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My present invention relates to an apparatus for proc 
essing exposed sheets of photographic material, including 
a container adapted to receive a succession of treatment 
liquids, as well as to a method of treating photographic 
material in such container. This application is a con 
tinuation-in-part of my copending application Ser. No. 
214,614 filed August 3, 1962, now abandoned. 

In my prior application I have disclosed an apparatus 
for the treatment of photographic materials wherein an 
elongated container is substantially horizontally disposed 
and has a substantially semicyclindrical lower portion 
which can be closed by a complementary cover portion 
to form a partly cylindrical treatment chamber, a drum 
being rotatably disposed in that chamber for rotation 
about the cylinder axis and being provided with means 
for temporarily attaching the sheets to be treated to 
the drum surface. A plurality of storage tanks hold the 
necessary treatment liquids which are to be successively 
supplied to the container and removed therefrom via 
respective inlet and outlet pipes for maximum avoidance 
of mutual contamination of the several solutions. The 
admission and removal of these liquids, as also of flush 
ing water where required, at predetermined points of an 
operating cycle is controlled by a suitable timing device, 
e.g. of the card controlled type. 
My present invention has for its object the provision of 

further improvements in such a system including, partic 
ularly, the means for controlling the removal of spent 
solution from the treatment container and for maintain 
ing the proper composition of the treatment liquors to be 
admitted thereto. 
An important feature of this invention, disclosed and 

broadly claimed in my prior application, resides in the 
provision of a bottom recess in the treatment container 
in which the inlets of the tubes serving to return the 
liquids to their tanks are disposed at axially spaced loca 
tions, along with a drain tube for flushing Water and/ 
or solution residue, and are individually provided with 
solenoid controlled valves. The associated solenoids, 
pursuant to a more specific feature of my invention, are 
carried on arms which are rigid with the respective valve 
bodies and extend skew to the cylinder axis underneath 
the container, the valves having caps operatively linked 
with the solenoid cores by substantially horizontal levers 
whereby any danger of leakage of liquid into the solenoid 
is obviated. 
A further feature of this invention resides in a method 

of regenerating the spent solutions by returning only a 
portion of each solution to its storage tank while allow 
ing a definite residue to remain in the bottom recess from 
which it can readily be drained off, a commensurate quan 
tity of fresh solution being admitted into the tank at the 
end of each operating cycle; for this purpose it will be 
convenient to elevate the inlets of the return tubes within 
the bottom recess above the level of the drain tube, the 
extent of elevation determining the amount of residue 
which remains in the recess upon the emptying of the 
container by way of one of the solenoid controlled valves. 
The replenishing of the contents of each storage tank, 
which may be initiated by the timer and halted by a level 
controlled (e.g., float-type) switch, when carried out im 
mediately after the last treatment step will enable the 
freshly added solution to assume the proper treatment 
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temperature at which the tanks are advantageously main 
tained by a surrounding bath. 
The above and other objects, features and advantages 

of my invention will become more fully apparent from 
the following detailed description of a preferred embodi 
ment, reference being made to the accompanying drawing 
in which: 

FIG. 1 is a longitudinal sectional view of an apparatus 
according to my invention; 

FIG. 2 is an end view taken in direction of arrow II in 
FIG. 1; 

FIG. 3 is an enlarged sectional view of a drainage valve 
used in the apparatus, taken on the line III-III of FIG. 1; 

FIG. 4 is a graph showing the timing of the several 
treatment steps; and 

FIG. 5 is a detail "view illustrating a modification. 
As illustrated particularly in FIG. 1 of the drawing, 

the apparatus according to the invention is provided with 
an elongated container 2, shaped semicylindrically in its 
lower portion, which is adapted to be sealed against inci 
dental light by a cover 1 and is horizontally mounted on 
the two upper arms 3 of a frame 4. In this container 2 a. 
closed cylindrical drum 5 is mounted so as to be rotatable 
with small peripheral clearance about its horizontal longi 
tudinal axis, the shaft 6 of the drum being journaled in 
the end walls of the container. Drum 5 may be driven 
continuously in the direction of the arrow 9 by an elec 
tric motor 7 through a V-belt 8. The periphery of drum 
5 is provided with a plurality of parallel bars 11, held 
spaced from its surface by blocks 22, 22', for securing 
to it one or more sheets of photographic material which 
are to be treated. Each bar 11 carries a series of clips 
23 by which the photographic films or papers are held so 
that liquid can pass over both surfaces thereof, the sheets 
12 being thus positionable side by side and also in over 
lapping relationship on adjoining bars 11. 
The lower part of frame 4 further contains a basin 13 

