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projecteur cine€ ou a tout autre dispositif de maniement de
films d’€tre converti facilement a passer des films ayant
soit trois soit quatre perforations. L’ensemble de
tambour dente (20) comporte un manchon cylindrique
externe (22) ayant des dents pour s’engager dans les
perforations du film lorsqu’il est pass€, ainsi qu’un
manchon cylindrique interne (24) adapte pour s’emboiter
dans et pour s’accoupler en contrerotation avec le
manchon cylindrique externe (22). Le manchon imterne
(24) comporte €galement des dents pour s’engager dans
les perforations du film. Le manchon interne (24) est
mont¢ sur un arbre rotatif (44) du projecteur, et le
manchon externe (22) peut €tre ajoute ou enleve selon
que I’opé€rateur souhaite montrer des films a trois ou a
quatre perforations. Les manchons externe et interne sont
dimensionnes de sorte que lorsque le manchon externe
(22) est utilise, la vitesse de defilement du film soit
sensiblement de 4/3 de la vitesse de marche lorsque seul
le manchon mnterne (24) est utilise.
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(57) A sprocket assembly (20) which allows a film
projector or any other film handling device to be readily
converted to run f1lm which 1s either 4-pert or 3-pert. The
sprocket assembly (20) includes an outer cylindrical
sleeve (22) having teeth for engaging the film
perforations when the film 1s run, and an inner
cylindrical sleeve (24) adapted to fit within and
antirotationally mate with the outer cylindrical sleeve
(22). The mnner sleeve (24) also has teeth for engaging the
f1lm perforations. The 1nner sleeve (24) 1s mounted on a
rotatable shaft (44) of the projector, and the outer sleeve
(22) can be added or removed depending on whether the
operator wishes to run 3-perf or 4-perf film. The outer
and 1nner sleeves are sized such that when the outer
sleeve (22) 1s used, the f1lm running rate 1s substantially
4/3 tho rate when the inner sleeve (24) alone 1s used.
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A sprocket assembly (20) which allows a film
projector or any other film handling device to be -5
readily converted to run film which is either 4.perf or
3-perf, The sprocket assembly (20) includes an outer
cylindrical sleeve (22) having teeth for engaging the
film perforations when the film is run, and an inner
cylindrical sieeve (24) adapted to fit within and antir- \'
otationally mate with the outer cylindrical sleeve (22). |
The inner sleéve (24) also has teeth for engaging the '~
film perforations. The inner sleeve (24) is mounted on
a rotatable shaft (44) of the projector, and the outer ~—
sleeve (22) can be added or removed depending on Q
| whether the operator wishes to run 3-perf or 4-perf 22
s film. The outer and inner sleeves are sized such that
s when the outer sleeve (22) is used, the film running
rate is substantially 4/3 the rate when the inner sleeve

(24) alone is used. s
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4:3 PERF CONVERSION SPROCKET

BACKGROUND OF THE INVENTION

The present i1nvention relates to a sprocket
assembly which, when mounted on a film projector or
other film - handling device, permits the ready
conversion of the device to run either 4-perf or 3-
perf film, as the occasion requires.

Conventional 35 mm film projectors ‘and cameras
pull down four-perf film. "Four-perf" film signifies
that each frame has four perforations along the two
side edges of the film. The perforations are all
spaced - apart the same distance, known as the pitch
length. The "pulldown" operation in either
production or projection of films involves engaging
the perforations on the sides of each frame with a
claw gear and bringing the frames, " in ‘sequence, into
-register with the appropriate.aperturQS-for exposure
or projection. Four-perf pulldown means simply that
"to place _each frame. in front of the. appropriate

salong the .sides of eadh:frame are engaged and pulled
;den,together.n;Currently;;longﬁime worldwidée use and
-acceptance of - four-perf pulldown: has  led to its
:being -the - standard: format  for .both :production and
-projection of films. =“~-ul_ to oo Lo o s LT
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Historical accident is largely responsible for
the advent and current widespread use of four-perf
film, The standard film gauge of 35 mm was first
introduced by Thomas Edison in 1891 for use in a peep
show viewing apparatus developed by his assistant,
-W.K.L. Dickson. Edison also chose a four-perf, 4:3
ratio frame format, where the frame width to frame
length ratio is 4:3, because it happened to be
compatible with this particular peep show viewing
apparatus. At that time, Edison gave no thought,

apparently, to that format's ever being used in the

projection of motion pictures. As 1t turned out,
this 4:3, four-perf framé format was recognized as
the world standard by 1907, after the Lumiere
brothers of Lyon, France, builders of the first
commercially successful projectors, followed Edison's
léad by accepting that. format for the European film
-industry.

In early films, the so-called %“full aperture™®
:frame - format was used. The full. aperture format had
-8 4:3 ratio. of: frame width to frame ‘length (the
-length being measured along the longitudinal ‘extent
-0 the film), otherwise known as the 1.33 -aspect
-ratio, -and -resulted in nearly the .entire - length  of
film being exposed or utilized, since there was very

little unexposed film between frames. With the
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addition of sound during the 1920's, the image size
on the film was reduced to allow room for the sound
track to be printed adjacent to one row of perfs. -In
order to accommodate the sound track, the image size
was reduced 1in both width and length, maintaining the
4:3 or 1.33 aspect ratio, so that a greater amount of
unused or unexposed film was left between franes.
The reduced size, 4:3 ratio frame format is known as
the "academy aperture."

