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COMPLETE SPECIFICATION.

Improvements in or relating to Imbibition Printing Apparatus
for Kinematograph Films.

We, TrcunicoLor MorioN PICTURE
CoRPORATION, a corporation of Maine,
United States of America, and ' Jommw

Freperick KIENNINGER, a citizen of the.

» United States of America, both of 120,
Brookline Avenue, Boston, Massachusetts,
United- States of America, do - hereby
declare the nature of this invention and

in what manner the same is to be per--

4 formed, to be particularly described and
ascertained in and by the following state-
ment :(—

This invention relates o & method and
apparatus for printing cinematographic

15 filins and the like by imbibition, and more
especially for effecting and contrelling. the

regulated sequential movement of the

matrix film and film to be printed, and
the backing means therefor, without rela-
20 tive movement or distortion.

-Ja - the printing of ecinematographic.

films by imbibition it has been proposed

to provide a matrix film bearing the
images to be reproduced, which is wetted
o5 with a suitable dye and then brought into
face contact -with a similar®blank - film,
such contact being preferably -eifected
under water and maintained for a
sufficient time to permit complete imbibi-
30 tion of the dye from the matrix film to the
Bblank film to take place. The films are
registered and thus retained in contact
for the required interval by providing a
backing strip (as with pins thereon for
85 engagement with marginal sproeket holes
in the films) which conveys the films in
fixed contaet relationship through a pre-
deterniined path, followed by separation

of the films from the backing and from
50 cach other and other suitable or appro-
" priate treatment. For example, the back-
ing strip repeating the course of a cloged

* cireuit, the succeeding treatments may in-
clide the matrix- film being -washed;
decroceinated, (that’is; cleared-from any
residual deposits of dye or color substance)
dried, and reeled up, and-the printed

"~ blank also being dried and reeled up. or
re-wetted and pdssed through onewor moré

5o similar printing operations, if desired, ag
for the provisien of remainiyg portions of
the images in dther or ¢omplemental colors

" with respect to those already applied. -~

[Price 1/-]

In the conduct of such operations, it is
essential that the films shall be restrained &b
from relative movement after they have
been brought into registry and/or contact
with each other and also that the stresses
and strains transmitted to the film longi-
tudinally shall be equalized so far as may 60
be possible, both during the period of
imbibition contact and before and after
such contact has heen effected. In the
handling of strips of the length frequently
encountered with cinema films it is desir- 65
able that they shall be conveyed at a sub-
stantially uniform rate (for the purposes
of convenient handling and of wuniform
printing treatment) and that the rate of
one shall synchronize with or substantially 70
equal the rate of the other. On the other
bhand it is uswally desirable that the rate
of travel of the films, particularly during
the imbibition period, shall he maintained
substantially constant, so that the imhibi- 7D
tion period with respect to successive por-
tions of the films shall be substantially the
same. Moreover, it iz further desirable
that sueh control shall be automatically
effected and maintained. 80

Accordingly, it is an object of this in-
vention fo previde a method for accom-
plishing the conditions of operation above
set forth and to provide means or appara-
tus whereby the same may be practically 85
and easily carried out. Other objects of the
invention will appear from the following
disclosure and cldims, o

A typical and representative instance of
the application of the invention will be 90
described with respect to its adaptation for
the imbibition printing of ecinemato-
graphic films as carried out by means of
apparatus shown in the accompanying
drawings, of which 9B

Fig. 1-is a side elevation of two print-
ing units R arranged in parallel of which -
the forward unit R only is visible and-
adapted for successive printing of a film
in ‘complemental colors; - ' 100

Fig. 2 is a diagrammatic elevation of -
the units R-and & of Fig. 1, one unit (R
for printing in red) being shown aboeve the
other unit (G- for- printing: in green) to
illustrate tlie successive séquence of opera. 105
tions ‘effected thereby; =~ - ’ .

NU—



&

319,924

Fig. 3 is an enlarged elevation of the
drying and reeling portion of the appara-
tus shown. at the left end of Fig, 1;

Fig. 4 is a longitudinal cross section

v, of the apparatus shown in Fig. 3 taken
centrally of the front unit (R). and also
showing parts of the rearunit G;

Fig. 5 is a cross section in the plane of
line 5—5 of Fig. 4, in the direction of the
arrows ;

Fig. 61s an enlarged cross section of the
apparatus extending to the right of that
_ . shown in Fig. 4; o

* Fig. T is an.enlarged plan view of the

10

15 Fig. 3; and - ,

Hig. 8 is a side elevation of the appara-
tus shown in Fig. 7. -~

Referring to the drawings, and more
especially Figs. 1 and 2, the apparatus
shown _consists generally of two units
designated as R and G, which are sub-
stantially- identical and adapted to be

20

operated in step with each other to print

a cinematographic film, first in the red
aspect; for example, and then in its com-
plementary color or green aspect of the
images to be reproduced. The units are
arranged in parallel so that as shown in
Fig. 1, the unit R (for printing in red)
stands in front of and obscures the umit
G while in the diagrammatic representa-
_ tion of Fig. 2 the unit R is raised above

25

30

the rear unit ¢, to disclose the latter and -

g5 to more clearly illustrate the operative
relationship between the two units.

