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57) ABSTRACT 
Liquid circulation apparatus is adapted to furnish me 
tered quantities of photographic processing solution to 
a photographic material processing station, on a de 
mand basis, and to accumulate spent solution empty 
ing from the processing station in a waste container. In 
operation, the metered solution quantities are drawn 
from a fixed volume reservoir and fed to the process 
ing station by means of a solution reservoir bellows 
and cam pump assembly. A processing solution stor 
age bag of the kind which is to be discarded after 
completed removal of the processing solution, supplies 
the processing solution to the fixed volume reservoir 
for use at the processing station. For ecology pur 
poses, any unused processing solution remaining in the 
solution supply bag is removed, prior to discarding 
such bag, by a scavenging pump which draws the un 
used solution into the fixed volume reservoir. If the 
amount of processing solution in the fixed volume res 
ervoir exceeds a given quantity, then the excess solu 
tion will be fed by the scavenging pump from the fixed 
volume reservoir into the waste container. 

6 Claims, 4 Drawing Figures 

  



PATENTEDJAN29 1974 3,788,349 
SHEET 1 OF 2 
8 

l 3. 
S N i yAA N 

3 5 

g- (+) "\L 

  

  



PATENTEDJAN29 974 3,788,349 
SHEET 2 OF 2 

  



3,788,349 
1 

LIQUID CIRCULATION APPARATUS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

Reference is made to commonly assigned, copending 
U.S. Pat. Application Ser. No. 120,017, entitled APPA 
RATUS FOR PIERCING A CONTAINER, filed in the 
name of Lloyd A. Mengel on March 1, 1971, and now 
U.S. Pat. No. 3,688,399 issued on Sept. 5, 1972. 

BACKGROUND OF THE INVENTION 
l. Field of the Invention 
The present invention relates to photography and, in 

particular, to apparatus for processing photographic 
material by fluid-treating such material. 

2. Description of the Prior Art 
Liquid circulation apparatus which is adapted to fur 

nish metered quantities of photographic processing so 
lution to a photographic material processing station 
and to accumulate spent solution emptying from the 
processing station in a waste container, is generally 
known. See, for example, U.S. Pat. Nos. 2,989,911 and 
3,149,550. Recently, a processing solution supply 
package has become available to the trade, consisting 
essentially of a collapsible solution holding bag which 
is to be discarded after removal of the processing solu 
tion. In use with the liquid circulation apparatus, the 
bag is punctured and the processing solution is gradu 
ally removed to enable processing of photographic ma 
terial at the processing station. The bag contains a suffi 
cient quantity of processing solution to process a fixed 
amount of photographic material. After the fixed 
amount of photographic material has been processed, 
the punctured bag is discarded and a fresh solution 
holding bag substituted therefor. However, some un 
used processing solution may still remain in the punc 
tured bag. This residual unused processing solution 
tends to have a negative ecological affect, when dis 
carded with the punctured bag. Moreover, such prac 
tice of less-than-total usage of the processing solution 
may contribute to the expense of processing the photo 
graphic material. 
Generally, liquid circulation apparatus which is 

adapted to furnish metered quantities of processing so 
lution to a photographic material processing station in 
cludes, as shown in U.S. Pat. No. 3,149,550, several 
piston pumps for effecting the solution metering. Each 
piston pump is provided with a solution holding cham 
ber and with a piston mounted for reciprocal move 
ment within the chamber. In operation, movement of 
the piston in one direction serves to draw a regulated 
amount of processing solution into the chamber and 
movement of the piston in an opposite direction serves 
to expel the same amount of processing solution from 
the chamber. However, since the means for effecting 
reciprocal movement of the piston usually includes a 
piston drive shaft which extends through an opening in 
the chamber, leakage of processing solution about this 
chamber opening may occur. 

