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(57)  An image forming apparatus (100) includes a
latent image bearer (18K), a development device (19K)
removably installable in an apparatus body in an instal-
lation direction (Z), the development device (19K), a cool-
ing device (30) including a heat receiver (32K) containing
coolant to cool the development device (19K), a pressing
means (142) to press the heat receiver (32K) of the cool-
ing device (19K) against the development device (19K),

FIG. 11

an engaging and disengaging unit (40) for engaging and
disengaging the heat receiver (32K) from the develop-
ment device (19) by moving the heat receiver (32K) in
the installation direction (Z), and a shifting means (191K,
41fK) that contacts the development device (19K) and
moves the heat receiver (32K) together with the devel-
opment device (19K) in the installation direction (Z) when
the development device (19K) is installed in the appara-
tus body.
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Description
FIELD OF THE INVENTION

[0001] The present invention generally relates to an
image forming apparatus, such as a copier, a printer, a
plotter, or a multifunction machine including at least two
of these functions.

BACKGROUND OF THE INVENTION

[0002] Image forming apparatuses typically include an
optical writing device, a fixing device, and a development
device. These devices include driving motors, heaters,
and the like, all of which act as heat generators that gen-
erate heat, thus raising temperature inside the image
forming apparatus.

[0003] Development devices include a developer con-
veyance member to transport developer (e.g., toner) in-
side the development device, a developer bearer to carry
developer thereon, and a developer regulator to adjust
the amount of developer carried on the developer bearer.
For example, in the development device, heat is gener-
ated by sliding contact between developer and the de-
veloper conveyance member as well as contact among
developer particles, and temperature inside the develop-
ment device rises. The temperature inside the develop-
ment device can rise also due to sliding contact between
developer and the developer regulator to adjust the
amount of developer carried on the developer bearer and
contact among developer particles being regulated by
the developer regulator.

[0004] Whenthetemperature inside the image forming
apparatus rises beyond a certain point, the amount of
charge of the toner can decrease, making it impossible
to attain desired image density. Moreover, the tempera-
ture rise can fuse toner and cause the toner to adhere to
the developer regulator, the developer bearer, and a la-
tent image bearer (e.g., a photoreceptor). The toner ad-
hering to such components can create lines in output
images, degrading image quality. In particular, possibility
of image failure caused by solidification of toner is higher
when toner of a lower melting temperature is used to
reduce energy required for image fixing.

[0005] In view of the foregoing, various approaches
have been tried to cool such hot portions. For example,
JP-2011-018008-A proposes a liquid-cooling device to
cool the development device that generates heat. The
liquid-cooling device includes a heat receiver containing
coolant, a radiator to radiate heat from the coolant, a
circulation pipe to circulate the coolant between the heat
receiver and the radiator, and a pump to transport the
coolanttothe heatreceiver. The heatreceiveris disposed
in contact with the development device so that the coolant
therein draws heat therefrom. The cooling efficiency of
the liquid-cooling device is higher than that of typical air-
cooling devices. In addition, installing the circulation pipe
in a limited space is easier because the circulation pipe
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for the cooling liquid can be smaller than the air duct.
Therefore, the liquid-cooling device is preferable in com-
pactimage forming apparatuses in which space between
the components is smaller.

[0006] Additionally, the development device is often
designed to be removably installed in the apparatus body
independently or together with other components housed
in a common unit casing (i.e., a process cartridge).
[0007] The above-described JP-2011-018008-A fur-
ther proposes a unit to engage the heat receiver with the
development device when the development device is in-
stalled in the apparatus and disengage it from the devel-
opment device when the development device is removed
from the apparatus. The heat receiver is pressed to the
development device by a pressing means and held by a
holder. After the development device is installed in the
apparatus body, the holder holding the heat receiver is
moved in the direction in which the development device
is installed (hereinafter "installation direction"). At that
time, the holder moving in the installation direction shifts
the heat receiver toward the development device, and
thus the heat receiver is brought into contact with the
development device. As the holder is moved further in
the installation direction, and the heat receiver slides on
the development device downstream in the installation
direction. Simultaneously, the pressing means presses
the heat receiver against the development device.
[0008] However, if the heat receiver slides on the de-
velopment device, it is possible that the heat receiver is
abraded and damaged. Such abrasion hinders close con-
tact between the heat receiver and the development de-
vice, thereby degrading cooling effects.

BRIEF SUMMARY OF THE INVENTION

[0009] Itis a general object of the present invention to
provide an improved and useful image forming apparatus
in which the above-described problems are eliminated.
In order to achieve the above-described object, there is
provided an image forming apparatus according to claim
1. Advantageous embodiments are defined by the de-
pendent claims.

[0010] Advantageously, an image forming apparatus
includes a latent image bearer, a development device
removably installable in an apparatus body, a cooling
device including a heat receiver containing coolant to
draw heat from the development device, a pressing
means to press the heat receiver of the cooling device
against a side wall of the development device, an engag-
ing and disengaging unit to engage and disengage the
heat receiver from the development device by moving
the heat receiver in parallel to an installation direction in
which the development device is installed in the appara-
tus body, and a shifting means to move the heat receiver.
The development device includes a developer bearer to
carry developer to a development range facing the latent
image bearer. In installation of the development device
in the apparatus body, the shifting means contacts the
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development device and moves the heat receiver togeth-
er with the development device in the direction in which
the development device is installed in the apparatus
body.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] A more complete appreciation of the disclosure
and many of the attendant advantages thereof will be
readily obtained as the same becomes better understood
by reference to the following detailed description when
considered in connection with the accompanying draw-
ings, wherein:

[0012] FIG. 1is a schematic view illustrating an image
forming apparatus according to an embodiment of the
present invention;

[0013] FIG.2is aperspective view of animage forming
unit for black from a front side;

[0014] FIG. 3 is a perspective view of the image form-
ing unit for black from a back side;

[0015] FIG. 4 is a schematic view of a configuration in
which metal rollers are provided in both end portions of
a development roller;

[0016] FIG. 5 is a schematic view of a liquid-cooling
device;

[0017] FIG.6illustrates a variation of the liquid-cooling
device;

[0018] FIG. 7 illustrates another variation of the liquid-
cooling device;

[0019] FIG. 8illustrates yet another variation of the lig-

uid-cooling device;

[0020] FIG 9 is a schematic view of a heat receiver;
[0021] FIG 10 is a schematic end-on axial view illus-
trating a configuration adjacent to the image forming unit
for black as viewed from the front side of the apparatus;
[0022] FIG. 11 is a cross-sectional view of the image
forming unit for black;

[0023] FIG. 12 is a perspective view illustrating the
heat receiver and a holder for it;

[0024] FIG. 13 is a perspective view illustrating the
holder;
[0025] FIG. 14 illustrates the holder and the heat re-

ceiver as viewed from the front side;
[0026] FIG. 15 illustrates an engagement pin fixed in
caulking to the holder;

[0027] FIG. 16is a perspective view of the heat receiv-
er;

[0028] FIG. 17 is a perspective view illustrating a hold-
er supporter;

[0029] FIG. 18 is a schematic view of an engagement

slot into which the engagement pin is inserted;

[0030] FIG 19 is a perspective view illustrating a fixed
portion and the holder supporter;

[0031] FIG20isaperspective view illustrating the fixed
portion and the holder supporter as viewed from a differ-
ent angle;

[0032] FIG. 21 illustrates a state in which the heat re-
ceiver is pressed against a development device;
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[0033] FIG. 22 illustrates a state in which the heat re-
ceiver is disengaged from the development device;
[0034] FIG. 23illustrates insertion of the image forming
unit into the apparatus body;

[0035] FIG. 24 is an enlarged perspective view illus-
trating an area A shown in FIG. 23;

[0036] FIG. 25 illustrates movement of the engage-
ment pin and a relative position of a contact portion of an
engaging and disengaging unit in insertion of the image
forming unit into the apparatus;

[0037] FIG. 26A illustrates force exerted on the en-
gagement pin guided by an engagement slot having a
linear guiding surface as a comparative example;
[0038] FIG. 26B illustrates force exerted on the en-
gagement pin guided by the engagement slot whose
guiding surface is curved according to an embodiment;
[0039] FIG. 27 is a graph that compares loads neces-
sary for insertion of the development device when the
guiding surface is linear as shown in FIG. 26A and when
the guiding surface is a quadratic curve; and

[0040] FIG. 28 illustrates a variation of the guiding sur-
face of the engagement slot.

DETAILED DESCRIPTION OF THE INVENTION

[0041] Indescribing preferred embodiments illustrated
in the drawings, specific terminology is employed for the
sake of clarity. However, the disclosure of this patent
specification is not intended to be limited to the specific
terminology so selected, and it is to be understood that
each specific element includes all technical equivalents
that operate in a similar manner and achieve a similar
result.

[0042] Referring now to the drawings, wherein like ref-
erence numerals designate identical or corresponding
parts throughout the several views thereof, and particu-
larly to FIG. 1, a multicolor image forming apparatus ac-
cording to an embodiment of the present invention is de-
scribed.

