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Description

The present invention relates to an image forming
apparatus according to the preamble of the indepen-
dent claim 1. Such an apparatus is known from US-
4 885 611. The apparatus may be an electrographic
copying machine and a printer, etc. More particularly,
the present invention relates to an image forming ap-
paratus with a toner density controller.

Recently, electrographic copying machines have
been used in which a latent image formed on the pho-
toreceptor is developed by using plural different col-
ors of toner as well as one color of toner. In such elec-
trographic copying machines, a main developer unit
and a sub developer unit are arranged with respect to
the periphery of the photoreceptor drum, and these
developer units are selectively activated.

Since the toner density changes as the developer
units are used, a toner density controlling mechanism
is provided in electrographic copying machines to
maintain the toner density at a fixed level. To detect
toner density, a toner density sensor is provided on
each developer unit, and the toner density detected
by the toner density sensor is compared with the pre-
determined toner density by a microcomputer. Then,
by controlling the toner supply with a toner supply roll-
er in response to the control signal out-putted accord-
ing to the above comparison, toner density is main-
tained at an appropriate fixed level. Generally, in a to-
ner density control, the initial value is used as the ref-
erence value. The difference between the detected
toner density and the reference value is calculated to
control toner supply. The initial value is the ratio T/D
of toner to carrier in the initial condition, and the de-
tected toner density is also the ratio of toner to carrier.
Correction data for the output of the toner density
sensor are prepared in consideration of the influence
of a magnet roller in a developer sleeve, also called
"developer shell", of the developer unit since it is af-
fected by the magnet roller. In a case where the initial
value of each of main and sub developer units attach-
ed to the copying machine is detected and a copying
operation is performed after detaching one of the de-
veloper units, the correction, which is based on the
data, is not accurately performed since the toner den-
sity sensor of the other developer unit is not affected
by the magnet roller of the above detached developer
unit. Moreover, when correction data for the output of
the toner density sensor are prepared in the condition
where the initial value of each developer unit is pre-
determined without considering the influence of the
other developer unit and where the two developer
units are attached, if the copying operation is per-
formed with one developer unit and the output of the
toner density sensor is corrected in accordance with
the prepared data, the same problem is arisen.

US-4 885 611 discloses a multicolor image form-
ing apparatus. It is equipped with a plurality of devel-
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oping units respectively using different color toners.
Forming of two color images is inhibitted and an
alarm signal is provided, when only one of the plurality
of developing units is mounted in place on the frame
of the image forming apparatus.

FR-A-2 596 536 discloses an image forming ap-
paratus. A developer unit comprises a toner density
detector at the point of agitating the toner. Output sig-
nals of this detector are used for producing appropri-
ate displays for a user.

It is the object of the present invention to provide
a simple detecting mechanism for a plurality of devel-
oper units and to perform a correct toner density con-
trol.

This object is solved in accordance with the fea-
tures of the independent claim 1. The dependent
claim is directed on a preferred embodiment of the in-
vention.

In the above structure, malfunction of the correc-
tion is not generated, since the toner density control
is performed only when a predetermined plural num-
ber of developer units are attached to an image form-
ing apparatus body, and the output of the developer
units are required to be corrected only when the de-
veloper units are attached. In other word, the output
of the toner density sensor does not change accord-
ing to the number of the attached developer unit.

Moreover, the control means in the image form-
ing apparatus have a function to control the initial set-
ting of the developer in each developer unit so thatthe
setting is performed only when a predetermined plu-
ral number of developer units are attached to the im-
age forming apparatus body in the simulation mode.

With such control means, it is unnecessary to
correct the toner density data since the output change
of the toner density sensor in the initial setting is the
same as that in the copying operation, and the struc-
tures of both the hardware and software are made
simple.

These and other objects and features of this in-
vention will become clear from the following descrip-
tion taken in conjunction with the preferred embodi-
ments with reference to the accompanied drawings in
which:

Fig. 1 is a composition diagram of an electro-
graphic copying machine as an embodiment of the
present invention that copies originals in plural colors.

Fig. 2 is an enlarged cross-sectional view of the
developer units shown in Fig. 1.

