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INTERMITTENT MOVEMEN’I‘ WITH
IMPROVED:CLAW.- ACTION:

George A. .Mitchell, Pasadena,. Calif., assignor, 6 .
Mitchell Camera Corporation, Glendale, Cahf.,';
a corporation of Delaware.

Application June:13, 1949, Serial No; 98,648

% -Clajms. .
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This invention:is-¢coneerned,with improvements
in intermittent film movements-of:the-claw. type;;
such as are.used in-motion: picture apparatus.of
various kinds. }

The: invention: has.to  do; more: -particularly,
with improvements in.such movements which re--
sult.in-an improved pattern-of-motion of the filin
engaging claw, whereby. its:engagement: with and
disengagement from the film is more positive and-
smooth, with . virtual-or complete elimination of
sawing action of. the.claw across the -film:as-con-
tact is made and broken;.

Tt is well understood that- the motion of: the.
film advancing: claw during the pull-down stroke
should follow reasonably closely the shape of the
film guide, so that: the claw:surface:which driv-
ingly engages. the film edge (ordinarily. a:.side
edge of a film.perforation) will have a minimum:
transverse motion:relative to-the film. ]

The present.application is concerned more par-
ticularly. with the pattern. of- claw: motion at:the.
very.start and at.the very end of-the film-advanc-.
ing stroke. At the end of.that stroke, the-film.is.
brought to rest, ordinarily by -the-friction of suit~
able: pressure shoes; at: a: point which -is. aceu-
rately. defined: by the:position at:-which the claw-
ends its stroke. An important object. of the:
present invention: is to provide simple and effec-
tive: means for disengaging. the- claw from- the.
film perforations, after: the film. has thus. come
to rest, with.a minimum of sawing action, both:
t0.avoid displacing the film: from its-correct posi-:
tion.and to avoid unnecessary wear- of both the.
claw and the film.

In a preferred form:of the invention, the. claw-
is-brought to.rest at the end of:the film advanc-.

(CL 88—18.4)
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ing stroke and then is positively and smoothly: '

moved back in.the reverse direction out of con-
tact with the edge:of the film perforation. Only
after contact with the film has thus been broken
is. the action of withdrawing the claw-from the.
perforation initiated. The resulting motion: pat~
tern has the advantage of minimizing wear- on
the film and'claw. It has the further-advantage
that even if the claw should become:so: worn as
to. form. a- groove: at. the point of film. contact,

that groove cannot. catch on the film: and tear’

or displace. it: as the claw is withdrawn. In-
stead, the. reverse longitudinal motion of the
claw after completion of: the pull-down stroke
completely frees: the: film. from: any such: groove
before the:claw is withdrawn. )

A further object of the invention is to. provide
improved: claw: action- as: the claw engages the
film-at-the start.of a; film.advancing stroke... That
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2)‘

is- accomplished- iri- one modification. of the. m-
ventmn by - moving: the-elaw - into- film engage-_
ment-in such-a-manneyr that the meshmg strokei
carries-the claw-into full -alinement with the film,

. bub.spaced from- the-film; perforation edge, and.

then reducing.or: entirely. ehmmatmg that. spa.c-
ing by relatlvely slow-eclaw - motion para,llel to,
the film: before-the start~of -the pull-down stroke.
itself.

The - invention- pertains. to. cam drlven claw:
movements of many dlfferent types In such
motlon ‘of the claw to be p051t1vely controlled by—
a. pull=down cam which: has-an-eccentric: stroke-
producing. cam:surface:lying- between; two. cireu-.
lar. concentric: dwell: surfaces:: A. cam: follower-
connected to. the:claw engages the eccentrie cam:
surface: to:produce-the:claw. stroke; and-engages;
the respective: dwell' surfaces immediately: before.
and ‘after: thaf: stroke: while: the claw.is heing,
brought: (by: other: means)- into-and out of- film;
engagement. For the purposes of the: present:
invention: it:‘is: largely: immaterial; what mech-
anism: is. provided: foy-moving- the-claw. into.and;
out of film: engagement during the dwell periods:
of:the:pull=down:cam.

The: present: improvement: in.such claw mech-.
anisms: replaces the: described concentrie dwell
surfaces:-of: the: pull-down cam by circular-ecs
centrie . surfaces: which; move. the claw longi-.
tudinally: of the: film:.at a:speed relatively slow:
compared: to.the: speed .of the: pull-down. stroke:
itself: The dwell: periods:of: previous pull-down:
ecams, during. which:. the:claw. enters and: leaves:
the film: perforations; are.thus:replaced by stroke
The resulting.claw:strokes are .directed
longitudinally.of: the. film; like the pull-down
stroke; but--are: of: relatively small. amplitude:
The-small:longitudinal: stroke.which.- thus.follows:
the. pull-down: stroke- is- preferably -directed. op=
positely to-the-latter; the. eorresponding. small
stroke: which- precedes the: pull<down: stroke. may.
be  arranged:-to-act-in éither-direction; as require=
mients dictate, or- tay- be made - stibstantially
Zero.

When the meshiig getion’ of the movement; by
whieh the claw, is. moved: transversely of the filiit
into and:out of the film perforations, is such that
intervals’ of e¢law dw would othérwise oceur
between thie, longn‘,udmal pull-dowr stroke” and
the transversé meshmg and unmeshmg strokes,
the small, longitudinal stiokes.of the present in-
ventiort perferably‘occur, at least in part, during
those periods.of relative. dwell. When the mesh-
ing: and unmeshing strokes, are not so separated
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in time from the pull-down stroke, the longitudi-
nal strokes of the invention may be superposed
upon them.

An important characteristic of the present in-
vention is its manner of obtaining the cam form
described above, and hence of obtaining the de-
sired claw pattern, which is, namely, to employ
g cam of the usual form, and to set such a cam

on the shaft with the cam axis eccentric to the _

shaft axis by a predetermined amount and in a
predetermined azimuth. That preferred struc-
ture in accordance with the invention is particu-
larly advantageous when the cam works between
two parallel cam follower surfaces.and must
therefore have the same effective diameter in all
azimuths. Such a constant width or constant
diameter cam provides positive control of. the
claw position. Any modification of one cam sur-

10

tives of the invention can be accomplished, re-~
gardless of such differences in type of movement
as have been indicated.