[0043] Itis to be noted that the suffixes Y, M, C, and
K attached to each reference numeral indicate only that
components indicated thereby are used for forming yel-
low, magenta, cyan, and black images, respectively, and
hereinafter may be omitted when color discrimination is
not necessary.

[0044] FIG. 1is a schematic view illustrating an image
forming apparatus 100 according to the present embod-
iment.

[0045] The image forming apparatus 100 shown in
FIG. 1 includes a tandem image forming unit 1 in which
four image forming units 11Y, 11M, 11C, and 11K are
arranged in parallel to each other. Each image forming
unit 11 includes a drum-shaped photoreceptor 18 serving
as alatentimage bearer, adrum cleaning unit 12, acharg-
ing device 13, and two-component type development de-
vice 19.

[0046] The components of the image forming unit 11
are housed in a common unit casing, forming a process
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cartridge (modular unit) removably installable in an ap-
paratus body of the image forming apparatus 100. Thus,
multiple consumables can be replaced at a time.
[0047] An exposure unit 9 serving as a latent image
forming unit is provided above the tandem image forming
unit 1, and a reading unit 10 is provided in an upper por-
tion of the apparatus. The reading unit 10 scans an orig-
inal placed on an exposure glass, thereby reading image
data of the original. Beneath the tandem image forming
unit 1, an intermediate transfer unit 2 including an inter-
mediate transfer belt 15 serving as an intermediate trans-
fer member is provided. The intermediate transfer belt
15 is looped around multiple rollers including a support
roller 16.

[0048] Beneath the intermediate transfer unit 2, a sec-
ondary-transfer unit 4 is provided. The secondary-trans-
ferunit4 includes a secondary-transferroller 17 disposed
in contact with an outer side of the intermediate transfer
belt 15 and pressing against the support roller 16 via the
intermediate transfer belt 15, thus forming a secondary-
transfer nip therebetween. A secondary-transfer bias is
applied to the secondary-transfer roller 17 from a power
source, whereas the support roller 16 is grounded. Thus,
a secondary-transfer electrical field is generated in the
secondary-transfer nip.

[0049] Additionally, afixing device 7 is provided on the
left of the secondary-transfer unit 4 in FIG. 1 to fix toner
images formed on sheets of recording media. The fixing
device 7 includes a hearing roller inside which a heat
generator is provided. A conveyance belt 6 is provided
between secondary-transfer unit 4 and the fixing device
7 to transport the sheet onto which atonerimage is trans-
ferred to the fixing device 7.

[0050] The image forming apparatus 100 further in-
cludes a sheetfeeder 3 and a discharge unit 8. The sheet
feeder 3 is disposed in a lower portion of the apparatus
and feeds sheets from a sheet container (i.e., a sheet
tray) one by one to the secondary-transfer unit 4. The
discharge unit 8 transports the sheet that has passed
through the fixing device 7 either outside the apparatus
or to a duplex unit 5.

[0051] AsshowninFIG. 1, the image forming appara-
tus 100 further includes an insulation device 20 to ther-
mally insulate the intermediate transfer belt 15 from the
fixing device 7. The insulation device 20 includes a planar
heat receiver 21, a heat pipe 22, a planar radiator 23, a
duct 24, and an exhaust fan. It is to be noted that, in FIG.
1, reference numerals 32 represents a heat receiver
(heat receiving portion) of a liquid-cooling device 30
(shown in FIG. 5), 35a represents a cooling fan, and 35b
represents a radiator.

[0052] To make copies of originals, image data of the
original is read with the reading unit 10. In parallel to
image reading, the intermediate transfer belt 15 rotates
clockwise in FIG. 1. Further, the charging devices 13
electrically charge the surfaces of the photoreceptors 18
in the respective image forming units 11 of the tandem
image forming unit 1. The exposure unit 9 exposes the
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photoreceptors 18 according to yellow, magenta, cyan,
and black image data of the original, thus forming latent
images on the respective photoreceptors 18. Subse-
quently, the development devices 19 develop the latent
images on the respective photoreceptors 18 with devel-
oper (e.g., toner) into single-color toner images.

[0053] The toner images are sequentially transferred
from the photoreceptors 18Y, 18M, 18C, and 18K and
superimposed on one another on the intermediate trans-
fer belt 15. Thus, a multicolor toner image (i.e., a synthe-
sized image) is formed on the intermediate transfer belt
15. After image transfer, the drum cleaning units 12 re-
moves toner remaining on the respective photoreceptors
18 as a preparation for subsequent image formation.
[0054] In parallel to toner image formation, the sheets
are fed from the sheet container one at a time. The sheet
gets stuck in a nip between registration rollers 14 and is
stopped. The registration rollers 14 then rotate to send
the sheet to the secondary-transfer nip, where the inter-
mediate transfer belt 15 presses against the secondary-
transfer unit 4, timed to coincide with the multicolor toner
image formed on the intermediate transfer belt 15. In the
secondary-transfer nip, the multicolor toner image is
transferred by the secondary-transfer unit 4 from the in-
termediate transfer belt 15 onto a first side (e.g., front
side) of the sheet (secondary-transfer process).

[0055] After the secondary-transfer process, the con-
veyance belt 6 transports the sheet to the fixing device
7, where the toner image is fixed on the sheet with heat
and pressure, after which the sheet is transported to the
discharge unit 8 . The discharge unit 8 includes a switch-
ing pawl to switch the destination of the sheet between
a discharge tray provided outside the apparatus (on the
left in FIG. 1) and the duplex unit 5 in the lower portion
of the apparatus. The sheetis reversed in the duplex unit
5 and again transported to the secondary-transfer nip
(secondary-transfer position) to form an image on a sec-
ond side of the sheet. Then, the discharge unit 8 dis-
charges the sheet to the discharge tray. Meanwhile, a
belt cleaning unit removes the toner remaining on the
intermediate transfer belt 15 after the image is transferred
therefrom in preparation for subsequent image forma-
tion.

[0056] FIGS. 2 and 3 are perspective views of the im-
age forming unit 11K from a front side of the apparatus
and a back side of the apparatus, respectively. It is to be
noted that only the photoreceptor 18K and the develop-
ment device 19K are illustrated in FIGS. 2 and 3 for sim-
plicity.

[0057] The photoreceptor 18K includes a photosensi-
tive pipe 18cK on which a photosensitive layer is formed,
a front flange 18akK, and a back flange 18bK. The front
flange 18aK and the back flange 18bK of the photore-
ceptor 18K are rotatably supported by a housing 110K
of the image forming unit 11K.

[0058] The development device 19K includes a devel-
opment roller 19aK serving as a developer bearer, de-
veloper conveyance members, such as conveyance
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screws, to transport and agitate developer inside the de-
velopment device 19K, and a developer regulator, such
as a doctor blade, to adjust the amount of developer car-
ried on the development roller 19aK.

[0059] The image forming unit 11K further includes a
front positioning plate 111K and a back positioning plate
112K, serving as positioning members for determining
the position of the development device 19K in the appa-
ratus body. After the development device 19K is tempo-
rarily positioned in the housing 110K, the position thereof
is determined by the front positioning plate 111K and the
back positioning plate 112K. The front positioning plate
111K and the back positioning plate 112K rotatably sup-
port a drum shaft 18dK, which is a support shaft of the
photoreceptor 18K, as well as a roller shaft 19a1 (shown
in FIG. 4) of the development roller 19aK. Referring to
FIG. 2, the drum shaft 18dK of the photoreceptor 18K
extends from a photoreceptor motor 18E provided in the
apparatus body.

[0060] Adevelopmentgap of predetermined size is se-
cured between the photoreceptor 18K and the develop-
ment roller 19aK. Specifically, the drum shaft 18dK of the
photoreceptor 18K rotatably engages the front position-
ing plate 111K and the back positioning plate 112K via
bearings. Similarly, the roller shaft 19a1 of the develop-
ment roller 19aK rotatably engages the front positioning
plate 111K and the back positioning plate 112K via bear-
ings.

[0061] The development device 19K further includes
sub-positioning pins 19bK fixed thereto. The sub-posi-
tioning pin 19bK on the back side engages a sub-posi-
tioning slot formed in the back positioning plate 112K.
Similarly, the sub-positioning pin 19bK on the front side
engages a sub-positioning slot formed in the front posi-
tioning plate 111K. With the sub-positioning pins 19bK
engaging the sub-positioning slots respectively formed
in the front positioning plate 111K and the back position-
ing plate 112K, the development device 19K can be pre-
vented from rotating around an axial line of the develop-
ment roller 19aK.

[0062] On a front side of the apparatus body of the
image forming apparatus 100, openings for insertion and
removal of the image forming units 11 are formed. It is
to be noted that the image forming units 11 are inserted
from the front side to the back side, that s, in the direction
indicated by arrow Z shown in FIG. 2 (hereinafter "inser-
tion direction Z").