To achieve a wider projected image, and thus more
closely resemble a theatrical stage, the 4:3 frame
format was changed to accommodate projection on a
flat, wide screen. In North America, the image size
was reduced from the academy aperture and conformed
into a 5.5:3 ratio, popularly Kknown as the 1.85
.aspect .ratio. .In.Europe, the flat, wide screen frame
format was conformed into a 1.66 aspect ratio, which
.agaln resulted in an image size smaller than .that
obtained with the academy aperture. To -achieve
either the 1.85 or 1.66 wide, flat screen format in a
_theater from :.a 35. mm film, two techniques ..are
presently. employed: - (1) a -mask is placed .in the
.projector gate, or (ii) a "hard matte" is used in the
camera., Infboth-céses,;the 35. mm camera .advances the
film four perfs at a .time,; for each frame. The mask

in the projector gate is employed when a camera is
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used for filming which is adapted to produce an image
on the film having a 1.33 aspect ratio, since it is
necessary to restrict the height of the 1.33 frame
when projecting onto a screen requiring a 1.85 or
1.66 frame. The mask in the projector gate cuts off
the unnecessary top and bottom portions of the 1.33
image so that it will fit the 1.85 or 1.66 image
format. On the other hand, the "hard matte," which
is also a type of mask, in the camera is used to
record a photographic image which has the correct
wide screen ratio. The mask in the camera resulte in
a wide, unexposed portion of film between each frame
and the adjacent frames.

With either of the above two techniques for
obtaining the correct 1.85 or 1.66 aspect ratio
image, . the: amount of film used is of the order of
one-third greater than the combined length cf the
photographic images and -the required spacing between
images,  assuming, again,. that 4-perf pulldown is
employed.® In other words, about 25% of each film is
presently not being used. This excess film results
:ln ‘unnecessary expense for buying, - prc';ce‘ssing,
‘editing, - and printing of the film used for motion
.pictures, . as well . as - extra expense “for storage,

~shipping, handling, - and the like. &= = & "~ = .

.}
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Another wide~screen film technique known as
Cinemascope was introduced in the early 1950's.
Cinemascope achieved a 2.35 aspect ratio through the
use of anamorphic lenses, which squeezed the image
into the 4:3 academy aperture frame .in production,
and subsedquently unsqueezed it in projection onto a
wide, curved screen. Normally, a 4-perf pulldown .35
mm camera with a 2:1 anamorphic optical system would
be used 1in filming. Thls system reduces the
horizontal component of the scene which 1is recorded
on the film. The projector uses a complementary 2:1
anamorphic -optical system such that the horizontal
component of the image 1is increased to conform the
proportions of the projected image to those of the
scene filmed. Presently, the flat, .wide screen
format . is .more -popular -and widely. used than - the
-anamorphic 2.35 .format.

For the last fifteen -years or so, there have been
proposals -in the . film industry to convert from 4-perf
production, which is now the .industry standard,.to 3-
;.~,per£'f..-production in-order ‘to :eliminate the 25% of-each

fi}m.whichiisxwésted, as :‘referred.to-above.~. In other
.words, if ;the ;perforation spacing or -pitch length
were . 3,1.:0 .~-remain-. the same, -which 1t _ must : for -rall
practical . purposes,; a ;film iusing -3-perf pulldown,

which has only 3 perfs per frame, 1s precisely 25%



WO 90/14533 S PCT/US90/00675
2057012
- -
shorter than it would be using 4-perf pulldown, which
has 4 perfs per frame. One such proposal is found in
U.S. patent 3,865,738, issued February 11, 1975, ¢to
Lente. The . Lente patent discloses means for
producing - 3-perf . films for flat, - wide screens or
anamorphic, curved wide screens. With the recent

advent of production equipment that easily converts

from 4-perf to 3-perf, and with the introduction of
new film stocks that will facilitate 3-perf editing,
the remaining stumbling block ¢to “industry-wide
conversion to 3-perf films is the inability to
convert cinema projectors easily and inexpensively to
accept 3-perf or 4-perf release prints.“

Currently, worldwide standard projection systems
use a relatively heavy feed sprocket and hold-back
sprocket, :a-’ lighter-weight* intermittent sprocket
between the feed sprocket and hold-back sprocket, and
‘constant+speed ‘sprockets associated® with the
-accompanying - sound track. These sprockets are all
"sized and ‘run at the.’appropriate speed in order to
. project 24 -frames-‘;ﬁer- ‘second -("fps") -ﬁith a " 60-cycle
“power supply, -or:25:frames ‘per second’with a-50-cycle
‘power supply.:> At a ‘24 fps projection rate, with 4~
[perf. films “using the worldwide standard ‘pitch length,

' wp vy

-precisely 90 feet of“film-are run?per minute. {77

— —“ - - - . ,l\ - - Al " .‘ - » . 2 L
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If 3-perf films were to be produced ahd made
avallable to cinema houses, modifications would have
to be made to the projectors in order to project
those 3-perf films. The object with 3-perf
projection would still be to project at a rate of 24
fps, and since the sprocket shafts c;n the
conventional projectors do not change their rates of
rotation, <changes 1in sprocket sizes would be
necessary 1n order to effect the proper film running
rate.

