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1 . 
In the art of cinematography it is often de-' 

sirable to keep two ?lms in accurate register with _ 
each other while traveling through a relatively 
long path. For example in printing a dye-ab 
sorptive blank ?lm by imbibition of dye from a 
dye-soaked matrix ?lm, it is customary to feed 
the two ?lms into accurate registry with each 
other and thence through a path long enough 
to permit the dye to transfer from the matrix to 
the blank. Likewise in transferring a picture 
layer from one motion picture ?lm to another 
it has been proposed to wet the ?lms, feed them 
into accurate registry .with ‘each other and then, 
while they are in contact with each- other, con— 
duct them through a relatively long path to per 
mit an emulsion layer to become loosened from 
one ?lm and adhere to the other film, as-dis 
closed for example in the Patent 2,415,442 of 
Gerald F. Rackett. Originally it was proposed 
to make these paths relatively straight but such 
machines occupy too much space. Various pro 
posals'have been made to reduce the required 
space, as for example by conducting the ?lms 
back-and-forth over drums or rollers, but these . 
proposals have not been satisfactory because they 
involve too much ?exing of the ?lms back-and 
forth as they pass to and from each drum or 
roller. 
Objects of the present invention are to produce 

a machine which is small and compact and in 
which the ?lms travel in accurate registration 
with each otherthroughout a long path without 
flexing the ?lms back and forth while traveling 
along the path and preferably without twisting 
the ?lms. 
In one aspect of the present invention the ap 

paratus comprises an endless ?exible carrier in 
combination with stationary guide means for. 
guiding the carrier along an approximately spiral 
path so that the carrier is not subjected to sub 
stantial ?exing back-and-forth while traversing 
the path, and means for feeding the carrier along 
an orbital path includingthespiral path and 
also a return path which leaves the spiral path 
tangentially at one end and joins it tangentially 
at the other end. Preferably the ?lm carrier 
comprises links pivotally interconnected like a 
sprocket chain and it has rollers or other antl 
friction means to minimize the snubbing action 
which occurs in drawing the carrier over the 
spiral guideway. In the preferred embodiment. 
the ?lm is guided to the carrier just after the 

. carrier enters the spiral portion of its path and 
the ?lm is guided away from the carrier just 
before the carrier leaves the spiral portion of the 

path. While the carrier may be constructed to 
support the ?lms directly, preferably the ?lms 
are ?rst fed into accurate registration on a pin 

- belt and thence to the carrier with the pin-belt 
" between the ?lms and'the carrier. . Suitable beltv 

, constructions are disclosed in Patents,1,707,699. 

10 

and 1,707,710. Like the carrier thev pin-belt is 
preferably endless so as‘to travel in an orbital, . 

' path including the spiral path and a return path._ 
While the return paths of the carrier and pin 

. belt may be located on any two sides ofthe axis 
of the spiral path, including the sameside, they 
are preferably located on opposite .sides of the. 
spiral axis. - The preferred means for guiding the 
carrier and pin-belt along their return paths com-' 
prises two wheels, one for the carrier and one for 
the belt, each wheel being inclined to .the axis 
of the spiral path and .having its opposite sides 

. tangentially aligned with the spiral path at the 
so 

25 

opposite ends of the spiral path. While the ?lms 
may be fed to the belt after the belt has been 
superposed over the carrier at the beginning of 
the spiral path, it is more convenient to feed. 
the films to the belt before the belt reaches the 
carrier. Likewise it is preferable to feed the. 
?lms from the belt after the belt has .left the‘ 
carrier. Even though this involves some. flexing, 

_ oi the ?lms after they are applied to the‘ belt. 

45 

and before they leave the belt, this ?exing is not‘ 
objectionable if con?ned to the beginning and 
end of the portion of the path where the ?lms 
travel together. 7 . ' 

.In another aspect the invention involves an 
endless pin-belt or other ?exible .carrier in com-_ 

' bination with means for guiding the carrier along; 
an orbital path including two succeeding spiral‘ 
portions disposed side by side so that the progres-, 
sion of the carrier lengthwise of the spiral axes, 
is in approximately opposite direction in the two 
portions respectively, the axes being disposed sub-_ 
stantially in the same plane but being inclined to 
each other ‘in that plane so, that the ends of the 
portions where the carrier crosses from one por-, 
tion to the succeeding portion are in tangential‘ 
alignment, whereby the carrier may feed from' 
one portion to the other portion without substan-_ 
tial twisting. The orbital path of the carrier in 
cludes a plurality of curved portions in addition’ 