SUMMARY OF THE INVENTION 

It is therefore a general object of the present inven 
tion to provide liquid circulation apparatus which is im 
proved so as to avoid the foregoing difficulties existing 
with respect to those devices previously known. 
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2 
Another object of the present invention is to provide 

liquid circulation apparatus which is adapted to sub 
stantially completely draw off liquid from a liquid sup 
ply container prior to discarding such container. 
Yet another object of the present invention is to pro 

vide a pump, for use in liquid circulation apparatus, 
which is generally leakproof. 

In accordance with a preferred embodiment of the 
present invention there is disclosed, in detail hereinaf 
ter, liquid circulation apparatus which is adapted to 
furnish metered quantities of photographic processing 
solution to a photographic material processing station, 
on a demand basis, and to accumulate spent solution 
emptying from the processing station in a waste con 
tainer. In operation, the metered solution quantities are 
drawn from a fixed volume reservoir and fed to the pro 
cessing station by means of a solution reservoir bellows 
and cam pump assembly. A processing solution storage. 
bag of the kind which is to be discarded after con 
pleted removal of the processing solution, supplies the 
processing solution to the fixed volume reservoir for 
use at the processing station. For ecology purposes, any 
unused processing solution remaining in the solution 
supply bag is removed, prior to discarding such bag, by 
a scavenging pump which draws the unused solution 
into the fixed volume reservoir. If the amount of pro 
cessing solution in the fixed volume reservoir exceeds 
a given quantity, then the excess solution will be fed by 
the scavenging pump from the fixed volume reservoir 
into the waste container. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above-mentioned and other features and objects 
of the present invention and the manner of obtaining 
them will become more apparent by reference to the 
following detailed description of a preferred embodi 
ment of such invention taken in conjunction with the 
accompanying drawings, wherein: 
FIG. 1 is an elevation view of liquid circulation appa 

ratus which is adapted to furnish metered quantities of 
photographic processing solution to a photographic 
material processing station and to accumulate spent so 
lution emptying from the processing station, in accor 
dance with a preferred embodiment of the present in 
vention; 
FIGS. 2 and 3 are elevation views of a solution reser 

voir bellows and cam pump assembly for use in the liq 
uid circulation apparatus, schematically showing the 
manner of operation of such assembly; and 
FIG. 4 is a schematic diagram of an electrical circuit 

for the solution reservoir bellows and cam pump assem 
bly. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

It may be well before proceeding with a description 
of the preferred invention embodiment to first consider 
a photographic processing solution supply package 
with which such invention embodiment can be used. 
Referring to FIG. 1, there is shown a photographic pro 
cessing solution supply package 1 of the kind which is 
to be discarded after removal of a photographic pro 
cessing solution 2. The package i consists essentially of 
a box-like enclosure 3 in which is located a collapsible, 
solution holding bag or bladder 4. The bag 4 is con 
structed of a flexible material, such as a suitable artifi 
cial rubber, and can be punctured at a neck-like exten 
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sion 5 in order to remove the processing solution 2. As 
the processing solution 2 is removed from the bag 4, 
the bag gradually collapses and air is drawn into the en 
closure 3, through an enclosure opening 6, to occupy 
a space formerly occupied by the bag. Of course, in 
place of the enclosure opening 6, other means can be 
provided to facilitate the drawing of air into the enclo 
sure 3. For example, the enclosure 3 can be con 
structed of a porous material, such as a cardboard, 
through which air can readily flow. 
Coming now to the preferred invention embodiment, 