- In the drawings; numeral 1 indicates
generally. an-  extended {framework,
associated with suitable chambers, tanks,
ete., and supporting and driving appara-
tus, for the unit R, while numeral 4
indicates a similar framework with respect
to the unit G. Numeral 2 indicates the
film strip to be printed which passes
through both units, first in contact with
red printing matrix film 3 and then with
green matrix film 5. The unit R is pro-

vided with a pre-wetting tank of water 6,
" for the blank film 2 and a dye-wetting

tank 7, for the matrix film, followed by a
water tank 8, in which the films come
together,” having guide or compression
rollers 9, 10 therein. A conveyor belt 11
preferably continuous and provided with
suitable means (not shown in detail) for
engaging the sprocket holes of the films,
passes over driving pulley 12, idler pulleys
14, 15 and under pulley 13 in the tank 8.
At the end of the belt traverse is provided
an off-take pulley 16 for the printed film,
and an off-take pulley 160 for the matrix
film 3. TFollowing the latter and to
receive the matrix therefrom is provided a
‘¢ decroceinating >’ tank co-called 17 for
Ub affecting Temoval of the residual dye, a

40
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driving- mechanism shown at the top of:

washing tank 18 and a drying chamber 19,
and also a drying chamber 20, which is
followed by a gathering reel 26 (Figs. 1
and 4). Following the off-take pulley 16

is provided a drying conduit 190 for the 70

printed film, leading to drying chamber
20 and thence (by means of apparatus
subsequently to be described) to and
through the apparatus constituting unit
G. TUnit G is substantially identical with
unit R, commencing with water tank (6%)
and ending with the gathering reel (27%).
However, while matrix film 3§ is fed into
the unit R from reel 30 a separate matrix
film 5 is used in unit & which is comple-
mental with respect to the color or images
or other factors, of the representation to
be printed.

The elements of unit G will be herein-
after referred to by the same numerals as
like elements of the unit R, a prime being
added thereto for purposes of differentia-
tion, though in some instances the element

75

80

- of unit R may obscure or cover the corre-
‘sponding element of unit G.

The driving impetus of the apparatus as
a whole is primarily transmitted to the
conveyor belt or backing 11, through driv-
ing pulley 12 in the uwnit R (and driving
pulley 12! directly in the rear thereof for
driving ‘belt 11 in wuwnit G in Fig. 6).
Pulley 12 is driven by a constant speed
motor 35 (Fig. 6) through a transmission
belt 36, a worm gear 37 and connecting
clutch 38. The other pulley 12! is driven
by a -variable speed motor 39 acting
through similar transmission belt 36%,
gear 3T7* and connecting clutch 38,

Turning now to the driving mechanism
for reeling the blank film and matrix
films, shown at the top of Fig. 3, but more
particularly in Figs. 7 and 8, the parts are
numbered in consecutive order without
regard to the unit R or G with which it
may be more closely associated.  The
motor 40 (mounted above unit G) and
motor 41 (mounted above unit R) are con-
tained on and within a framework 42.
However, the motor 40, which is geared to
shaft 43 through gears 44 and worm gear
45, serves to drive the matrix gathering
apparatus of unit R. To this end, a
terminal bevel gear 49 is provided, mesh-
ing with a like bevel gear 50 mounted
upon the same axis with sprocket wheel 120
51. The latter carries a chain 52 which
passes over sprocket B3 on reel 26, which
serves to gather matrix film 3 from unit
R (Figs. 2 and 3).

Motor 41 is likewise connected to a shaft 125
57 through gears 58 and worm gear 59.
The shaft 57 is received in a bearing 60
near the right end and also is supported
by a bearing 61 adjacent the worm gear
59 and a terminal bearing 62 near the 130
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opposite end. The right end of shaft 57
is provided with a bevel gear 63, meshing
with bevel gear 65 on the axis of sprocket
wheel 67, while the left end of the shaft

5 carries a bevel gear 64 meshing with a

bevel gear 66 on the axis of sprocket wheel
68. Sprocket chain 72 passes over the
sprocket wheel 68 and over sprocket wheel
73 on reel 26! which serves to gather

10 matrix film 5 from the unit G.