‘ to the aforesaid spiral portions, the curved por 
tions being arranged in, tangential alignment. 
with ends, of the spiral portions and the axes 
of ‘the curved portions being approximately par-' 
allel to the plane containing the axes of the 

- spiral portions so that the carrier may feed from 
55 spiral portion to curved portion and vice versa' 
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without substantial twisting. The spiral portions 
are provided in one or more pairs-and the axes 
of alternate spiral portions are inclined in equal 
degree and in opposite directions lengthwise of 
the row of spiral portions. In the preferred em 
bodiment the guide means comprises two wheels 
for guiding the carrier in the curved portions of 
the orbital path other than the said spiral por 
tions, the two wheels being disposed in the same 
plane with the spiral guideways intermediate 
the two wheels, the axes of the spiral. guideways 
being disposed approximately in a plane per 
pendicular in the plane of the wheels and par 
allel to the axes of the wheels, and the axes of 
the spiral guideways being inclined to the plane 
of the wheels equally and alternately in opposite 
directions so that the ends of the spiral portions 
of the orbital path align tangentially with each 
other and with the wheels respectively, whereby 
the carrier may feed between the curved portions 
of the path without substantial twisting. . . 
For the purpose of illustration typical embodi 

ments of the invention are shown in the accom 
panying drawings in which 

Fig. 1‘ is a perspective view of one embodiment 
in which the spiral path is illustrated diagram 
matically; ‘ 

Fig. 2 is a side view of a portion of the chain 
carrier, showing a part of the sprocket wheel for 
driving the carrier; . 

Fig. 3 is a side view of the spiral guide; 
Fig. 4 is a section on line 4-4 of Fig. 1; 
Fig. 5' is a cross-section of the chain carrier. 

showing a part of the spiral drum; 
Fig. 6 is a diagrammatic plan view of a machine 

having two spiral paths; 
Fig. 7 is a diagrammatic side view of the same 

machine; 
Fig. 8 is a diagrammatic plan view of a machine if 

having three spiral paths. 
Fig. 9 is a diagrammatic side view of the three 

path machine; 1' 
Fig. 10 is a diagrammatic plan view of another 

modi?cation having two spiral paths; ' 
Fig. 11 is a diagrammatic side view of the same 

machine; and 
Fig. 12 is a diagrammatic plan view of a ma 

chine like that shown in Figs. 10 and 11 except 
in that it has two pairs of spiral paths instead 
of one pair. 
In the particular embodiment of the invention 

shownin Figs. 1 to 5 the spiral guideway l' is 
formed in the periphery of a cylinder 2, the spiral 
path being shown diagrammatically in Fig. 1 
without including the cylinder 2. The carrier C 
is fed around the spiral path by means of a 
sprocket wheel‘ 3 which is inclined to the axis of; 
the spiral path so that its upper side aligns with 
the upper side of the spiral path at the near 
end of the path and its lower side aligns with the 
lower side of the spiral path at the far end of 
the path. Thus the carrier feeds tangentially 
from one end of the'spiral, thence through 180° 
around the sprocket wheel and thence tangen 
tially back to the other end of the spiral path. 
As disclosed in the aforesaid Patents 1,707,699 

and 1,707,710 the pin belt B comprises a ribbon 
of Monel metal or the like with two rows 6 and ‘I v 
of register pins mounted in the margins of the 
ribbon for engagement in the ?lm sprocket holes. 

10 

15 

45 

50 

55 

70 
The belt B feeds over the carrier C on the upper . 

‘ ‘side of the far end of the spiral guideway, at a 
point in the spiral approximately 180° beyond the 
location where the carrier feeds into the spiral; 
and the belt feeds away from the carrier at the 76 

lower side of the near end of the spiral, at a loca 
tion approximately 180° in advance of the loca 
tion where the carrier leaves the spiral. The belt 
3 is guided in the return portion of its orbit by 
means of an inclined wheel I the opposite sides 
of which align with the opposite ends of the spiral 
path. Ordinarily it is not necessary to drive the 
wheel I, the belt being propelled by the carrier. 
Films II and I! are fed to. the belt in superposi 
tion over rolls I! and I4 and, after traversing the 
spiral portion of the belt path and most of its 
return portion, they are. fed from the belt over a 
roll ll. 
As shown in Figs. 2 and 5 the carrier comprises 