there is shown in FIG. 1, liquid circulation apparatus 
generally indicated by the reference number 7 and 
which is adapted for use with the photographic process 
ing solution supply package 1. In use with the package 
1, the liquid circulation apparatus 7 furnishes metered 
or regulated quantities of the photographic processing 
solution 2 to a photographic material processing station 
8, on a demand basis, and accumulates spent solution 
2' emptying from the processing station in an open, 
waste container 9. Each metered quantity of the pro 
cessing solution 2 is drawn from a closed, fixed volume 
reservoir 10 and fed to the processing station 8 by 
means of a solution reservoir bellows 11 and a cam 12. 
As can be realized from FIG. 1, the fixed volume reser 
voir 10 receives the processing solution 2 from the so 
lution holding bag 4. For ecology purposes, any unused 
processing solution 2 remaining in the bag 4 is re 
moved, prior to discarding the bag, by a scavenging 
pump 13 which draws the residual unused solution into 
the fixed volume reservoir 10. If the amount of process 
ing solution 2 in the fixed volume reservoir 10 should 
exceed a given quantity, then, as will become apparent 
from the description hereinafter, such excess solution 
will be fed by the scavenging pump 13 from the fixed 
volume reservoir into the waste container 9. 
A hollow piercing member 14 is mounted on a shelf 

15 for the purpose of puncturing the solution holding 
bag 4, at the neck-like extension 5, after the photo 
graphic processing solution supply package 1 has been 
placed on the shelf in the manner shown by FIG. 1. Fur 
ther structural details of the piercing member 14 are 
disclosed in commonly assigned, copending U.S. Pat. 
Application Ser. No. 120,017, now U.S. Pat. No. 
3,688,399 issued on Sept. 5, 1972. As viewed in FIG. 
1, the shelf 15 supports the package 1 at an elevation 
which is higher than that of the fixed volume reservoir 
10. Accordingly, the force of gravity will initially cause 
some of the photographic processing solution 2 to flow 
from the bag 4 into the piercing member 14 via a solu 
tion ingress opening 16 in the piercing member and 
from the piercing member into the fixed volume reser 
voir 10 via a conduit 17 which hydraulically intercon 
nects the piercing member and the fixed volume reser 
voir. Any air bubbles flowing with the processing solu 
tion 2 from the solution holding bag 4 into the fixed 
volume reservoir 10 will rise above the solution level in 
the fixed volume reservoir. In this way, the fixed vol 
ume reservoir 10 serves as a bubble chamber which re 
moves any air bubbles from the processing solution 2. 
As shown in FEG. 4, the closing of a normally open 

push button switch 18 completes an electrical circuit 
through a drive motor 19, thereby energizing the drive 
motor to simultaneously rotate the can 12 and a can 
drive shaft 20 in a counterclockwise direction generally 
indicated by the arrow 21 in FIG. 2. As can be seen 
from a comparison of FIGS. 1 and 2, this counterclock 
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4. 
wise rotation of the can drive shaft 20 serves to move 
a pressure roller 22 out of a peripherally located notch 
23 in the shaft. Since the pressure roller 22 is rotatably 
mounted on a resiliently flexible finger member 24 of 
a normally open microswitch 25, movement of the 
pressure roller out of the shaft notch 23 results in a 
closing of the microswitch to complete another electri 
cal circuit through the drive motor 19 (see FIG. 4). At 
this time, if the push button switch 8 is released to 
open, the drive motor 19 will remain energized. 
Again comparing FIGS. and 2, counterclockwise 

rotation of the can 12 causes an eccentric can portion 
26 to move a cam follower 27, against the urging of a 
helical compression spring 28, in a vertically upward 
direction generally indicated by the arrow 29 in FIG. 2. 
Since the cam follower 27 is fixed to the solution reser 
voir bellows 1, such vertically upward movement of 
the can follower serves to contract the bellows. Con 
tinued counterclockwise rotation of the cam 12 and the 
eccentric cam portion 26, as shown in FIG. 3, permits 
the spring 28 to move the cam follower 27 in a verti 
cally downward direction generally indicated by the 
arrow 30. Such vertically downward movement of the 
cam follower 27 results in an expansion of the solution 
reservoir bellows. . . Because of the uniform shape of 
the eccentric cam portion 26, the solution reservoir 
bellows 11 will be contracted, as shown in FIG. 2, and 
expanded as shown in FIG. 3, the same volumetric 
amount. 
After the drive motor 19 has rotated the cam 12 and 

