁ%ﬁl atPRehr CaB \Freeve| sf #ﬁe‘g"% ?'ﬂ'b @R ednner
peripheral spetfpReralcagudracecreyétdoto ast gdvmeinamgsNdllbnd Ihe The
~ridges 13-and 14 lie in planes perpendicular to the optical 20 25 30 35

-5- axis of iRBeEarFamn@ropves dépahas| crigher and dirftdiside Gamppaoitdle
di es ng) mol dj\ pgathE CAFA T ik 13 hﬁétéoﬁorﬁd&@é@ Ay eCt i Pile 22 dnPT plirdiFTd

(ol di the 1 nner camgroove 12, as shown in Fig. 3. 5 The conti nuous
proj ecti on garfagessnda hasedetmwed piseriflagcesur havdng Zadrabtr edpichli dg

23 corpr o W8e06 488 [PLalAaR i GRE° o "hnetlihe€ 1hRILant hedti{EE oy,

corr espondi nﬁhéopt‘BSehtghhvenﬁiﬁhceﬁt digectedgeo thé boktbmoButfacer 1205
12b) . The i nner ding die 21 is_provided on an outer surface of ‘the
body t her 6orWHAER Ghelar FUghS RAEAGS oIFORBH AR ih: S ToURe o1 o FEPEtatdYs

and deHVOGSS'@ﬂﬁl}xaBédCOV 1¢ghendi Nhterdditidght tidgésert (Peoje€eeénd4. and
\ depressions) 13 and which define an anti- reflecting
surface. The cam ring 11 is provided on its inner
peripheral ,suxfface with similar projectibns and depressions

of light intercepting ridges 14. The cam ring 11 has an

15 -annular gear 15 ‘which is formed on the outer peripheral
.surface integral therewith to rotate the cam ring 11. The

ridges 13_and 14 lie in planes perpendicular to the optical

20.

25

30

35



Figure 4 is a partial conceptual view of a zoomlens 15 haV| ng the camri ng
11 shown in Figs. 1 and 2. A lens frame 32 having a vari abl e power |ens 31
i's supported to nove in the optical axig direction along and by a I|near\u

nmovenent d : T. eps frang>32 has a radiall y projecting
tapered pin gcagmgpt %%ﬂm\/\glfn# ?g fitted in the inner cam 20 groove 12 of

the camring 11.A Eeparabde cimmer owoddibgopties 21 Icﬂasmoadzngs diss efior
..into the en the cam.ring .l so _t hat er n.34 e
i nsei ted |'ﬁd][‘i§" %&F &R gF&BgeqllzlP?ﬁmat Hel % "F% pr°¥ﬁ8tl18b‘eﬂ. EPH 34

has a trurnmemgom@miﬁgpntnenﬂhwfcdﬂamogmovetszoataehomxtthﬁigheasi de .

f aces 12a of the cam groove 1 does_not cone i act with the
bott om°120F RE QRN oP&© %EC% gaenﬂ H"t r?g'“f"arﬁﬁ’? ng BAofile

rotated bysirfEi¥ 362hN Wit ptit Aty 35¢8hi Ghd S £HBEERON Ve eﬁsd
to the notor 36 and which engages with the gear 15 in the forward 30 and
reverse disukfacess, idRa Ie#fséfrérre mughd &@é’orcﬁ‘hﬁfiﬁ%hez@arl%mrb%m

lens 31 éfhi”l}; OPYLERhpAN! S HPfddEiudl 0N0ahl® C HEDH, Oe%Lé ohe’ 98

i nner cam-groove I ustrat’e odi ment , y one
vari abl e mmaresmi(rigrsio I &hs gt baby :'ﬂltesrfsﬁmngmlzyidfgers 333 (bottom

o 1 |12 lkdd 1531 4RI bgdP AbYEREG I L0 s bAL SRR B B,

gr oups, Ns groups are ane nre
a predet ercuteard salrfacensdip then bbdyoptheréof aviithli generallyo Widlespedt he

! t t f | ht 5
which pasddd 'nﬁa&sﬁcengivar.ﬁbé%eeov@rsoefeeqﬁioqﬁn%nﬁg agteasians, 24

bot t om suridoieRshbdndiind o ItHEN iGHE dtercdpt ig trrageEmI4 ng 11, the lighty

is diffusely reflected by the light interce tlnglrldges 13 of the bottom
surface 12b, so Figure is a partial conceptu viéw of a zoom lens

15 having the cam ring 11 shown in Figs. 1 and 2. A lens frame
32 ha\iing a Variable-'power lens 31 is supported to move in
the optical axis direction along and by a linear movement
guide rod 33. The lens frame 32 has a radially projecting
tapered pin (cam pin) 34 which is fitted in the inner cam

20 groove 12 of the cam ring 11. The inner cam groove 12 opens
at least at its one end into the end face of the cam ring
.11, so that the tapered pin 34 can be inserted in the inner
"cam groove 12 from the open end. The tapered pin 34 has a
truncated co'nical- front end which comes :i_nto' contact with

25 the side faces 12a of the cam groove 12 but does not come
into contact with the bottom 12b of the cam groove 12.
Consequently,' when the cam ring 11 is rotated by a motor 36
through a pinion 35 which is funetionally connected to the
motor 36 and which engages with the gear 15 in the forward

30 and reverse directions, the lens frame 32 and eccdrdingly
the variable power 1lens 31 move in the optical axis
direction along the cam profile of the inner cam groove 12.
In the illustrated embod'iment,_ although only one variable
power lens (first 1lens group) 31 is shown -only for

