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[57] ABSTRACT

A photocopying apparatus which comprises supply
means for supplying a predetermined quantity of con-
centrated developing agent to carrier liquid at a

" predetermined time interval, and measuring means for

continuously measuring the concentration of the
developing liquid. The measuring means controls said
supply means so that the supply means supplies such
measured quantity of concentrated developing agent
to the carrier.liquid only during predetermined time
intervals and then only where the developing liquid
has lower than a predetermined value of concentra-
tion. The carrier liquid is independently supplied in a
quantity equal to the consumption of the carrier
liquid, whereby constant concentration of the
developing solution is maintained.

11 Claims, 1 Drawing Figure
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1
ELECTROPHOTOGRAPHIC APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to photocopying apparatus for
developing an electrostatic image which includes a
container containing developing liquid and measuring
means associated therewith for automatic control of
developing liquid concentration.

2. Description of the Prior Art
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In the production of copy, it is known thata develop-

ing agent, such as toner, must be taken in a variable
quantity from carriér liquid in accordance with the
contrast to be provided on the surface of the copy. =

On the other hand, the carrier liquid is constantly
removed from the developing solution container, and
in this case the amount of carrier liquid removed is re-
lated to the size of copying paper sheet passing through
the apparatus, because the liquid sticks to the surface
of the paper sheet. Therefore, the toner concentration
in the carrier liquid is continuously varying and this
often results in unsatisfactory copies. To prevent this,
there has been provided measuring means for con-
stantly measuring the concentration of the developing
agent in the carrier liquid and, if required, supplying
developing agent in concentrated form to the carrier
liquid.

In apparatus of the known type, a great time delay
occurs between the measurement and the subsequent
toner supply control, with a result that the concentra-
tion of the developing solution is greatly varied even if
it is continuously monitored. In such apparatus, the
developing liquid is supplied to a measuring station
forming a part of a Wheatstone bridge. As the concen-
tration varies, the photoresistance in the bridge varies
in magnitude. The current driving a pump flow in the
bridge and developing agent in concentrated form is
supplied from a reservoir into the container by the
pump. In such apparatus, the concentrated developing
agent is supplied until the measuring station detects a
new level of concentration. At this stage, saturation
must apparently have become excessive. On the other
hand, the supply means is of course responsive only
when a low concentration initially appearing .in the
container is detected at the measuring station.

- 'SUMMARY OF THE INVENTION

The object of the present invention is to continuously
maintain the concentration of developing liquid sub-
stantially constant irrespective of great variation in
load.

Such object of the present invention is achieved by
providing supply means for supplying a predetermined
quantity of concentrated developing agent to carrier
liquid at a predetermined time interval, and measuring
means for continuously measuring the concentration of
the developing solution, sajd measuring means con-
trolling said supply means so that the supply means sup-
plies the quantity of concentrated developing agent to

" the carrier liquid at said time interval only when the
developing solution has lower than a predetermined
value of toner concentration and that said supply
means is maintained inoperative when the developing
solution exceeds or reaches said predetermined value
of concentration, said carrier liquid for diluting the
concentrated developing agent being independently
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supplied in a quantity equal to the consumption of the
developing agent.

Such method of control has, on the one hand the ad-
vantage that the quantity of liquid in the container can
always be maintained constant by the supply of carrier
liquid. Such supply means is known as the chicken
watering place. '

Thus, a small quantity of concentrated toner liquid is
supplied at a time interval which may be 30 seconds

_only when the concentration of the liquid in the con-

tainer becomes lower than a reference value, whereby
the concentration is maintained constant, because the
time interval at which the measured quantity is sup-
plied provides a sufficient length of time to allow, on
the one hand, the concentrated developing agent to be
well mixed with the carrier liquid by a stirrer in the con-
tainer and to allow, on the other hand, a good mlxture
to be supplied to the measuring station.

The  concentration is continuously measured by
photoconductive means, for example. For this purpose,
a pump continuously takes solution out of the
developer container and supplies it to a transparent
tube having a source of light and a photocell mounted
forwardly and rearwardly thereof respectively. ‘

The supply of developing agent inay conveniently be
effected by a measuring pump which is operated at a
controlled time interval and supplies concentrated
developing agent from a reservoir to the developing
solution container.

