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This invention relates to film treating appa 
ratus, particularly developing machines, in which 
the film is exclusively or chiefly transported by 
means of toothless rollers. 
In the known machines of this class the looped 

film passes over several rollers arranged one 
after the other at different levels, and the diffi 
culty connected with the operation of such ma 
chines is to provide for slight uniform tension 
Without subjecting the film to mechanical stress 
ing or damaging it. In some of the known de 
Vices in Which all rollers are driven through 
friction clutches the upper rollers have some 
lead over the last roller. In the rear of every 
shaft driven in this manner and supporting sev 
eral rollers the film forms a loop the length of 
which serves for checking the amount thereof 
delivered and controlling the braking of the 
shaft through friction. Machines of this type 
are expensive, complex in structure, not abso 
lutely reliable in Operation, and stress the film 
due to the development of a relatively strong 
pull. 
To overcome this drawback it has been pro 

posed to employ a fixed drive Without the con 
plex mechanism of friction and brake for the 
lower rollers which then take care of the film 
transport whilst the upper rollers are loosely ar 
ranged on their Shafts. The principle underly 
ing the construction of Such machines also pro 
Wides for imparting to the last roller fixing the 
film Speed and disposed at the outlet of the 
drying chamber a lower circumferential speed 
than to the film transport drum within the ma 
Chine. When the film is in contact With the 
lower driven rollers, more film is transported 
Within the machine than is drawn out of it by 
the last rollers with the result that the film loops 
increase in length and remain free of the lower 
rollers until the last drawing roller at the drying 
chamber has shortened them again and they ara 
in more or less firm contact. With the lower trans 
port rollers. This kind of film transport involves 
constant sliding of the film and rollers, their 
relative motion being greatest when the loop is 
loosely suspended and smallest When the loop is 
drawn tightly against the roller. The pull of 
the film is of course subject to considerable fluc 
tuations entailing corresponding differences in 
the tension of the loops, and as the slip between 
roller and film easily causes Scratches, even the 
slightest relative motion of film and roller, par 
ticularly in case of large machines equipped with 
hundreds of Such rollers, Will finally produce 
Visible mechanical injuries. 
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In order to keep these relative motions as small 
as possible and simultaneously to obtain the 
slightest possible film pull it has further been 
proposed to employ transport rollers of different 
diameters which are greatest at the beginning 
of the machine and gradually decrease toward 
the film outlet. Such an arrangement Consti 
tutes, however, only a small improvement as to 
film pull and film preservation. According to 
another proposal to reduce relative motion to a 
mininnum, Only Some of the rollers are to have 
a fixed drive and decreasing diameters. 
Although the devices mentioned have brought 

about certain impovements, they do not com 
pletely avoid mechanical injuries to the film 
and particularly fail to eliminate fluctuations 
Of the pull. Or to reduce them to a minimum, 
which Would be required to prevent mechanical 
damaging and, above all, stretching of the film. 
tretching occurs particularly in case of incom 

bustible film materials and increases the spac 
ing of the perforations, at least partly, during 
development so that the projected pictures will 
not be steady and the film is damaged, since all 
projectors are designed for a Spacing of per 
forations that is Smaller than that of the raw 
film. 

According to the invention, relative motion of 
the filin aid rollers is completely eliminated and 
a much in ore uniform film pull adjustable as to 
intensity is provided by causing the driving 
rollers to be carried along by the driving shaft 
through bearing friction, whereby relative no 
tion is restricted to a roller and its driving shaft 
and Slip between the film and its driving roller 
is avoided. 
The bearing friction of the film driving rollers 

and that of the rollers driven by the film are 
adjusted So that the desired film tension results, 
the driving roller's being taken along by their 
Shafts at a frictional resistance somewhat greater 
than the Oile that has to be overcome in case of 
the rollers drawn by the film. In further ac 
COrdance With the invention the friction at Which 
each roller is driven is such that substantially 
only those forces are transmitted to the film that 
are required for the film transport in the neigh 
borhood of the roller, so that any number of 
toothless rollerS may be arranged in succession. 

ensile stressing of the film, i. e., the film load, 
nay further be kept constant by the arrange 
ment that the driving power transmitted by fric 
tion to the driving rollers is smaller at a film load 
below the desired value than the bearing fric 
tion that has to be overcome at the driven rollers, 