the cam drive shaft 20 a single complete revolution in 
the counterclockwise direction, the pressure roller 22 
will again be received in the shaft notch 23 so as to 
open the microswitch 25 and de-energize the drive 
motor (see FIGS. 1 and 4). The pressure roller 22, in 
the shaft notch 23, and the resiliently flexible finger 
member 24 of the microswitch 25 cause a dynamic 
breaking of the cam drive shaft 20. 
The solution reservoir bellows includes a valve 

head 31 which, as shown in FIG. , is hydraulically in 
terconnected with the photographic material process 
ing station 8 and the fixed volume reservoir 10 by two 
separate conduits 32 and 33. Such hydraulic intercon 
nection permits the photographic processing solution 2 
to flow from the fixed volume reservoir 10 into the so 
lution reservoir bellows 11 and from the bellows to the 
processing station 8. A normally closed valve 34, lo 
cated within the valve head 31, is arranged to prevent 
processing solution flow from the processing station 8 
into the solution reservoir bellows it. Another nor 
mally closed valve 35, located within the valve head 31, 
is arranged to prevent processing solution flow from 
the solution reservoir bellows 11 into the fixed volume 
reservoir 10. As shown in FIG. 3, upon expansion of the 
solution reservoir bellows the valve 34 remains 
closed and the valve 35 is opened. Moreover, the pro 
cessing solution 2 is drawn from the fixed volume reser 
voir 10, along the conduit 33 as generally indicated by 
the arrow 36, into the solution reservoir bellows 11. As 
shown in FIG. 2, upon contraction of the solution reser 
voir bellows 11, the valve 34 is opened and the valve 
35 remains closed. Thus, the processing solution 2 in 
the solution reservoir bellows 1 is fed from the bel 
lows, along the conduit 32 as generally indicated by the 
arrow 37, to the processing station 8. Since the solution 
reservoir bellows 1 is expanded and contracted the 
same volumetric amount, as described hereinbefore, a 
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metered quantity of the processing solution 2 will be 
drawn from the fixed volume reservoir 10 into the bel 
lows and the same quantity of processing solution will 
be fed from the bellows to the processing station 8. 
As can be realized from F.G. 1, when a metered 

quantity of the photograhic processing solution 2 is 
drawn from the fixed volume reservoir 10, by expan 
sion of the solution reservoir bellows 11, a vacuum in 
the fixed volume reservoir will be effected so as to 
cause a similar quantity of the processing solution to 
flow from the solution holding bag 4 into the fixed vol 
ume reservoir. 
During the processing of photographic material (not 

shown) at the photographic material processing station 
8, using a metered quantity of the processing solution 
2, the spent solution 2' emptying from the processing 
station will flow into a conduit 38 which hydraulically 
interconnects the processing station and the waste con 
tainer 9. As viewed in FIG. 1, the processing station 8 
is located at an elevation which is higher than that of 
the waste container9. Accordingly, the force of gravity 
will cause the spent solution 2' to flow from the pro 
cessing station 8 to the waste container 9. The waste 
container 9 has an opening 39 through which air is ex 
pelled as the spent solution 2' flows into the waste con 
tainer. 

Referring again to FIG. 1, the scavenging pump 13 is 
hydraulically interconnected with the waste container 
9 and the fixed volume reservoir 10 by two separate 
conduits 40 and 41. Such hydraulic interconnection 
permits the photographic processing solution 2 to flow 
from the fixed volume reservoir 10, through the scav 
enging pump 13, into the waste container9. A normally 
closed valve 42, located within the scavenging pump 
13, is arranged to prevent processing solution flow 
from the waste container 9 into the fixed volume reser 
voir 10. Prior to discarding the photographic process 
ing solution supply package 1, unused processing solu 
tion 2 remaining in the solution holding bag 4 is re 
moved. Such solution removal is initiated by closing a 
normally open pump start switch 43 to actuate the 
scavenging pump 13. The scavenging pump 13, once 
actuated, opens the valve 42 and effects a vacuum in 
the fixed volume reservoir 10. The vacuum, in turn, 
serves to draw the unused solution 2 from the solution 
holding bag 4, along the conduit 17, into the fixed vol 
ume reservoir 10. As the unused solution 2 is drawn 
from the solution holding bag 4 into the fixed volume 
reservoir 10, the solution level in the fixed volume res 
ervoir will of course begin to rise. After the solution 
level in the fixed volume reservoir 10 exceeds a given 
quantity or level generally indicated by the broken line 
44 in FIG. 1, the excess solution will be drawn into an 
extension 45 of the conduit 41 by the scavenging pump 
13 and will be fed by the pump into the waste container 
9. 
Although not shown in the drawings, a counter or 