In order to project 24 fps of  3-perf film,
precisely 67.5 feet of film would have to be rﬁn per
minute. One way to effect the 67.5 feet-per-minute
running rate required for 3-perf film projection
would be to replace the sprockets used for 4-perf
films with sprockets-having only 75% of the diameter
of the larger 4-perf sprockets, with the pitch length
remaining :the same. - In one -conventional projection
system for 35 mm, 4-pérf films, the 4-perf sprockets
have :16 .. teeth - around their. circumferential
peripheries on:each end.” Because 'the, teeth :on.the
-projector *sprockets :must .élway.s have .the .'same;'pitch
'length -no matter - whether - - 4-perf or 3-perf film "is
being projected, ...the . - 3-perf isprockets for:'this
;cqnventiqnal:ﬁsystém,.:being rsized :cat 75% - of i~ the

diameter- (and, thus, the circumference as well) of
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the larger 4-perf sprockets, would have only 12 teeth
around their circumferential peripheries at each end.
Conversion of projectors involving removal of the 16~

tooth sprockets (or any larger sprocket) and

replacement with smaller 12-tooth sprockets (or any
smaller sprocket), is a time-consuning, relatively
expensive process, however, and after conversion to
the smaller 3-perf sprockets the projection equipment
could not be used to run 4-perf films. Conversion
from 4-perf to 3-perf pulldown, and back again,
depending on whether the film to be shown is 4-perf
or 3-perf, is cumbersome, slow} expensive, and would
simply not be feasible with existing equipment. See,
e.d., "Study Group on 30 Frame Film Rate, "
International Photographer, December, 1988, at p. 20.
21t can be seen that there is presently no
incentive  for making release prints  for theatrical
presentation -in a 3-perf format: accordingly, release
prints will still .be made with 4-§erf‘ pulldown :in
.order:--to ’be compatible with - existing movie house
:projection. equipment. ‘. This: is "so- whetherflthe
rproduction print-.of the .film.is in 4-perf .or"‘3-,perf
-format. '-As -a result,; the- great cost savings which
-could :be realized:by. making .3-perf release prints
2from::3-perf production 'prints, "eliminating the i25% |

"waste nfactoi', 'will be lost as the 3-perf production

v -
~ s
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prints are converted to 4-perf release prints, with
their 75% 1image utilization, 1in order to be
compatible with .present movie house projection
equipment. The savings which could be realized
through making 3-perf release prints are due not only
to the lower direct material costs, .i.e., the lower
cost of the film for the 25% shorter prints, but also
to savings in printing or processing, storage,
handling, shipping, and the 1like of such shorter,
lighter weight films. Since many more release prints
are made than production prints, the savings td be
realized from making 3-perf release prints are
potentially greater than those to be realized through
simply making 3-perf production prints.:

Another significant savings with use of 3-perf
film is ,pdtentially ravailable in.conversion of film
to. video. Video 1is run at a- scanning rate of 30
fields- per second, not at the-presently used . film
réte of 24  frames  per - second. = Video which . is
produced from -film ‘*-must . be rspecially- processed..to
correct.-for. these differences in rate. :.A.desirable
alternative to such .special.processing would appear
to:be to produce . and: project. .films. at:(-30 “.fps.
Production: :of. + .vid.eos + from 30 . fps- films :would. not
Linvolvexsuchgspecial,processinggijuch:an:iﬁcrease-in

film production and projection rates would, however,
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increase the amount of film used in a motion picture
by 25%. With 3-perf film, even with an increase in
production and projection rates to 30 fps to be
compatible with video, film usage would still be
less than with 4~perf film running at the standard 24

fps. Three-perf film running at 30 fps uses 84.375

feet of film per minute, compared with 90 feet per
minute for 4-perf film running at 24 fps. These same
relative film savings of about 6% will accrue whether
one 1is using 3-perf film to produce standard video
or High Definition TV. The 1latter is expected to
become increasingly popular.

