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[57] ABSTRACT 
A method and apparatus for measuring or measuring 
and replacing the amount of toner consumed in an 
electrophotographic reproduction machine wherein 
the method involves measuring an electrical value cor 
responding to the charge transferred in a copying op 
eration by the toner to the photoconductor. The elec 
trical value measured is the voltage at a high 
resistance resistor through which current flows to the 
ground from an element charged with a charge corre 
sponding to the transferred charge or the voltage at a 
capacitor charged from an element that is itself 
charged with a charge corresponding to the trans 
ferred charge or the charge ?ow from or to the con 
ductive carrier material of the photoconductor. The 
corresponding charge is the residual charge of carrier 
material from which toner has been withdrawn by the 
photoconductor. In response to the measurement an 
amount of toner is dispensed to the machine which 
may be intermittent after and in accordance with inte 
gration of the charge transferredduring the interval 
between dispensing operations. The apparatus in 
cludes an insulated electrically conductive element to 
receive a charge of the same magnitude as the charge 
passed to the photoconductor and a measuring instru 
ment which is connected to a toner dispensing device 
dependent for delivery of toner on the measurement. 
The conductive element is composed of one or more 
well insulated de?ector sheets ?tted in a cascade de 
veloping unit wherein the sheets are positioned below 
the developing zone of the unit so that the spent de 
veloper trickles over the sheets beyond the developing 
zone. The apparatus may also include two toner dis 
pensing devices one of which is dependent upon the 
number of copies and the other is dependent upon the 
charge on a capacitor. 1 

6 Claims, 5 Drawing Figures 



U.S. Patent Oct. 7,1975 Sheet 1 0f 4 3,910,459 

FIG.1 



U.S. Patent Oct. 7,1975 Sheet 2 Of4 3,910,459 



23’ 

TONER CONSUMPTION 

U.S. Patent 

26 

Oct. 7,1975 Sheet 3 of 4 3,910,459 

_/ 
/ 32 

N l 

NUMBER OF COPIES 

FIG.4 



US. Patent Oct. 7,1975 Sheet4 on 3,910,459 

mm 

GE 



3,910,459 
1 

APPARATUS FOR MONITORING AND 
REPLENISI-IING TONER CONCENTRATIONS 

This invention relates to a method of and apparatus 
for measuring or measuring and replacing toner con 
sumed in an electrophotographic reproduction ma 
chine. 

ln electrophotographic reproduction machines, a 
certain quantity of toner or of other marking material 
is continuously withdrawn in the copies produced. If 
fresh toner is not added, this consumption leads to im 
poverishment in toner and thus to poor, faint copies. 
This effect is extremely undesirable especially in the 
case of high-speed electrophotographic reproduction 
machines. 
Various methods have been proposed for dispensing 

toner. In one method of this kind, an optical re?ection 
of the developed charged image is used for controlling 
the supply of toner. This method can only be put to 
practical use if in addition to producing the re?ection 
of the developed charge pattern, the associated original 
is also scanned. This renders the process complicated, 
imprecise and likely to break down. 
Since the quantity of toner consumed depends upon 

the charging of the photoconductor as well as deter 
mining the blackness of the original, it has been pro 
posed, for the purpose of controlling the supply of 
toner, to measure the charge of the imagewise exposed 
photoconductor with the aid of an oscillating capacitor 
and to utilize the measured value for controlling the ~ 
vsupply of toner. However, this method also does not 
provide direct information on the quantity of toner 
consumed, said quantity being dependent to a marked 
degree upon the varying characteristics of the develop 
ing unit of the electrophotographic reproduction ma 
chine. 
The two aforementioned methods are described in 

US. Pat. No. 2,956,487. 
The present invention provides a method of measur 

ing or measuring and replacing toner consumed in an 
electrophotographic reproduction machine, in which 
method a measurement is made of an electrical value 
corresponding to the charge transferred in a copying 
operation by the toner to the photoconductor, and, in 
any replacement of toner, an amount of toner is dis 
pensed to the machine corresponding to the said mea 
surement. 