links I‘! and II pivotally interconnected in spaced 
relationship by axles ‘I! carrying wheels 22 which 
run in the guideway l. The side-links ll of alter 
nate sectionsextend outwardly somewhat farther 
than the remaining links I! to serve as guides. 
Laid over the links I! between the side guide links 
H is a belt .!I of canvas or other suitable mate 
rial. This distance between the guiding links H 
isslightly greater than the width of. the belt B 
so that the belt 13 may seat on the canvas beltli 
between the upper margins of the guiding links. 
As shown in Fig. 2the lower or inner edges of 
the links I‘! and It are notched to mesh with the 
sprocket wheel 3. . ' 

The modi?cation shown: in Figs. 6 and 7is like 
that shown in Figs. 1 to 5 except in that it has 
two spiral guides 32 like the guide 2 in the ?rst . 
embodiment. The guides have their axes in the 
same plane but the axes are inclined relatively 
to each other in that plane so that the pin-belt 
Bl 
the end of the guides nearest to each other, is not 
subjected to any twisting. At the other ends of 
the guides (the lower ends in Fig. 6 and the 
near ends in Fig. 7) the belt crosses from‘ the ' 
right-hand guide to the left-hand guide over a 
pulley ll corresponding to 8 of Fig. 1. In pass 
ing from guide to pulley and from pulley to 
guide the ‘belt is subjected to some twisting. 

Interposed between the belt and theleft-h‘andj spiral guide is a carrier Ci like the carrier C of 7 

Figs. 1v to 5, a corresponding carrier C2 being 
provided for the right-hand spiral guide. - These 
carriers are guided and propelled by sprocket 
wheels 33 corresponding to wheel 3 of Fig. 1. 
While the ?lms may be fed to and from the pin 
belt at any desired locations they are preferably 
fed to the belt after the belt leaves pulley 38 and 
from the belt just before the belt reaches pulley 
38.‘ Thus the belt is not subjected to any twist 
ing while the ?lms are traveling with it except 
that the beginning and end of the circuit. How 
ever the two ?lms may be fed to andfrom the 
belt in the untwisted portion of the belt; the films. ' 
being fed to the belt just before it enters the 
right-hand spiral and from the belt just afterit 
leaves the left-hand spiral. Instead of having 
one pair of ?lms traverse both spirals, two pairs 
of ?lms may be passing through the machine at 
the same time, one pair being fed to the belt just 
before it enters one spiral and from the belt Just 
after it leaves the spiral and-the other pair of: 
?lms being fed to the belt just before it enters 
the other spiral and from the belt just after it 
leaves the other spiral. This procedure is ‘par-p 
ticularly suited to two-color photography. 
The modi?cation shown’ in Figs. 8 and 9 com-' . ' 

prises three spiral guides 43, 44 and 45 having ‘ 
their axes disposed in the same plane but inclined 
in relation to each other so that the belt B feeds 
from one guide to the next succeeding guide with 

in crossing from one guide to the other at ; 
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out twisting. Associated with the three spiral . 
guides ‘I. 44 and II are three carriers CI, Cl and 
C! which are driven by sprocket wheels l8, I4 
and N. The belt B is guided from the exit end 
of spiral guide 45 to the entrant end of spiral 
guide 43 over a. roller 58 corresponding to l of 
Fig. 1 and 38 of Figs. 6 and 7. The carrier CI 
feeds to and from the guide 43 from the side 
opposite to that in which the belt 13 feeds to and 
from the guide, whereas the sprocket wheels II 
and I! are disposed below the guides 44 and ‘II 
in planes approximately perpendicular to- the 
plane of the belt wheel 58. In this connection it 
is noted that in each of the various embodiments 
of the invention the sprocket wheels for the car 
riers may be located at any desired location about 
the axis of the corresponding spiral guides so long 
as they do not interfere with the belt .8. 
In Figs. 8 and 9 the belt B is twisted only in 

passing to and from the wheel 58, not in passing 
from each spiral guide to the next succeeding 
guide. Here again the ?lms may be fed to the 
belt at any desired location along the orbital path 
of the belt. However when one pair of ?lms trav 
erses all three helical paths the ?lms are pref~ 
erably fed to the belt as the belt passes from 
wheel 58 to guide 43 and from the belt as it passes 
from guide 45 to wheel 58. In three-color photog 
raphy three pairs of ?lm representing the three 
color aspects may be fed through the machine 
concomitantly, each pair being fed to the belt 
Just before it enters one of the spirals and from 
the belt just after it leaves the spiral. 
The modification ‘shown in Figs. 10 and 11 is 