A clear understanding of the invention and of
its various objects and advantages will be had
from the following detailed description of its em-
bodiment in a typical cam actuated claw move-
ment. For clarity of description reference is
made to a particular form of movement, but it

will be apparent that the invention can be em-

bodied also, as indicated above, in substantially
any form of cam actuated claw movement em-
ploying a pull-down cam of suitable form. Ref-

- erence is made to the accompanying drawings,
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which form a part of the description and in

“which:

Fig. 1 is a side elevation of a typical movement

‘ in which the invention may be embodied, the

face of a constant diameter cam must be accom- -

panied by a precisely corresponding, oppositely
directed modification -of the opposite cam sur-
face, in order to maintain the c¢onstant diameter
characteristic of the cam. The invention avoids
any difficulty in producing such a compensating
surface, since the overall cam form is not neces-
sarily altered. The convenient property of con-
stant diameter cams as ordinarily used, that all
cam surfaces are circular, is also retained. It
will be seen from the following description that
the eccentric mounting of a constant diameter
cam can be employed to yield a great variety of
cam controlled movements, which have general
utility. '

In spite of the very simple and economical
manner in which the invention is thus preferably
carried out, the respective modifications produced
in the claw pattern at the start and at the end
of the pull-down stroke can be varied largely in-
dependently of each other. This is accomplished,

as will be described, by suitable selection of the .

azimuth of the eccentricity of the pull-down cam
on its shaft. ) :
The present invention in its preferred aspect
can be embodied in substantially any claw move-
ment which includes a pull-down cam having
dwell periods, the meshing action usually taking
place during those dwell periods. - It is immaterial
what mechanism is employed to produce the
meshing action. That may be accomplished by
another cam, as in the preferred form of move-
ment here illustratively described; or the same
cam which produces the pull-down stroke may
also control the meshing action. In the latter
instance, in which a single boxed cam is typically
used, the eccentricity introduced in accordance
with the invention will affect also the meshing
action, but that effect in general is relatively
small and can be eompensated if necessary, for
example by appropriate shaping of the film guide.
Meshing action may be accomplished by suitable
structure of the claw itself, which may be ar-
ranged to produce a ratchet action upon reversal
of the claw direction. If two cams are used,
they need not be on the same shaft, nor on the
same axis. The pull-down cam and the meshing
cam may have different periods of rotation, as
in the well-known “skip” movements. The claw
carrier can be pivoted for oscillatory motion, or
it can be mounted for reciprocation only, with-
out any oscillation, either in two dimensions or,
if a ratchet claw or its equivalent is used, in
only one dimension. Movementg of all those types
are well known in the art, and it will be apparent
from the following description that by setting the

20

cam dwell angles being shown typically at ap-
proximately 120°;

Figs. 2 and 3 are vertical sections on lines 2—2
and 3—3, respectively, of Fig. 1;

Fig. 4 is a horizontal section on line 4—4 of

. Fig. 1; :
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pull-down cam of any such movement eccentric _ |

with respect to its axis of rotation the objec=

L

Fig. 5 is a schematic diagram of the usual claw
pattern of the movement of Figs. 1-4;

Figs. 6 and 6a are diagrams of typical constant
diameter cams, having dwell angles of approxi-
mately 90° and 120°, respectively;

Fig. 7 is a schematic diagram illustrating the
time relations involved in the claw pattern of a
movement similar to Figs. 1-4, but in which both
cams have dwell periods of 120°;

Figs. 8a-8h are schematic diagrams illustrating

" the cam positions a—" represented in Fig. T;

Fig. 9 is a fragmentary elevation corresponding
to Fig. 1 and showing a typical embodiment of
the invention in the movement of Figs. 1-4;

Figs. 10-12 are graphs illustrating the cam
action in three typical modifications of the in-
vention, the dwell periods of the meshing and
pull down cams being 120° and 90°, respectively,
and Fig. 10 corresponding generally to the illus-
trative embodiment of Fig. 9;

Figs. 13-15 are diagrams representing the claw
patterns produced by the three modifications of
Figs. 11-13, respectively.

Figs. 1-4 show a typical illustrative form of
movement of the general type in which the pres-

- ent invention may be embodied. The mechanism

itself and its more important characteristics will
be described first apart from the present improve-
ment. The numeral 30 designates a portion of
the rigid frame of a motion picture machine,

- which may be, for example, a ‘camera, printer or

a projector. A film guideway 31 is defined by
film guide plates 32 and 33 which may be con-
sidered to be rigidly mounted on frame 30. A
driving shaft 35 is journaled on frame 30, as by
a bushing 86, for rotation about shaft axis 38, and
carries cam means to be described. Shaft 35 is
rotatable by power means not shown, and turns
normally in the direction of the arrow 31 (Fig.1).

The claw arm 40 as here typically illustrated is

. symmetrical about its longitudinal axis 41. At its

inner end it is slidingly pivoted to frame 30 on
fixed pivot stud 46 for oscillation about pivot axis
43, which is parallel to shaft 35, and for recipro-
cation with respect to the pivot stud. The re-
ciprocating motion of the claw arm is guided by
pivot slide 471, which engages a pivot block 45
rotatably mounted on stud 46. It is broadly im-
material whether pivot axis 43 is fixed with rela-
tion to the frame, as in the preferred modifica-
tion illustrated, or whether it is fixed with rela<.
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frame

“THe’ outer end-of claw arm 40+ carrles “O1iel or
more claws 88, adapted to’'éngage “perforations
Biofa ‘film Fin film* gu1deway 31, Claws 50
Have“aceess to ‘the” -film-through -slotg53-in’ fil
Fuide plates 32 and33. As' may beé seent ‘at once
from the drawings, motion of the’ claws trans-
versely into and ‘out of’ film' engagement involves
primarily - longltudmal reciprocatory ‘motion “of
‘claw arm ‘49, “while claw motion long1tud1nally of
film" F, by which the film is’ ‘advanced, 1nvolves
pnmarlly oscﬂlatory motion’’ of “the claw drim
‘about pivot axis 48.-
_The longitudinal reciprocatory motion” “of “the
¢eladw-aim is driven” from shaft 35by meshmg tam
§5,~which engdges ‘opposed ‘transverse follower
surfaces 586, parallel to each ‘other-and normal to
‘dlaw arm axis'4l. The osmllatory motlon of the
‘dlaw arm is similarly driven f#om'shaft’3s by pull-
‘down cam 88, which engdges a pair “of opposed
longn,udmal follower surfaces 61, parallel to'each
‘other and to claw arm axis 41. 'The ‘position of
‘the claw arm is thus completely and posmvely
deﬁned in the’ plavle of its motion, whlch is nor-
mal to plvot axis 43'and to shaft 35, by the rela-
‘tive rotational position of the two'cams'55 and 60
“Wwith respect to their respective’follower surfaces
‘56 and 6{. (Regarding other tyges 'of movement,
1nclud1ng those ‘employing only 6ne cain, see be-
‘16w.) “The claw arm is ‘¢onfined to 1ts motion
plane as by sliding contact of 'its innér face 62
‘with the outer face of cam 68 (or of a boss 65
‘formed on that face) and with the outer face

of fixed spacer block 48, and by sliding contact of *

itsouter face with the edge 68 of cupped washer

‘87, mounted on'shaft 35 outwardly of cam 95 and

enclosing that cam and its follower surfices B€.
‘Both of cams 55 and ‘68, as illustrated, and as

preferably but not necessarily used in connection *“

‘With‘the present invention, are of the well known
‘t¥pe the periphery of “which includés two con-
‘centric dwell surfaces alternatmg Wlth two.cireu-
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lar but eccentric throw surfaces, the dwell sur-