surrounding three tanks 14a, 14b, 14c which are adapted 
to receive different liquids for treating the photographs, 
e.g., developer, stop-bath and fixing solutions, respectively. 
In order to permit these liquids to be passed successively 
from the storage tanks 14a, 14b, 14c into the container 2 
Without danger that they might contaminate and ruin one 
another, each tank is provided with a separate feed pipe 
17a, 17b, 17c which terminates in the container 2 and is 
also connected to a pump 21a, 21b, 21c for driving the re 
spective processing liquid upwardly into the container 2. 
Each tank 14a, 14b, 4c has a volume considerably less 
than that of container 2 whereby it can be emptied into 
that container without raising the liquid level therein 
much above the nadir of drum 5, as shown in FIG. 1. 

In order to avoid a mutual contamination of the proc 
essing liquids also when they are being discharged from 
the container 2, the latter is connected by three separate 
return pipes 24a, 24b, 24c and quick-acting gate valves 
27a, 27b, 27.c to the respective tanks 14a, 14b and 14c. 
These valves. 27a, 27b, 27c, which have a relatively large 
flow area and are controlled by separate solenoids 26a, 
26b, 26c, are connected to the floor of a narrow trough 32 
which forms a bottom recess in the container 2 for col 
lecting even the last residues of the several treatment solu 
tions and returning all but a measured residue thereof 
through the respective solenoid valves to their original 
tanks. A suitable vent 68 with a hood 69 is provided on 
each tank to facilitate filling and emptying. 

Since it is usually necessary to wash the photographic 
material 12 between the individual processing steps, the 
apparatus is further provided with a water-supply line 33, 
as shown particularly in FIG. 2, which also terminates in 
the container 2 and contains a solenoid valve 34 for con 
trolling the Water supply. For preventing the container 2 
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from being filled excessively with rinse water, it is fur 
ther provided with an overflow pipe 35 whose open end is 
disposed at a suitable level to determine the maximum 
amount of water in the container 2. For the discharge 
of the water from the container 2 after each flushing step, 
another quick-acting solenoid valve 36 is disposed at the 
bottom of trough 32 in the inlet of a drain pipe 37 which 
merges with the overflow pipe 35. Container 2 is vented 
to the atmosphere by pipe 35 and, if desired, by further 
light-excluding passages (not shown) provided, for ex 
ample on the sides of cover 1. 

Since in the developing process of photographic mate 
rials it is of the greatest importance that the processing 
liquid is maintained at a proper temperature, the basin 3 
containing the tanks 14a, 4b, 14c is filled with water 
which may be supplied through a branch 38 of line 33 
and may, if necessary, be circulated by a pump 4 through 
pipes 39 which are connected to the basin 13. If it be 
comes necessary to increase the temperature of the water 
bath in basin 13, one or more electric heating elements 
42 extending into the basin may be switched on. For 
cooling the bath, cold water is supplied to the basin 13 
and, if desired, circulated through it. The maximum level 
of water in basin 13 is determined by an overflow pipe 43 
which is likewise connected to the drain pipe 35. 
The construction of the valves 2.7a, 27b and 27c, and 

the manner in which they are secured to the container 2 
at the bottom of its trough 32, will now be described with 
reference to FIG. 3 which particularly illustrates the valve 
27a, the latter being representative of all the valves in the 
trough 32. Valve 27a has a cup-shaped body 5 which 
traverses a bore 62 in the floor of the trough 32 and whose 
open upper end is overlain by a cap 52 bearing by an an 
nular flange 52' upon a packing ring 53 to form a tight 
seal therewith. The cap 52, which is upwardly convex 
to minimize the accumulation of liquid thereon, is fastened 
to a vertical stem 54 provided at its lower end with a 
shoulder 54'; a compression spring 55 bears upon the 
shoulder 54 and upon the end of a thimble-shaped boss 
56 rising rigidly from the floor of cup 51, a packing disk 
57 being disposed in that boss to form a fluid-tight seal 
around the stem 54. Cup 51 is rigid with a horizontal 
arm 50 which extends skew to the cylinder axis of con 
tainer 1 and forms a base for the solenoid 26a supported 
thereon in a position laterally offset from the associated 
valve 27a. The lower extremity 54' of stem 54 passes 
through a hole 50' in arm 50 and is articulated, with the 
necessary play, to a lever 58 pivoted at 59 to a stud 50' 
depending from arm 50. The other extremity of lever 58 
is similarly articulated to a vertically movable core 61 of 
an electromagnet 60 forming part of the solenoid 26a. 
The Solenoid is so designed that, upon energization of its 
magnet 60, core 61 is attracted downwardly so that lever 
58 lifts the stem 54 and the valve cap 52 against the pres 
Sure of their restoring spring 55. Thus, valve 27a remains 
tightly closed as long as the solenoid 26a is cut off from 
its current source. 
The flexible upper portion of the discharge tube 24a 