other appropriate mechanism can be provided in the 
liquid circulation apparatus 7 to close the drive motor 
switch 18, to furnish a metered quantity of the process 
ing solution 2 to the photographic material processing 
station 8, each time a unit of photographic material is 
presented for processing at such station. Moreover, the 
counter can close the scavenging pump switch 43 for 
a sufficient time, to draw residual unused processing 
solution 2 from the solution supply bag 4, after a given 
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6 
number of photographic material units have been pro 
cessed at the processing station 8. 
Although the preferred invention embodiment is 

adapted for use with a single processing solution supply 
package i, such embodiment can be modified to han 
dle several of these packages simultaneously. 
The present invention has been described in detail 

with particular reference to a preferred embodiment 
thereof, but it will be understood that variations and 
modifications can be effected within the spirit and 
scope of the invention. 
We Claim: 
1. Liquid circulation apparatus adapted for use with 

a liquid supply container of the kind which is to be dis 
carded after removal of liquid therefrom, said appara 
tus comprising: 
a liquid holding reservoir; 
means, located with respect to said liquid holding res 

ervoir, for receiving liquid from such a liquid sup 
ply container and conveying liquid into said hold 
ing reservoir; 

a liquid utilization station; 
means, located with respect to said liquid holding res 

ervoir and said liquid utilization station, for moving 
regulated amounts of liquid, in succession, from 
said holding reservoir into said utilization station; 

a liquid waste container; 
means, located with respect to said liquid utilization 

station and said liquid waste container, for convey 
ing liquid from said utilization station into said 
waste container, and 

means, located with respect to said liquid holding res 
ervoir and said liquid waste container, for drawing 
residual unused liquid from such a liquid supply 
container, feeding that liquid into said holding res 
ervoir, and for feeding at least a portion of that liq 
uid from said holding reservoir into said waste con 
tainer. 

2. Liquid circulation apparatus adapted for use with 
a liquid supply container of the kind which is collaps 
ible and to be discarded after removal of liquid there 
from, said apparatus comprising: 
a closed, fixed volume container for holding a liquid; 
liquid conduit means, hydraulically connectable with 
such a liquid supply container, for receiving liquid 
from the supply container and, hydraulically con 
nected with said fixed volume container, for con 
veying liquid from the supply container into said 
fixed volume container; 

a liquid utilization station; 
means, hydraulically interconnecting said fixed vol 
ume container and said liquid utilization station, 
for moving regulated amounts of liquid, in succes 
sion, from said fixed volume container into said uti 
lization station; 

an open, liquid waste container; 
liquid conduit means, hydraulically interconnecting 

said liquid utilization station and said liquid waste 
container, for conveying liquid from said utilization 
station into said waste container, and 

means, hydraulically connectable with such a liquid 
supply container and hydraulically interconnecting 
said fixed volume container and said liquid waste 
container, for drawing residual unused liquid from 
the supply container into said fixed volume con 
tainer and for feeding at least a portion of that liq 
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uid from said fixed volume container into said 
waste container. 