The sprocket wheel 67 (at the right of
Fig. 7) carries sprocket chain 69, passing
over sprocket wheel 70 on reel 27* and also
over pulley 71, and thus provides for

5 gathering the blank film 2 (after it has

been printed by passing through both
units R and @). i

The shaft 57 is further provided with a
bevel gear 74, meshing with a bevel gear

20 75 on the axis of sprocket wheel 76.

The chamber 20 (Figs. 3 and 4) is sup-
ported by uprights 77 and comprises two
inlets, one for the film 2 which is being
printed, as it comes from drying conduit

25 190, and one for the matrix film 3, as it

comes from drying conduit 19, chamber
20- comprises several compartments 79
vertically arranged and opening each into
the next. Alternately, at the top and
bottom of these compartments, are pro-
vided appropriate rollers or pulleys 80,
81, on cross bars 82, 83 respectively, and
intermediate floating pulleys or pulley
blocks 84. The first mentioned opening

g5 from chamber 190 is provided with

40

IA3]

50

pulleys 85 which receive the film 2 (which
hag just been printed in unit R) and regu-
lates and directs its passage from drying
conduit 190 to wetting tank 6 of unit G.
A fixed pulley 86 conducts the printed
film to the second unit of the apparatus,
while a floating pulley or block 87 with
weight 88 rides on the film between
pulleys 85 and 86. A cord 89 attached to
the block 87 (Fig. b) leads over pulleys
90 to one end of control lever 91 which is
attached through bell crank lever 92 and
link 94 to an armature brush control lever
93 on the motor 39. The lever 91 also is
associated with a counterweight 95 on arm
96, tending to oppose the positive actua-
tion of the lever and to return it to a
balanced position. '

One of the floating pulleys 84 (Fig. 8)

5% may be provided with a weight 97 and a

65

vertically extending rod 98 reaching up-
wardly to horizontal lever 99 which is
attached to axis 100 carried by a support

101 and attached at its opposite end to
g0 control lever 102 on motor 40, through

the lever 103 and link 104. The axis 100
also is attached fo a horizontal arm 105
with adjustable counterweight 106 held
in position by a screw or nut. =

" Passing over sprocket wheels attached

to the axes of the upper series of rollers
80 is a sprocket chain 107 engaging the
driving - sprocket wheel 56 and idler
sprocket wheel 108, A similar length of
the sprocket chain 109 engages sprocket
wheel 76 and idler 108' and sprocket
wheels on the axes of the corresponding
rollers or pulleys 80! in the unit G.

The compartment 79 (Fig. 4) and inter-
vening compartments of chamber 20 are
separated by vertical partitions 115 which
stop short of the top and bottom of the
chamber 20, leaving passageways from
each to the next which may be rounded
oft by semicircular walls 116 to_form a
continuous path for the film and drying
gases. The first compartment may be
connected to an air conduit 117 while the
last compartment is left open, as at 119,
to provide an exit for the air current.

The driving pulley 12 is positively
driven by operation of constant speed
motor 35 as will be obvious from Fig. 6.
This draws the pre-wetted blank 2 and
the printing matrix 3 into the apparatus
from their respective reels 27 and 30, at
a substantially constant rate.

As the film blank 2, already printed in
red, leaves conduit 190 it passes under
lower pulley 85 over upper pulley 85 under
the free pulley 87 and thence over fixed
pulley 86 to the pre-wetting water tank 6.
In this intermediate zone the film pro-
vides a certain amount of slack which
may serve to accommodate any differences
in operation of the two units R and G and
also at the outset to permit accurate
registry of the film 2 with the second
matrix film 5. After the printing with
the second matrix film has commenced,
however, it is desirable and practically
necessary that the two units be run sub-
stantially in step with each other to pre-
vent accumulation of the film on the one
hand or rupture of the film on the other.
The floating pulley 87 rides upon a loop
of this slack portion of film 2, between
the two units. JIts rise and-fall is a
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measure respectively of the gain or loss in -

speed of operation of the second unit G
over the first. Accordingly, as pulley 87

-rises cord 89 is released and control lever

93 is allowed to fall back under the weight
of ball 95 and thus o slow down the motor
39. Conversely, if the pulley 87 falls,
cord 89 is drawn up, raising lever 93 and
thus speeding up the motor 39, and hence
speeding up the rate of travel of belt 11*
in unit G. If it remains stationary, the
two units are functioning at an equal rate
of speed with respect to the film blank.
As the motor 39 speeds up it operates
through transmission belt 36! upon driv-
ing pulley 12! and thus speeds up the rate

of travel of conveyor belt or backing 11, 1
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taking up any accumulated excess of film
delivered to it by helt 11. Conversely,
when the motor 89 is slowed up (by reduc-
tion. of slack film between the two units)

5 the rate of rotation of the pulley 12! is
" reduced and the amount of intermediate
slack film restored, since the rate at which
film 2 is delivered to i1 is-under constant
operation of motor 3b.