[0063] When the image forming unit 11 is installed in
the apparatus body, the drum shaft 18dK extending from
the photoreceptor motor 18E penetrates through the pho-
toreceptor 18K and further engages the bearings of the
front positioning plate 111K and the back positioning
plate 112K. With this engagement, the position of the
photoreceptor 18K is determined with a proper distance
secured between the axial centerline of the photorecep-
tor 18K and the axial centerline of the development roller
19aK. Accordingly, the minute development gap can be
kept properly between the photoreceptor 18K and the
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development roller 19aK, attaining high quality of toner
images developed on the photoreceptor 18K. Use of res-
in for the front positioning plate 111K and the back posi-
tioning plate 112K is advantageous in the cost and
weight. However, the front positioning plate 111K and
the back positioning plate 112K may be made of metal.
[0064] Alternatively, as shown in FIG. 4, rollers 190
may be provided to the respective axial end portions of
the roller shaft 19a1 of the development roller 19aK to
contact the front and back flanges 18aK and 18bK, re-
spectively, to determine the relative positions of the de-
velopment roller 19aK and the photoreceptor 18K with a
proper development gap kept therebetween.

[0065] Tomaketheimageformingapparatus 100 com-
pact, the components may be densely packed inside the
apparatus. For example, the fixing device 7 can be dis-
posed beneath the intermediate transfer unit 2 because
the lateral length of the intermediate transfer unit 2 is
relatively long. In the configuration shown in FIG. 1, the
intermediate transfer belt 15 is curved to cover the upper
side and the left side of the fixing device 7 in FIG. 1. This
arrangement can reduce the height and the width of the
image forming apparatus 100.

[0066] However, in such arrangement in which the fix-
ing device 7 is adjacent to the intermediate transfer belt
15, it is possible that the fixing device 7 thermally affects
and causes the intermediate transfer belt 15 to deform,
resulting in image failure such as deviation in color reg-
istration. Such adverse effects become significant as im-
age formation speed increases and the amount of heat
generated therein increases. Further, in duplex printing,
the sheet once heated by the fixing device 7 passes
through the duplex unit 5 and again contacts the inter-
mediate transfer belt 15 at the secondary-transfer posi-
tion. Accordingly, the heat from the sheet further increas-
es the temperature of the intermediate transfer belt 15.
Moreover, the heat can be transmitted also to the pho-
toreceptors 18 in contact with the intermediate transfer
belt 15 and further to the development devices 19, thus
increasing the possibility of occurrence of deformation of
the intermediate transfer belt 15, solidification of toner,
and resultant image failure.

[0067] In view of the foregoing, the insulation device
20 (showninFIG. 1) is provided between the fixing device
7 and the intermediate transfer belt 15 adjacent to the
fixing device 7 to thermally insulate them from each other.
Although the insulation device 20 in the present embod-
imentuses a heat pipe, there are insulation devices using
a duct to generate a cooling airflow.

[0068] Referring to FIG. 1, the planar heat receiver 21
is constructed of a material that can absorb heat easily
and disposed between the fixing device 7 (heat genera-
tor) and the intermediate transfer unit 2 to be protected
from heat. The heat pipe 22 serves as a heat transmitter
and is attached to a lower face of the planar heat receiver
21. Afirst end portion (lower portion in FIG. 1) of the heat
pipe 22 receives heat, and a second end portion (upper
end portion in FIG. 1) of the heat pipe 22 is attached to
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the radiator 23 at a position higher than the heat receiving
portion. Heat is released from the second end portion of
the heat pipe 22. The radiator 23 is constructed of a ma-
terial capable of releasing heat easily. Further, a heatsink
may be provided as required. In the presentembodiment,
the duct 24 extends from the front side to the back side
of the image forming apparatus 100, and the radiator 23
is disposed inside the duct 24. An air inlet and an exhaust
outlet are provided at first and second ends of the duct
24 on the front side and back side of the apparatus, re-
spectively. The exhaust fan is provided in the exhaust
outlet on the back side of the apparatus.

[0069] In the insulation device 20, the planar heat re-
ceiver 21 receives heat from the fixing device 7, and the
heatis transmitted through the heat pipe 22 to the radiator
23 provided in the duct 24, from which the heat is re-
leased. The exhaust fan discharges the heat outside the
apparatus. It is to be noted that, alternatively, the heat
may be subjected to natural cooling. Thus, the image
forming units 11 and the intermediate transfer unit 2 can
be insulated from the heat generated in image fixing and
thermally protected effectively, thus eliminating or allevi-
ating color deviation caused by deformation of the inter-
mediate transfer belt 15, solidification of toner, and re-
sultant inconveniences.

[0070] Additionally, in the development devices 19,
heat is generated by sliding contact between the devel-
oper conveyance members and developer as well as
contact among developer particles, and temperature in-
side the development devices 19 increases. The temper-
ature inside the development devices 19 can rise also
due to sliding contact between developer and the devel-
oper regulator to adjust the amount of developer carried
on the development roller 19a and contact among devel-
oper particles being regulated by the developer regulator.
[0071] Therise intemperature inside the development
device 19 can reduce the amount of charge of the toner,
making it impossible to attain desired image density.
Moreover, the temperature rise can fuse toner and cause
the toner to adhere to the developer regulator. The toner
adhering to the developer regulator can create lines in
outputimages, degrading image quality. Possibility of im-
age failure caused by solidification of toner is typically
higher when toner of a lower melting temperature is used
to reduce energy required for image fixing. Additionally,
the temperature of the development device 19 tends to
increase due to increases in image formation speed.
[0072] Therefore, to attain high image quality and se-
cure reliability, it is important to cool the development
devices 19. To restrict the temperature rise in the devel-
opment devices 19, airflow may be generated around the
development devices 19 using an air-cooling fan. How-
ever, in response to demands for compactness of the
apparatus, the space for installing the air duct to generate
airflow around the development device 19 is reduced. If
the air duct becomes smaller, the amount of air flowing
around the development devices 19 decreases accord-
ingly, which can prevent sufficient cooling of the devel-
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opment devices 19.

[0073] Therefore, in the present embodiment, liquid
cooling is used to cool the development devices 19.
[0074] FIG. 5 is a schematic diagram illustrating the
liquid-cooling device 30.

[0075] AsshowninFIG. 5, the liquid-cooling device 30
includes four heat receivers 32Y, 32M, 32C, and 32K,
three cooling units 35, a circulation pipe 34 through which
coolant is circulated, a cooling pump 31 serving as a
transport member to circulate coolant inside the circula-
tion pipe 34, and areserve tank 33 for containing coolant.
The heat receivers 32Y, 32M, 32C, and 32K are respec-
tively pressed against side walls 19D (shown in FIG. 10)
of the development devices 19Y, 19M, 19C, and 19K,
which are hot portions. The coolant in the heat receivers
32Y, 32M, 32C, and 32K draws heat from the develop-
ment devices 19Y, 19M, 19C, and 19K, after which the
cooling units 35 cool the coolant. Each cooling units 35
includes a radiator 35b and a cooling fan 35a. It is to be
noted that reference character 32F represents a face the
heat receiver 32 facing the development device 19.
[0076] Referring to FIG. 5, in the cooling unit 35, the
radiator 35b transmits and releases heat from the coolant
via a container containing the coolant. The container is
formed of a material such as aluminum that has a higher
thermal conductivity. Depending on the amount of heat,
the heat is released through forced air-cooling using the
cooling fan 35a or natural cooling.

[0077] Itis to be noted that the number of the cooling
units 35 is not limited to three. Additionally, although one
cooling fan 35a is provided for each cooling unit 35, al-
ternatively, a single common cooling fan may be used to
supply external air to all the radiators 35b. By using the
multiple cooling units 35, temperature rise in the four de-
velopment devices 19 can be reliably restricted even
when the cooling efficiency of each cooling unit 35 indi-
vidually is relatively low. As a result, small radiators hav-
ing a smaller heat-releasing area and lower cooling effi-
ciency can be used, making the cooling unit 35 more
compact, compared with a configuration in which only a
single cooling unit is used for the four development de-
vices 19.

[0078] The cooling pump 31 is a driving source to cir-
culate the coolant between the heat receivers 32Y, 32M,
32C, and 32K and the cooling units 35 as indicated by
arrows shown in FIG. 5. The reserve tank 33 is used to
store the coolant. The coolant serves as heat transport
medium to transport heat from the heat receivers 32Y,
32M, 32C, and 32K to the radiators 35b. The coolant
includes water as a main ingredient and may further in-
clude antirust and propylene glycol or ethylene glycol to
lower the freezing temperature. Examples of antirust in-
clude phosphate such as potassium phosphate salt and
inorganic salt of potassium. When water is used, a large
amount of heat can be transported with a small amount
of coolant because water has a heat capacity at constant
volume 3000 times greater than that of air. Thus, water
can attain more efficient cooling compared with forced
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air-cooling.

[0079] Inthe configuration shownin FIG. 5, the coolant
that has been cooled by the radiators 35b is supplied to
the heat receivers 32Y, 32M, 32C, and 32K in that order
and then transported to the reserve tank 33 and the cool-
ing pump 31, after which the coolant is returned to the
radiators 35b. The sequence, however, is not limited
thereto.