Thus, it will be appreciated that what is needed
1s a convenient, fast, simple, and lnexpensive system
for - converting ‘existing 4-perf projectors to make
them readily :compatible with and adaptable - to either
3-perf or 4-perf :prints. = This will encourage
production of '3-perf release prints, since theater
operators will be .able:to show 3-perf in their
theaters:or "4-perf, as: the case'may be, ‘without undue
inconvenience, -expense,” or ‘delay, thereby 'capturing
the ;. great . cost .»savings :: referred to - above - and
positioning the.industry:to still realize significant

cost_savings-.of the order 'of 6%.in the .event that- a
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SUMMARY OF THE INVENTTON

The present - invention solves the problems
discussed above 1in connection with prior art £film
production and projection systems and will enable the
film industry to capture the potential vast cost
savings referred to previously by providing a device
which will allow fast, fairly simple, relatively
inexpensive changeovers 1in existing projection
equipment, once modified with a one-time conversion

to the smaller (e.d., 12-tooth) sprockets, to

accommodate either 4-perf or the proposed new 3-perf'
pulldown films. The one-time conversion to the 12~
tooth, smaller sprockets will enable the projection
equipment to run t'he proposed 3-perf films. The
present - inventio.n r:wi.ll allow a simple. change: .to :be
made to those 12-tooth .sprockets to.permit the same
equipment to run 4-perf. films. .. ... =~ +IZ
The present -invention 'includes "a sprocket
_assembly for a film projector'drfotherwfilm héhdling
device which has.angouterﬁcylindriéal sleeve having a
.set of sprocket _teeth with: standard -“film “industry
-pitch -length. and - conventional - ‘shape : or - prdfile
..around its circumference.:at :each -end, ."each-iset. of
. teeth 'being designed to engage .the: film perforations

"or perfs -on either:side :0of the film:.in order to -run
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the film through the projector or other film handling

device. An 1inner cylindrical sleeve is adapted to

-fit within the outer sleeve. The 1inner sleeve also

the film, the inner sleeve teeth also “having a
conventional shape or profile ang standard pitch

length.

surface of the outer sleeve. The result .iec that both

sleeves are, rotationally locked ' together, and

rotation of one causes rot‘ation of the other. For
added 1locking effect, the inner sleeve preferably

‘includes a set screw which can be fitte.d into an
~opening -in- the - outér sleeve. ' This "locks. the outer

sleeve: -to the inner sleeve"in.a;longitudinally axial

dif:ection, preventing one . sleeve from being removed
- from the other in such axial direction.

- .>:The diameter of the outer sleevef-and, thus, the
-;circumferencé, is;4/3 that of the diameter and, ' thus,
. the icircumference, ..of the.'inner sleeve, and, :because
-the -teeth are rspaced apart the same distance as the
. fillm:perforations, .the outer sleeve -has '4/3 as.- many
:wteethaas;the“innerzsleeve;; When ‘'rotated -at ‘the same

shaft --speed, .e.g.; .when -mounted . on .a shaft in" a

.....
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projector, the outer sleeve\inner sleeve combined
assembly will engage 4/3 as much film in a given time
period as the inner sleeve alone. . The 1inner sleeve
alone, when mounted on a conventional projector and
run at conventlonal shaft speed, will run 67.5 feet
of film per minute, corresponding to the 3-perf
projection rate. When the outer sleeve is installed
on the inner sleeve, the combination of the inner and
outer sleeves, wilth the outer sleeve engaging the
film, will run 90 feet of film per minute if shaft'

speed remalns the same, corresponding to the ‘4-perf

projection rate.

The 1invention will now be described in greater

detall with reference to the accompanying drawings.

.BRIEF DESCRIPTION OF. THE DRAWINGS
- Figure 1 1is an isométric- view showing a
- relatively heavy feed or hold-back sprocket typical
- of those currently inouse.';~«~.
.. Figure 2 - 1is . an isometric view showing an

lllll

: ..use,.,, ey R TP S RRr I SO SRR YT I
Figure 3 is .an isometric view of. one preferred
.embodiment . of .. the inner. sleeve of the .sprocket

- .assembly of the present invention. : - . . L LN
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Filgure 4 is an isometric view of an intermittent
sprocket suitable for use with the sprocket assembly

~-0f the present invention.

Figure 5 'is an isometric view of one preferred
embodiment of the outer sleeve of the sprocket
assembly of the present invention.

Figure 6 is an enlarged, vertical cross-sectional
view of the sprocket assembly of the present
invention, taken along lines 6-6 shown 1in Figure 5

and with the inner sleeve of Figure 3 installed in

the outer sleeve of Figure 5.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
e s 215 ERLTERRED BEMBODIMENTS

Referring initially to Figure 1, there is shown a
conventional sprocket 2, which may be elther a feed
or hold-back sprocket, for example, designed for. use

- in a .film projector or other film handling device
- (for .example,: a telecine, used 1in conversion of filme
to video) to run 4-perf film. - Sprocket 2 has a
~relatively heavy, substantially solid body of metal
~Such-as~steel:or other suitable material and includes
two sets of teeth, 3 and 4, respectively, around ‘its
circumference: at its ' ends ‘for engaging the
-:perforations -at --the edges of “movie - film, for
example, 35 mm film,:as‘the film is ‘run. ‘The “teeth

of sets 3, 4 of sprocket 2 are of conventional shape
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or profile and have a pitch 1length, or distance
between adjacent teeth, which is standard in the film
industry. Sprocket 2 also has a central
longitudinal axial bore 6 adapted for receiving a
rotatable shaft, such as the drive shaft, for
example, of the projector.