_ After the film 2 has passed through unit

G (under -actyatiop..of belt 11 driven by
pulley 121 see Fig. 2) it passes from con-
duit 190" over pulleys 85! similar -to
pulleys 85, already described, thence
4+ under floating pulley. 87*-and thence over
45 fixed pulley 71 to peel 2TL c
- The wreel 27' iz operated directly
through sprocket chain 69, passing over.
spracket wheels 70 and 67, by the motor
41. The motor 40 operates the rollers 80
through sprocket 108 and gathering reel
26 through sprocket chainsg 52 for taking
up the matrix film 3 coming from unit R.
The speed .of this motor is controlled by
the rate at which the matrix film
accumulates ar is taken up in the drying
chamber 20, as indicated by the rise and
fall of rod 98 which has already been
described. :

Likewise the motor 4], controlled by
similar speed indicating and regulating
device (not shown) and. acting through
lever 99! drives rollers 80! through
sprocket chain 109, and sprocket chain 72
a5 palssing over sprocket 73, also drives reel

26 :

40

20

In this manner, the matrix film 3 and
blank film 2 are drawn into unit R of the
apparatus at a uniform and equal rate,

%0 upon the conveyor belt 11, upon which
they are retained in fixed contact relation-
ship until the blank film is separated and
passed through conduit 190 -and thence
over the regulating mechanism (control-

45 ling motor 39) which has been described

-and which prevents continued gain or loss

in the amount of blank film between the
two.units. The blank film is then passed
to- the second umit G, the rate of which
is governed by the control apparatus just
referred to, returming through conduit

190' - (behind conduit 190 but not shown)

and thence over rolls 85* and 71 to gather-

ing reel 27%.avhich is driven by motor 41,

controlled in step with the gathering of
the matrix film 3, to be described.

" As a result of the slight fluctyations of

the rate at which the film blank 2 may be
earried through the apparatus, the matrix
$0 film 3 is passed o chamber 20 at a slightly
varying rate. . “This may he due to slight
yarigtionsin. length of the film as well as
to mechanical irregularities of the appara-
tus. The matrix film 3 as it is removed
768 from the. ecarrier belt 11, over pulley 160

and thence through the course already
described aceumulates and transmits such
variations in speed to the floating pulley
84 and raises or lowers the same accord-
ingly. This vertical movement is trans-
mitted by vod 98 to horizontal bar 99
(balanced by counterweight 106) and, act-
ing through lever 103, Iink 104 and con-
trol lever 102, slows down or speeds up
motor 40, thus correcting such deviations
from. a speed corresponding to the speed at
which the film comes from conveyor belt
11 and the speed at which it is taken up
upon the reel 26, and tending to insure
synchronism or equality of the rate of
operation in the several parts of the
apparatus. . o

Similar or identical control means are
provided in the chamber 20! of the unit.G,
to contrel the speed of motor 41 and hence
the rate at which matrix film 5 is taken
up by the reel 286.

As thus operated, the apparatus is auto-
matically controlled to conduct the films
through their several paths at a prede-
termined rate and at speeds so regulated
as to compensate for irregularities in
operation of the separate parts or units of
the apparatus, so that it functions as a
whole.

It will be readily understood that
numerous modifications and adaptations of
the method and apparatus may be made
in the method of procedure and in the
equipment employed and that substitu-
tions and additional features may be
appended thereto. within the invention
here disclosed. Such modifications are
however to be considered as comprehended
by the above description and included by
the terms of the following claims.

Having now particularly described and
ascertained the nature of our said inven-
tion and in what manner the same is to
be performed, we declare that what we
elaim ig:—

1. In the art of cinematography, the
method of suceessively printing by imbibi-
tion on a blank film from matrix films a
plurality of series of pictures, which com-
prises passing the blank film inté imbibi-
tion contact with one matrix film, con-
ducting the contacting films through a
predetermined path, progressively separ-
ating the films as suceéssive portions reach 120
the end of said path, thence concomitantly
teeding the blank film into imbibition con-
taet with another matrix film, conducting
the thus ¢ontacting films through a pre-
determined path and then progressively 125
separating the films as they reach the end
of the second path, characterized in that
the spred of the films in one of said paths
is controlled by the speed of a portion of
s_a;;% blank filni outside said last-mentioned
path.
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Dated the 24th day of September, 1928.
2. The method according to claim 1

further characterized in that the speed WM. BREOOKES & SON,
control is effected by that portion of the London & Lancashire House, ;
blank film intermediate said paths. 5, Chancery Lane, London, W.C. 2, |

Chartered Patent Agents. {

Redhill; Printed fcr His Majesty’s Stationery Office, by Tove & Malcomson, Ltd.—1990.
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[This Drawing is a reproduction. of ' the Original on a reduced, scale]
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