‘fdees each extending through an ‘angle of 90° or
‘more about the cam axis. In’the” drawings the
angula1 extent ‘of the - dwe]l surfaces ~of .both
‘tatns, herein called the dwell angle, is typically
shown as about 110°,

“With ecams of that type, “having ‘dwell ‘angles
‘of 90° or more, the follower surfdaces (56 or 61)
‘dre engaged alter'lately by dwell siirfaces and by
‘throw’ surfaces of ‘the cam, producing” alternate
.dwell and throw periods in both components of
the résulting elaw arm- motion.

.. For convenience in describing the invention and
its setting the following terminology is useful in
‘connection with constant didmeter cams’ of ‘the
“general type shown in Fig. 6. Thé cam: per1ph-
éry has four distinct portions, which” ate, in"the
‘order in which they pass a relatively ‘fixed point
.as the cam rotates, the inxer dwell surface 11,
‘the outward throw ‘surface 12, the otiter dvvell
surface 13 and the inward throw surface’14. The

‘surfaces are described in accordance’ with the -

“numerals used in Fig. 6 on "the basis of counter-
¢clockwise rotation, as indicated by the arrow 37.
“If ‘the direction of rotation -is revérsed,” the two
'throw surfaces” 72" and 714 exchahge "fuhctions,
“surface 12 beécoming the ‘inward .throw surface
‘and 14 the outward throw surface. ~Inner- ‘and
“outer dwell surfaces Tl and 7% retam their iden-
tity regardless of the direction’ of cam’ rotatlcn
TI;ey ate concentric-abbut the ‘cam” ax1s ‘or-'cen-
“fer-11. :
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B The tiwothrow’ surfaces 72 and 14 are alsé cir-
-c ar 1n form Each 1s centered at the mtersec-

catlon of the d1V1s1on between inner dwell sur-
‘face T1-4nd the adjacent throw-surfaces 12 and
14, - The angles subténded-at-cam- axis 17' by the .
"divell and throw surfaces are’ ‘called the dwell and
TH¥ow angles, respettively. - The cams-which’ are
‘ost- useful-in- connectmn with -the’ present-in-
Yenrtion ordinarily ‘have a“dwell angle of 90° ‘or
ore. ,
“*The¢azimuth-angles-at'whichthetwocamsb55and
$04re fixed on'shaft 35 are preferably so related to
“Pheir- respectlve sets of -follower surfaces, that at
Jegstone- cam- is-always in-a dwell period, the
“throw periods: of ‘the  two ‘cams alternating ‘and
1ot overlappmg “That condition leads to a claw
‘pattern-of the géneral type shown schematlcally
in"Fig. 5, in-which there are four distinct claw
Ktrokes. “Film- advancing stroke AB and-return
stroke CD ‘are each produced by a throw of pull-
‘down ¢cam-60 only, cam 55 heing in a ‘dwell period;
-ahd meshing strokes DA and BC are produced by
%thiows of* meshing cam:85-only, pull-down cam
‘60 being in-a dwell period. Sharp corners-are
formed-atA, B, CandD ‘between adjacent strokes
“whenever the dwell angles of the two cams aver-
‘gge-at-least 80° (and the cam azimuth angles are
-Suitably chosen). Whet the dverage dwell-angle
exceeds 90°, the -appearance of the- pattern re-
maing the same, but the claw itself has a dwell
‘period at-each' corner (or at certain corners),
“during-which' it remains stationary at the corner
‘'of ‘the pattern after completing one stroke and
befcre beginning - the following stroke.

“That behavior is'illustrated in detail in Figs.
7-and 8a-8h for-a movement of the general type
‘shown in ‘Figs. 1-4, but-in which both cams have
‘dwell angles of 120°, Tn Fig. 7 the various stroke
‘gnd dwell periods of the pull-down and meshing
‘cams are indidated in the outer and inner annu-
Jar portions respectively of the diagram in terms
of ‘the ¢orresponding’ angles of rotation of the
‘¢am - shaft, notegd- around the “periphery of the
figure. At each point a, b . of the diagram
the positions of the two cams are those indicated
‘in the corresponding one of Figs. 8a, 8b . 8h.
"Dashed lines in Fig. 7 connect each of those pomts
“With the correspondlng position of the claw in
‘the claw pattern’ABCD. It will be seen that the
‘Claw rémaing at rest at the point A, say, of its
“pattern during- the time required for the cam
‘shaft to rotate through 30° from position ¢ to
"position d. That is the angular extent of the
‘ovetlap of the dwell'periods of the two cams, that
‘of the pull-down cam extending in this particu-
1ar instance from cam shaft position ¢ to d, and
“that ‘of the meshing eam from position ¢ to f.
"The claw has similar rest ‘periods at'B, C and D,
‘produced’ by overlapping of dwell periods of the
‘two céams.

"By adgustmg the effective relative phase of the
‘two' caims,-which céan be done either by shifting
‘their ‘relative azimuths on the cam shaft or by
‘shifting the relative angle of the two sets of cam
follower surfaces, the action patterns of the two
‘cams - (indicated in the two annular regions ‘of
Fig. 7) can be relatively ‘shifted in angle. "By
‘Stich-a shift; ‘two-opposite rest permds of the claw,
“for“example ‘ab and ef, can be shortened and the
“Other two rest perlods (cd and gh) correspond-
mgly lengthened In that way ‘one palr of op-




7 ,
pletely, Purther shifting of the phase in-the
same direction then results in rounding those
corners of the claw pattern at which rest has been
eliminated.. The length of the claw rest periods
is of course also-variable by increasing or de-
creasing the dwell periods of the cams.