Fig. 3 is a block circuit diagram of the principal
section of the image forming apparatus shown in Fig.
1.

Fig. 4 is a circuit composition diagram of the dip
switch shown in Fig. 3.

Fig. 5 is an external perspective view of a sub de-
veloper unit in which the dip switch is provided.

The present invention will hereinafter be ex-
plained with reference to the accompanying draw-
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ings. In Fig. 1, the image of an original 6 placed on a
contact glass 4, pressed by an original cover 5, is
scanned by a scan optical system 7. The image infor-
mation is transmitted on light via condenser lens 8 to
a light receiving element 9 such as CCD (Charge Cou-
pled Device). After converted into an electric signal at
the light receiving element 9, it is processed in an im-
age information processing circuit 10. Then, the im-
age information is formed into a latent image on a
photoreceptor drum 1 by a laser scanner unit 11. Be-
fore the latent image is formed, the surface of the
photoreceptor drum 1 is charged by a main charger
100. The latent image on the photoreceptor drum 1 is
developed by a main developer unit 2 or a sub devel-
oper unit 3 and is transferred to a paper at transfer
position 13. In Fig. 1, 14 is a bypass table for feeding
paper, 15 is an upper paper feed cassette, 16 is a low-
er paper feed cassette, 17 and 18 are paper feed roll-
ers, 19 is a conveying roller, 20 is a resisting roller, 21
is a transferring charger, and 22 is a separating charg-
er. The paper to which an image on the drum 1 is
transferred is conveyed to a fixing unit 24 by a con-
veying belt 23. After fixed at the fixing unit 24, the pa-
per is discharged on a discharge tray 26 through dis-
charge rollers 25. The paper fixed at the fixing unit 24
can be led to a middle tray 28 through reverser 27 to
be ready for the re-transferring of the image on the
drum 1. The main developer unit 2 contains black to-
ner to form black images. The sub developer unit 3
contains toner of another color to form images of an-
other color. The developer units 2 and 3 can separate-
ly be attached to or detached from a copying machine
body.

Fig. 2 is a cross-sectional view showing the de-
tails of the developer units 2 and 3. In this embodi-
ment, the structure of only main developer unit 2 is
described since the main developer unit 2 and the sub
developer unit 3 have the same structure and they
are different only in that they contain different colors
of toner and that the sub developer unit 3 is smaller
than the main developer unit 2. First, a developer 33
consisting of toner and carrier is supplied to the de-
veloper shell 30 after stirred by a paddle 32 that ro-
tates on the axis parallel to that of the developer shell
30 and on which fins 31 are radially provided. The de-
veloper shell 30 is attached on the periphery of the
magnet roller 34, and the toner on the developer shell
30 is provided to the surface of the photoreceptor
drum 1 through the developer shell 30. In this proc-
ess, the toner density of the developer 33 is detected
by the toner density sensor 35, and the detected val-
ue and a predetermined reference value are com-
pared at a control section 40 that comprises a micro-
computer shown in Fig. 3.

The control section 40 operates based on the
program stored in a ROM42. In the black-and-white
image forming mode in which the main developer unit
2 operates, the control section 40 A/D(analog-to-dig-
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ital)-converts the toner density detection signal gen-
erated by the toner density sensor 35 of the main de-
veloper unit 2, and after comparing the detected value
with the reference value pre-memorised in RAM43,
outputs a control signal. At this time, to maintain the
toner density of the main developer unit 2 at a fixed
level, when the detected value is larger than the ref-
erence value, the control section 40 controls the toner
supply roller driving motor so that the toner supply de-
creases, and when the detection value is smaller than
the reference value, it controls the toner supply roller
driving motor so that the toner supply increases. In
the color image forming mode in which the sub devel-
oper unit 3 operates, the control section 40 controls
the toner supply in the same manner to maintain the
toner density of the sub developer unit 3 at afixed lev-
el. However, it is only when both of the main and sub
developer units 2 and 3 are attached to the copying
machine that the control section 40 performs the
above-described toner density control operation, the
copying operation and an initial setting of developer.
When either of the developer units is detached, the
control section 40 does not perform the above oper-
ations. Therefore, it is necessary to detect whether
the developer units 2 and 3 are attached or not. The
detection is performed as hereinafter described.

