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(54) Cooling mechanism for cooling electric driving part of injection molding machine and
cooling method for the same

(57) A cooling mechanism for cooling an electric
driving part (27) of an injection molding machine (10),
includes a cooling part for cooling the electric driving
part (27); and an actuating part (24,25) actuated by be-

ing supplied an actuating fluid, the actuating fluid being
in fluid communication with the cooling part. The actu-
ating fluid may be used as a cooling fluid for cooling the
electric driving part.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention generally relates to cool-
ing mechanisms for cooling electric driving parts of in-
jection molding machines and cooling methods for the
same, and more particularly, to a cooling mechanism for
cooling an electric driving part of a hybrid type injection
molding machine having an actuating part actuated by
being supplied an actuating fluid, and a cooling method
for the same.

2. Description of the Related Art

[0002] In an injection molding machine, resin heated
and melted in a heating cylinder is injected into a cavity
of a mold apparatus under high pressure so that the cav-
ity is filled with the molten resin. The molten resin is then
cooled and solidified so as to obtain a molded article.
[0003] Such an injection molding machine includes an
injection apparatus, a mold clamping apparatus and the
mold apparatus. The mold apparatus is provided with a
stationary side mold unit and a movable side mold unit.
The movable side mold unit is advanced and retracted
by the mold clamping apparatus, so as to perform mold
closing, mold clamping and mold opening.
[0004] The injection apparatus includes a heating cyl-
inder and a screw. The screw is disposed inside the
heating cylinder so that the screw can be rotated about
an axis and can be advanced and retracted. The screw
is advanced so that the resin is injected from the injec-
tion nozzle provided at a head end of the heating cylin-
der, and thereby the resin fills the cavity space of the
mold apparatus.
[0005] Furthermore, the injection apparatus includes
an injection apparatus main part supported on a frame
of the injection molding machine and a moving appara-
tus for plasticizing. By operating the moving apparatus
for plasticizing, the injection apparatus main part is ad-
vanced and retracted, and a nozzle opening part formed
at a head end of the injection nozzle can come in contact
with and separate from a stationary platen of the sta-
tionary side mold unit. The resin is injected from the in-
jection nozzle in a state where the nozzle opening
comes in contact with the stationary platen.
[0006] Meanwhile, there is a hybrid type injection
molding machine in the field of injection molding ma-
chines. The hybrid injection molding machine includes
an electric driving part such as an electric motor and an
actuating part. Oil is supplied as an actuating fluid to the
actuating part so that the actuating part is actuated by
hydraulic pressure.
[0007] In such a hybrid type injection molding ma-
chine, a hydraulic actuating part is actuated for injection.
An electrically powered machine such as a motor is driv-

en for mold clamping, metering and moving for plasti-
cizing (other than for injection) as an electric driving part,
so that mold closing, mold clamping, mold opening, me-
tering, retraction so-called suck back, nozzle touch,
ejecting a molded article, and others are performed.
[0008] In a case where the electrically powered ma-
chine(motor) is used as the driving part, normally, a fan
provided with the motor is operated for air-cooling the
motor forcibly so as to correspond to heat generation
based on motor driving (forced air cooling method).
[0009] Furthermore, not only the above mentioned
forced air cooling method but also a cooling fluid passing
method is applied for cooling the electrically powered
machine as a driving part of the injection molding ma-
chine. In the cooling fluid passing method, a jacket is
provided at an external circumference of the electric
driving part. A cooling fluid path is formed by a groove
of the jacket, so that cooling fluid such as water or oil is
passed through the cooling fluid path, thereby cooling
the electric driving part.
[0010] However, in the forced air cooling method, the
electric driving part is cooled only by the fan. Hence, it
may be difficult to sufficiently dissipate the heat gener-
ated by driving the electric driving part. Therefore, the
rated output of the heat of the electric driving part is re-
quired to be small.
[0011] Furthermore, in the cooling fluid passing meth-
od, separate equipment having a large size is neces-
sary. Hence, the injection molding machine is required
to have a large size and manufacturing cost is in-
creased. In addition, in a case where water is used as
the cooling fluid, for example, corrosion may occur in-
side of the cooling fluid path due to poor water quality,
and condensation may occur when water temperature
is lower than air temperature. The above mentioned oc-
currences of corrosion and condensation may cause a
problem such as an electrical short of the motor.