associated with valve 27a terminates at a lateral port 51' 
close to the bottom of cup 51. The entire assembly 26a, 
50, 27 a can be raised or lowered, with reference to the 
container 2 and its trough 32, upon a loosening of a clamp 
ing ring 46 which surrounds the cup 51 with clearance 
and is screwed onto a threaded boss 63 depending from 
trough 32. A resilient ring 67 of rubber or the like, nor 
mally held under compression in a recess of boss 63 by 
the clamping ring 64, permits the cup 51 to move with 
sliding fit in the bore 62 when the clamping pressure is 
removed. As soon as the top of cup 51 has been posi 
tioned at the proper level above the floor of trough 32, 
ring 64 is tightened to compress the ring 67 which in turn 
exerts radial friction upon the cup 51 to hold the assem 
bly in place. 
The general manner of operation of the apparatus ac 

cording to the invention is as follows: 
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A. 
After each sheet of photographic material 12 has been 

secured under the proper darkroom light to the surface 
of drum 5 by one or more clips 23 on the supporting bars 
11 and after the cover has then been closed so that the 
container 2 as well as the drum 5 are completely shielded 
from light, the bright room illumination may be switched 
on. A program record 44, such as a punch card, is then 
inserted into the timing unit indicated diagrammatically 
at 45, this unit being thereupon started by depressing a 
pushbutton switch, not shown. The timer 45, which then 
carries out all further control functions by delivering the 
required electrical impulses, first starts the electric motor 
7 so as to rotate the cylinder 5 in the direction of the 
arrow 9 as shown in FIG. 2. A further impulse then 
starts the pump 2: a which is associated with tank 4a 
and thus transfers the processing liquid from this tank to 
the container 2. After the first processing step has been 
completed, the next impulse given by the control unit 45 
causes the quick-acting valve 27a to open so that the first 
processing liquid can flow rapidly from the container 2 
back into the tank 14.a. If a washing step has to be in 
terposed between two successive processing steps, a fur 
ther impulse given by the control unit 45 opens the sole 
noid valve 34 so that flushing water flows into the con 
tainer 2 until it has reached the level of the mouth of the 
overflow pipe 35. After the washing step has been com 
pleted, another impulse from the control unit 45 opens 
the quick-acting valve 36 so that the water will rapidly 
run out of the container 2. Thereupon, pump 21b is 
started to drive the processing liquid from tank 14b up 
wardly into the container 2. When the second treatment 
step is completed, the quick-acting valve 27b is opened 
so that this processing liquid also flows back to its tank 
14b. Finally, pump 21c is started so that the processing 
liquid in the third tank 4c is delivered to the container 2, 
the liquid being subsequently drained off by the operation 
of the quick-acting valve 27c after this processing step is 
also completed. Of course, if necessary, an intermediate 
washing step may also be interposed between the second 
and third processing steps by a repetition of the same 
functions of the control unit and the associated valves 
as were carried out for the first washing treatment. After 
the photographic material 12 has been completely proc 
essed in the container 2 and the motor 7 has been switched 
off to stop the rotation of drum 5, it is merely necessary 
to open the cover and to remove the material 2 from 
the drum. 

During the rotation of drum 5, the photographic ma 
terial 12 to be processed is taken along continuously and 
drawn through the respective processing liquid in the 
container 2. A part of the processing liquid then also 
passes behind the photographic material to the back 
thereof, between the drum surface and the bars 11, and 
lifts the unclamped part of each sheet off the cylinder 
surface so that both sides of the sheet 2 will be inten 
sively acted upon by the processing liquid. 