First, the main developer unit 2 is judged to be at-
tached when the toner density sensor 35 outputs vol-
tage data of OV to 5V. At this time, generally, the toner
density sensor 35 does not output voltage data of
nearly OV since the main developer unit 2 contains
approximately 1kg of developer and never becomes
vacant. If it should become nearly vacant, the voltage
of, for example, 2V or 3V is normally outputted. On the
other hand, whether the sub developer unit 3 is at-
tached or not is judged by using the output of a dip
switch 47 instead of that of the toner density sensor
37. Since the entire body of the sub developer unit 3
is smaller than that of the main developer unit 2 and,
normally, only approximately 200g of developer is
contained in the sub developer unit 3, the output of the
toner density sensor 37 is unstable and sometimes
reaches nearly OV. Therefore, whether the sub devel-
oper unit 3 is attached or not cannot be judged by the
output of the toner density sensor 37. The sub devel-
oper unit 3 generally comprises a dip switch 47 with
a circuit composition as shown in Fig. 4 for indicating
the color of the toner the sub developer unit 3 con-
tains. The color of the toner is identified by detecting
the setting condition of the dip switch 47. For exam-
ple, the color is identified by setting the dip switch 47
in the conditions (a), (b) or (c) shown in Fig. 4, where,
for example, the color of the toner is red when the
switch is set in the condition (a), blue, in the condition
(b), and green, in the condition (c).

The dip switch 47 is attached to the sub develop-
er unit 3 as shown in Fig. 5, and is set as described
above by rotating its rotation driving portion 48 with,
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for example, a screwdriver. By detecting the output of
the dip switch 47, whether the sub developer unit 3 is
attached or not is detected. When the sub developer
unit 3 is attached to a copying machine body, the ter-
minals T1 to T4 shown in Fig. 4 are connected to a cir-
cuit provided in the copying machine body, and the
control section 40 judges which of the terminals T1 to
T3 is connected to the terminal T4 through the dip
switch 47.

The above judgment by the control section 40 is
an identification of the color of the toner. However, it
represents the sub developer unit 3 is attached to the
copying machine body that the above judgment can
be performed. Therefore, the control section 40 de-
tects whether the developer units are attached or not
based on the above judgment. The detection of
whether the main developer unit 2 and the sub devel-
oper unit 3 are attached or not is not necessarily per-
formed in the above-described manner; it can be per-
formed in other appropriate manners. For example,
the detection can be also performed by providing a
switch which is turned on or off when a developer unit
is attached to a copying machine body, on a develop-
er unit attaching section of the copying machine body,
so that the control section 40 can perform the judg-
ment with the output of the switch.

The control section 40 detects whether the main
and sub developer units 2 and 3 are attached or not
in the above-described manner. The control section
40 makes a copying mechanism section 46 operation-
able when both of the main and sub developer units
2 and 3 are attached; when either of the developer
units is not attached, it makes the copying mecha-
nism section 46 unoperationable.

Since the toner density control is performed only
when a predetermined plural number of developer
units are attached to an image forming apparatus
body and the output data of the developer units are
required to be corrected only when the developer
units are attached, malfunction of the correction is
not generated.

In the simulation mode, the initial value can be set
in the condition where either of the developer units is
attached or where both of the developer units are at-
tached. Even when only one of the developer units is
attached, correct data may be chosen in the correc-
tion of the toner density of both the developer units 2
and 3, since it is clear that, in the copying operation,
the toner density control is performed only when both
of the developer units are attached.

Moreover, in the simulation mode, it is possible to
make the initial setting of the developer unoperation-
able when only one of the developer units is attached.
In this case, it is not necessary to correct the toner
density data since the output change of the toner den-
sity sensors 35 and 37 in the initial setting is the same
as that in the copying operation.

The above-described is an embodiment when
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two developer units are provided. The same method
is applicable to the copying machine with which three
or more developer units are provided. Moreover,
when three or more developer units are provided, the
copying machine can be so constructed that the
copying operation and the initial setting are opera-
tionable when predetermined plural number of devel-
oper units are attached as well as when all of them
are attached. The above embodiment is an applica-
tion of the present invention to a copying machine.
The present invention is also applicable to a printer.