SUMMARY OF THE INVENTION

[0012] Accordingly, it is a general object of the present
invention to provide a novel and useful cooling mecha-
nism for cooling an electric driving part of an injection
molding machine and a cooling method for the same, in
which one or more of the problems described above are
eliminated.
[0013] Another and more specific object of the
present invention is to provide a cooling mechanism for
cooling an electric driving part of the injection molding
machine and a cooling method for the same whereby
the electric driving part can be cooled sufficiently.
[0014] It is also an object of the present invention to
provide a cooling mechanism for cooling an electric driv-
ing part of an injection molding machine, includes a cool-
ing part for cooling the electric driving part; and an ac-
tuating part actuated by being supplied an actuating flu-
id, the actuating fluid being in fluid communication with
the cooling part. The actuating fluid may be used as a
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cooling fluid for cooling the electric driving part.
[0015] It is also an object of the present invention to
provide a cooling method for an electric driving part of
an injection molding machine, the injection molding ma-
chine including an electric driving part and an actuating
part actuated by being supplied an actuating fluid, in-
cluding using the actuating fluid as a cooling fluid for
cooling the electric driving part.
[0016] Other objects, features, and advantages of the
present invention will become more apparent from the
following detailed description when read in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

FIG. 1 is a schematic structural view of an injection
molding machine of an embodiment of the present
invention;
FIG. 2 is a conceptual view of a cooling mechanism
of a servo motor rotating a screw of the injection
molding machine shown in FIG. 1;
FIG. 3 is a view showing a temperature distribution
of the servo motor shown in FIG. 2; and
FIG. 4 is a conceptual view of a cooling mechanism
of a direct drive mechanism in which an output shaft
of a clamping motor of the injection molding ma-
chine shown in FIG. 1 as a driving part and ball
screw shaft are directly connected.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0018] A description will now be given, with reference
to FIGS. 1 through 4, of embodiments of the present in-
vention.
[0019] FIG. 1 is a schematic structural view of an in-
jection molding machine 10 of an embodiment of the
present invention. Referring to FIG. 1, the injection
molding machine 10 is a hybrid type injection molding
machine having an electric driving part and an actuating
part. Oil for actuating is supplied to the actuating part so
that the actuating part is actuated.
[0020] The injection molding machine 10 includes an
injection apparatus 20 and a mold clamping apparatus
50.
[0021] The injection apparatus 20 includes a heating
cylinder 21. A hopper 22 is disposed on the heating cyl-
inder 21. A screw 23 is disposed inside the heating cyl-
inder 21 so that the screw 23 can be rotated about an
axis and can be advanced and retracted. An injection
cylinder 24 is provided at an end of the screw 23.
[0022] An injection piston 25 is disposed inside of the
injection cylinder 24 so as to move in a liner direction.
The injection piston 25 is reciprocating-operated based
on a supply of pressurized oil from an oil path 28 so that
the screw 23 is advanced and retracted. That is, the in-