35 clarification, there are usually two or more than two

variable power lens groups, so that the lens groups are

=)
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that no harnful ", light reaches the .film plane. Thus, an 10 inmage
formed on the filmplane is not influenced by t he harm‘ul light. To
preve.nt the harnful inner reflection, 4dgae ™inner anti-reflecting rough
surface" formemeedn ihe kelliadtonur faxe éabhof otheri nndrtlcana gr ppedetéridned

e xR e B SR RLRD e Lh o R Sa B PR B85 | e

proj ect i ons zcutkli e BEsEa BIBHE Whi ch are formed on; the top surface of

the projection 22 of the nolding die b e A
thatIo fJor the sane W&, thg 'E'Bearﬁ?e%/%‘f‘geci?ﬁﬁngﬁ?gectev?‘hcrEgseglggﬁg

t he 5 which pa¥i@sS Chrbagh' | €H8S vafidbPel Gwe©f 1lehe t Bleaghipinges

decrease. It is considered that the anti-reflection effect can be obtai ned
by the repedRaR dtheudoktons suEfpsRs 128 haf (e LPRET| £ (SEPRY¥Se 14 of

light intensifgy eahhef%ﬁgarnt hetgb! rﬁf@&torisOde?fhEél¥refé€féé% biySethe

Nanmely, the shape rough surface of the botiom 12b of the”i nner
cam groove ddghie imtergepting stidgess 13t @f phevdattomprswrfgce AP, so

Gonerarly ViRRoRS BRFRERL . E | Fdachd FRellelIE ATARE) o1 Tndlr an
12b coblriimsge fbemeda onvrihe dfiflact plenentisr afdtectindluehted! . by the

Al t hough t he abqyv sion has been directed at the camring 11 having
t he i nner cg’iﬂ’g&é‘gvgié& the present invention can be applied, for

exanple, to an anmd aprevener Gﬁehavaﬁﬂf@I iiriﬂasrr NMpeETREtipw, dethenerinner
' groove or a Iens hoqd, etc. as wel MS: 1. An annul ar gtical

nmekber nmade a9t ‘fm?%SFﬂugﬂaﬁ%a&%ot f‘aﬁ'ﬁﬁdl RRerthe oBOLtOR Apriacs

peripheral 12p of the inner cam groove 12 has, for example, a surface

15 roughness' equal to or more than Rmax=10 u m. The extent of
surface roughness as mentioned above can be realized by fhe
projections and depressions which are formed on the top
surface of the projection 22 of the molding die 21 by an
etching process. Note that for the same Rmax, the

20 anti-~-reflecting effect increases as the angle
of the ridges and the roots of the threads decrease. It is
.considered that the anti-reflection efféct can be-.obt.:ained
by the repeated diffusion reflections, thus resultihg' in a

_ : decrease in light intensity rather than the elimination of
25 the reflection itself. Naﬁely, the shape of the rough
surface of the bottom 12b of the innér cam groove can.be
determined so as to prevent primary and secondary
reflection 1lights from directly reaching the film plane.
The generall_y V-shaped 1light intercepting ridges 13 of the

30 pottom surface 12b contribute to a more effective

anti-reflection effect. |

Although the above discussion has been directed at the
cam ring 11 having the inner cam groove 12, the' present
in_véntion can be applied, for example, to an annular.member

35 having a linear movement guide inner groove or a lens hood,

etc, .as well.



"5 surface thereof, wherein the bottomof the botto
rough surface which defines an anti-inner reflectlgmmmmﬂ m" UF
annul ar optical nenber according to clLgim 1, wherein*sard antu -1s
reflection surfGlRIMSTprises a 10 group of generally V-shaped Iight
intercepting ridges fornmed on the bottom of the bottoned inner groove. 3.
An annul ar optical nmenber according to claim2, wherein said generally

V-shaped |ight 1.nt ekrcepinuiar iajsteical ane'mb@taummamlthatiq resin,
pendi-gul t 15, f th I t
il ar SRS “EnEPteRR o HBPED Aoy Eoedthg W o e dree ehral”

bot t oged sutificed' ¢hégebE, a tbhélﬁ@:[ngrtﬂm/eboitoﬁn afnmtlner bpttomedneiiner

according to any of clainms 1. to 3, erein said bo toned i nner oove is a
non- | i neSFo8yeyr fe. % rRr‘l’Qihmﬂ‘H?ém é‘gT ‘%b ipesr @thg ?’bg irianer

pr ecedi ng_—e@l@dﬂl\ﬂ’iﬁr&ﬁ‘fa& d anti-inner reflection surface diffusely
reflects |ight incident thereupon SO as to decrease in a light intensity.

25 7. Bn andn apnpplazalontigrl megbedt agrerding t&simlagmvihg a

subst ant MEEE 4" ARG D afELL THRE ) Sd IS GEEE0E CSompEIoes

dr awi h§s grdap35 of generally V-shaped light intercepting ridges
formed on the bottom of the bottomed inner groove.

3. An annular optical member according to claim 2,
wherein said generally V-shaped 1light intercepting ridges
lie in 'planes substantially perpendicular to an optical

15 axis of the annular optical member.

4. An annular optical member according to any preceding
claim wherein said bottomed inner groove is a linear groove.

5. An annular pptical member according to any of claims
1 to 3, wherein said bottomed inner groove is a non-linear

20 groove. :

6. An annular optical member accordihg_ to any preceding
claim wherein said anti-inner reflection surface diffusely
reflects light incident thereupon so as to decrease in a light
intensity. |

25 7. An annular optical _inember made of synthetic resin,
having a bottomed innér groove on an inner peripheral surface
thereof, and substantially as herein described with reference

to the accompanying drawings.
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