[0080] Forexample,the heatreceivers 32Y, 32M, 32C,
and 32K may be arranged in parallel as shown in FIG.
6. Alternatively, as shown in FIG. 7, four cooling units
35Y, 35M, 35C, and 35K may be provided to the devel-
opment devices 19Y, 19M, 19C, and 19K, respectively,
and the circulation pipe 34 may be configured to prevent
the coolant cooled in each cooling unit 35 (e.g., 35Y) from
flowing to the heat receivers 32 for other development
devices 19 (e.g., 19M, 19C, and 19K) while flowing to
only the heat receiver 32 for the corresponding develop-
ment device 19 (e.g., 19Y).

[0081] Yetalternatively, as shown in FIG. 8, the image
forming apparatus 100 may include two liquid-cooling de-
vices, first and second liquid-cooling devices 30a and
30b. Specifically, the first liquid-cooling device 30a cools
the development devices 19Y and 19M, and the second
liquid-cooling device 30b cools the development devices
19C and 19K. The configuration of the liquid-cooling de-
vice 30 can be determined in accordance with thermal
conditions such as the amount of heat to be cooled by
the heat receivers 32 and temperature.

[0082] FIG. 9is a schematic diagram that illustrates a
configuration of the heatreceiver 32K of the liquid-cooling
device 30.

[0083] AsshowninFIG. 9, five circular recesses 32cK
are formed in the heat receiver 32K, and a screw hole
32dK is formed at a center position on a bottom face of
each circular recesses 32cK. It is to be noted that the
heat receivers 32Y, 32M, 32C, and 32K have a similar
configuration, thus omitting the descriptions of the heat
receivers 32Y, 32M, and 32C.

[0084] The heat receiver 32K includes a case 32aKin
which a coolant channel 32bK is formed. The case 32aK
and the coolant channel 32bK are constructed of mate-
rials of high thermal conductivity. Typically, copper hav-
ing a thermal conduction rate of about 400 W/mK or alu-
minum having a thermal conduction rate of about 200
W/mk can be used as a base of the case 32aK and the
coolant channel 32bK of the heat receiver 32K. Alterna-
tively, materials of higher thermal conduction rate such
as silver or gold may be used.

[0085] Thecirculation pipe 34 is aflexible membercon-
structed of, for example, rubber or resin, and connected
to ends of the coolant channel 32bK. The heat receiver
32K is supported movably in the insertion direction Z
(shown in FIG. 2) and the opposite direction by a unit 40
(shown in FIG. 10) for engaging and disengaging the
heat receiver 32K from the development device 19K
(hereinafter "the engaging and disengaging unit 40").
When the circulation pipe 34 is constructed of a flexible
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material, the circulation pipe 34 can follow the movement
of the heat receiver 32K better and be prevented from
being accidentally disengaged from the coolant channel
32bK. However, it is not necessary that the circulation
pipe 34 is entirely constructed of flexible materials. Form-
ing a part of the circulation pipe 34 with metal is advan-
tageous in reducing transmission of moisture.

[0086] Additionally, the side walls of the development
device 19K may be constructed of a thermally conductive
material such as aluminum or copper. In such a case, it
is difficult to dispose the heat receiver 32K in contact with
the side wall 19D of the development device 19K tightly,
and creation of air layers is inevitable. Air layers are not
desirable because efficiency in heat exchange is degrad-
ed.

[0087] In view of the foregoing, in the present embod-
iment, a heat conduction sheet 130K (shown in FIG. 10)
is bonded to the face 32F of the heat receiver 32K in
contact with the development device 19K. Itis preferable
that the heat conduction sheet 130K have a high thermal
conductivity and be deformable in conformity with surface
irregularities of the development device 19K and the heat
receiver 32K, thus eliminating clearances therebetween.
Hardness of heat conduction sheets, however, is propor-
tional to its thermal conductivity, and the heat conduction
sheet 130K inevitably becomes relatively hard to attain
high thermal conductivity.

[0088] Therefore, in the present embodiment, the heat
receiver 32K is pressed with a relatively strong force
against the side wall 19D of the development device 19K.
With this configuration, the heat conduction sheet 130K
can deform to cancel out the surface irregularities be-
tween the development device 19K and the heat receiver
32K even if the hardness thereof is relatively high. Thus,
creation of air layers between the development device
19K and the heat receiver 32K can be inhibited, thereby
reliably transmitting heat from the development device
19K to the heat receiver 32K. It is to be noted that the
heat conduction sheet 130K may be bonded to the side
wall 19D of the development device 19K.

[0089] Next, the engaging and disengaging units 40 to
engage and disengage the heat receivers 32 from the
respective development devices 19 is described below.
The engaging and disengaging units 40 for the heat re-
ceiver 32Y, 32M, 32C, and 32K, have a similar configu-
ration.

[0090] As described above, the heat receiver 32 is
pressed against the side wall 19D of the development
device 19 to prevent decreases in cooling efficiency of
the development device 19. Thatis, the development de-
vice 19a receives a relatively strong pressing force from
the heat receiver 32, and it is possible that the pressing
force can affect the front positioning plate 111 and the
back positioning plate 112, resulting in deformation of
the positioning plates 111 and 112.

[0091] Deformation of the front positioning plate 111
and the back positioning plate 112 can cause fluctuations
in the size or position of the development gap. The range
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of tolerance in size or position of the development gap
is very narrow. Images can be affected by even a small
deviation in development gap caused by slight deforma-
tion of the front positioning plate 111 and the back posi-
tioning plate 112. However, the heat receiver 32 can fail
to contact the development device 19 tightly if the force
with which the heat receiver 32 is pressed against the
development device 19 is reduced. In such cases, effi-
ciency in cooling of the development device 19 decreas-
es.

[0092] In view of the foregoing, in the present embod-
iment, the engaging and disengaging unit 40 is designed
to be fixed to the development device 19 when the heat
receiver 32 is pressed against the development device
19 so that the force of the heat receiver 32 pressing the
development device 19 can act as an inner force not an
external force. This configuration can prevent the press-
ing force of the heat receiver 32 from affecting the front
positioning plate 111 and the back positioning plate 112
via the development device 19, which is described in fur-
ther detail below.

[0093] FIG. 10 is a schematic end-on axial view illus-
trating the configuration adjacent to the image forming
unit 11K from the front side of the apparatus. FIG. 11 is
a cross-sectional view of the image forming unit 11K.
[0094] As shown in FIGS. 10 and 11, retractable rails
62a and 62b, such as Accuride products, are provided
to the apparatus body of the image forming apparatus
100 to engage the image forming unit 19K. The image
forming unit 11K is set on the rails 62a and 62b and in-
serted into the apparatus body with the drum shaft 18dK
inserted into the photoreceptor 18K.

[0095] As shown in FIG. 10, the development device
19K is provided with the engaging and disengaging unit
40K to engage and disengage the heat receiver 32K from
the development device 19K.

[0096] The engaging and disengaging unit 40K in-
cludes a holder 41K for holding the heat receiver 32K of
the liquid-cooling device 30 and a holder supporter 42K
for supporting the holder 41K so that the holder 41K can
engage and be disengaged from the development device
19K. The rail 62a on the left in FIG. 10 is fixed to a fixed
portion 50K of the apparatus body, and the holder sup-
porter 42K is fixed to the fixed portion 50K. The fixed
portion 50 is fixed to a partition 61 separating the tandem
image forming unit 1 from the image writing area in which
the exposure unit 9 is provided.

[0097] As shown in FIG. 10, the holder 41K covers
three sides of the heat receiver 32K, that is, an upper
face, a lower face, and a face 32G of the heat receiver
32K. The face 32G is opposite the face 32F that is
pressed against the side wall 19D of the development
device 19K. With the holder 41K covering the heat re-
ceiver 32K, the heat receiver 32K can be shielded from
infrared light from the fixing device 7 and the like, thus
reducing thermal effects on the heat receiver 32K from
components other than the development device 19K.
Thus, the heat receiver 32K is noted heated by compo-

10

15

20

25

30

35

40

45

50

55

nents other than the development device 19K, securing
efficiency in cooling of the development device 19K.
[0098] FIG. 12 is a perspective view illustrating the
holder 41K holding the heat receiver 32K, and FIG. 13
is a perspective view illustrating the holder 41K. FIG. 14
illustrates the holder 41K and the heat receiver 32K as
viewed from the front side.

[0099] As shown in FIG. 13, the holder 41K can be
produced by folding a planar metal, and five holes 41bK
are formed in an opposed wall 41aK opposed to the face
32G of the heat receiver 32K. The holes 41bK are ar-
ranged at regular intervals in the longitudinal direction of
the holder 41K. The holder 41K further includes first and
second folded portions 41cK and 41dK (shown in FIG.
14) folded at both ends of the opposed wall 41aK in the
shorter direction of the opposed wall 41aK. An engage-
ment hole 41eK is formed in a center portion of each of
the first and second folded portions 41cK and 41dK in
the longitudinal direction thereof. As shown in FIGS. 12
and 15, engagement pins 140K serving as engagement
members are fitted in the respective engagement holes
41eK in caulking.