In the foregoing description it has been assumed that 
all the valves. 27a, 27b, 27.c are in the same position as 
the drain valve 36, i.e. flush with the bottom of trough 
32. I have found, however, that in many instances 
particularly if a large amount of material has to be proc 
essed in a succession of several treatment cycles-it will 
be desirable to regenerate the spent solutions after each 
cycle and that, for this purpose, it is advantageous to re 
turn only a portion of each solution to its tank while let 
ting a controlled amount thereof go to waste. This is 
accomplished in the present system by the selective ele 
vation of the valves 27a, 27b, 27c above the bottom of 
trough 32 in the manner described wtih reference to FIG. 
3, as has been illustrated in FIG. 1. Thus, FIG. 1 shows 
the valve 27a projecting a certain distance above the floor 
of trough 32 whereby, when this valve is opened, a pool 
of a first processing liquid (e.g. developer) will remain 
in the trough, this residue being then drained off by a 
pipe 37 upon an opening of valve 36. Similarly, valve 
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27b, is shown in an elevated position so that the corre 
sponding liquid (e.g. stop bath) also leaves a predeter 
mined amount of residue in the trough 32 for Subsequent 
removal by way of pipes 37, 35. In the same manner a 
portion of the third processing liquid (e.g. fixing Solu 
tion) is left over, as determined by the elevation of valve 
27c, and subsequently discarded. 

FIG. 5 shows a modification in which a trough 132 has 
a stepped bottom, with the valves. 27a, 27b, 27.c disposed 
at the levels of the several steps above the valve 36 which 
again is at the very bottom of the trough. In this case, 
the valves may be permanently secured to the container 
bottom if no readjustment of the proportion of residue 
is required. 
The regeneration of the treatment solutions proceeds 

by replenishing the contents of each tank to compensate 
for the wasted residue (and also for the small amount 
of liquid adhering to the work and the drum and con 
tainer surfaces after each treatment step), fresh solution 
being available for this purpose in respective reservoirs 
of which one has been illustrated at 46c in FIG. 2. The 
reservoir 46c is connected via a supply line 47c, contain 
ing a solenoid valve 48c, with its associated storage tank 
14c which it enters at the top through a level-controlled 
valve 49c, the corresponding valves and supply lines of 
the other tanks 14a, 14b are shown at 49a, 47a and 49b, 
47b. Valve 48c and its companion valves 48a, 48b, 
shown diagrammatically in FIG. 4, are operatively con 
nected to the timer 45 by wires 66; the conductors con 
necting the other solenoid valves to the timer, as well as 
the current source therefor located within the timer, have 
not been illustrated. 
Whereas the valves 48a, 48b, 48c control the admis 

sion of fresh liquid into the storage tanks, the duration 
of the flow is controlled by respective floats 65 (FIG. 1) 
so that each tank is always refilled to a predetermined 
level. This level should, of course, be so selected that 
the liquid in container 2 will not rise beyond the top of 
overflow pipe 35 when the contents of the tank are dis 
charged into the container. 

In FIG. 4 I have shown diagrammatically a treatment 
cycle using the three tanks 14a, 14b, 14c and their asso 
ciated pumps and valves as well as a source of flushing 
Water represented by the pipe 33 and its control valve 34. 
The diagram is designed to show only the relative order 
of the timing pulses emitted by control unit 45 and is not 
intended to depict accurately the relative duration of each 
treatment step; these steps, in fact, may last from a few 
Seconds to as long as 15 minutes or more, depending upon 
the specific processing method employed, as is well known 
in the photographic art. 
The operating cycle of the timer begins with the ener 

gization of motor 7, as shown in graph A of FIG.4, which 
remains operated until substantially the end of the cycle. 
The timer thereupon briefly operates the pump 21a (graph 
B) to admit developer from tank 14a into the container 
2. After the proper treatment interval, a pulse is supplied 
to solenoid 26a (graph F) to return the developer to its 
tank with the exception of a controlled amount of resi 
due. Thereupon, as per graph I, solenoid 31 of valve 36 
is operated to drain off that residue. Immediately there 
after, pump 21b (graph C) delivers the stop bath to the 
container 2. After a further treatment interval, Solenoid 
26b responds to a pulse from the timer (graph G) to 
return part of the spent solution to its tank 14b, the resi 
due being drained off immediately afterwards by reoper 
ation of valve 31 (graph I). Next, solenoid valve 34 
is opened (graph E) to admit rinse water to the container 
2 in a prolonged flushing step in which the overflow is 
discharged via pipe 35. Upon the reclosure of valve 34, 
solenoid 31 reoperates (graph I) to permit the removal 
of the remaining rinse water along with all traces of the 
processing liquids previously used. Pump 21c is then 
put into operation to transfer the fixing solution from 
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6 
tank 14c to container 2. Upon completion of the fixing 
step, solenoid 26c (graph H) opens its valve 27c to return 
part of the solution to its tank, the remainder being Sub 
sequently drained off as solenoid 31 (graph I) is briefly 
reenergized. Now, the aforedescribed flushing step 
(graph E) is repeated by a reopening of solenoid valve 
34, the rinse water being then drained off along with any 
traces of fixing bath as solenoid 31 (graph I) operates 
once more. At this time the cover 1 of the processing 
container 2 may be opened, manually or by timer con 
trolled automatic means not shown, whereupon the rota 
tion of drum 5 by the motor 7 (graph A) may continue 
for a while to help dry the photographic material. Fi 
nally, either before or after the drum motor 7 has come 
to rest, solenoid valves 48a, 48b and 48c are opened, as 
shown in graphs J, K and L, for a time long enough to 
supply fresh solution to the tanks 14a, 14b and 14c, the 
amount of the supply being controlled by the respective 
floats 65, independently of the timer, as previously de 
scribed. 
Although the fresh solutions can be admitted to the 