In another form of the present invention, the measur-
ing pump is connected to an AND gate, which is con-
trolled by the measuring means on the one hand and by
a pulse generator on the other hand. A Schmitt trigger
may preferably be provided between the measuring
means and the AND gate.

When the concentration is reduced to cause the volt-
age in the photocell to exceed a value determined by
the Schmitt trigger input threshold, the trigger applies
an enabling signal to the AND gate. When a pulse is
coincidentally applied to the gate from a pulse genera-
tor, the measuring pump is operated, preferably by an
operational amplifier. The operation of the measuring
pump only continues for a short time, because the pulse
generator applies a short pulse, say, of one-tenth
second, to the AND gate. At the moment when the
pulse has passed through the gate, the pulse generator
discontinues applying a pulse to the AND gate. As a
result; the AND gate does not pass any signal, whereby
the measuring pump is no longer operated. This is also
the input case where the voltage of the Schmitt trigger
is low because of sufficient concentration of developing
agent in solution and the Schmitt trigger does not apply
an enabling to the AND gate. In this case, no pulse is
applied from the AND gate to the measuring pump in
spite of the presence of pulses produced by the pulse
generator. When the Schmitt trigger does apply an
enabling signal to the AND gate, the measuring pump is
again operated for a short time by coincident pulse
from the pulse generator,

The pulse generator can be controlled in an ordinary
manner so that pulses can be successively generated at
a time interval of 3 for 30 seconds. The time interval
can be adjusted to each apparatus in use in accordance
with the time required for the circulation of developing
liquid and the tlme required for mixing.
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" The apparatus according to the present invention ac-
curately operates and maintains the concentration sub-
‘stantially constant.

‘In a further form of the present 1nvent10n, the circu-
lation means and the pump for constantly supplying
" liquid to the measuring- portion are time-controlled so
. that developing liquid may be circulated at a time inter-

val of 20 to 30 minutes, for example, when the ap-

paratus is not operated but is in standby position, Thus,
‘the apparatus is always ready for operation even after it
has not been used. for a long time. If such circulation
does not take place, the concentrated toner will be
deposrted on the bottom of the developing solution
container. In this case, the apparatus will not be ready
for operation- until concentrated developing agent is
newly: mixed with carrier liquid. Furthermore, the
. separatron of the concentrated toner will prevent the
mixed toner from being supphed to the measuring sta-
tion when the apparatus is started, while either the con-
centrated toner itself or the carrier liquid will be sup-
plied to the measuring station, thus resulting in a wrong
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abling O-SIgnal to the AND gate 9, Thus, no L-sngnal is
applied to the operation amplifier 11 in the last-men-
tioned instance even if the pulse generator 10 then ap-
plies an L-signal to the AND gate. The pump 12 sup-

“plies concentrated toner from a reservoir 13 through a

pipe 14 into the container 1. In the container 1 a stirrer
20 is 'provided. to_sufficiently mix the concentrated
toner with carrier hquld and a sample of the mixture is
supplied to the measuring station 4 by the pump 2
What is claimed is: . :
1. Apparatus for- use m developmg electrostatrc

images comprising:
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measurement which ‘would dangerously hamper the -

supply of concentrated toner. ,
. The present invention will now be described by way
of example with reference to the accompanying draw-
ing. S :
BRIEF DESCRIPTION OF THE DRAWING

The drawing diagrammatically shows an embodi-
ment of the present 1nvent|on

DESCRIPTION OF THE PREFERRED
' EMBODIMENTS

Refemng to the drawing, developing solution 3 ina
developer container 1 is pumped out by a pump 2 and
forced through a transparent tube 4 into a condult 5
and again into the container 1. -

“A source of light 6 is provided to illuminate the trans-
parent tube. 4. When the developing solution passing
through the tube 4 has a high concentration of develop-
ing agent, a photacell 7 receives a small quantity.of
light and, when"the.concentration is low, receives a
large quantity of light. A voltage produced in the
photocell 7 is applied as an input output signal to-a
Schmitt trigger 8. When the. photocell 7 produces a
high voltage, i.e., when the  concentration 'of the
developing liquid is low, the trigger produces an output
signal L. An output signal 0 is produced in the opposnte
case. -