In the method of the present invention toner can be 
dispensed rapidly, accurately, independently of the 
type of the originals and, in a given machine, largely in 
dependently of the machine conditions and the ambi 
ent conditions. 
The invention is based on the observation that the 

quantity of toner consumed is always proportional to 
the charge transferred to the photoconductor by the 
toner, at constant toner concentration. According to 
the invention, the charge is measured in a particularly 
simple manner by measuring an electrical value. Be 
cause of the above-mentioned proportionality, the 
electric current concerned is also proportional to the 
toner current, i.e., to the amount of toner consumed 
‘per unit of time. 
The electrical charge transferred to the photocon 

ductor by the toner is always exactly the same as but of 
opposite sign to the charge that remains in the develop 
ing unit, i.e., that which is returned to this unit by the 
carrier. According to the invention, the toner con 
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2 
sumption is measured in a particularly simple manner 
by measuring the charge transported by the carrier. 
The invention further provides, in an electrophoto 

graphic reproduction machine, an apparatus for use in 
the above method. The apparatus includes an insulated 
electrically conductive element so arranged that in the 
development step of a reproduction operation of the 
machine there ?ows to this element a charge that is of 
the same magnitude as the charge passed to the photo 
conductor of the machine by the toner taking part in 
the development. The apparatus further includes a 
measuring instrument through which said element can 
be connected to earth so that when said apparatus is to 
be used for replacement of toner, said instrument is 
connected to a device for delivering toner in depen 
dence on the measurement made by said instrument. 
A suitable apparatus is one in which the developing 

unit of an electrophotographic reproduction machine, 
for example a cascade system, is well insulated within 
the machine, and the developing unit is connected by 
way of a high-resistance resistor to earth or to the volt 
age source of a developing electrode, a magnetic brush 
or a similar device. The voltage occurring at the high 
resistance resistor is again proportional to the current 
from the toner withdrawn by the photoconductor to the 
amount of toner consumed per unit of time. 

In the case of an electrophotographic of?ce copying 
machine it has been found that the current transferred 
by the toner to the photographic conductor is largely 
independent of the toner concentration. One explana 
tion for this phenomenon is that in the case of a rela 
tively high concentration of toner, the carrier particles 
are covered by more toner than in the case of a lower 
concentration. The individual toner particles do not 
therefore become so heavily charged. During develop 
ment more toner particles are thus passed to the photo 
conductor but each of these is less heavily charged. In 
all, however, and in relation to a certain area on the 
photoconductor that is to be developed, the same 
charge is transferred as in the case of a lower toner con 
centration. Thus, if the toner concentration is too 
great, although more toner per copy is consumed than 
corresponds to the optimum value, a correspondingly 
heavier electric current does not flow. Only the amount 
of toner corresponding to the actual electric current is 
dispensed by the toner replacement means. In this way 
the toner concentration gradually decreases towards 
the optimum amount. A corresponding situation arises 
in the case of too low a toner concentration. In this in 
stance the same current again ?ows but on account of 
the lower toner concentration only a correspondingly 
small amount of toner is consumed, but more toner, 
corresponding to the electric current, is dispensed, so 
that the toner concentration in this case gradually rises 
towards the optimum amount. ' 

The invention is illustrated by way of example in the 
accompanying drawings, in which: 
FIG. 1 is a diagrammatic section of an electrophoto 

graphic reproduction machine comprising a device for 
measuring the amount of toner taken out in use and for 
replacing toner; 
FIG. 2 is a circuit diagram of the charging circuit 

used in the method of the invention; 
FIG. 3 is a view similar to FIG. 1 of a second embodi 

ment; 
FIG. 4 is a graph explaining the mode of operation of 

the apparatus of FIG. 3; and 



3,910,459 
3 

FIG. 5 is a diagrammatic illustration of a further de 
vice for dispensing toner. 
Referring to the drawings, a known type of electro 

photographic reproduction machine comprises (FIG. 
1) a drum 1 with a photoconductor 2 placed thereon. 
The photoconductor 2 is uniformly charged by means 
of a corona discharge device 3 and is exposed in an ex 
posure zone 4 to produce an image. The electrostatic 
latent charge image resulting from the exposure is de 
veloped in a cascade developing zone 5. The developed 
image is transferred in a transfer zone 6 from the pho 
toconductor 2 to a carrier material 7. When ZnO paper 
is used, the transfer stage is of course omitted. 
According to the invention, the amount of toner 

withdrawn by the carrier material 7 in the electropho 
tographic reproduction machine is measured in the fol 
lowing way: the cascade developing means primarily 
consists of a container 12 (sump 8) and a bucket con 
veyor system 9, which continually lifts carrier and toner 
material from the sump 8 and pours it over the image 
wise exposed photoconductor 2. Charged toner is de 
posited on the imagewise charged photoconductor, 
whereas opposite charges to those of the deposited 
toner are imparted to the carrier material which falls 
back into the sump. 