2 
whereas at a filiin load above the desired value 
the transmitted driving power is greater than the 
friction to be surnounted at the driven rollers. 
This is attained by utilizing the dependence of 

the intensity of friction upon bearing pressure 
which for the upper rollers is combined of the 
double film pull plus roller weight and for the 
lower rollers of double film pull minus roller 
weight, so that at equal film load the bearing 
pressure of the upper rollers is greater than that 
of the lower rollers. Friction at the upper rollers 
cannot fall below a minimum represented by the 
roller weight plus the minimum double film pull, 
whilst at the lower rollers, by Suitable adjustment 
of the roller Weight and film pull, the lowest pos 
sible friction may be brought down to Zero. The 
lowest possible friction at the upper rollers, how 
ever, Will be higher than at the lower Ones, and 
for the same reaSOnS. Depending on the de 
sired film tension, the upper or lower rollers may 
therefore serve as driving rollers, the friction and 
thus the driving power transmitted to the roller 
by friction being in either case influenced by the 
film pull, so that at a decrease in film pull the 
friction and the driving power Will be diminished 
in consequence whereof less film will be conveyed 
and the loops correspondingly increased in size. 
The tension to Which the film is subjected can be 
readily adjusted by fixing the size of the inner 
and Outer diameters of the rollers and the weight 
of the latter and by a corresponding construction 
of the bearings. 
In a form of construction which has been found 

highly useful the lower rollers in the drying cabi 
net are made of synthetic material and disposed 
on brilliantly polished shafts of approximately 20 
mm. diameter, and the upper rollers run in ball 
bearings. In the Wet section, the lower rollers 
consist of synthetic material and are arranged on 
brilliantly polished shafts of approximately 20 
mm. diameter, Whereas the upper rollers are 
mounted on shafts of Smaller diameter and their 
friction is, moreover, reduced by smaller seatings. 

in further accordance With the invention the 
number of revolutions of the Shafts driving the 
film transport drums by friction is regulatable So 
aS to make possible any desired film tension. 

it has been found particularly advantageous 
to make use of a continuous variable speed gear. 
The corresponding shafts may be driven also by 
a motor or motors, this arrangement being ad 
visable when one or more dynamometers control 
ling the film pull, or similar devices, are provided 
for automatically, according to their strokes, in 
suring the desired speed of the shafts. The film 
transport according to the invention gives Satis 
faction in the developing section of the Wet treat 
ment as Well as in the dry treating part, though 
it should be taken into consideration that the 
baths in the Wet section partly vary the bearing 
friction, so that if the bearing construction in the 
dry section is retained in the wet section fric 
tional conditions Will be different and require a 
different speed of the shafts, which may also be 
regulated by a continuous gear to adjust the de 
sired tension. When the differences are too 
great, the variations developing during wet treat 
ment compared with dry treatment should be 
made allowance for in the construction and ar 
rangement of the bearings. 
The invention is illustrated by Way of example 

in the accompanying drawings, in which 
Figure 1 is a plan of a developing machine ac 

cording to the invention; 
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2,838,422 
Fig. 2, a perspective detail view of the develop 

ing machine; 
Fig. 3, a section through a driving roller; 2nd 
Fig. 4 shows the dependence of friction on the 

film load. 
FigS. 5 and 6 are transverse sections through 

the treating tanks showing the driving mecha 
nism for driving the lower, instead of the upper 
filin handling rolls. 
In the drawings, designates a drying cabinet 

and the numbers 2, 2, 2’ refer, respectively, to 
the developing, fixing and washing tanks. The 
machine is driven by a motor 3, and the speed 
of the machine whereby the developing time is 
regulated is controlled by a change Speed gear 
is by means of Which a film drawing drum 5 is 
driven Which determines the film Speed. On the 
same shaft is mounted another gear 6 With the 
aid of which the shafts , , f' and, by friction, 
the transport drums 8, 8, 8' are driven. 

Between the main driving shaft 9 of the drying 
cabinet, and the main driving Shaft of the wet 
section a change gear 0 is provided by means of 
which and of the gear 6 the Speed of rotation of 
the shafts 9 and is so regulated that the de 
sired film tension, controllable by dynamometers, 
not shown, is attained. 