[0100] Additionally, the first folded portion 41cK of the
holder 41K extends longer to the back side (upper right
in FIG. 13) of the apparatus than the second folded por-
tion 41dK as shown in FIG. 13, forming an extended por-
tion 41gK, and a contact portion 41fK is provided to the
extended portion 41gK. In other words, the contact por-
tion 411K is positioned in a downstream end portion of
the holder 41K in the insertion direction Z and includes
a face perpendicular to the insertion direction Z (shown
in FIG. 2) of the development device 19K or the longitu-
dinal direction of the development device 19K. The con-
tact portion 41fK contacts a back end portion of a first
engagement portion 191K (shown in FIG. 11) of the de-
velopmentdevice 19K when the development device 19K
is installed in the apparatus body. The contact portion
41fK can be formed by folding. It is to be noted that the
insertion direction Z of the development device 19K is
perpendicular to the surface of the paper on which FIGS.
10 and 11 are drawn.

[0101] Referring to FIG. 16, the five circular recesses
32cK formed in the heat receiver 32K are positioned to
face the five holes 41bK formed in the opposed wall 41aK
of the holder 41K. As shown in FIGS. 13 and 14, a step
screw 141K is fitted loosely in each of the five holes 41bK
formed in the opposed wall 41 aK of the holder 41K, and
further a threaded portion of the step screw 141K is
screwed in the screw hole 32dK of the heat receiver 32K.
[0102] Additionally, a coil spring 142K winds around a
step portion of the step screw 141K as shown in FIG. 14.
The coil spring 142K is an elastic member that serves as
a pressing means. The coil spring 142K has a first end
disposed in contact with the opposed wall 41 aK of the
holder 41K and a second end disposed in contact with a
bottom portion 32eK (hereinafter also "contact portion
32ek") of the circular recesses 32cK formed in the heat
receiver 32K. The bottom portion 32eK of the circular
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recesses 32cK serves as a contact portion with which
the pressing means (coil spring 142K) comes into con-
tact. Thus, the heat receiver 32K is pushed by the coil
spring 142K toward the development device 19K and
held by the holder 41K.

[0103] Additionally, as shown in FIG. 14, the holder
41K supports the heat receiver 32K with a clearance of
predetermined size provided between the opposed wall
41aK and the face 32G of the heat receiver 32K on the
opposite side of the development device 19K. With this
arrangement, when the heat receiver 32K is being en-
gaged with the side wall 19D of the development device
19K, the heat receiver 32K can be moved relatively to
the holder 41K, and the heat receiver 32K can be properly
pressed against the development device 19K.

[0104] Further, as shown in FIG. 14, the heat receiver
32K is supported so that the face 32F thereof projects
beyond ends of the first and second folded portions 41cK
and 41dK in the lateral direction in FIG. 11. With this
arrangement, when the heat receiver 32K is brought into
contact with the development device 19K, the ends of
the first and second folded portions 41cK and 41dK of
the holder 41K can be prevented from contacting the de-
velopment device 19K.

[0105] The force with which the heat receiver 32K
presses against the developmentdevice 19K can be eas-
ily adjusted by changing the type of the elastic pressing
member that in the present embodiment is the coil spring
142K.

[0106] Asdescribed above, the circularrecesses 32cK
is formed in the heatreceiver 32K, and the contact portion
(bottom portion) 32eK is recessed beyond the face 32G
on the opposite side of the face 32F in contact with the
development device 19K. With this configuration, a dis-
tance D1 between the contact portion 32eK and the op-
posed wall 41aK of the holder 41K can be greater than
a distance D2 between the opposed wall 41aK and the
face 32G of the heat receiver 32K on the opposite side
of the development device 19K. This configuration can
reduce fluctuations in pressing force exerted by the coll
spring 142K due to fluctuation in length of the coil spring
142K. Further, the apparatus can become compact be-
cause the distance D2 between the opposed wall 41aK
and the face 32G of the heat receiver 32K can be re-
duced.

[0107] Additionally, in the present embodiment, the
heat receiver 32K is elastically supported at multiple po-
sitions spaced at regular intervals in the longitudinal di-
rection. Accordingly, the pressing force can be uniformly
applied to the heat receiver 32K.

[0108] Itis to be noted that, although the holes 41bK
in the opposed wall 41aK of the holder 41K are arranged
in a row in the longitudinal direction in the present em-
bodiment, alternatively, the holes 41bK may be in zigzag
arrangement. Additionally, although the heat receiver
32Kis elastically supported at five positions in the present
embodiment, the number and locations at which the heat
receiver 32K is supported is not limited thereto as long
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as the pressure can be applied from the entire heat re-
ceiver 32K to the development device 19K uniformly. Ad-
ditionally, if a sufficient distance is secured between the
opposed wall 41aK and the face 32G of the heat receiver
32K on the opposite side of the development device 19K,
the circular recesses 32cK may be unnecessary. Addi-
tionally, the pressing means for exerting the pressure
force is not limited to the coil spring 142K but may be a
leaf spring or sponge capable of restoring its elastic force.
When sponge or the like is used, it is not necessary to
use the step screw 141K to support it. Sponge may be
glued to both the heat receiver 32K and the holder 41K
so that the heat receiver 32K is supported on the holder
41K with the sponge.

[0109] FIG. 17 is a perspective view of the holder sup-
porter 42K.
[0110] The holder supporter 42K includes a first mem-

ber 421K and a second member 422K. The first member
421K includes a vertical wall 421aK, a supporting portion
421bK, and afixed portion 421cK. The first member 421K
can be produced by folding a metal sheet. That is, the
metal sheet is folded at both ends of the vertical wall 421
aKiin a shorter direction of the vertical wall 421aK, there-
by forming the supporting portion 421bK and the fixed
portion 421cK. A connecting portion 421dK to connect
the holder supporter 42K to the fixed portion 50K is pro-
vided to either end portion of the supporting portion
421bK in the longitudinal direction thereof, and a slot
421eK is formed in a center portion of each connecting
portion 421dK.

[0111] Additionally, a screw hole 421-1 is formed in
either end portion of the fixed portion 421cK of the first
member 421K in the longitudinal direction to connect the
second member 422K to the first member 421K with a
screw. An engagement slot 423K that engages the en-
gagement pin 140K is formed in a center portion in the
longitudinal direction of each of the supporting portion
421bK of the first member 421K and the second member
422K. As shown in FIG. 18, the engagement slot 423K
includes a guiding portion 423aK oblique to the insertion
direction Z of the development device 19K (longitudinal
direction of the holder supporter 42K) and an engage-
ment portion 423bK in parallel to the insertion direction
Z of the development device 19K. The engagement pin
140K moves while being in contact with a guiding face
423cK (ontheleftin FIG. 18) of the guiding portion 423ak,
that is, guided by the guiding face 423cK, and a part of
the guiding face 423cK is curved.

[0112] Itisto be noted that, in FIG. 18, reference char-
acter A represents a start point of the curved face of the
engagement slot 423K, and B represents an end point
of the curved face. Lubricant such as grease is applied
to the guiding face 423cK, along which the engagement
pin 140K moves, to alleviate frictional resistance gener-
ated when the engagement pin 140K moves inside the
engagement slot 423K. Thus, the resistance against in-
sertion of the development device 19 can be alleviated
better.
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[0113] The holder 41K can be connected to the holder
supporter 42K as follows. The engagement pin 140K,
which is fixed in caulking to the hole 41eK formed in the
first folded portion 41cK of the holder 41K, is inserted
into the engagement slot 423K formed in the supporting
portion 421bK of the holder supporter 42K. Subsequent-
ly, the other engagement pin 140K, which is fixed in caulk-
ing to the hole 41eK formed in the second folded portion
41dK of the holder 41K, is inserted into the engagement
slot423K formed in the second member 422K of the hold-
er supporter 42K. Then, the second member 422K is
screwed to the fixed portion 421cK of the first member
421K of the holder supporter 42K. Thus, the holder 41K
can be supported by the holder supporter 42K.

[0114] It is to be noted that, although the supporting
portion 421bK is positioned on the upper side of the first
member 421K as shown in FIG. 19 in the present em-
bodiment, alternatively, the supporting portion 421bK
may be disposed on the lower side. Additionally, although
the second member 422K is screwed to the fixed portion
421cK of the first member 421K in the configuration
shown in the drawings, alternatively, the second member
422K may be fixed thereto using a rivet or welding. It is
advantageous in that maintenance work of the heat re-
ceiver 32K can be easier when the first member 421K
and the second member 422K are fixed using screws so
that they can be separated easily.

[0115] As shown in FIG. 17, the holder supporter 42K
further includes first and second engagement rims 161K
and 162K. The first and second engagement rims 161K
and 162K are provided at an end in the shorter direction
of the first member 421K and the second member 422K,
respectively. The first and second engagement rims
161K and 162K extend in the insertion direction Z (lon-
gitudinal direction) and are folded upward from the ends
in the shorter direction of the first and second members
421K and 422K.

[0116] Corresponding to the first and the second en-
gagement rims 161K and 162K of the holder supporter
42K, referring to FIG. 11, the development device 19K
includes first and second receiving rims 191K and 192K
extending in the insertion direction Z (longitudinal direc-
tion of the development device 19K). The first receiving
rim 191K is formed with a horizontal portion projecting
from the side wall 19D of the development device 19K
and a vertical portion extending downward from the end
of the horizontal projecting portion. The second receiving
rim 192K projects downward from a bottom face of the
development device 19K and positioned in an end portion
onthe side of the heatreceiver 32K. Thefirstengagement
rim 161K faces the first receiving rim 191K and is posi-
tioned closer to the photoreceptor 18K than the first re-
ceiving rim 191K. The second engagement rim 162K fac-
es the second receiving rim 192K and is positioned closer
to the photoreceptor 18K than the second receiving rim
192K.