3. Liquid circulation apparatus as recited in claim 2, 
wherein said means for moving regulated amounts of 
liquid includes: 
an expandable and contractable bellows reservoir for 

receiving, holding and expelling a liquid; 
liquid conduit means hydraulically interconnecting 

said bellows reservoir respectively with said liquid 
utilization station and said fixed volume container; 

valve means coupled to said bellows reservoir for 
preventing liquid flow from said liquid utilization 
station into said bellows reservoir, though permit 
ting liquid flow from said bellows reservoir to said 
liquid utilization station, and for preventing liquid 
flow from said bellows reservoir into said fixed vol 
ume container, though permitting liquid flow from 
said fixed volume container into said bellows reser 
voir; and 

means for expanding and contracting said bellows 
reservoir the same volumetric amount respectively 
to draw a regulated amount of liquid from said 
fixed volume container into said bellows reservoir 
and to feed the same amount of liquid from said 
bellows reservoir to said liquid utilization station. 

4. Liquid circulation apparatus as recited in claim 2, 
wherein said means for drawing and feeding residual 
unused liquid includes: 
a scavenging pump for drawing residual unused liq 

uid from such a liquid supply container into said 
fixed volume container and for feeding that liquid 
from said fixed volume container into said liquid 
waste container; 

liquid conduit means hydraulically interconnecting 
said scavenging pump respectively with said fixed 
volume container and said liquid waste container, 
and 

valve means coupled to said pump for preventing liq 
uid flow from said liquid waste container into said 
fixed volume container, though permitting liquid 
flow from said fixed volume container into said liq 
uid waste container. 

5. Liquid circulation apparatus as recited in claim 4, 
wherein said liquid conduit means hydraulically inter 
connecting said scavenging pump respectively with said 
fixed volume container and said liquid waste container 
includes: 
a liquid conduit extension which depends part way 

into said fixed volume container so that, if the 
amount of liquid in said fixed volume container ex 
ceeds a given quantity, said scavenging pump can 
feed such excess liquid from said fixed volume con 
tainer into said liquid waste container. 

6. Liquid circulation apparatus adapted for use with 
a liquid supply container of the kind which is collaps 
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8 
ible and to be discarded after removal of liquid there 
from, said apparatus comprising: 
a closed, fixed volume container for holding a liquid; 
means for supporting such a liquid supply container 
at an elevation which is higher than that of said 
fixed volume container; 

liquid conduit means, hydraulically connectable with 
such a liquid supply container, for receiving liquid 
from the supply container and, hydraulically con 
nected with said fixed volume container, for con 
veying liquid from the supply container into said 
fixed volume container; 

a liquid utilization station; 
an expandable and contractable bellows reservoir for 

receiving, holding and expelling a liquid; 
liquid conduit means hydraulically interconnecting 

said bellows reservoir respectively with said fixed 
volume container and said liquid utilization station; 

valve means coupled to said bellows reservoir for 
preventing liquid flow from said liquid utilization 
station into said bellows reservoir, though permit 
ting liquid flow from said bellows reservoir to said 
liquid utilization station, and for preventing liquid 
flow from said bellows reservoir into said fixed vol 
ume container, though permitting liquid flow from 
said fixed volume container into said bellows reser 
voir; 

means for expanding and contracting said bellows 
reservoir the same volumetric amount respectively 
to draw a regulated amount of liquid from said 
fixed volume container into said bellows reservoir 
and to feed the same amount of liquid from said 
bellows reservoir to said liquid utilization station; 

an open, liquid waste container; 
means locating said liquid utilization station at an ele 
vation which is higher than that of said liquid waste 
container; 

liquid conduit means hydraulically interconnecting 
said liquid utilization station and said liquid waste 
container; 

a scavenging pump for drawing residual liquid from 
such a liquid supply container into said fixed vol 
ume container and for feeding that liquid from said 
fixed volume container into said liquid waste con 
tainer; 

liquid conduit means hydraulically interconnecting 
said scavenging pump respectively with said fixed 
volume container and said liquid waste container; 
and 

valve means coupled to said pump for preventing liq 
uid flow from said liquid waste container into said 
bellows reservoir, though permitting liquid flow 
from said fixed volume container into said liquid 
waste container. 
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