Fig. 7 is plotted in terms of angle of cam rota-
tion relative to the rigid frame of the machine,
rather than relative to the cooperating cam fol-
lowers 56 and 61 on the claw arm (Fig. 1). Those
two measures of cam angle are not the same, be-
cause of the oscillatory motion of the claw arm
and the cam followers mounted on it. For pur-
poses of illustration the amplitude of the claw
arm oscillation has been taken as 5° on each side
of its mean position. From Fig. 7 or Figs. 8a-8h
it will be seen that the claw arm is at its extreme
upward or counterclockwise oscillatory position
for the claw positions marked « to d, and is in its
extreme downward or clockwise position for the
claw positions e to 2. Hence the angular posi-
tions of the cams relative to the followers can be
obtained from the cam shaft angles given in Fig.
7 by subtracting 5° for positions a to d and by
adding 5° for positions e to f. (For the sake of
clarity in Fig. 7, the angle of cam rotation is
plotted clockwise to match the clockwise move-
ment of the claw about its motion pattern ABCD.
The direction of actual cam rotation to produce
that claw pattern is counterclockwise, as is clear-
1y seen from the series of successive positions in
Fig. 8 and from arrow 37 in Figs. 1 and 6.)

A preferred embodiment of the present inven-
tion in the illustrative movement of Figs. 1-4 is
shown somewhat schematically in Fig. 9. The
pull-down cam 50a in Fig, 9 has ifs cam axis 11
located eccentrically with respect to the shaft
axis 38. The azimuth of the cam eccentricity in
Fig. 9 is such as to place shaft axis 38 on a cam
radius (indicated by the dashed arrow 88) drawn
from cam axis 1T to the midpoint 81 of outer
dwell surface T8 of the cam. Fig. 6 illustrates
the same arrangement diagrammatically, the
point 82 representing a typical eccentric position
of shaft axis 38 which corresponds to the arrange-
ment in Fig. 9. Fig. 6 differs from Fig, 9 in that
it represents a cam having a 90° dwell angle,
such as forms the basis for Figs. 10-15.

Fig. 6a corresponds to Fig. 6, but illustrates a
cam having a dwell angle of 120° (as in Figs. 7
and 8) and which also typically shows how the
corners of a constant diamefer cam may be
rounded without altering the general properties
which are invelved in the present invention. The
various points and lines identified by common
numerals in PFigs. 6 and 6a have a general sig-
nificance which is independent of the particular
cam angle, and also independent of such details
of cam form as rounding of its corners. For ex-
ample, the throw surface 72, which in Fig. 6 is
circular with its center at 89, is in Fig. 6a com-
posed of two circular surface portions centered
respectively at 82 and 93. Since the functional
eguivalence of the cam types in Figs. 6 and 6a is
well known, it is considered preferable for clarity
in the present description and claims to employ
terminology relating particularly to the cam form
of Fig. 6, with the understanding that the scope
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of the invention includes such modifications of -

cam form as are shown in Fig. 6a.

For the sake of definiteness and clarity in the
figures and in the following. discussion, the mech~
anism is considered to be so oriented that the
film is advanced along a vertical guideway, and
usually in a downward direction. It is to be un-~

70

75

derstood . that such terms as “vertieal” and
“downward” are here used with reference to that
typical arrangement, and not as limiting the
scope of the invention. .

Figs. 10 and 13 illustrate the claw action when
the pull-down cam is eccentric in the manner il-
lustrated in PFig. 9 and indicated by the points
82 in Figs. 6 and 6a.

Pigs. 11 -and 14 similarly illustrate the result
obtainable from another azimuth of eccentricity,
typically represented by points 83 in Figs. 6 and
6a; and Figs. 12 and .15 show the result obtainable
from a third illustrative value of the azimuth,
typically represented by points 84 in Figs. 6
and 6a.

In each of Figs. 10-12 the dashed curve P is a
plot of the claw motion longitudinal of the film,
produced by the action of a pull-down cam, such
as the one described, when it is mounted concen-
trically on its shaft. The curve M, drawn with
shorter dashes, represents the claw motion trans-
verse of the film, produced for exampile by action

of a meshing cam such as the one described.

This curve is included merely for reference, to
show clearly how the pull-down motion is typical-
ly correlated with the meshing motion. Both
longitudinal and transverse components of the
claw motion are plotted vertically at independent
and arbitrary scales. With respect to curve M,
motion of the claw toward film engagement is
plotted upward in the graphs; with respect to
curve P and similar curves, longitudinal claw mo-
tion in the direction of normal film advancement
is plotted downward in the graphs. The hori-
zontal axis represents cam angle, measured with
respect to the cam followers on the claw arm (not
measured with respect to a fixed reference frame,
as in Fig. 7; see above).

The meshing action represented in Figs. 10-12
is based on a meshing cam having a dwell angle
of 120°, as in Fig. 7, for example. However, the
pull-down motion is here illustratively based on
a pull-down cam having a smaller dwell angle of
90°, The figures thus show clearly that the form
of the two cams need not be the same. In Figs.
10-12 the cam angles which correspond to the
various cam positions shown in Figs. 7 and 8a-8h
are indicated by the vertical lines marked a, D
. . . h. The differences in spacing between those
lines and the corresponding circularly plotted in-
tervals in Fig. 7 are due partly to the different
dwell angle of the pull-down cam and partly to
the different frame of reference for the angles,
as explained above.

When the pull-down cam is set eccentrically
on its shaft, an eccentric effect is added to the
normal cam effect (curve P), the sum of those
two effects then determining, either primarily or
completely, the longitudinal claw motion. That
eccentric effect is schematically represented by
the light solid line E in Fig. 10 for an arrange-
ment in which the cam shaft axis 38 is displaced
from cam axis 171 toward the midpoint 81 of the

outer dwell surface of the cam. As shown by

curve E, the effect of such eccentricity upon the
claw motion can be represented by a “sine” curve
the phase of which is just opposite to that of the
normal cam action P of the pull-down cam. The
sum of the curves P and E is shown in Fig. 10
by the heavy solid line S, which therefore rep-
resents the actual claw motion longitudinally of
the film in accordance with this particular modi-
fication of the invention.