*The trigger output signal is applied to an AND gate
9. The AND gate 9 is'in turn connected to a pulse

generator 10, which. selectively generates pulses (L-

signals) at a time interval of 5 to 30 seconds, each pulse
continuing for approximately 0.1 second. This short-
time pulse enters the AND gate 9 as an L-signal. Only
when an L-signal from each of the Schmitt trigger 8 and
the pulse generator 10 coincide at the common AND
gate 9, is an L-signal supplied to an operation amplifier
11, which in turn operates a measuring pump 12 and
maintains it in operation while the AND gate 9 receives

. two coincident L-signals. An O-signal is applied to the

AND gate between each pair of successive pulses
generated by the pulse generator. In this case no pulse

- "is applied to the operation amplifier 11. This also holds.

true at any time when the Schmitt trigger applies a dis-
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a. a tank containing developmg solutlon compnsmg»
carrier liquid admixed with developing agent;

b. means circulating said developing solution;

. sensing means generating first output signals dur-

. ing operation of said circulating means, said first
output signals being indicative of the concentra- .
tion of developing agent in sard developmg solu-
tion;

d. means generatmg time- spaced s1gnals durmg
operation of said circulating means;

. means receiving said first output signals and said
. time-spaced- signals' and operatively responsive
thereto to generate second output signals exclu-
sively upon the concurrent occurrénce of said
time-spaced signals and first output signals indica-

- tive of developing agent concentration of mag-
nitude less than a preselected magnitude; and

f. developing agent supply means operatively respon-
sive .to said second output signals to supply
developing agent to said tank during the time ex-
tents of said second output signals.

2. The apparatus claimed in claim 1 wherein said

developing agent supply means comprises a container

containing concentrated - developing agent, conduit

means connecting said container and said tank and a

pump dispOsed in said conduit means and operatively

responsive to said second output signals.

3. The apparatus claimed in claim 2 wherein sald
second output signal generating means includes a coin-
cidence circuit receiving said first output srgnals and
said time-spaced signals.

4. Apparatus for use in developmg electrostatlc
images comprising:

a. a tank containing developmg solution compnsmg

carrier liquid admixed with developing agent;. ..

b. means circulating said developing solution;

c. sensing means generating first output signals dur-
ing operation of said circulating means, said first
output signals being indicative of the concentra--
tion of developing agent in said developing solu-
tion;

d. means generating second output signals at
predetermined periods during operation of said
circulating means exclusively upon the occurrence
during said periods of first output signals indicative .

" of developing agent concentration of magnitude
Iess than a preselected magnitude, sad second out-
put signal generating means comprising first cir-
cuit means generating pulses time-spaced from
one another and each of time extent defining a one
of said predetermined periods and second circuit
means including a coincidence circuit operatively
responsive to said pulses and said - first output
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signals, said coincidence circuit providing output
signals constituting said second output signals; and

e. developing agent supply means operatively

responsive to said second output signals to supply
developing agent to said tank during the time ex-
tents of said second output signals.

5. The apparatus claimed in claim 3 including a volt-
age-sensitive bistable circuit connected between said
sensing means and said coincidence circuit.

6. The apparatus claimed in claim 5 wherein said
coincidence circuit comprises an AND gate receiving a
first input from said bistable circuit and a second input
from said means generating said time-spaced signals.

7. The apparatus claimed in claim 6 further including
an operational amplifier receiving said AND gate out-
put signal, said amplifier output signals constituting
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said second output signals.

8. The apparatus claimed in claim 1 wherein said cir-
culating means includes a conduit and wherein said
sensing means includes a light source and a photocell
disposed in opposing relation in said conduit.

9. The apparatus claimed in claim 1 further including
a rotating stirrer disposed in said tank.

10. The apparatus claimed in claim 8 wherein said
circulating means further includes a pump connecting
said tank and said conduit.

11. The apparatus claimed in claim 8 wherein said
conduit comprises a transparent section, said light
source and said photocell being mounted on said trans-
parent conduit section.