In accordance with the invention, the developing 
zone in the electrophotographic reproduction machine 
is strictly insulated. This is indicated in FIG. 1 by a 
dash-and-dot boundary line. The electrical charge 
transferred by the toner 10 (FIG. 2) to the photocon 
ductor 2 is measured by measuring the electrical 
charge which is returned by the carrier 11 to the sump 
and which is equal and opposite to the toner charge. 
For this purpose, the developing unit or the developer 
container 12 is connected to earth by way of a high 
resistance resistor 13. The carrier charge flows through 
this to earth. Since the electrical charge transferred by 
the toner 10 to the photoconductor 2 is proportional to 
the mass of toner adhering to the photoconductor, the 
electrical voltage occurring at the resistor 13 is propor 
tional to the amount of toner that reaches the photo 
conductor 2 and adheres to it. Replacement toner can 
therefore be dispensed in proportion to the voltage oc 
curring at the resistor 13. The voltage is amplified with 
the aid of an instrument l4, and this instrument 14, in 
accordance with the voltage occurring at the resistor 
13, controls the supply of toner 10 through, for exam 
ple, a roller 17 containing a groove 16 and ?tted in the 
base of a hopper 15. 
The charging circuit will now be described by refer 

ence to FIG. 2. 

This ?gure shows diagrammatically at (a) how a car 
rier particle I] together with a toner particle 10 drops 
down on to the imagewise exposed photoconductor 2. 
The toner 10 becomes separated from the carrier parti 
cle II in known manner and remains suspended from 
an oppositely charged point of the photoconductor. It 
may be assumed that the charging ?ux occurs in the fol 
lowing manner. The charge of the carrier particle with 
the toner adhering thereto is equal in amount to the 
charge of the toner deposited on the photoconductor 
and after deposition of the toner then flows through the 
container 12 and the resistor 13 to earth. This charge 
?ow corresponds to a ?ow of operative charges which 
travel from earth to the photoconductor drum during 
the developing operation. The charging circuit is shown 
in FIG. 2. The signs of the charge illustrated in FIG. 2 
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4 
may of course be reversed. It is also shown that the 
charge transferred by the toner to the photoconductor 
is equal and opposite to the charge carried by the car 
rier to the container. This latter charge can be mea 
sured in a particularly simple manner since the devel 
oping unit can be completely separated electrically 
from the rest of the machine without any great diffi 
culty. 

It is however possible instead for the electrically con 
ductive carrier I for the photoconductive material to 
be insulated and to be connected through a high 
resistance resistor to earth, and for the voltage occur— 
ring at this resistor to be measured. In this case how 
ever, it has to be borne in mind that the resultant volt 
age can be achieved not only by the transfer of charge 
effected by the toner, but also by the charge transfer 
associated for example with the corona device, a clean 
ing unit or a discharge unit, if special precautions are 
not taken. In order to measure the only charge transfer 
that is of importance here, i.e., that achieved by the 
travel of the toner to the photoconductor, it is neces 
sary in this case to compensate the other flow compo 
nents or to eliminate them at the moment that develop 
ment takes place. 

In FIG. 3, the positively charged carrier 11 flows 
back into the sump together with the unused developer. 
The carrier deposits its charge on a capacitor 20 con 
nected to the container. In contrast to the arrangement 
illustrated in FIG. 1, measurement and dispensing of 
fresh toner are achieved not by measuring the current 
but by measuring the charge. The electrical voltage 
that builds up at the capacitor 20 is proportional to the 
charge transmitted by the carrier. Thus the voltage at 
the capacitor 20 is proportional to the quantity of toner 
received by the photoconductor 2. 

In this arrangement, a timing device 21 of the elec 
trophotographic reproduction machine controls the 
toner feed, in dependence upon the number of copies, 
so that a constant quantity of toner is supplied by way 
of the roller 17 with groove 16. The device can be so 
designed, for example, that the roller 17 can execute 
one revolution, controlled by the device 21, for every 
ten copies. Apart from controlling the roller 17, the de 
vice 21 also actuates a switch 22 whereby, while the 
roller 17 is rotating, the difference between an input 
voltage V and the voltage at the capacitor 20 is mea 
sured on an electrical instrument 23 and is converted 
into a signal for controlling a dispensing device 24 for 
fresh toner. The voltage V is such that the condition 

is satis?ed, where C indicates the capacitance of the ca 
pacitor 20, O that charge through the capacitor that re 
sults if precisely that quantity T of toner is supplied by 
the roller 17 that is also withdrawn by the photocon 
ductor 2 for the corresponding number of copies. K is 
the proportionality constant which relates the toner 
current to the charge current. 