[0117] As shown in FIG. 19, the holder supporter 42K
is fixed to the fixed portion 50K that is screwed to the
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partition 61 at three positions 50SR. More specifically,
as shownin FIG. 20, the fixed portion 50K includes holder
supporter mounts 51K in both longitudinal end portions.
A step screw 150K is loosely fitted in the slot 421eK
formed in the connecting portion 421dK of the holder sup-
porter 42K, and, as shown in FIG. 20, the step screw
150K is screwed into a screw hole formed in a center
portion of the holder supporter mount 51K provided in
the fixed portion 5 oak.

[0118] Additionally, referring to FIG. 19, a clearance is
provided between the fixed portion 50K and the vertical
wall 421aK of the holder supporter 42K attached to the
fixed portion 50K. Thus, while the holder supporter 42K
can move swingably in parallel to the direction in which
the coil spring 142K exerts the pressing force and rela-
tively to the fixed portion 50K, the holder supporter 42K
cannot move in the insertion direction Z of the develop-
ment device 19K. Since the holder supporter 42K can
move swingably in parallel to the pressing direction of
the coil spring 142K, the first and second engagement
rims 161K and 162K at the right end of the holder sup-
porter 42K can be prevented from blocking the first and
second receiving rims 191K and 192K of the develop-
ment device 19K being inserted or removed from the ap-
paratus. Accordingly, the development device 19K can
be smoothly inserted and removed from the apparatus.
Further, when the coil spring 142K presses the heat re-
ceiver 32K against the development device 19K, the
holder supporter 42K can move away from the develop-
ment device 19K receiving reaction force from the devel-
opment device 19K. As a result, the first and second en-
gagement rims 161K and 162K can engage the first and
second receiving rims 191K and 192K, respectively, and
the engaging and disengaging unit 40K can be fixed to
the development device 19K.

[0119] Descriptions are given below of engagement
and disengagement of the heat receiver 32K from the
development device 19K by the engaging and disengag-
ing unit 40K.

[0120] FIG. 21 illustrates a state in which the heat re-
ceiver 32K is pressed against the development device
19K, and FIG. 22 illustrates a state in which the heat
receiver 32K is disengaged from the development device
19K. FIG. 23 illustrates insertion of the image forming
unit 11K into the apparatus body, and FIG. 24 is an en-
larged perspective view illustrating an area A shown in
FIG. 23. ltis to be noted that not the entire image forming
unit 11K but only the casing of the development device
19K is illustrated in FIGS. 23 and 24 for simplicity.
[0121] When the image forming unit 11K is being in-
serted into the apparatus body for replacement or the
like, as shown in FIG. 24, the downstream end portion in
the insertion direction Z of the first receiving rim 191K,
which is a projection projecting toward the heat receiver
32K, comes into contact with the contact portion 41fK
provided to the holder 41K. When the image forming unit
11K is inserted further from this state, the first receiving
rim 191K pushes the contact portion 41K, and the holder
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41K is moved downstream in the insertion direction Z
(toward the back side of the apparatus body) together
with the development device 19K. Then, as shown in
FIG. 25, the engagement pin 140K of the holder 41K
moves inside the engagement slot 423K guided by the
guiding portion 423aK, and the holder 41K moves toward
the development device 19K. Accordingly, the heat re-
ceiver 32K held by the holder 41K moves toward the de-
velopment device 19K in conjunction with insertion of the
development device 19K. Thus, in the present embodi-
ment, the contact portion 41fK of the holder 41K and the
first receiving rim 191K of the development device 19K
together form a shifting unit (shifting means) for moving
the heat receiver 32K.

[0122] When the image forming unit 11K is further in-
serted into the apparatus body, the holder 41K approach-
es the development device 19K while moving together
with the development device 19K to the back side of the
apparatus. Then, the heat receiver 32K comes into con-
tact with the side wall 19D of the development device
19K. At that time, referring to FIG. 18, the engagement
pin 140K is at a start point A of the curved portion of the
guiding face 423cK.

[0123] When the image forming unit 11K is further in-
serted into the apparatus body from the state shown in
FIG. 18, the holder 41K moves to the back side of the
apparatus together with the development device 19K.
Then, the engagement pin 140K is guided by the curved
portion of the guiding face 423cK, and the holder 41K
further approaches the development device 19K. As a
result, the heat receiver 32K in contact with development
device 19K presses the development device 19K. Then,
the development device 19K as well as the holder 41K
moves to the back side of the apparatus. When the en-
gagement pin 140K is guided to the engagement portion
423bK of the engagement slot 423K as shown in FIG.
25, the heat receiver 32K presses against the side wall
19D of the development device 19K with a predetermined
pressure.

[0124] Inthe presentembodiment, the heatconduction
sheet 130K of the heat receiver 32K does not slidingly
contact the development device 19K because the holder
41K presses the heat receiver 32K to the development
device 19K while moving to the back side of the apparatus
together with the development device 19K as described
above. This configuration can prevent damage to the
heat conduction sheet 130K caused by the sliding contact
with the development device 19K. Accordingly, the heat
conduction sheet 130K can be kept in close contact with
the side wall 19D of the development device 19K for long
time. As a result, the development device 19K can be
cooled sufficiently for long time.

[0125] Additionally, when the heat receiver 32K push-
es the side wall 19D of the development device 19K but
the first and second receiving rims 191K and 192K of the
development device 19K are not in contact with the first
and second engagement rims 161K and 162K of the en-
gaging and disengaging unit 40K, reaction force from the
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development device 19K is transmitted to the holder sup-
porter 42K via the heat receiver 32K and the engagement
pin 140K of the holder 41K. Accordingly, the holder sup-
porter 42K is pushed away from the development device
19K. Receiving the reaction force from the development
device 19K, the holder supporter 42K moves away from
the development device 19K as indicated by arrow A1
shown in FIG. 21 because the holder supporter 42K is
fixed to the fixed portion 50K movably in parallel to the
direction of the pressing force exerted by the coil spring
142K. With this movement, the first and second receiving
rims 191K and 192K of the development device 19K re-
spectively contact the first and second engagement rims
161K and 162K of the engaging and disengaging unit
40K and engage them.

[0126] When the holder 41K and the development de-
vice 19K further move to the back side from this state,
the holder supporter 42K no longer moves in the direction
indicated by arrow A1 in FIG. 21 even if the development
device 19K applies reaction force thereto. Accordingly,
the coil spring 142K is compressed and presses the heat
receiver 32K against the development device 19K. At
that time, the holder 41K receives the reaction force
against the pressing force exerted on the coil spring 142K
by the heat receiver 32K, and further the reaction force
is received by the holder supporter 42K via the engage-
ment pin 140K. Further, the reaction force affects the first
and second receiving rims 191K and 192K of the devel-
opment device 19K in contact with the first and second
engagementrims 161K and 162K of the holder supporter
42K. In other words, with the first and second engage-
ment rims 161K and 162K engaging the first and second
receiving rims 191K and 192K, the engaging and disen-
gaging unit 40K is fixed to the development device 19K
so that the development device 19K and the engaging
and disengaging unit 40K can act as a single united el-
ement inside the apparatus.

[0127] Then, the pressing force by the heat receiver
32K can act as not an external force on the development
device 19K but an internal force inside the development
device 19K. Consequently, the force exerted on the front
and back positioning plates 111K and 112K and the like,
resulting from the pressing force from the heat receiver
32K, can be reduced, thus inhibiting deformation of the
front positioning plate 111K and the back positioning
plate 112K. Accordingly, fluctuations in the development
gap can be reduced, and high image quality can be main-
tained for long time. When the engagement pin 140K of
the holder 41K is guided to the engagement portion
423bK of the engagement slot 423K, the heat receiver
32K can push the development device 19K with a pre-
determined pressure.

[0128] Additionally, after the heat receiver 32K comes
into contact with the side wall 19D of the development
device 19K, the engagement pin 140K moves while being
in contact with the curved portion of the guiding face
423cK of the guiding portion 423akK. Therefore, increases
in resistance against insertion of development device
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19K can be limited. In other words, in the present em-
bodiment, as the holder 41K moves in the insertion di-
rection Z together with the development device 19K, the
heat receiver 32K is pushed to the development device
19K. More specifically, as the holder 41K approaches
the development device 19K, being guided by the guiding
portion 423aK of the engagement slot 423K, the coil
spring 142K is compressed. Accordingly, the force with
which the heat receiver 32K presses against the devel-
opment device 19K increases. As a result, the reaction
force applied to the engagement pin 140K increases.

[0129] FIG26Aillustrates a guiding portion 423aZ hav-
ing a linear guiding face 423cZ as a comparative exam-
ple.