jection cylinder 24 and the injection piston 25 function
as an actuating part, namely an actuator 98 as de-
scribed below (See FIG. 2). The pressurized oil is sup-
plied to the actuating part as an actuating fluid so that
the actuating part is actuated.
[0023] A motor 27 such as a servo motor for rotating
the screw 23 is provided at a rear end of the injection
piston 25 as an electric driving part. The servo motor 27
is provided on the same axis formed by the screw 23,
the injection cylinder 24 and the injection piston 25.
[0024] The mold clamping apparatus 50 includes a
movable platen 52 where a movable mold 51 is attached
and a stationary platen 54 where a stationary mold 53
is attached. The stationary platen 54 is connected to a
toggle support 56 described below by tie bars 55. The
movable platen 52 can slide along the tie bars 55. The
mold clamping apparatus 50 also includes a toggle
mechanism 57. One end part of the toggle mechanism
57 is connected to the movable platen 52 and the other
end of the toggle mechanism 57 is connected to a toggle
support 56. A ball screw shaft 59 is rotatably supported
at the center of the toggle support 56.
[0025] A nut 61, provided at a cross head 60 that is
disposed at the toggle mechanism 57, is slidably and
matably engaged with the ball screw shaft 59. A pulley
62 is provided at a rear end part of the ball screw shaft
59. A timing belt 65 is stretched and provided between
the pulley 62 and an output shaft 64 of a mold clamping
motor 63 such as a servo motor.
[0026] Accordingly, in the mold clamping apparatus
50, when the mold clamping motor 63 is driven as a driv-
ing part, rotation of the mold clamping motor 63 is trans-
mitted to the ball screw shaft 59 as a driving transmis-
sion part by the timing belt 65. Furthermore, motion di-
rection is converted from a rotational motion to a recti-
linear motion by the ball screw shaft 59 and the nut 61
so that the toggle mechanism 57 is acted upon. Based
on the toggle mechanism 57 being acted on, the mova-
ble platen 52 slides along the tie bars 55 so that the mov-
able mold 51 is closed to, clamped to or opened from
the stationary mold 53.
[0027] FIG. 2 is a conceptual view of a cooling mech-
anism of the servo motor 27 rotating the screw 23 of the
injection molding machine 10 shown in FIG. 1.
[0028] Referring to FIG. 2, the servo motor 27 in-
cludes a driving part case 34, a stator 35, a rotor 36, and
an output shaft 33. The stator 35 is provided with the
driving part case 34. The rotor 36 is provided in the stator
35 in a diameter direction so as to be rotated. The output
shaft 33 extends through the rotor 36. The output shaft
33 can be rotated with respect to the driving part case
34 by a first bearing 31 and a second bearing 32.
[0029] The driving part case 34 is provided at a first
side plate 44 and a second side plate 45 and the space
between the first side plate 44 and the second side plate
45. The driving part case 34 is formed by the motor
frame 46 having a pipe configuration extending in an ax-
ial direction.
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[0030] The first bearing 31 is provided at the first side
plate 44. The second bearing 32 is provided at the sec-
ond side plate 45. The stator 35 is provided at the motor
frame 46.
[0031] The stator 35 has a coil not shown. The servo
motor 27 is driven by supplying a designated electrical
current to the coil so that the rotor 36 rotates at a rota-
tional speed corresponding to the amount of the electri-
cal current. The rotation of the rotor 36 is transmitted to
the output shaft 33 where the rotor 36 is provided.
[0032] An encoder 47 is provided at an end part in an
axial direction of the output shaft 33 where a mechanism
part (not shown) is not connected, namely at an end part
of an unloaded side of the output shaft 33. The encoder
47 functions as a rotational speed detection part for de-
tecting the rotational speed of the servo motor 27.
[0033] An inserting spline 42 is formed at an end part
in an axial direction of the output shaft 33 where a mech-
anism part (not shown) is connected, namely at an end
part of a loaded side of the output shaft 33. A receiving
spline 43 is formed at an end part of the injection piston
25 provided inside of the injection cylinder 24 shown in
FIG. 1. The inserting spline 42 and receiving spline 43
form a spline connection part 41.
[0034] Rotational power generated by driving the ser-
vo motor 27 is transmitted to the injection piston 25 via
the spline connection part 41, so that the screw 23 is
rotated.
[0035] Meanwhile, when the servo motor 27 is driven,
heat is generated. In order to dissipate the heat so as
to cool the servo motor 27 in the exemplary embodi-
ment, a jacket 71, for example, is provided at the exter-
nal circumference of the driving part case 34 as a cool-
ing part.
[0036] The jacket 71 includes a cooling fluid supply
opening part 72, a cooling fluid discharge opening part
73, and a single cooling fluid path 74. Oil having a des-
ignated temperature is supplied to the cooling fluid sup-
ply opening part 72 as a cooling fluid. The servo motor
27 is cooled by the oil so that the oil temperature is in-
creased. And then the oil is discharged from the cooling
fluid discharge opening part 73. The cooling fluid supply
opening part 72 and the cooling fluid discharge opening
part 73 are connected by the cooling fluid path 74. The
cooling fluid path 74 is extended so as to form a mean-
dering shape or a spiral shape, for example.
[0037] As described above, in this embodiment, the
oil is used as the cooling fluid. However, if necessary,
water or refrigerant may be used as the cooling fluid.
[0038] Furthermore, as described above, in this em-
bodiment, the cooling fluid path 74 is extended so as to
form a spiral meandering shape. However, a manifold
at an entrance side may be provided at a side of the
cooling fluid supply opening part 72. A manifold at an
exit side may be provided at a side of the cooling fluid
discharge opening part 73. By forming a plurality of par-
allel cooling fluid paths between the manifold at the en-
trance side and the manifold at the exit side, a plurality