In FIG. 4 the number of copies N is shown along the 
.\'-axis. Successive symbols N1 indicate the numbers of 
copies according to which the roller 17 dispenses a 
constant quantity of toner. The stepped curve 30 there 
fore represents the total quantity of toner supplied 
through the dispensing device 17 in dependence upon 
the total number of copies. The curve 31 on the other 
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hand, represents the toner consumption, likewise in de 
pendence upon the number of copies. The curves 32 
represent the toner consumption occurring between 
consecutive deliveries of toner by the roller 17 and are 
congruent with the corresponding portions of the curve 
31. Distances D each indicate how much more toner 
was consumed between two consecutive deliveries by 
the roller 17 than was supplied by the said roller. Tak 
ing into account the proportionality constant K : C,this 
value D is equal to the voltage U applied to the instru 
ment 23 at the moment when the switch 22 is switched 
on. By means of the instrument 23 additional toner, 
corresponding to the magnitude of the voltage impulse 
U, is dispensed. This dispensing of toner can be 
achieved with the aid of the separate dispensing device 
24 which is substantially similar to the main dispensing 
device 15 — l7. Toner could, however, be dispensed by 
the instrument 23 by causing the roller 17 to carry out 
additional rotation. 
A discharge resistor 25 and, optionally, a measuring 

instrument 26 are so rated that the capacitor 20 is com 
pletely discharged during the period in which the 
switch 22 is closed. 

In FIG. 5, the cascade developing means which is 
fully insulated within the electrophotographic repro 
duction machine is connected to earth through the de 
veloper container 12 and a high resistance resistor 13. 
The voltage occurring at the resistor 13, which is pro 
portional to the electrical charge transmitted by the 
toner to the photoconductor in a given unit of time, is 
ampli?ed with the aid of an ampli?er 36 and applied to 
a DC. motor 37. The DC. motor 37 drives a cam disc 

39 through a reduction gear 38. During one revolution 
of the cam disc, the latter actuates a switch 40. This 
switch 40 starts a timing element 41 which is so de 
signed that a monostable relay 42 is connected to a 
voltage source 43 for a speci?c time t. Through a 
switch 46, the relay 42 connects a DC. motor 44 to a 
voltage source 45 during this period t. The DC. motor 
44 then drives a toner-dispensing device 47 which, for 
example, and in FIG. 1, may consist of a roller 17 
containing a groove 16 and ?tted in the base of a toner 
supply hopper 15. 

It is of course possible to drive the toner dispensing 
means directly from the DC motor 37. This method 
however, suffers from the following disadvantage: the 
DC. motor 37, the speed of which is proportional to 
the voltage occurring at the resistor 13 and ampli?ed 
by the ampli?er 36, has a torque dependent upon 
speed. This can result in falsi?cation of the toner being 
dispensed, particularly in the case of small electrical 
toner currents. In the arrangement illustrated in FIG. 5, 
however, the cam disc 39 integrates the revolutions of 
the motor 37 and toner is dispensed intermittently with 
the aid of the timing member 41, the DC. motor 44 al 
ways being connected to a constant voltage, i.e., the 
toner dispensing device 47 is always driven with the 
same torque. One revolution of the cam disc 39 corre 
sponds to a speci?c level Q of toner charge, and the 
time t, the motor 44 and the toner dispensing device 47 
are such that the quantity T of toner supplied corre 
‘sponds to this charge level Q. 
The method and apparatus of the invention are suit 

able not only for dispensing toner but with the aid of 
this direct current-measurement, it is also possible to 
determine and establish the optimum operating condi 
tions for an electrophotographic reproduction ma 

6 
chine. This applies in any ‘case where the variable oper 
ating conditions are so selected that no “background" 
occurs in the images. The electrical toner current can, 
for example, be passed through an ampli?er to a magic 

5 eye, with the aid of which the optimum setting of the 
variable operating conditions can be achieved. This is 
of particular advantage especially in the initial adjust 
ment and servicing of equipment. 
What is claimed is: 
l. A toner dispensing and control system for use in 

an electrophotographic reproduction apparatus having 
a photoconductor, a container for the toner, a cascade 
developer means consisting of a developer zone, a de 
veloper container, and a bucket conveyor system for 
replenishing the developer zone with toner, ?rst means 