[0130] Inthe comparative example shown in FIG. 26A,

in which the guiding face 423cZ is linear and inclination
relative to the insertion direction Z (shown in FIG. 18) of
the development device 19 is constant, when the heat
receiver 32K comes into contact with the development
device 19K (an initial state), reaction force F1 applied to
an engagement pin 140Z is not so strong. Similarly, re-
sistance F1a caused by the engagement pin 140Z mov-
ing to the right in FIG. 26A is not so strong. As the image
forming unit 11K and the holder 41K are inserted and the
engagement pin 140K moves to the upper right in FIG.
26A, the coil spring 142K is compressed. Reaction force
F2 applied to the engagement pin 140K at that time is
greater than the force F1. Consequently, resistance F2a
generated to move the engagement pin 140Z to the upper
right in FIG. 26A at that time becomes greater than the
resistance F1a. Accordingly, when frictional resistance
is disregarded, the resistance against insertion of the im-
age forming unit 11K increases by the amount corre-
sponding to the drag (F2a-F1a).

[0131] By contrast, as shown in FIGS. 18 and 26B, in
the configuration in which the guiding face 423cK of the
guiding portion 423aK of the engagement slot 423K is
curved, the angle between a line tangential to the curve
and the insertion direction Z decreases as the position
approaches the engagement portion 423bK. Therefore,
although the reaction force F1 increases to the force F2
as the holder 41K approaches the development device
19K, increases in the resistance F2a at that time can be
limited. That is, the resistance F2a can be similar in size
to the resistance F1a at the initial state. As aresult, when
frictional resistance is disregarded, the resistance
against insertion of the image forming unit 11K can be
kept substantially constant from the initial state when the
heat receiver 32K comes into contact with development
device 19K until the engagement pin 140K approaches
the engagement portion 423bK.

[0132] In the configuration shown in FIG. 18 in which
the guiding face 423c is curved, the guiding face 423c
can be shaped so that its inclination relative to the instal-
lation direction Z decreases toward the engagement por-
tion 423b.

[0133] In particular, when the curve of the guiding face
423cK is a quadratic curve, the resistance can be sub-
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stantially constant while the engagement pin 140K
moves along the guiding portion 423aK of the engage-
ment slot 423K. Accordingly, the resistance against in-
sertion of the image forming unit 11K can be kept con-
stant.

[0134] FIG. 27 is a graph of load (linear line A) neces-
sary for insertion of the development device 19K when
the guiding surface 423cK of the guiding portion 423aK
is linear as shown in FIG. 26A and load (linear line B)
necessary for insertion of the development device 19K
when the guiding surface 423cK is a quadratic curve. It
is to be noted that FIG. 27 shows results generated in
simulation with the frictional resistance between the guid-
ing face 423cK and the engagement pin 140K deemed
zero, and reference character L represents the amount
by which the development device 19 is moved (insertion
amount) to complete insertion thereof.

[0135] From the linear line A shown in FIG. 27, it can
be known that, when the engagement pin 140 is guided
by the linear guiding face 423cZ, the load necessary for
insertion of the development device 19K increases as
the development device 19K is inserted deeper in the
apparatus. By contrast, as indicated by the line B shown
in FIG. 27, when the engagement pin 140 is guided by
the quadratic curve of the guiding face 423cK, the load
necessary for insertion of the development device 19K
can be constant. Further, when the guiding face 423cK
is quadratically curved, the load can be restricted to about
half the maximum load (or the load immediately before
completion of insertion of the development device 19K)
in the case of the linear guiding face 423cZ. Thus, when
the guiding face 423cK of the guiding portion 423aK is
quadratically curved, resistance against insertion of de-
velopment device 19K (image forming unit 11) can be
alleviated, and users can insert the development device
19K with a reduced force. That is, usability of the appa-
ratus can be improved.

[0136] Itis to be noted that, in practice, as the inclina-
tion of the tangential line of the curve relative to the in-
sertion direction Z of the development device 19 decreas-
es, vertical resistance F2b increases as shown in FIG.
26B, and accordingly the frictional resistance increases.
In the present embodiment, however, lubricant is applied
to the guiding face 423cK, with which the engagement
pin 140K comes into contact, thereby alleviating the fric-
tional resistance generated when the engagement pin
140K moves inside the engagement slot 423K. There-
fore, increases in the frictional resistance can be limited,
and resistance againstinsertion of the image forming unit
11K can be limited, even if the vertical resistance F2b
increases.

[0137] Toremove the image forming unit 11K from the
apparatus body, the user operates a lever provided on
the front side of the apparatus to move the holder 41K
toward the front side. Then, pushed by the contact portion
411K, the image forming unit 11K (development device
19K) moves to the front side of the apparatus together
with the holder 41K. When the engagement pin 140K of
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the holder 41K reaches the guiding portion 423aK of the
engagement slot 423K and is guided by the guiding por-
tion 423aK, the holder 41K moves relatively to the holder
supporter 42K in the direction away from the develop-
ment device 19K. Accordingly, the heatreceiver 32K held
by the holder 41K moves away from the development
device 19K. When the engagement pin 140K reaches an
end portion of the guiding portion 423aK, the heat receiv-
er 32K is completely disengaged from the development
device 19K as shown in FIG. 22. When the heat receiver
32K is thus disengaged, the user pulls out the develop-
ment device 19K from the apparatus body. In removal of
the image forming unit 11K from the apparatus body, the
heat receiver 32K is moved away from the development
device 19K and does not apply pressure to the develop-
ment device 19K. Additionally, the first and second en-
gagement rims 161K and 162K are disengaged from the
firstand second receiving rims 191K and 192K and move
relatively to the first and second receiving rims 191K and
192K in parallel to the insertion direction Z. Consequent-
ly, the image forming unit 11K can be pulled out from the
apparatus body easily. Thus, the shifting means, in re-
moval of the image forming unit 11K from the apparatus
body, sliding contact between the heat conduction sheet
130K and the development device 19K can be reduced,
thus reducing abrasion of the heat conduction sheet
130K.

[0138] Itistobe noted thatalthough the guiding portion
423aK of the engagement slot 423K has the guiding face
423cK of quadratic curve in the description above, the
guiding portion 423aK is not limited thereto.

[0139] FIG. 28 illustrates an engagement slot 4231 as
a variation.
[0140] As shown in FIG. 28, a guiding portion 423a1

of the engagement slot 4231 includes first and second
inclined portions 423a-1 and 423a-2 each having a linear
guiding face (guiding face 423c1). The second inclined
portion 423a-2 on the side of the engagement portion
423bis inclined from the insertion direction Z by an angle
(hereinafter "inclination angle") 62 smaller than an incli-
nation angle 61 of the first inclined portion 423a-1. The
inclination relative to the insertion direction Z decreases
toward the engagement portion 423b.

[0141] Also in the configuration shown in FIG. 28, the
engagement pin 140K can be guided by the second in-
clined portion 423a-2 whose inclination is smaller when
the reaction force of the engagement pin 140K increases
in response to the increase in the pressing force exerted
on the development device 19K by the heat receiver 32.
Accordingly, increases in the drag generated when the
engagement pin 140K moves inside the guiding portion
423a1 can be limited, and thus increases in the resist-
ance against insertion of the development device 19K
can be limited. It is to be noted that although there are
two inclined portions in the configuration shown in FIG.
28, the number of inclined portions into which the guiding
portion 423a is divided is not limited thereto.

In such cases, the inclination of the inclined portion is
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reduced toward the engagement portion 423b similarly.
[0142] Itisto be noted that the development device 19
may be designed to be independently installed and re-
moved from the apparatus body although the relative po-
sitions of the development device 19 and the photore-
ceptor 18 are determined with the positioning plates, and
the development device 19 and the photoreceptor 18 are
united into a single unit removably installed in the appa-
ratus body in the above-described configuration. In such
cases, when the development device 19 is installed in
the apparatus body, a positioning member inside the ap-
paratus body determines the position of the development
device 19 so that the gap between the photoreceptor 18
and the development roller 19a can be kept properly.
Applying the above-described features of the present
embodiment to such configurations in which the devel-
opment device 19 is independently installed and re-
moved from the apparatus body can reduce the force
applied to the positioning members inside the apparatus
body from the development device 19 due to the pressing
force exerted by the heat receiver. With this configura-
tion, deformation of such positioning members can be
reduced, maintaining the development gap with a higher
degree of accuracy.

[0143] As described above, the image forming appa-
ratus 100 according to the present embodiment includes
the photoreceptor 18 serving as the latent image bearer,
the development device 19 removably installed in the
apparatus body, the liquid-cooling device 30 including
the heat receiver 32, and the engaging and disengaging
unit 40. The development device 19 includes the devel-
opment roller 19a serving as the developer bearer. The
heat receiver 32 contains coolant to draw heat from the
development device 19, and the coil spring 142 presses
the heat receiver 32 against the side wall of the devel-
opment device 19. The engaging and disengaging unit
40 moves the heat receiver 32 in the insertion direction
Z of the development device 19K, thereby engaging and
disengaging the heat receiver 32 from the development
device 19. The image forming apparatus 100 further in-
cludes the shifting means to move the heat receiver 32.
[0144] The image forming apparatus 100 further in-
cludes the first and second positioning plates 111 and
112 to fix in position the development device 19 relative
to the photoreceptor 18.