Fig. 2 shows the film guide arranged in a tank 
2. The main driving shaft drives a shaft 2 
on which the film transport rollers 3 are driven 
by friction the intensity of Which is determined 
by the film pull, the weight of the roller and the 
construction of the bearing. 
The Shaft 2 is made of brilliantly polished 

W2A-steel on which the rollers 3 are disposed 
for instance in the manner shown in Fig. 3. The 
rollers 5 driven by the film and mounted on a 
shaft run in ball bearings. As ball bearings 
require per se a very slight power for transport, 
it is necessary to provide for correspondingly 
low friction of the rollers 3 on the shaft f2. 
This is attained by means of the brilliantly pol 
ished shaft 2 and a corresponding construction 
of the bearing faces as well as a corresponding 
fitting of the bore of the rollers 3 relative to the 
diameter of the shaft. 
To compensate for the contraction of the film 

when the machine stops and to insure uniform 
film tension, one of the shafts, preferably the 
non-driven shaft 4, may be springy by consist 
ing of an elastically flexible Steel bar of corre 
sponding thinness. In this way, the film tension 
is taken up by the elastic shaft and not by the 
film Which is only slightly elastic. 

It is possible, however, to drive the lower shaft 
instead of the upper shaft f2. How in this case 

the film load is kept constant, as illustrated in 
Fig. 4 in which, as abscissa, the fin load is 
entered in grams and, as ordinate, the tractive 
force, measured at the circumference of the roller, 
in grams. Curve shows the tractive force devel 
oped at the driving rollers 3 in dependence upon 
film load, and curve 2 shows the tractive force 
prevailing at the driven rollers in dependence 
upon film load. As indicated in the figure, the 
tractive force developing at the diiving rollers 
increases With the film load to a higher degree 
than the tractive force at the driven l'ollers. 
The point of intersection of the two curves is as 
sumed to coincide With the desired filin load value, 
say, 70 grams. The arrangement according to the 
invention functions then as follows: 
Assumed that at a given moment the film load 

is below the desired value, for instance at 50 
grams. It Will be seen that in this case the fric 
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tional force transmitted to the driving rollers is 
Smaller than the friction appearing at the driven 
rollers and acting as braking force. The forces 
retaining the film are therefore greater than the 
forces pulling the film, that is, less film is con 
Weyed than corresponds to the desired value and 
the film load must increase toward the end of 
the machine. The film load increases therefore 
until the desired value of 70 grams has been 
reached. When the drawing and braking forces 
are equal at every point of the machine, the film 
is not loaded anywhere more than 70 grains. If 
the film load increases beyond the desired value 
of 70 g., it is evident that the friction of the driv 
ing rollers pulling the film is greater than that 
of the driven rollers, so that the driving rollers 
tend to convey more film than is drawn out by 
the last firmly driven roller at the end of the na 
chine, in consequence whereof the film loops will 
be lengthened again and thereby decrease the 
film load until a state of equilibrium and thus 
the desired load value have been reached. 
The frictional conditions prevailing between 

the driving and the driven rollers according to the 
invention permit therefore automatic regulation 
of the entire machine to a certain film load. 
The fluctuations in film load depend upon the 
angle or formed by the two curves. If this angle 
is Small, the load Willi fluctuate within larger limits 
than at greater values of the angle c. When the 
film is moved by a means which brakes it through 
friction, a constant additional force arresting the 
film transport appears, which means that the 
curve 2 would extend parailel to itself and up 
Wardly displaced. But even in this case the fric 
tional conditions may be chosen so that the point 
of intersection of the two curves coincides With 
the desired film load value. 
What is claimed is: 
1. In a film handling apparatus the combination 

of a treating tank, means for driving a film 
through said tank, consisting of a driving shaft, 
driving rollei's loosely carried on said driving shaft 
and fictionally driven thereby, and a bearing 
shaft, driven rollers idle running on said bear 
ing shaft, the tension in the driven film being 
such at the driving and the driven rollers as to 
act, together with the effective Weight of rollers, So 
that, due to the resulting bearing-pressure, the 
increase of the transporting effort at the driving 
oilers is greater than the increase of the re 
taining effort in the driven rollers, the said in 
crease of the transporting effort, beginning at 
zero, the increasing of the retaining effort, start 
ing from a constant value, due to the effective 
weight of the driven rollers, forming thereby 
means for automatically compensating the film 
tension at each driving roller in dependance on 
the intensity of the friction and in dependance 
on the speed of the driving shaft, Said driving 
rollers and the driving shaft being disposed in 
the tank between the driven rollers idle running 
on the bearing shaft, the weight of the driving 
rollers being sufficient to compensate the filril ten 
sion in dependance of the bearing pressure of the 
driving rollers at the driving shaft, Varied by the 
tension ninus the said Weight. 