Referring to Figure 2, there is shown an
intermittent sprocket 8 of a conventional type which
may be used, for example, in the projector or other
film handling device referred to in connection with
sprocket 2. Sprocket 8 has two wheel-like bodies 9,
10, Joined by axle or shaft 12, all of lightweight
material, such as 1light gauge steel, aluminum, or
other suitable material. Sprocket 8 may include a
plurality of blind perforations 14 in its end faces.
Sprocket 8 ;a:lso includes. two sets of  teeth'16, 18

around the circumference of wheel-like bodies 9, 10,

respectively, for engaging the perfs of the film to
be run through- the ‘projector or other film handling
device.” The circumference of <'sprocket 8 around
tteeth~16,  18'?is typically the  same as =tha€?46f
‘sprocket:2 ;‘around :teeth .3, .-4, and ‘like -sprocket 2,
the teeth oflsprocket”’8 ‘have a conventional shape or
.profile  .and - -standérd 2:ifilm  industry’ --'“pitch léhg‘ﬁh.
‘Sprocket 8 -is’' considerably- -lighter ‘in welight- than

-sprocket 2. .. .. osoTLOT DL .
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Referring now to Figures 3-6, there is shown a
preferred embodiment of the sprocket assembly of the

present 1invention, indicated denerally at 20.

Sprocket assembly 20 includes an outer Sleeve 22
(Figure 5) and an inner sleeve 24 (Filgure 3), each

having means for engaging standard movie film

handling device. Such means includes two sets of
teeth 26A, 26B, and 28A, 28B, aroung the
circumference . of sleeves 22, 24, respectively, at
their ends. Such means further includes a pair of
collars 30A, 30B on outer sleeve 22, and a pair of
collars 32A, 32B on inner sleeve 24, each 'collar
forming a base for one of the sets of teeth 26A, 26B
and ,28A, 28B. . The- collars ‘are ‘Preferably integral
with the bodies of sleeves 22, 24. The teeth of
sets 26A, . 26B,  28A, <8B - are : preferably all .of
conventional shape and preferab;y have a pitéh'length
.equal to ,_~1_,=h9,.-P_r,eSé,nt film: industry standard.:’ - The
~diameter of collars .30A, 30B.is 4/3 the diameter- of
,c;ol'l‘arls.‘;gz}&,r,g; 32B. | .Thus, ::the ..circumference :.of
-collars 30A,  30B -is 4/3 -that:of -collars 32A, 32B.
‘Since- the -pitch :length of the:teeth: on outer .Sleeve
22 . i._s~.i-§.3 the .samne »:as : that{.0fs:the: teeth on‘-inner

sleeve 24, there are 4/3 the number of teeth. on:outer
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sleeve 22 as on inner sleeve 24. When outer
sleeve 22 1s mounted on 1inner sleeve 24 'and the
combination is mounted on a projector shaft such that
outer sleeve ‘22 1is engaging film perforations during
the running of film, it can be seen that at the same
rate of shaft rotation, 4/3 as much film is run as

when 1inner sleeve 24 alone is used, i.e., without

outer sleeve 22. Outer sleeve 22 is adapted for use
with 4-perf film, and inner sleeve 24 for 3-perf
film.

The 1inner sleeve 24 has a relatively heavy,
substantlally solid body 25 of steel or other
sultable material with a reduced 0.D. mid-portion 27.
Reduced 0.D. mid-portion 27 is adapted to be spaced
from the film surface -as the film travels by on
sleeve 24, so that the images on the film will not be
damaged by engagement with the surfaceiof the sleeve.
Outer sleeve 22 has a relatively heavy body 29 of

steel or other suitable material, and it, too, has a
_reduced O.D. ‘mi‘,d-,-'portion 31 to space the sleeve's
.'":s.ﬁ'r_f_a‘c_:g,wfw;'?m th'a,t‘ of the. . film as ‘the ‘film 'is paSSea
| alo.l'}g'tboe..isle\eye. T S 2 I

.“,rhThg:teethinfthe.sets_26A;-263rand 28A, 28B- are,
as mentioned above,.spaced the same.distance apart as
‘the perforations .on -the edges <of ‘the £film -for which

sprocket assembly 20 1is to be used. For conventional

..........
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films, that distance will be the standard industry
pitch length, as referred to above. It should be

understood, however, that other pitch lengths co'uld

be used, and the teeth on sleeves 22

Similarly, the longitudinal distance between the sets
of teeth 26A ang 26B, and the longitudinal distance

between the sets of teeth 28A ang 28B, 1is
substantially the same as the width of the film
between the perforations on the edges of the film.

Again, for standard films that distance will pe set,

but any other distance could be used.  The

substantially the same as the width of the film to be

run with sprocket assembly 20. © Thus, sets of

to be mated to rotate together. As indicated in-
Figure,6,;innermsleeve 24 isLadaptedfto beﬁtéiéécoped
- into a bore 36 :in:outer: sleeve “22.° A plurality of

lOngitudinally axially extending ‘grooves ~ or

-The, teeth 28a,,.28B tare “received “in splines 38 when

lnner sleeve 24 is -inserted ‘-into bore 36 of outer
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sSleeve 22. Rotation of inner sleeve 24 within outer
sleeve 22 1s prevented by engagement of teeth 284,

28B with the walls of splines 38.