storage tanks also at the beginning of the next treatment 
cycle rather than at the end of the preceding one, the 
latter procedure is preferred since it enables the liquids 
to assume the proper temperature as determined by the 
Water bath in vessel 13 under the control of heating and 
cooling means 42 and 39, 41. 
Though the particularly illustrated embodiment of my 

invention includes only three tanks for different process 
ing liquids and their associated equipment, the apparatus 
may of course be expanded so as to permit a consider 
ably larger number of processing liquids to be successively 
applied. It is then possible also to carry out developing 
processes which require a large number of different treat 
ment Solutions or to use successions of different develop 
ing processes on different photographic materials. For 
this purpose it is then only necessary to insert different 
program cards 55, which are suitably prepared, into the 
control unit 45. 
My invention, moreover, is not limited to the structural 

details described and ilustrated but is capable of numer 
ous modifications within the scope of the appended claims. 

I claim: 
1. An apparatus for processing exposed sheets of pho 

tographic material, comprising: 
an elongated horizontal container provided with a sub 

stantially semicylindrical lower portion having a bot 
tom recess; 

cover means forming an upper portion complementary 
to said lower portion for sealing the interior of said 
container against incident light; 

a horizontal drum provided with holder means for said 
sheets and disposed with small peripheral clearance 
in said container for rotation about the axis of said 
semicylindrical portion; 

a plurality of tanks for storing different treatment liquids; 
individual conduits leading from said tanks to said con 

tainer and terminating above the bottom thereof; 
pumps in said conduits for delivering any of said 

treatment liquids from the respective tank to said 
container; 

Separate tubes leading from axially spaced locations of 
said container to said tanks for the return of the 
respective liquids thereto, said tubes having elevated 
inlets in said bottom recess; 

individual valves in said inlets normally blocking said 
tubes; 

a source of flushing water including a pipe opening 
into said container above the bottom thereof; 

a drain tube opening from below into said bottom 
recess below the level of said inlets for removing 
flushing water and residual treatment liquids from 
said container; 
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a further valve in said bottom recess normally block 
ing said drain tubes; 

timer means for actuating said pumps, said source and 
said valves in a predetermined order for successively 
admitting and removing selected treatment liquids 
and flushing water to and from said container; 

drive means for rotating said drum about said axis dur 
ing an operating cycle of said timer means; 

and supply means for restoring the contents of each 
tank to a predetermined level at the end of said 
operating cycle, said supply means comprising a 
plurality of reservoirs for said liquids each connected 
to a respective tank, additional valves controlled 
by said timer means in the connections between said 
reservoirs and said tanks, and level-controlled shutoff 
means in said connections. 

2. An apparatus as defined in claim i wherein each of 
said valves comprises a cup adjustably extending from 
below into said bottom recess, a closure cap overlying said 
cup, a vertical stem secured to said valve cap and passing 
downwardly through said cup, a substantially horizontal 
arm rigid with said cup and disposed skew to said axis 
below said bottom recess, a solenoid controlled by said 
timer means and mounted on said arm alongside said cup, 
and a lever fulcrumed to said arm, said lever extending 
below said arm and operatively linking said stem with said 
solenoid. 
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3. A method of processing exposed sheets of photo 

graphic material in a container having connections to a 
plurality of storage tanks for different treatment solutions, 
comprising the steps of admitting each solution into said 
container at a predetermined point in an operating cycle, 
moving a sheet to be processed through the solution in 
said container, returning part of the spent solution from 
said container to its storage tank and draining off a con 
trolled amount of residue prior to admission of the next 
Solution, and regenerating the contents of each storage 
tank by the introduction of a commensurate quantity of 
fresh solution at the end of each operating cycle. 
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