[0145] The shifting means is designed to contact the
development device 19 in installation of the development
device 19 in the apparatus body and to move the heat
receiver 32 together with the development device 19 in
the installation direction Z. With this configuration, when
the heat receiver 32 is pressed against the development
device 19, the heat receiver 32 can move in the insertion
direction Z together with the development device 19, thus
preventing sliding contact between the heat receiver 32
and the development device 19. Accordingly, abrasion
of the heat receiver 32 can be reduced, and the heat
receiver 32 can be kept in close contact with the devel-
opment device 19 for long time. As a result, the devel-
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opment device 19 can be cooled sufficiently for long time.
[0146] The shifting means to move the heat receiver
32 includes the first receiving rim 191 provided to the
development device 19 and the contact portion 41f pro-
vided to the engaging and disengaging unit 40 and de-
signed to contact the first receiving rim 191. The first re-
ceiving rim 191 projects toward the heat receiver 32. As
the first receiving rim 191 of the development device 19
pushes the contact portion 41f, the heat receiver 32 can
move in the installation direction Z together with the de-
velopment device 19.

[0147] Additionally, the engaging and disengaging unit
40 includes the holder 41 to hold the heat receiver 32 via
the coil spring 142, and the holder supporter 42 to support
the holder 41 movably in the installation direction Z of
the development device 19. The holder 41 includes the
engagement pin 140, and the holder supporter 42 in-
cludes the engagement slot 423 that engages with the
engagement pin 140.

[0148] The engagement slot 423 includes the guiding
portion 423a and the engagement portion 423b. The
guiding portion 423a is inclined relative to the installation
direction Z of the development device 19. The guiding
portion 423a guides the engagement pin 140 close to
and away from the development device 19 while moving
the engagement pin 140 in parallel to the installation di-
rection Z. The engagement portion 423b extends in the
insertion direction Z and designed to retain the engage-
ment pin 140 when the heat receiver 32 is pressed
against the side wall 19D of the development device 19.
[0149] With this configuration, the heat receiver 32 can
be engaged and disengaged from the development de-
vice 19 by operating the holder 41. Additionally, the hold-
er 41 can be prevented from accidentally disengaged
from the holder supporter 42.

[0150] The guiding portion 423a is designed so that its
inclination relative to the installation direction Z decreas-
es toward the engagement portion 423b. This configura-
tion can restrict increases in drag when the engagement
pin 140 moves along the guiding face 423c of the guiding
portion 423 a even if, in insertion of the development
device 19, the pressing force exerted on the development
device 19 from the heat receiver 32 increases, and the
resistance applied to engagement pin 140 due to the
pressing force increases. Thus, when the holder 41 (heat
receiver 32) is moved together with the development de-
vice 19 to press the heat receiver 32 against the devel-
opment device 19, resistance against insertion of the de-
velopment device 19 can be restricted. Therefore, a
strong force is not necessary for insertion of the devel-
opment device 19, thus enhancing usability.

[0151] The engaging and disengaging unit 40 further
includes the first and second engagement rims 161 and
162. When the heat receiver 32 is pressed against the
developmentdevice 19, the firstand second engagement
rims 161 and 162 are engaged with the first and second
receiving rims 191 and 192 by the reaction against the
pressure exerted by the heatreceiver 32 on the coil spring
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142. Thus, the engaging and disengaging unit 40 is fixed
to the development device 19. Thus, the reaction against
the pressing force exerted on the coil spring 142 by the
heat receiver 32 can affect the receiving rims 191 and
192 of the development device 19.

[0152] As a result, the pressure applied from the heat
receiver 32 to the development device 19 can become
an internal force, thus reducing the force applied to the
positioning plates 111 and 112 from the development
device 19 due to the pressure exerted by the heat receiv-
er 32. Therefore, fluctuations in the gap between the pho-
toreceptor 18 and the development device 19 can be
restricted.

[0153] Numerous additional modifications and varia-
tions are possible in light of the above teachings. It is
therefore to be understood that, within the scope of the
appended claims, the disclosure of this patent specifica-
tion may be practiced otherwise than as specifically de-
scribed herein.

[0154] This patent application is based on Japanese
Patent Application No. 2011-102253, filed on April 28,
2011, in the Japan Patent Office.

Claims

1. Animage forming apparatus (100), comprising;
a latent image bearer (18K);
a development device (19K) removably installable
in an apparatus body in an installation direction (Z),
the development device (19K) including a developer
bearer (19aK) to carry developer to a development
range facing the latent image bearer (18K);
a cooling device (30) including a heat receiver (32K)
containing coolant to draw heat from the develop-
ment device (19K);
a pressing means (142K) for pressing the heat re-
ceiver (32K) of the cooling device (19K) against a
side wall (19D) of the development device (19K);
an engaging and disengaging unit (40) for engaging
and disengaging the heat receiver (32K) from the
developmentdevice (19) by moving the heat receiver
(32K) in parallel to the installation direction (Z); and
a shifting means (191K,41fK) for moving the heat
receiver (32K),
wherein, in installation of the development device
(19K) in the apparatus body, the shifting means
(191K,41fK) contacts the development device (19K)
and moves the heat receiver (32K) together with the
development device (19K) in the installation direc-
tion (Z).

2. The image forming apparatus (100) according to
claim 1, characterized in that the engaging and dis-
engaging unit (40) comprises a holder (41) to hold
the heatreceiver (32K) via the pressing means (142),
and a holder supporter (42) to support the holder
(41) movably in the installation direction (Z) of the
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development device (19), and

the shifting means (191K,41fK) includes a projection
(191K) projecting from the development device
(19K) toward the heat receiver (32K), and a contact
portion (41fK) provided to the holder (41) of the en-
gaging and disengaging unit (40),

wherein the contact portion (41fK) is disposed in per-
pendicular to the installation direction (Z) and pushed
by the projection (191K) when the development de-
vice (19) is installed in the apparatus body.

The image forming apparatus (100) according to
claim 2, characterized in that the contact portion
(41fK) is positioned in a downstream end portion of
the holder (41) in the installation direction (2).

The image forming apparatus (100) according to
claim 1, characterized in that the shifting means
(191K,41fK) comprises:

a projection (191K) provided to the development
device (19K) and projecting toward the heat re-
ceiver (32K); and

a contact portion (41fK) provided to the engag-
ing and disengaging unit (40) to contact the pro-
jection (191K) when the development device
(19) is installed in the apparatus body.

5. The image forming apparatus (100) according to

claim4, characterized in that the engaging and dis-
engaging unit (40) comprises:

a holder (41) to hold the heat receiver (32K) via
the pressing means (142) and including an en-
gagement member (140); and

aholder supporter (42) to supportthe holder (41)
movably in the installation direction (Z) of the
development device (19),

wherein an engagement hole (423) to engage with
the engagement member (140) of the holder (41) is
formed in the holder supporter (42),

the engagement hole (423) includes a guiding por-
tion (423a) inclined relative to the installation direc-
tion (Z) to guide the engagement member (140) clos-
er to the development device as the engagement
member (140) moves downstream in the installation
direction (Z), and an engagement portion (423b) ex-
tending in parallel to the insertion direction (Z) and
designed to retain the engagement member (140)
when the heat receiver (32K) is pressed against the
side wall (19D) of the development device (19), and
an inclination of the guiding portion (423a) of the en-
gagement hole (423) relative to the installation di-
rection (Z) decreases toward the engagement por-
tion (423b).

The image forming apparatus (100) according to any
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one of claims 3 through 5, characterized in that the
pressing member (142) is an elastic member includ-
ing a first end disposed in contact with the holder
(41) and a second end disposed in contact with the
heat receiver (32K).

The image forming apparatus (100) according to
claim 5, characterized in that the guiding portion
(423a1) of the engagement hole (4231) is divided in
a longitudinal direction of the guiding portion (423a1)
into multiple linear inclined portions (423a-1; 423a-
1) having different inclinations relative to the instal-
lation direction (Z), and

among the multiple linear inclined portions (423a-1;
423a-1), the inclination of the linear inclined portion
closer to the engagement portion (423b) is smaller.

The image forming apparatus (100) according to
claim 5, characterized in that the guiding portion
(423a1) of the engagement hole (4231) is curved.

The image forming apparatus (100) according to
claim 8, characterized in that the guiding portion
(423a1) of the engagement hole (4231) includes a
quadratic curve face.

The image forming apparatus (100) according to any
one of claims 5 through 9, characterized in that a
portion of the guiding portion (423aK) that contacts
the engagement member (140K) is lubricated.

The image forming apparatus (100) according to any
one of claims 5 through 10, characterized by further
comprising a positioning means (111; 112) to deter-
mine a position of the development device (19K) rel-
ative to the latent image bearer (18K),

wherein the engaging and disengaging unit further
includes an engagement portion (161; 162) to en-
gage a receiving portion (191; 192) provided to the
development device (19K),

when the heat receiver (32K) is pressed against the
development device (19K), the engagement portion
(161; 162) are engaged with the receiving portion
(191; 192) by reaction against pressure exerted by
the heat receiver (32K) on the pressing means (142)
so that the engaging and disengaging unit (40) is
fixed to the development device (19K).
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