Grooves 'or splines 38 extend substantially
parallel to the longitudinal axis of outer sleeve 22
along the entire length of sleeve 22. According to

one embodiment of the invention, there are the same
numpber of splines 38 as the number of *l;e'eth in each
set 28A, 28B. There may be fewer splines, as long as
the desired antirotational effect is achieved. For

example, 1f splines 38 were wide enough (measured in

a cilrcumferential direction) to accommodate two
adjacent teeth therewithin, only half as many
splines would be required as teeth. For a 12-tooth
inner sleeve 24, for example, only six splines would
be required.  It..is .believed that® the desired
antirotational . effect could be achieved with as
- little . as one - spline. That is, - if the bore 36
. otherwise had- a 'sufficient I.D. to.?reCeive"the
--remaining : teeth - without :"interferénce, - a -’ single
'_ ;%Qngitudinally..e_xte'nding'- keyway could be ‘placed “on
..the . I.D. of.the bore toraccommodate:-one ‘tooth ‘‘each
from sets 28A, 28B, those “teeth:being-in‘ recjiéter
‘Wwith one.another. - Such a keyway ‘could be ‘sufficiént
-;to-prevent .rotation of ‘inner *sleeve“24 "within i_&ﬁﬁer

sleeve 22. It 1is .preferred, however, to ‘use- a
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plurality of splines 38 spaced about the inner

and their respective teeth. As shown‘in Figure 6, in
this preferred embodiment each groove 38 is sized to
accommodate one pair of opposed teeth, i.e., one
tooth from each of the sets of teeth 28A, 28B resides
in each groer 38 when inner sleeve 24 is telescoped
within outer sleeve 22. A set screw 40 is threaded
into a radially or transversely extending bore 42 in
inner sleeve 24 and can be. tightened against a
shaft 44 of a projector or other film handling device
for locking inner sleeve 24 to shaft 44 to prevent
relative axial or rotational movement of inner
sleeve 24 or sprocket assembly 20 with respect to
-.shaft'44,-and-to permit shaft 44 to rotate as'a unit
with the inner sleeve or the combined «sprocket
assembly. = The 1locking of shaft 44 and inner
sleeve 24 . can be- accomplished by other means, for
..example a .spring-loaded ;.ball in one member - which

mates; with. a seat or groove. in the other. “Still
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sleeve 22 so that bore 48 is in register with a
radially or transversely extending bore 50 in outer
sleeve 22. Set screw 46 is adapted to be backed out
from bore 48 and partially into bore 50 in order to
lock 1inner sleeve 24 and outer sleeve 22 together
axially, i.e.;, to prevent the axial separatioon of
sleeves 22, 24. Agaln, this 1locking could also be
accomplished with other nmeans, for example the
spring~locaded ball and seat arrangement referred to
above, or any other suitable means.

As noted above, the ratio of the diameters,
circumferences, and numbers of teeth for sleeves 22,
24 1s 4:3. Thus, 1in the embodiment shown in
Figures 3-6, which 1s designed to run conventional
movie film such as 35 mm film, there are 16 teeth on
each end of outer sleeve 22 and 12 teeth on each-end
of inner sleeve 24. Sleeves 22 and 24 can be larger
or smaller and can have a -greater oOr lesser number of
teeth, provided that the 4:3 ratio is maintained.

~_ Sprocket  assembly 20 1s designed to "be "attached

to a -;-.,rotating -or :rotatable shaft of-a -projector. A
.~central axial bore 52 "through ‘inner - sleeve-24 is
adapted to be telescoped .over the-shaft,;  e.q., a
. drive shaft, of .the :projector” (not:shown) and mated

- therewith,  e.dq., ' through itightening - set’ screw’40

-t

I

.....
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against the shaft, so that Sprocket assembly 20 can
be rotated with the shaft.

Once the requisite number of inner sleeves 24
have been installed on the projector, it is
relatively easy to conform the projector to run
elther 4-perf or 3-perf film. In order to run 4-perf
film, the operator simply slides an outer sleeve 22
over each of the Previously-installed inner

sleeves 24, and backs out the set screws 46 into
bores 50, With each outer sleeve 22 axially and
antirotationally locked to each inner sleeve 24, the
sprocket assemblies 20 are set to run 4-perf film.
In order to run 3-perf film, set screws 46 are
threaded further into their bores 48 and out of
bores 50, and outer sleeves 22 are removed by
pulling them axially off of inner sleeves 24. “Thus,
it will be appreciated that conversion of a-projector
incorporating -sprocket- assembldies 20 of the present
invention from either a 3-perf mode to a 4-perf mode
~.or from 4-perf back to 3~-perf is.relativeiy easy, and
can be done relatively quicklyfand*inexpensively.“-

.- It should be noted:that a conventional projector
ha&: Several - sprockets which engage the film. It 1is
_contemplated that a sproéket ‘assembly 20 'will replace