The resulting two-dimensional claw pattern is
represented in Fig. 13, in which motion longitu-



dinally..of the film is represented vertically. and
meshing, motion is fepresented horizontally, mo-
tion to.the right giving film engagement and.thab
tothe left giving film disengagement. Figs. 13-15
are diagrammadtic in that the claw strokes de and
Ha. are shown straight, whereas with the particu-
Jar movement shown in Figs. 1-4 (but not with
all movements) the actual claw strokes are
‘curved (Fig..5). The main film advancing stroke
Is. the portion of the pattern between d and e
{ecompare curve P of Fig. 10).
end of the pull-down stroke at e, the claw moves
back along. the same path to 7. The distance of
“that reverse movement corresponds. to the ver-
'tical displacement of curve S. in Fig. 10 during the
,cam‘ W_oul_d be a p_ermd of claW dwell (Fig. 7).
With the present eccentric cam, however, that
period ef'is a dwell period only insofar as direct
cam agtion is concerned; it does not lead to com-
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After reaching the

5

20

plete claw rest because of the eccentric effect '

(curveE) Immediately following ef, the upward
‘claw. motion continues; due to the eccentric ef-
fect; and the meshing cam: starts the unmeshing
stroke (section fg of curve M). At the midpoint
of ‘that stroke; the eccentric effect reaches its
upward:limit and turns downward, producing a
downward trend in the claw path as the un-
‘meshing stroke is. campleted, and -also during
the ensuing “dwell” period gh. That downward
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eceentric motion continues during the entire re~

turn stroke ha of the claw, but is masked by
the far greater upward motion produced by the
return stroke of the pull-down cam.

‘With the arrangement here described, the claw
motion at-the meshing stroke end of the claw
pattern is symmetrically identical with that at
tire unmeshing stroke end, -as is apparent from
“PFigs. 10 -and-13 without further detailed descrip-
tion.

The important practical result of a claw pat-
tern such as that in Fig. 13-is that after-the film
advancing stroke de; the claw is'moved in reverse
Tongitudinal direction (upward) along ef out of
contact with the edge of the film perforation be-~
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fore the start of the unmeshing: stroke fo. Hence

‘the latter stroke cannot produce any scraping
‘of the claw against the film edge.

A further advantage of the particular pat-
tern in- Fig. -13 is' that if the direction of inter-
mittent advancement of -the film is reversed by
reversing the -direction of rotation-of the cam
shaft, the same favorable type of action takes
place. The claw path then retains the shape
shown-in Fig. 13, but is traversed in a counter-
clockwise direction.
“is-then the upward stroke ed. That stroke is fol-
‘lowed by the reverse (downward) motion-of the
claw from d to ¢, which disengages the claw from
‘the film edge so that the unmeshing stroke cb
ccannot injure or disturb the film.

When a movement having a claw pattern of
-the general ‘type shown in Fig. 13 is reversed,
ot only is the improved unmeshing action re-
tained,, but the framing of the film can be made
ve_r_se ,,mothns than with . conventional claw
movements. At the end of a reversed (upward)
.elaw stroke ed, the film is left with the upper
edge .of the perforation in actual contact with
the upper claw face at claw position.d. That
Jfilm, rest. position. differs from the rest position
_for ;forward. filin. motion by an. amount which
sequals. the cleara,nce shown. in Fig. 13 between
.claw 500 and.the upper edge.of perforatlon 51D.
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The film advancing stroke -
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-of -the: meshing stroke bc).
the claw position as it leaves perforation 5la will
be. as illustrated -at §0a, with the lower edge of

10
That clearance can in practice be made very
small, since the claw moves parallel fo the plane

.of the film as it approaches, and also as it leaves

position d. In. previous claw movements, in
which the claw approaches the point at the top
of the normal film advancing stroke in a direc-
fion transverse of the film, a more substantial
clearance must be provided to. prevent possibil-

ity of actual contact with the upper perforation

edge during the meshing action. Upon reversal
of such a .movement, there is an. appreciable

framing .error, often requiring correction by
manual framing adjustment.

By reducing that
error to negligible proportions, the. present in-
vention, in the forim. just described, dispenses
with. the need. of. adjusting the framing when

the direction of film motion is reversed.

Returning now to the normal direction of .cam

rotation, it will be understood that the vertical

width - of the claw must be somewhat less than

that of the film perforations which it is to en-
‘gage, in order to accommodate the slight verti-

cal claw motion which, takes place before and
after the pull-down stroke proper. This is il-
lustrated in Fig. 13 (and similarly in Figs. 14
and 15) by a schematic. showing of a film F,
displaced. an arbitrary distance to the right of
the .claw path, but in a vertical position with
respect to that path which .corresponds. to the
rest position.of a film between pull-down strokes.
For clarity in this correlation, it is assumed that

the claw path in the figure represents the path

of the film contacting point on the lower edge
or face of the claw. Thus the film comes to rest
after a pull-down stroke with the lower edge
of perforation 5fa .at the level of the point e,

which is the point of furthest advance of the

claw. This relationship is indicated in Fig. 13
by the horizonftal dashed line extending from
point e of the claw path to the lower edge of
film perforation 5ia.

As already explained, after completlon of -the
pull-down stroke de the claw is lifted free of the
film--along ‘ef and is then withdrawn from the
perforation along the path fg." The end of the
claw may not be fully withdrawn from the film
until near the end of unmeshing stroke fg, but

-for purposeés of -illustration it may be ‘supposed
‘that the claw- leaves: the film at the midpoint of

that stroke ‘(and, correspondingly, that the claw
end -enters film perforation 51b at the midpoint
‘When that is true,

the claw at the level of the midpoint of unmesh-
ing stroke fg. 'That level is higher than point e,
due to the cam eccentricity, by a distance indi-
cated in Figs. 10"and 13 as-Z. In'order to avoid
interference between theé upper edge of claw 50a

-and:-the upper-edge-of perforation 5ia as the claw

is withdrawn, the vertical claw width ¥ must be
no greater; and preferably slightly less, than

w—2x, where w is the vertwal width of the per-
»foratlon

A similar relation holds with regard to entrance
of the claw into'a succeedmg perforation. 51b.

“The claw enters that perforation at the level of

the horizontal dashed line drawn from the mid-
p01nt of meshmg stroke bc, and" subsequently is

‘lifted~by the eccentric. effect through a vertical

distance r: to the position indicated .at 50b.
Since ;the claw must clear the lower perforation
edge as it enters and must clear the upper . per-
foration edge at the.upper extreme d.of its ma-
tion, the claw w1dth Y must agam be less. than
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w—I1.
here illustrated, z1 is equal to x.