Obviously, many modifications and variations of
the present invention are possible in light of the above
teachings. It is therefore to be understood that within
the scope of the appended claims, the invention may
be practiced other than as specifically described.

Claims

1. An electrographic image forming apparatus com-
prising:
a photoreceptor (1);
plural developer units (2, 3) for giving toner alter-
natively to said photoreceptor (1) to develop a la-
tent image formed on said photoreceptor (1), re-
spectively comprising a developing sleeve (30,
38) attached on a magnet roller (34, 39), and
which are separately attachable and detachable
with respect to the periphery of said photorecep-
tor (1), and respectively containing developer
comprising toner and carrier, and said plural de-
veloper units (2, 3) further comprise a main de-
veloper unit (2) for forming an image of a partic-
ular color and a sub-developer unit (3) having a
smaller developer container for forming an image
of another color,
toner supply means (31, 36) for supplying toner to
said plural developer units (2, 3);
detection means (35, 40, 47) for detecting wheth-
er said plural developer units are attached with
respect to said periphery of said photoreceptor
(1); and
control means (40) for so controlling the image
forming operation as to be performed only when
all of said plural developer units (2, 3) are attach-
ed,
characterized in that
each of said plural developer units (2, 3) compris-
es a toner density sensor (35, 37) for sensing the
ratio of toner to carrier, said toner supply means
(31, 36) supplying toner according to the differ-
ence between an output of said toner density
sensor (35, 37) and a reference value, and said
detection means (35, 40, 47) detects an attach-
ment of said main developer unit (2) in response
to the presence of said output of said toner den-
sity sensor (35) of said main developer unit (2),
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and an attachment of said sub-developer unit (3)
according to an output of a color identifying
switch (47) that indicates the color of the toner in
said sub-developer unit (3).

An electrographic image forming apparatus ac-
cording to claim 1,

characterized in that

said control means (40) contains and operates in
a simulation mode to control an initial setting of
said toner density reference value of the develop-
er of each of said plural developer units (2, 3) so
that said setting is performed only when all of
said plural developer units (2, 3) are attached.

Patentanspriiche

1.

Elektrographische
mit

einem Photorezeptor (1);

mehreren Entwicklungseinheiten (2, 3) zur wahl-
freien Abgabe von Toner an den Photorezeptor
(1) zum Entwickeln eines an dem Photorezeptor
(1) erzeugten latenten Bilds, wobei die Entwick-
lungseinheiten (2, 3) jeweils eine an einer Ma-
gnetrolle (34, 39) befestigte Entwicklungstrom-
mel (30, 38) aufweisen, getrennt am Umfang des
Photorezeptors (1) befestigbar und von diesem
abnehmbar sind und jeweils aus Toner und einem
Trager bestehenden Entwickler enthalten, und
wobei die Vielzahl von Entwicklungseinheiten (2,
3) ferner eine Hauptentwicklungseinheit (2) zur
Erzeugung eines Bilds in einer bestimmten Far-
be und eine Zusatzentwicklungseinheit (3) mit ei-
nem kleineren Entwicklerbehalter zur Erzeugung
eines Bilds in einer anderen Farbe umfassen;
einer Tonerzufuhreinrichtung (31, 36) zur Zufuhr
von Toner zu den mehreren Entwicklungseinhei-
ten (2, 3);

einer Erfassungseinrichtung (35, 40, 47) zur Er-
fassung, ob die Entwicklungseinheiten am Um-
fang des Photorezeptors (1) befestigt sind; und
einer Steuereinrichtung (40) zur derartigen
Steuerung des Bilderzeugungsvorgangs, daR
dieser lediglich ausgefiihrt wird, wenn s&mtliche
der mehreren Entwicklungseinheiten (2, 3) befe-
stigt sind,

dadurch gekennzeichnet, daf®

jede der mehreren Entwicklungseinheiten (2, 3)
einen Tonerdichtesensor (35, 37) zur Erfassung
des Verhéltnisses von Toner zum Trager auf-
weist, wobei die Tonerzufuhreinrichtung (31, 36)
entsprechend der Differenz zwischen einem
Ausgang des Tonerdichtesensors (35, 37) und ei-
nem Referenzwert Toner zufiihrt und die Erfas-
sungseinrichtung (35, 40, 47) anhand des Vor-
handenseins der Ausgabe des Tonerdichtesen-