2. In a film handling apparatus the combina 
tion of a treating tank, means for driving a film 
through said tank, consisting of a driving shaft, 
driving rollers loosely carried on said driving shaft 
and frictionally driven thereby, and a bearing 
shaft, driven rollers idle running on said bearing 
shaft, the tension in the driven film being such 
at the driving and the driven rollers as to act to 
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gether with the effective weight of the rollers, so 
that, due to the resulting bearing-pressure, the 
increase of the transporting effort at the driving 
rollers is greater than the increase of the retaining 
effort in the driven rollers, the said increase of 
the transporting effort, beginning at zero, the in 
creasing of the retaining effort, starting from a 
constant value, due to the effective weight of the 
driven rollers, forming thereby means for au 
tomatically compensating the film tension at each 
driving roller in dependance on the intensity of 
the friction and in dependance on the speed of 
the driving shaft, said driving rollers and the 
driving shaft, being disposed in the drying tank 
below the driven rollers idle running on the bear 
ing shaft, the lower driving rollers being made of 
Synthetic-raterial and Inounted on polished 
shafts of approximately 20 mm. diameter, the 
upper driven rollers running in ball bearings. 

3. In a film handling apparatus the combina 
tion of a treating tank, means for driving a film 
through said tank, consisting of a driving shaft, 
driving rollers loosely carried on said driving shaft 
and frictionally driven thereby, and a bearing 
Shaft, driven rollers idle running On said bearing 
shaft, the tension in the driven film being Such at 
the driving and the driven rollers as to act to 
gether with the effective Weight of the rollers, so 
that, due to the resulting bearing-pressure, the 
increase of the transporting effort at the driv 
ing rollers is greater than the increase of the 
retaining effort in the driven rollers, the said in 
crease of the transporting effort, beginning at 
zero, the increasing of the retaining effort, start 
ing from a constant value, due to the effective 
weight of the driven rolliers, forming thereby 
means for automatically compensating the film 
tension at each driving roller in dependance on 
the intensity of the friction and in dependance 
on the speed of the driving shaft, said driven 
rollers idle running on the bearing shaft being dis 
posed in a tank for wet treating the film below 
the driving rollers, slipping on the driving shaft, 
the driving rollers being made of Synthetic-na 
terial and mounted on polished shafts of ap 
proximately 20 mm. diameter, the driven rollers 
being disposed on shafts of smaller diarieter, the 
friction thereof being reduced by Saller seat 
ings. 

4. In a film handling apparatus the combina 
tion of a plurality of treating tanks, means for 
driving a film through said tanks, consisting in 
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each tank of driving rollers loosely, but friction 
ally, carried on a driving shaft and driven roll 
ers idle running on a bearing shaft, the tension 
in the driven film being Such at the driving and 
the driven rollers as to act together with the 
effective weight of rollers, so that, due to the 
resulting bearing-preSSure, the increase of the 
transporting effort at the driving rollers is great 
er than the increase of the restraining effort in 
the driven rollers, the said increase of the trans 
porting effort, beginning at Zero, the increasing 
of the restraining effort, starting from a con 
stant value, due to the effective weight of the 
driven rollers, forming thereby means for auto 
matically compensating the film tension at each 
driving roller in dependance on the intensity of 
the said friction due to the bearing pressure at 
each driving roller and in dependence on the 
speed of the driving shaft and means for vary 
ing the speed of the driving shafts. 

5. In a film handling apparatus the combina 
tion as claimed in claim 4 the means for varying 
the Speed of the driving shafts comprising a con 
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tinuous change speed gear intermediate between 
the driving power and the driving shafts. 