like that shown in Figs. 6 and 7 in that it com 
prises two spiral guides 56 and 51 having their 
axes disposed in the same plane but inclined rela 
tively to each other so that the belt feeds from 
58 to 51 without twisting. However instead of 
returning the belt from one guide to the other 
over a single pulley, as in the preceding embodi 
ments, it is returned through a longer path 
around two pulleys 59 and 60 whose axes are dis 
posed in a plane parallel to the plane containing 
the axes of the spiral guides. In this way the 
belt can be returned without twisting. Thus the 
belt is not subjected to any twisting throughout 
its entire orbit. Here the vertical plane of the . 
wheels 59 and G0 is perpendicular to the plane 
containing the axes of the two spirals and these 
axes are inclined to the vertical plane of the 
wheels equally and in opposite directions. This 
modi?cation also differs from that of Figs. 6 and 
7 in that the sprocket wheels 6| andriz for the 
two carriers C6 and C1 are disposed below the 
spiral guides rather than at the sides of the guides 
opposite to the sides where the wheels 58 and II 
are located. Here again either one pair or two 
pairs of ?lms may be fed to the machine and they 
may be fed to and from the belt in any of the 
straight stretches of the belt. 
The modi?cation shown in Fig. 12 is identical 

with that shown in Figs. 10 and 11 except in that 
it has two pairs of spiral guides 66 and 81 instead 
of one pair. Thus the belt has one long stretch 
in passing from wheel 10 to wheel 69 and in pass 
ing from wheel 69 to wheel 10 it has ?ve short 
stretches instead of the three short stretches of 
Figs. 10 and 11. As in the preceding embodiment - 
the sprocket wheels ‘H, 12, 13 and 14 are disposed 
below the spirals respectively. 

_ It should be understood that the present dis 
closure is for the purpose of illustration only and 
that this invention includes all modi?cations and 
equivalents which fall within the scope of the ap 
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pended claims. For example in each embodiment 
of the invention the ?lms may be fed to the belt 
after it enters a spiral path and from the belt 
before it leaves ‘the spiral path. 
We claim: ' . 

1. cinematographic apparatus comprising an 
endless flexible carrier, stationary guide means 
for guiding the carrier along an approximately 
spiral path so that the carrier is not subjected to 
substantial ?exing back-and-forth while trav 
ers'ing the path, means for feeding the carrier 
along an orbital path which includes said spiral 
path and a return path which leaves the spiral 
path tangentially at one end and joins it tangen 
tially at the other end, and a wheel to guide the 
carrier in said return path, the wheel being tipped 
with respect to the axis of the spiral path so that 
points, which are disposed on opposite sides of 
the wheel in the same plane perpendicular to the 
axis of the wheel, are in tangential alignment 
with the spiral path at opposite ends- thereof, so 
that the return path of the carrier involves only 
a partial turn around the wheel. 
.2. cinematographic apparatus comprising an 

endless ?exible ?lm carrier, stationary guide 
means for guiding the carrier along an approxi--v 
mately spiral path so that the carrier is not sub 
.iected to substantial flexing back-and-forth while ' 
traversing the path, means for feeding the car 
rier along an orbital path which includes said 
spiral path and a return path which leaves the 
spiral path tangentially at the exit end of the 
spiral path and joins it tangentially at its entrant 
end, and an endless pin-belt having pins ?tting 
?lm sprocket holes, the pin belt traveling in a 
closed pathwhich includes said spiral path, the 
pin-belt feeding over said carrier near said en 
trant end leaving the carrier near said exit end. 

3. Cinematographic apparatus comprising an 
endless flexible ?lm carrier, stationary guide 
means for guiding the carrier along an approxi 
mately spiral path so that the carrier is not sub 
jected to substantial ?exing back-and-forth while 
traversing the path, means for feeding the car 
rier along an orbital path which includes said 
spiral path and a return path which leaves the 
spiral path tangentially at the exit end of the 
spiral path and joins it tangentially at its entrant 
end, an endless pin-belt having pins ?tting ?lm 
sprocket holes, the pin-belt traveling in a closed 
path which includes said spiral path and a return 
path; the pin-belt feeding over said carrier at a 
location near said entrant end leaving the carrier 
at a location near said exit end, and a wheel 
which is inclined to the axis of the guide means 
determining the spiral path and has its opposite 
sides tangentially aligned with the spiral path at 
said locations respectively to guide the pin-belt in 
its return path. 