In general, the eccentric effect in accordance
with the invention must be taken into account in
determining those dimensions. of the mecha-
nism which control the effective length of the
pull-down stroke. The required stroke length is
of course determined by the film frame interval,
or the spacing along the film of successively en-
gaged perfora,tlons, such as 5le and 5ib. That
distance is indicated in Fig. 14 by the letter L
(omitted from Fig. 13 for clarity). In the modi-
fication of the invention shown in Figs. 9, 10 and
13, the maximum effective length of the film ad-
vancing stroke is represented by the vertical dis-
tance from the midpoint of meshing stroke be
to the lowest point e of pull-down stroke de. That
stroke distance must be equal to, or preferably
slightly greater than, the frame distance L. As
will be seen at once from Fig. 10, that stroke dis-
tance is quite different from (and, in the present
instance, is less than) the claw stroke which the
movement would have if the cam were centered
(curve -P). While it is thus necessary to take
the eccentric effect into account in the overall de-
sign of the movement, in order to obtain the
requisite effective stroke length for a particular
type of film, in practice the cam eccentricity can
be, and preferably is, so small that the dynamics
of the movement are scarcely affected. For ex-
ample, in the modification just deseribed, the dis-
‘tance of direct claw lift ef need be only about
0.002’ to free the claw from the film with cer-
tainty before the start of the unmeshing stroke.
To produce that amount of lift within the corre-
‘sponding range of cam angle between e and f,
the amplitude Eo of the eccentric effect at the
claw must satisfy the equation:

Eo(sin 240°—sin 225°) =0.002"’

This leads to a value of E of about 0.012*’, which
is small compared to an effective stroke amplitude
I.72 of 0.375’’ for 35 mm, film or of 0.150’’ for 16
mm. film. As already pointed cut, the amplitude
of the eccentricity is exaggerated in the figures
-for clarity of illustration.

In the modification just described, the main
pull-down stroke starts with the claw in the po-
-sition 500 in Fig. 13, spaced above the lower edge
of film perforation 51b. Hence actual contact
of the claw with the film edge occurs only after
the claw has acquired a finite velocity. In prac-
tice the distance x: is only a few thousandths of
an -inch, so that the velocity of the claw at film
contact is correspondingly small and ordinarily
requires no special consideration. However, un-
-der certain conditions the initial acceleration of
the film may be more abrupt than is desirable.

The potential disadvantage just described can
be either reduced or wholly avoided by appropri-
ate selection of the azimuth of eccentricity of the
pull-down cam. Figs. 11 and 14 illustrate typi-
cal action when the azimuth of eccentricity is
such that the shaft axis lies on a cam radius
which bisects the angle subtended by inward
stroke surface T4 of the cam, for example at
point 83 in Figs. 6 and 6a. Fig. 11 differs from
Fig. 10 in that the curve of eccentric effect T
is shifted horizontally to the right through 90°,
producing a correspondingly altered curve Si,
‘which is the sum of E: and P. The eccentric ef~
fect now reverses its direction at the midpoint
of the pull-down stroke de (and also at the mid-
point of the return stroke ha). Hence the claw
is lifted off the film at the end of the pull-down

Due to the symmetry of the claw path’
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stroke during the period of relative dwell ef (as
before) ; but is lowered into contact with the film
at the start of the pull-down stroke during the
similar dwell period cd. Contact between the
claw and the film, with this arrangement, pref-
erably occurs at or immediately below point &
in the claw pattern of Fig. 14, at which point
the claw is moving in the plane of the film at
a relatively slow velocity, produced wholly, or sub-
stantially wholly, by the eccentric effect. The
actual ilm engagement is thus more gentle and
smooth than when it occurs after the claw ve-
locity has been increased appreciably by the more
vigorous action of the pull-down cam. In this
connection, it should be remembered that the dis~
tances ed and ef, and hence also the correspond-
ing claw velocities, can in normal practice be
made very small and yet be effective for the pur-
poses of the invention.

In the modification illustrated in Figs. 12 and
15, the cam shaft axis lies just within the angle
of the outer dwell surface 13 of the pull-down
cam, close to the cam diameter 16 which divides
that surface from inward throw surface T4.
Corresponding points in Figs. 6 and 6a are marked
at 88. The eccentric effect here reverses its di-
rection at the midpoint of the (cam) dwell period
cd immediately preceding the pull-down stroke,
as shown clearly in Fig. 12. 'The points ¢ and d
therefore coincide in the pattern (Fig. 15), the
claw being substantially at rest during the period
cd. The eccentric effect is substantially zero dur-
ing that period because the eccentric is passing
through dead center. On the other hand during
the (cam) dwell period ef following the pull-
down stroke, the eccentric effect is close to a
velocity maximum, so that (for given amplitude
of eccentricity) the points e and f of the pattern
are relatively widely separated. The desired ef-
fect at the end of the pull-down stroke is thus
obtained in the modification of Figs. 12 and 15
with a minimum eccentricity, and involves sub-
stantially zero effect during the dwell period at
the beginning of that stroke.

The distance ef through which the claw is
lifted at the end of the stroke is proportional to
the amplitude of eccentricity of the cam axis with
respect to the cam shaft axis (other factors re-
maining constant). It also depends upon the
azimuth of that eccentricity. The latter de-
pendence can be gpproximately expressed by say-
ing that the claw lift is proportional to the dis-
tance of the shaft axis 38 (represented by the
points 82, 83 and 84 in Figs. 6 and 6a for the three
typical modifications described above) from the
plane through cam axis 17 and the leading edge
86 of the outer cam dwell surface 13 (also through
the leading edge 87 of inner cam dwell surface 1.
In Figs. 6 and 6 that plane is normal to the
plane of the paper, which it intersects along cam
diameter 75. The direction of claw motion in
the path interval ef is generally opposite to its
motion during pull-down stroke de whenever
shaft axis 38 lies on the same side of that plane
as outer dwell surface 173. The reason for that
is that dwell surface 13 then becomes eccentric
with respect to the shaft axis in such a sense that
its leading edge 86 is farther from the shaft axis
than adjacent points of either dwell surface 13
or stroke surface 72. In other words, the length
of a radius drawn from the shaft axis to a sur-
face point then passes through a maximum as
the surface point moves across the edge 86 be-
tween outward stroke surface 12 and outer dwell
surface 13, Similarly, the length of a radius
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“passes’ through g minimum-as:the surface-point
“moves-across the “edge’* 87 between inward stroke
sstrface - 14 -and inner dwell-surface Ti. ‘Thus,
«whether the claw ~motion “is considered to-be

“derived from one cam follower surface or . the *

-pther, that-motion reaches an extreme value-and
-reverses its direction at-the end of the pull-down
- stroke as the ‘point of cam contact with' the cam
follower moves from:stroke surface to dwell sur-
“face.
“be- obtained ‘with the shaft-axis at any position
“within the 180° angle about cam-axis 1T denoted
“4n Figs. 6 and 6a by the dashed arrows-90.