Bilderzeugungsvorrichtung
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sors (35) eine Befestigung der Hauptentwick-
lungseinheit (2) erfallt und anhand einer Ausga-
be eines Farbidentifikationsschalters (47), der
die Farbe des Toners in der Zusatzentwicklungs-
einheit (3) angibt, die Befestigung der Zusatzent-
wicklungseinheit (3) erfafit.

Bilderzeugungsvorrichtung nach Anspruch 1,
dadurch gekennzeichnet, daf®

die Steuereinrichtung (40) einen Simulationsmo-
dus zur Steuerung einer urspriinglichen Einstel-
lung des Referenzwerts fiir die Tonerdichte des
Entwicklers jeder der mehreren Entwicklungsein-
heiten (2, 3) aufweist und in diesem derart arbei-
tet, daR die Einstellung lediglich erfolgt, wenn je-
de der mehreren Entwicklungseinheiten (2, 3) be-
festigt ist.

Revendications

Appareil électrographique de formation d’'image,
comprenant :

un photorécepteur (1),

plusieurs unités (2, 3) d’agent de dévelop-
pement destinées a transmettre un développa-
teur en alternance au photorécepteur (1) pour le
développement d’une image latente formée surle
photorécepteur (1), comprenant respectivement
un manchon de développement (30, 38) fixé a un
rouleau a aimants (34, 39), et qui peuvent étre
fixées et séparées de la périphérie du photoré-
cepteur (1) de maniére séparée respectivement
et contenant un agent de développement qui
contient un développateur et un véhiculeur, les
unités d’agent de développement (2, 3) compre-
nant en outre une unité principale (2) destinée a
former une image d'une couleur particuliére et
une unité auxiliaire (3) ayant un plus petit réci-
pient d’agent de développement pour la forma-
tion d’'une image d’une autre couleur,

un dispositif (31, 36) d’alimentation en dé-
veloppateur des unités (2, 3) d’agent de dévelop-
pement,

un dispositif de détection (35, 40, 47) des-
tiné a détecter si les unités d’agent de dévelop-
pement sont fixées ala périphérie du photorécep-
teur (1), et

un dispositif de commande (40) destiné a
commander I'opération de formation d’image de
maniére qu'elle ne soit réalisée que lorsque tou-
tes les unités (2, 3) d’agent de développement
sont fixées,

caractérisé en ce que

chacune des unités (2, 3) d’agent de déve-
loppement comporte un capteur (35, 37) de dé-
tection de densité de développateur destiné a dé-
tecter le rapport du développateur au véhiculeur,
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le dispositif (31, 36) d’alimentation en développa-
teur transmettant le développateur d’apres la dif-
férence entre un signal de sortie du capteur de
densité de développateur (35, 37) et une valeur
de référence, et le dispositif de détection (35, 40,
47) détecte la fixation de l'unité principale (2)
d’agent de développement lors de la présence du
signal de sortie du capteur (35) de densité de dé-
veloppateur de I'unité principale (2) d'agent de
développement, et la fixation de 'unité auxiliaire
(3) d’agent de développement en fonction d’un si-
gnal de sortie d’'un interrupteur (47) d’identifica-
tion de couleur qui indique la couleur du dévelop-
pateur contenu dans I'unité auxiliaire (3) d’agent
de développement.

Appareil électrographique de formation d’image
selon la revendication 1, caractérisé en ce que le
dispositif de commande (40) comporte un mode
de simulation et 'utilise pour effectuer un réglage
initial de la valeur de référence de densité de dé-
veloppateur de I'agent de développement de cha-
cune des unités (2, 3) d’agent de développement,
si bien que le réglage est réalisé uniquementlors-
que toutes les unités (2, 3) d’'agent de développe-
ment sont fixées.
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Fig. 2
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Fig. 3
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