4. cinematographic apparatus comprising an 
endless ?exible ?lm carrier, stationary guide 
means for guiding the carrier along an approxi 
mately spiral path so that the carrier is not sub 
.‘Iected to substantial flexing back-and-forth while 
traversing the path, means for feeding the car 
rier along an orbital path which includes said 
spiral path and a return path which leaves the 
spiral path tangentially at one end of the spiral 
path and joins it tangentially at the other end, a 
wheel which is inclined to the axis of the spiral 
path on one side thereof and has its opposite sides 
tangentially aligned with the spiral path at op 
posite ends thereof to guide the carrier in its re 
turn path, an endless pin-belt having pins ?tting 
?lm sprocket holes, the pin-belt traveling in a 
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closed path which includes said spiral path and a 
return path, the pin-belt i'eeding over said carrier 
at a location near said entrant end leaving the 
carrier at a locationnear said exit end, and a 
wheel which is inclined to the axis or the guide 
means determining the spiral path on another 
side thereoi and has its opposite sides tangentially 
aligned with the spiral path at said locations re 
spectively to guide the pin-belt in its return path. 

5. cinematographic apparatus comprising an 
endless belt,’ and means for guiding the belt along . 
an' orbital path including a plurality oi ‘ curved 
portions and also a plurality oi’ succeeding spiral 
portions disposed side by side so that the progres 
sion of the belt lengthwise oi the spiral axes is in 
opposite directions in adjacent spiral portions re 
spectively, said axes being disposed approximately 
in the same plane but being inclined to each other 
in that plane so that the ends of the spiral por 
tions where the belt crosses from one spiral por 
tion to the succeeding spiral portion are in tan 
gential alignment, said curved portions also being 
in tangential alignment with ends of the spiral 
portions and the axes of thecurved portions be 
ing approximately parallel to said plane, whereby 
the belt may feed from each oi said portions to 
the next succeeding portion without substantial 
twisting. 

'6. cinematographic apparatus comprising an 
endless belt, and means for guiding the belt along 
an orbital path including a plurality oi’ curved 
portions and also a plurality of pairs of spiral 
portions disposed side by side in a row so that the 

' progression of the belt lengthwise of the spiral 
axes is in approximately opposite directions in 
each two succeeding spiral portions respectivehr, 
said axes being disposed approximately in the 
same plane but being inclined to each other in 
that plane so that the ends of the spiral portions 
where the belt crosses from one spiral portion to 
the succeeding spiral portion are in tangential 
alignment, alternate axes being inclined in oppo 
site directions lengthwise of said row, said curved 
portions also being in tangential alignment with 
ends of the spiral portions and the axes of thd 
curved portions being approximately parallel to 

10 

said plane, whereby the belt may teed from each 
oi.’ said portions to the next succeeding portion 
without substantial twisting. ' 

_ '1. cinematographic apparatus comprising an 
endless belt, and means ior guiding the belt along 
an orbital path, said means including two wheels 
in the same plane and a plurality of spiral‘guide 
ways intermediate the two wheels, the axes oi the 
spiral guideways being disposed approximately in 
a plane perpendicular to said plane and parallel 

, to the axes or said wheels, the axes of the spiral 
guideways being inclined to‘ the plane or the 
wheels equally and alternately in opposite direc 

‘ tions so that the ends oi’ said spiral portions align 
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tangentially with each other and with said wheels 
respectively, whereby the belt may iced" between 
the curved portions or said path without sub 
stantial twisting. - ' 

8. cinematographic apparatus comprising an 
endless belt, and means for guiding the belt along 
an orbital path, said means including two wheels 

- in the same plane and a plurality of pairs of spiral 
guideways intermediate the two wheels, the axes 
oi’ the spiral guideways being disposed approxi- 
mately in a plane perpendicular to said plane and 
parallel to the axes of said wheels, the axes of the 
spiral guideways being inclined to the plane of 
the wheels equally and alternately in opposite di 
rections so that the ends of said spiral portions 
align tangentially with each other and with said 
wheels respectively, whereby the belt may iced be 
tween the curved portions 01' said path without 
substantial twisting. ' 

' LAURISTON E. CLARK. 
JOHN M. ANDREAS. 
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