‘Por shaft axis positions on the opposite side of

‘the above defined plane'from outer dwell surface
-713; the claw motion induced by the ececeniricity
~immediately following the pull-down stroke is in
rthe same-direction as that-stroke, and does not
~gerve to lift the claw free of ‘the film perforation
“edge.

“At-the start of the pull-down:stroke-a similar
~gnalysis-applies. “The follower surfaces shift their
-points -of cam ‘contact -@eross ‘the " respective
“boundaries 88 -and 8% from the trailing portions
~of the respective ‘dwell surfaces-Ti-and 13 to the
“Teading portions of the stroke:surfaces T2 :and
“18. ‘Heeentricity of the cam on its shaft resulls
“in a claw movement, just prior to the pull-down
“stroke, which -is -approximately proportional:to
" the ‘distance of the shaft axis from the plane

through the cam axis and the trailing edges of
~the dwell surfaces. In Figs. 6 and 6a that plane
“intersects the paper in cam diameter 16. The
~resulting claw movement is in the same direction
- as the subsequent pull-down stroke (and thus acts

to bring the claw smoothly into fiim'engagement)
whenever the -shaft -axis -is displaced from-the
~‘defined plane on the same side as inner dwell
“surface T1; thatis, when the shaft axis lies within
‘the 180° angle indicated by'the dashed-arrow 9.
“Shaft axis positions  outside of that angle-give
opposite claw movement. Positions very -near
~cam - diameter ‘76 give substantially zero claw
‘movement longitudinal of ‘the film just previous
“to the puil-down stroke,

"The ‘preceding analysis ‘will ‘be-seen to be in

agreement with the illustrative-claw paths re-
~sulting from-the three' typical - modifications al-
‘ready described. Thus the claw path in Fig. 15,
corresponding to shaft axis position 84, close to
~cam diameter-76 and relatively far from diameter
15, gives substantially zero eccentric effect at the
~start of the pull-down streke (points ¢ and-d co-
‘inciding)-and gives a maximum effect at the end

~of that stroke (points e and f relatively widely ;

spaced). ‘Shaft position‘84, within angle-90 and
~glso within- angle-8t, leads to a° downward claw
‘motion at the start of the pull-down stroke andan
“approximately equal upward motion ‘at-its -end
- (Fig. 14). Shaft position 82, lying within angle 8%
“but outside angle 91, leads to the desired upward
claw movement at the end of the puli-down
~stroke, and also an upward movement at its start
“(Fig. 13). : :

"By suitable selection of the azimuth of eccen- ¢

trieity, the ratio of the claw displacement during
- period cd to that during ef can be given any de-
sired value. In Figs. 16 and 13-(shaft axis at
“82 in Figs. 6 -and 6a) that ratio is 4-1; in Figs.
11 and 14 (shaft axis at-83) it is —1, and in Figs.
12 and 15 (shaft-axis at 84)-it is 0. By varying
“the position of the “shaft axis from 84 toward
“point 82, values of the above defined ratio from
0 to +1 are obtained, while positions between-84
~and 83 lead to values of” the ratio between’ 0 and

Thus- the - desired claw lifting action. can*
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~=1.. 7 Values -of: the ratio ‘progressively -greater
“than-+1 and less than —1 are obtained when the

shaft axis. is'moved respectively beyond point 82
in a counterclockwise direction and beyond point

83 in a- elockwise -direction, ‘as seen in :Figs. 6
-and-6a.

“In connection with the three modifications il-

“lustrated-in Figs. 10-15, it will be noted that the

three respective positions of the cam shaft: axis

~with respeet to the cam, indicated in Figs. 6 -and

6a by the points 82,-83 and 84, may be character-

~-ized “in -the following way. -All those points lie
“to-the right of cam diameter 75 (in Figs. 6 and
~6a). ‘In-other words, all those shaft positions lie
vdefined- by cam axis ‘T7 -and the leading edge 86

‘on-the same side as dwell 'surface 13 of the plane

of ‘that dwell surface. For any such shaft posi-

-tion the -eccentric effect acts during the claw
““dwell” following the pull-down stroke to move

the claw in a direetion opposite to that stroke.

“That effect is the more pronounced the farther the
~-shaftaxis lies from the plane just defined.  Point

82 lies in a plane through cam axis 77 and mid-
point 81 of dwell surface 73. Point 83 is typi-

‘cal-of points lying within the angle subtended by
“inward throw surface T4, that angle being di-
“rectly opposite the -angle subtended by outward

throw surface-72. And point 84 lies close to cam
diameter 716 within an angle subtended by the
trailing portion of dwell surface 73.

‘The guantitative distinction between the three
‘modifications diseussed above will be clarified by
typieal figures. If it is required, for example, that

- “the upward claw motion -during period ef be
85"

0:002"’, which gives adequate clearance between
the claw and the film-edge under typical condi-
tions, the eccentriec effect at the claw (curve )

“must kave an-amplitude Eo (Fig. 10) of about
-0:012" in the modification of Figs. 10 and 13 (as

explained above) ; of about 0.010’" in that of Figs.

‘11 and-14; and of-about 0.008"’ in that of PFigs.

12 and 15. If the cam shaft is midway between
pivot axis 43 and the plane of the film (Fig. 1)

“the required eccentricity of the cam itself is
‘equal-to about half the amplitude of the eccentric
~effect at the’claw, beeause of the lever effect of
“the elaw arm.

‘The-éffective length of the pull-down stroke is

‘affected (in-general) by such cam eccentricity,

‘and- the design of a movement to handle film of a

‘particular - type must take account of both the

amplitude and the azimuth of the contemplated

~cam-eccentrieity. "The above detailed discussion

of this effect for the modification of Figs. 9, 10
and 13 applies, with obvious modifications of de-

~tail, in’ the-case of the embodiments represented
by Bigs. 12,°14 and 13, 15. It is therefore not in
-general feasible to vary the eccentricity either in
‘magnitude or-in azimuth without making com-
pensating changes in the mechanism which will

‘preserve the required effective stroke length. On
the “other” hand, the eccentricity can be freely

‘Shifted between two specific positions, which may
“‘differ in azimuth or in magnitude, or in both, so

long as the effective length of the pull-down

“stroke is substantially the same for those two posi-
“tions:

For example, the pattern of Fig, 15'can he
produced as described during cam rotation in the

‘normal direction. Upon reversal of the direction

of cam rotation, to move the film intermittently
in & reversed direction, the claw pattern can be

“‘eﬁ”ectively turned: upside down by shifting the
azimuth of eccentricity to & position which is

‘symmetrical withr respect to the cam axis of sym-
metry (for instance, by shifting-the shaft axis
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position 84 to 84a in Figs. 6 and 6a). Such a
change, accompanied by reversal of direction of
rotation, will not disturb the effective stroke
length.