»all.of the. sprockets in the-projector, including the

feed and hold-back sprockets and the constant-speed
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sprockets, but not the 1lightweight intermittent
sprocket 8, shown in Figure 2. To run 3-perf film,
intermittent sprocket 8 is preferably completely
removed and replaced with an intermittent sprocket
which 1is 3/4 its diameter, 'such as 1intermittent
sprocket 60 shown in Figure 4. The replacement of
the 1lightweight intermittent sprocket 8 with the
smaller intermittent sprocket 60 to run 3-perf films,
as opposed to using a sleeved sprocket assembly, is
preferred for mechanical reasons. Once sprocket 60
is installed, in order to run 4-perf films, it will
then be ﬁecessary to remove the sprocket 60 and
replace it with sprocket 8. It should be understood,
however, than an 1nner lightweight sprocket could be
used to run 3-perf films and an outer sleeve similar
to sleeve 22 could be provided.ﬁorfinstallation-over
‘the smaller intermittent sprocket in order to run 4-
perf films. This would : eliminate the need to
completely remove and re-install sprockets 8, 60, as
-the .case may be. ‘It should be noted that "'removal and
_replacement: -,of ~the . ;intermittént sprockets 8, 760 - 1is
.-not a_ difficult task;, . however,. -and.‘.for “the
.- previously-mentioned mechanical "reasons; “that is’ the

preferred approach..’:- s . Tun J.{;gra Lot
It should also be understood that although a

tooth-to-groove 1locking mechanism for 1locking the
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inner and outer sleeves together is illustrated, the
present 1nvention is not limited to any particular
form of antirotationally locking together the inner
and outer sleeves.  Other locking means could be
used, so long as a secure, reliable connection ié
obtalned. For example, bore 36 coul'd be milled or
drilled out to be substantially the same diameter as
the tooth-tip-to-tooth-tip diameter of inner
sleeve 24, and a nut and bolt could be placed in
aligned bores through outer sleeve 22 and inner
sleeve 24 to hold them together. Other wvariations
will no doubt occur to one skilled in the art. It
should also be understood that the present invention
can be employed in any concentrically disposed dual
sprocket system for film production or projection to
.effect a 4:3 perf conversion.

The foregoing descriptions, terms and expressions
should be-taken.as exemplary only, and not limiting.
Many variliations and modifications to .the *invention

. shown -.and described :in-:'detail--are possible.
Accordirigly,. the écope - of "the "invention ‘should  be
determined ;only ~by .reference to .the: claims which
follow, .and further includes ‘any and.all equivalents

of the subject matter of the claims.” :::

{‘- . ",.. . ..n!‘oﬂpo'-;_.‘ fF 2 27
= ’ . - .. - -
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CLAIMS:
1. A sprocket assembly for converting a film projector
or other film handling device having at least one rotatable
shaft to make it compatible with either 3-perf or 4-perf film,

such films having a predetermined spacing between perfs that is

rhe same for both films, comprising:

an inner cylindrical sleeve having first means
disposed around 1ts circumference at each end for sequentially
engaging the perfs when said inner sleeve is rotated;
mounting means disposed on said inner cylindrical sleeve for
nonrotatably mounting said sleeve on a projector shaft;
an outer cylindrical sleeve insertable over said inner
cylindrical sleeve and having second means disposed around 1its
circumference at each end for sequentially engaging the perfs

when said outer sleeve 1s rotated;

interengageable locking means disposed on said 1inner
sleeve and said outer sleeve for antirotationally locking the

inner sleeve within the outer gleeve;

the outside diameter of said second means for
sequentially engaging the perfs being substantially 4/3 that of

the outside diameter of



WO 90/14533 | PCT/US90/00675

20570 12

...26_
sald first means for sequentially engaging the

perfs.

2. The sprocket assembly of claim 1 wherein
said first and second means for sequentially engaging
the perfs each 1includes two sets of sprocket teeth,
the adjacent teeth o0of each set being
circumferentially spaced apart the same distance as

the spacing of the film perfs.

3. The sprocket assembly of claim 2 wherein the

teeth on the i1nner sleeve antirotationally engage the

inner surface of the outer sleeve.

4. The sprocket assembly of claim 3 wherein the
inner surface of the outer sleeve includes a
plurality of longitudinally axially extending grooves
spaced substantially the same distance apart as each
of the teeth on the 1nner sleeve, each groove being
adapted to receilve one opposed pair of teeth of said
two sets on sald 1nner sleeve when said inner sleeve

1s 1nserted into sailid outer sleeve.

5. The sprocket assembly of claim 3 wherein the

inner surface of the outer sleeve 1includes at least

one longiltudinally axially extending groove for
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receiving therewithin at least one opposed pair of

teeth on said 1nner sleeve when said 1nner sleeve is

inserted into said outer sleeve.

6. The sprocket assembly of claim 1 wherein

said mounting means 1ncludes a set screw disposed in
a radially extending threaded bore 1in said inner

sleeve for engaging the projector shaft.

7. The sprocket assembly of claim 6 wherein
sald 1nner sleeve 1ncludes a second éet screw
disposed 1n a second radially extending threaded bore
in said 1nner sleeve and engageable with a radially
extending bore 1n said outer sleeve for preventing

the axial separation of said sleeves.