' for dispensing toner from the container into said cas 
cade developer means, an actuator device associated 
with the said ?rst dispensing means for controlling the 
introduction of the toner into said cascade developer 
means, means for sensing the electrical charging rate of 
the material in said cascade developing means compris 
ing the said cascade developer means ‘arranged as a 
whole as an insulated electrically conductive element 
to receive a steady stream of carrier material, which is 
charged opposite to the toner deposited on said photo 
conductor, image-wise charged and overwhich the de 
veloper is cascaded, said sensing means including mea 
suring means and means to be charged in accordance 
with the charge ?ow of the carrier material received by 
said cascade developing means, said means to be 
charged having one end connected to the developer 
container and the other end connected to ground, said 
actuator device associated with said ?rst dispensing 
means being actuated, in accordance with the flow of 
a charge current due the applied voltage across the 
means connected to said developer container and to 
ground, when the amount of the said charge current 
during the developing operation falls outside of the 
range of two limiting values. 

2. A toner dispensing and control system according 
to claim 1, wherein said means to be charged includes 
a capacitor, the voltage at said capacitor being propor 
tional to the charge transmitted by the carrier material 
received by the developer container. 

3. A toner dispensing and control system according 
to claim 1, wherein said means to be charged includes 
a high-resistance resistor, the electrical voltage occur 
ring at said resistor being in accordance with the charge 
flow of the developer material depleted of toner re 
ceived by the developer container after cascading over 
the photoconductor and proportional to the charge of 
the toner adhering to the image-wise charged photo 
conductor. 

4. A toner dispensing and control system according 
to claim 1, in which the cascade developing means is 
fully insulated within the electrophotographic repro 
duction machine and is connected through a high 
resistance resistor to ground, an ampli?er is connected 
to the resistor for amplifying the voltage occurring at 
said resistor, which is proportional to the electric 
charge transmitted by the developer material depleted 
of toner, after cascading over the photoconductor, to 
the developer container, the output of the ampli?er is 
connected to a ?rst electric motor which drives a cam 
disc connected to the drive shaft of the ?rst electric 
motor through a reduction gear, the said cam disc is en 
gaged with a switch once for each revolution to close 
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said switch, said switch in its closed position actuates 
a timing element to connect, through a relay, a second 
electric motor to a voltage source during a speci?c con 
stant length of time, and said second electric motor is 
arranged to drive a toner-dispensing device. 

5. A toner dispensing and control system for use in 
electrophotographic reproduction apparatus having a 
photoconductor, a ?rst and second container for toner, 
a cascade developer means consisting of a developer 
zone, a developer container, and a bucket conveyor 
system for replenishing the developer zone with toner, 
?rst means for dispensing toner from the ?rst container 
into said cascade developer means, an actuator device 
associated with the said ?rst dispensing means for con 
trolling the introduction of the toner into said cascade 
developer means, means for sensing the electrical 
charging rate of the material in said cascade developer 
means comprising the said cascade developer means 
arranged as a whole as an insulated electrically conduc 
tive element to receive a steady stream of carrier mate 
rial, which is charged opposite to the toner deposited 
on said photoconductor, image-wise charged and over 
which the developer is cascaded, said sensing means 
including measuring means and a capacitor to be 
charged in accordance with the charge ?ow of the car 
rier material received by said cascade developer 
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8 
means, said capacitor having one end connected to the 
developer container and the other end grounded, said 
actuator device associated with said ?rst dispensing 
means being actuated, in accordance with the flow of 
a charge current due to the applied voltage across the 
capacitor, when the amount of the said charge current 
during the developing operation falls outside of the 
range of two limiting values, a second dispensing means 
for dispensing toner from the second container into 
said cascade developer means comprising a timing de 
vice controlling the actuation of the second dispensing 
means in accordance with a predetermined number of 
copies, and a switch device actuated by said timing de 
vice to connect an input reference voltage and the volt 
age at said capacitor to an electrical instrument for 
measuring the difference between both voltages and to 
convert the difference voltage into a signal for control 
ling said ?rst dispensing device. 

6. A toner dispensing and control system according 
to claim 5, including a discharge resistor and a measur 
ing instrument which are connected in parallel with 
said capacitor and are rated to completely discharge 
said capacitor during the period in which said switch is 
closed. 