With any arrangement using constant diame-
ter cams, the claw pattern has symmetry of the
type shown by Figs. 14 and 15, so long as all sec~
ondary effects, due to claw arm mounting and
the like, are disregarded.

The modifications which result, in the typical
patterns of Figs. 13-15, when the phase angle be-
tween the two cams is altered will be obvious from
the above description. The periods of relative
claw dwell ef and ab, for example, can be length-
ened in that way, periods cd and gh being corre-
spondingly reduced, or even eliminated. By
lengthening period ef, either in that way or by
using cams having longer dwell periods, a given
claw motion during that period can be obtained
with a smaller cam eccentricity. Of course, all
the dwell pericds may be generally lengthened

- or shortened by using cams (or either cam) with
longer or shorter dwell angles.

Even in g movement which does not have any
overlap between the dwell periods of the two cams,
so that all four periods ab, cd, ef and gh are ab-
sent, the present invention has utility, since it
then provides a convenient means of modifying
the direction of the meshing and, particularly,
the unmeshing strokes. Under such conditions,
for example, a pattern can be obtained having the
general form of Fig. 14, but without the portions
ab and ef. The claw then approaches and leaves
the film edge obliquely at a relatively steep angle,
minimizing any tendency toward scraping action
which might otherwise result.

It is not intended that details of the particular
type of movement described above, or of the il-
lustrative embodiments of the invention selected
for description, be interpreted as limiting the
scope of the invention; which scope is expressed
in the following claims.

I claim:

1. A mechanical movement comprising a con-
stant diameter peripheral cam, the cam periphery
being composed of circular cam surfaces two of
which have different radii and a common center
of curvature, the cam being mounted for rotation
about an axis eccentric with respect to the two
said mutually concentric cam surfaces, and a pair
of cam follower surfaces engaging opposite cam
faces of the cam.

2. An intermittent film movement of the claw
type comprising a film engaging claw, a claw ac-
tuating member, and cam means for driving said
member; said cam means including a constant
diameter peripheral cam having its cam periphery
composed of circular cam surfaces two of which
have different radii and a common center of
curvature, and a pair of cam follower surfaces
engaging opposite cam faces of the cam and op-
eratively connected with the claw actuating mem-
ber, the cam being mounted for rotation about an
axis eccentric with respect to the two said mu-
tually concentric cam surfaces.

3. In an intermittent movement of the type
which comprises a film guideway, a claw adapted
to engage a film in the guideway, means for mov-
ing the claw intermittently longitudinally of the

_film in alternately directed strokes separated by
TDeriods of relative claw dwell, said means includ-
ing a cam shaft rotatable about a shaft axis,
means for driving the cam shaft in a predeter-
mined normal operating direction, a constant
width cam mounted on the shaft for rotation

16

: thérewith and having a cam axis, two oppositely
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disposed circular dwell surfaces on the cam con-
centric with respect to the cam axis and having
different radii, an outward stroke surface on the
cam extending from the trailing edge of the dwell
surface of smaller radius to the leading edge of
the dwell surface of larger radius, an inward
stroke surface on the cam extending from the
trailing edge of the dwell surface of larger radius
to the leading edge of the dwell surface of small-
er radius, a primary cam follower surface opera~
tively -associated with the claw and arranged to
engage the said cam-surfaces successively upon
cam rotation, a secondary cam follower surface
in parallel spaced opposition to the primary cam
follower surface and adapted to engage the cam
surface opposite thereto, and means operated in
timed relation to the shaft rotation for moving
the claw transversely of the fillm into and out of
film engagement during periods of engagement
of the primary follower surface with the cam
dwell surfaces of smaller and of larger radius,
respectively; the improvement characterized by
the fact that the cam is mounted on the cam
shaft with the cam axis eccentric with respect to
the shaft axis, the azimuth of eccentricity of the
said axes being such that the shaft axis and the
cam dwell surface of larger radius lie on the same
side of the plane defined by the cam axis and the
leading edge of the last mentioned dwell sur-
face.

4. The improvement in intermittent movements
defined in claim 3, and in which the azimuth of
eccentricity of the said axes is such that the
shaft axis lies within the angle about the cam
axis which is directly opposite to the angle sub-
tended by the said outward stroke surface.

5. The improvement in intermittent movements
defined in claim 3, and in which the shaft axis
lies approximately in a plane through the cam
axis bisecting the said dwell surface of larger
radius.

6. The improvement in intermittent movements
defined in claim 3, and in which the shaft axis
lies within an angle about the cam axis subtend-
ed by that portion of the dwell surface of larger
radius adjacent its trailing edge.

7. In an intermittent movement of the type
which comprises, a frame, a film guideway, a
claw arm movably mounted on the frame for os-
cillation longitudinally of the guideway, a claw
mounted on the claw arm and adapted to engage
a film in the guideway, a cam shaft journaled on
the frame for rotation about a shaft axis, a cam
mounted on the cam shaft for rotation therewith,
said cam having a cam axis and a cam surface
comprising portions alternately concenfric and
eccentric with respect to the cam axis, a cam

- follower on the claw arm arranged upon rota-

tion of the cam to engage the cam surface and
thereby to move the claw in a cyclic pattern of
motion longitudinally of the film guideway, said
pattern including alternately directed claw
strokes alternating with periods of relative claw
dwell, and means for moving the claw periodical-
1y transversely of the film in timed relation to the
said longitudinal motion to maintain the claw
in film engagement during claw strokes in one
direction and out of film engagement during
claw strokes in the other direction; the improve-
ment characterized by the fact that the cam is
mounted on the shaft with the cam axis eccen-
tric with respect to the shafi axis, the azimuth
of eccentricity of said axes being such that, dur-
ing those said periods of relative claw dwell
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which follow claw strokes in the said one direc-
tion, the claw is moved longitudinally of the
film in the opposite direction.
GEORGE A. MITCHELL.
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