8. The sprocket assembly of claim 1 wherein
sald inner sleeve 1s adapted to lockingly engage a
drive shaft of the projector such that axial or
rotational movement of sald 1nner sleeve with respect

to said drive shaft is prevented.

9. The sprocket assembly of claim 2 wherein the
inner and outer sleeves are of substantially the same
length and the sets of teeth on each sleeve are

spaced apart the same distance longitudinally.
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10. The sprocket assembly of claim 2 wherein the
inner and outer sleeves each include a raised collar
around thelr respective ends, each collar forming a

base for the set of teeth at the respective ends of

the sleeves.

11. A sprocket assembly for a film projector or

other film handling device to make it compatible with

elther 3-perf or 4-perf movie film, the film having

predetermined spacing between perfs along its side
edges, comprising:

an outer cylindrical sleeve having a length

which 1s substantially the same as the width of

the film and a plurality of teeth around each of

1ts ends which are circumferentially spaced apart

the same distance as the predetermined spacing

between the fllm perfs, said teeth being adapted

for sequentially engaging the film perfs during

pulldown;

an 1nner cylindrical sleeve having a length
which 1s substantially the same as that of said
outer sleeve and a plurality of teeth around each
of 1ts ends which are circumferentially spaced
apart the same distance as the teeth on said

ocuter sleeve, sald teeth on said inner sleeve

PRI I B a5 e T RN e L b S ) A8 P eshird s 2 d
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being adapted for sequentially engaging the film
perfs during pulldown;

sald 1nner sleeve having means for
nonrotatably mounting said 1inner sleeve on a
rotatable shaft of the projector;

sald outer sleeve being telescopingly
slidable over said 1inner sleeve and
antirotationally lockable with respect thereto so
that both sleeves rotate together;

sald sleeves being sized such that at the
same rate of rotation of said rotatable projector
shaft, said outer sleeve, when telescoped over
sald 1nner sleeve and said 1nner sleeve 1s
mounted on said shaft, engages 4/3 the length of
film as the inner sleeve when used alone, mounted

on sald projector shaft without said outer sleeve

disposed thereon.

12. The sprocket assembly of claim 11 wherein
the teeth of the 1nner sleeve matingly engage a
plurality of longitudinal grooves spaced on the inner

surface of the outer sleeve.

13. The sprocket assembly of claim 11 wherein

sald means for mounting the inner sleeve on the
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rotatable shaft 1ncludes a set screw engageable with

the shaft.

14. The sprocket assembly of claim 11 wherein
the 1nner sleeve further includes a second set screw

engageable with the outer sleeve for 1locking the

sleeves together axially.

15. The sprocket assembly of claim 11 wherein
the 1nner and outer sleeves each include a raised
collar at each of thelr respective ends, the collars

each forming a base for the respective teeth.

16. The sprocket assembly of claim 11 wherein
the 1nner sleeve has 12 teeth and the outer sleeve
has 16 teeth, said teeth having a pitch length equal

to the film industry standard pitch length.

17. A sprocket assembly for converting a film
projector or other film handling device to make it
compatible with either 3-perf or 4-perf movie film,
comprising:

an outer cylindrical sleeve having a set of
sprocket teeth at either end which are spaced at

the same 1nterval as the perforations on the 4-
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perf movie film, said teeth being adapted for

engaging the film perforations during pulldown:
an 1nner cylindrical sleeve having a set of
sprocket teeth at eilther end which are spaced at the
same 1nterval as the perforations on the 3-perf movie
film, saild teeth being adapted for engaging the film
perforations during pulldown;
said 1nner sleeve being antirotationally
insertable within said outer sleevef
the number of teeth on the outer sleeve

being 4/3 the number of teeth on the inner

sleeve.

18. The sprocket assembly of claim 17 wherein

the 1nner sleeve has 12 teeth and the outer sleeve

has 16 teeth.

19. The sprocket assembly of claim 17 wherein at
least one pair of opposed teeth o©of the 1nner sleeve
matingly engage at least one longitudinally extending

groove on the 1nner surface of the outer sleeve.

20. The sprocket assembly of claim 17 wherein
the 1nner sleeve further includes means for locking

1t to a drive shaft of the film projector.
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21. The sprocket assembly of claim 17 wherein
the 1inner sleeve further 1includes means engageable

with the outer sleeve for axially 1locking the inner

sleeve to the outer sleeve.

22. The sprocket assembly of claim 17 wherein

the inner and outer sleeves each 1include a raised
collar at their respective ends, the collars forming

a base for the teeth.

23. The sprocket assembly of claim 17 wherein
the length of both the 1nner and outer sleeves 1is

substantially the width of 35 mm film.

24. The sprocket assembly of claim 17 whereiln
the spacing of the perforations on the 3-perf film 1is
the same as the spacing of the perforations on the 4-
perf film, such spacing beling that of the film

industry standard spacing.

25. The sprocket assembly of claim 24 whereiln

the 3-perf film and the 4-perf film 1s 35 mm film.
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