6. In a film handling apparatus the combina 
tion as claimed in claim 4 the means for varying 
the Speed of the driving shafts comprising a con 
tinuous change Speed gear intermediate between 
the driving power and the driving shafts, the 
speed ratio of the driving shafts of the Wet treat 
ing tanks being different With respect to the ratio 
of driving shafts in the dry treating tanks. 

'7. In a film handling apparatus the combina 
tion as claimed in claim 4 the means for varying 
the Speed of the driving shafts comprising a con 
tinuous change Speed gear intermediate between 
the driving power and the driving shafts, the 
Speed ratio of the driving shafts of the Wet treat 
ing tanks being variable With respect to the ratio 
of driving shafts in the dry treating tanks. 

8. In a film handling apparatus the combina 
tion of a treating tank, means for driving a film 
through said tank, consisting of a driving shaft, 
driving rollers loosely Carried on Said driving 
shaft and frictionally driven thereby, and a bear 
ing shaft, driven rollers idle running on said 
bearing shaft, the tension in the driven film be 
ing such at the driving and the driven rollers 
as to act together with the effective weight of 
rollers, so that, due to the resulting bearing 
pressure, the increase of the transporting effort 
at the driving roller's is greater than the increase 
of the retaining effort in the driven rollers, the 
said increase of the transporting effort, begin 
ning at Zero, the increasing of the retaining ef 
fort, starting from a constant value, due to the 
effective weight of the driven rollers, forming 
thereby means for automatically compensating 
the film tension at each driving roller in de 
pendance on the intensity of the friction and in 
dependence on the speed of the driving shaft, 
the shafts particularly the non-driven shafts be 
ing elastic. 

9. In a film handling apparatus the combina 
tion as claimed in claim 4 the means for vary 
ing the Speed of the driving shafts comprise a 
change speed gear intermediate between the 
driving power and the driving shafts the speed 
ratio of the driving shafts of the Wet treating 
tanks being different With respect to the ratio 
of driving shafts in the dry treating tanks. 

10. In fina handling apparatus, in combina 
tion, a treating tank, a positively acting film 
driving means for dra Wing a film through said 
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tank and means for driving the film through said 
tank toward said positively acting driving means 
comprising a driving shaft, driving rollers car 
ried by said driving shaft and frictionally driven 
thereby, a second shaft, and driven rollers run 
ning idle on said shaft arranged to be driven by 
the film Whereby upon increase of tension in the 
film, the driving effect of said frictional driven 
rollers is increased, Substantially as and for the 
purposes described. 

i1. In film handling apparatus, in combina 
tion, a treating tank, positively acting means for 
drawing a film through said tank at predeter 
mined speed, and auxiliary means for driving 
the film through said tank comprising an upper 
driving shaft, driving rollers frictionally driven 
thereby, a lower shaft, and idle rollers on said 
lower shaft arranged to be driven by the film, 
Whereby upon increase of tension in the film 
the driving effect of the auxiliary driving means 
is increased, Substantially as and for the purposes 
described. 

12. In a film handling apparatus the combina 
tion of a treating tank, means for driving a film 
through Said tank, consisting of a driving shaft, 
driving rollers loosely carried on said driving 
shaft and frictionally driven thereby, and a bear 
ing shaft, driven roller's idle running on said 
bearing shaft, the tension in the driven film be 
ing such at the driving and the driven rollers as 
to act together with the effective weight of roll 
ei'S, so that, due to the resulting bearing-pres 
Sure, the increase of the transporting effort at 
the driving rollers is greater than the increase 
of the retaining effort in the driven rollers, the 
Said increase of the transporting effort, begin 
ning at Zero, the increasing of the retaining ef 
fort, starting from a constant value, due to the 
effective weight of the driven rollers, forming 
thereby means for automatically compensating 
the film tension at each driving roller in de 
pendance on the intensity of the friction and in 
dependance on the speed of the driving shaft, the 
fiction of each driving roller being adjusted to 
drive this roller With a pulling force correspond 
ing at least to the restraining power of the pre 
ceding driven roller idle running on the bearing 
shaft and the frictional drag placed upon the 
film passing through the medium in the treating 
tank on the section from that preceding to the 
Said driving roller. 

WALTER, GEYER. 