of cooling fluid paths may be formed along the output
shaft 33.
[0039] The oil supplied to the cooling fluid path 74 in
the arrow A direction via the cooling fluid supply opening
part 72 meanders as shown by the arrow B and flows
backward (leftward in FIG. 2). While flowing, the oil cools
the servo motor 27 and is eventually discharged in the
arrow C direction from the cooling fluid discharge open-
ing part 73.
[0040] Meanwhile, FIG. 3 is a view showing a temper-
ature distribution of the servo motor 27 shown in FIG. 2.
[0041] Referring to FIG. 3, the quantity of heat at a
side (i.e., left side as viewed in FIG. 3) in an axial direc-
tion of the servo motor 27 where a mechanism part (not
shown) is connected (namely at the loaded side of the
servo motor 27) is greater than the quantity of heat at a
side (i.e., right side as viewed in FIG. 3) in an axial di-
rection of the servo motor 27 where a mechanism part
(not shown) is not connected (namely at the unloaded
side of the servo motor 27).
[0042] That is, the quantity of heat generated by re-
ceiving a load at the second bearing 32 situated at the
loaded side and transmitted to the motor frame 46, is
greater than the quantity of heat generated at the first
bearing 31 situated at the unloaded side and transmitted
to the motor frame 46. Furthermore, the heat generated
by converting motion direction with the spline connec-
tion part 41 is transmitted to the output shaft 33 of the
servo motor 27 via the spline connection part 41.
[0043] Hence, in this embodiment, the encoder 47
formed by a material having a weak resistance to heat-
ing is provided at a rear end of the screw shaft 33 (at
the right end in FIG. 3-(a)). The rear end of the screw
shaft 33 is an unloaded side where the quantity of heat
to be transmitted is relatively small. The encoder 47 is
used for detecting the rotational speed of the servo mo-
tor 27. Under the above mentioned structure, the influ-
ence of heat on the encoder 47 can be made relatively
small, and thereby the encoder 47 is not overheated
[0044] As described above, in this embodiment, the
cooling fluid supply opening part 72 to which oil having
a relatively low temperature is provided at the loaded
side, and the cooling fluid discharge opening part 73
from which the oil having a relatively high temperature
is discharged is provided at the unloaded side.
[0045] Accordingly, a temperature difference at the
loaded side between the oil and the servo motor 27 can
be made relatively large, and a temperature difference
at the unloaded side between the oil and the servo motor
27 can be made relatively small. Hence, it is possible to
improve the cooling efficiency of the jacket 71, so that
the servo motor 27 can be cooled sufficiently. Because
of this, the rated output of heat of the servo motor 27
can be large.
[0046] Meanwhile, in this embodiment, a loaded side
temperature sensor 79-1 is provided at the loaded side
and an unloaded side temperature sensor 79-2 is pro-
vided at the unloaded side, as driving part temperature
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detection parts, in order to detect temperatures of the
servo motor 27.
[0047] More specifically, the loaded side temperature
sensor 79-1 is provided at an end part of the second
side plate 45 of the stator 35.
[0048] The quantity of heat transmitted to the loaded
side, namely the side of the servo motor 27 where a
mechanism part is connected in an axial direction, is
greater than the quantity of heat transmitted to the un-
loaded side, namely the side of the servo motor 27
where a mechanism part is not connected in an axial
direction. That is to say, the temperature at the loaded
side is higher than the temperature at the unloaded side.
It is possible to directly detect the temperature at the
loaded side by the loaded side temperature sensor 79-1.
[0049] The unloaded side temperature sensor 79-2 is
provided at an end part of the first side plate 44 of the
stator 35.
[0050] In a case where a temperature detected by the
unloaded side temperature sensor 79-2 is higher than
a threshold value, electric current to the stator 35 is
stopped by a control part (not shown). As a result of this,
rotation of the servo motor 27 stops. Here, the above
mentioned threshold value is determined by considering
the temperature difference between the loaded side and
the unloaded side.
[0051] More specifically, the threshold value at the un-
loaded side is set lower than the threshold value at the
loaded side. In a case where an abnormal operation oc-
curs so that the oil as the cooling fluid for the servo motor
27 is not supplied to the jacket 71, the temperature of
the servo motor 27 at the unloaded side is easier to be
increased to the threshold value than the temperature
of the servo motor 27 at the loaded side. Since the
threshold value at the unloaded side is set lower than
the threshold value of the loaded side, it is possible to
immediately detect the generation of the abnormal op-
eration.
[0052] In this embodiment, the temperature at the un-
loaded side of the servo motor 27 becomes higher be-
cause the temperature distribution of the servo motor
27 in an axial direction is uniform. Therefore, when the
temperature of the servo motor 27 becomes higher, it is
possible to reliably detect the temperature of the servo
motor 27. As a result of this, it is possible to prevent the
servo motor 27 from being overheated.
[0053] Furthermore, since the temperature distribu-
tion of the servo motor 27 in the axial direction can be
uniform, it is possible to prevent the second bearing 32
from being overheated. Therefore, in a case where a
sealed lubricant bearing is used as the second bearing
32, it is possible to prevent deterioration of the antifric-
tion characteristic.
[0054] Furthermore, since the unloaded side temper-
ature sensor 79-2 is provided at the vicinity of the en-
coder 47, it is possible to detect the temperature in the
vicinity of the encoder 47. Therefore, the unloaded side
temperature sensor 79-2 can be used for protecting the

encoder 47.
[0055] Thus, in this embodiment, since the loaded
side temperature sensor 79-1 is provided at the loaded
side and the unloaded side temperature sensor 79-2 is
provided at the unloaded side, for example, the loaded
side temperature sensor 79-1 provided at the loaded
side can be used for detecting the temperature at the
time of normal operation and the unloaded side temper-
ature sensor 79-2 can be used for detecting the gener-
ation of an abnormal operation.
[0056] Next, referring back to FIG. 2, a hydraulic cir-
cuit 90, which functions as an oil supplying apparatus
for supplying the oil to the jacket 71 of the servo motor
27, will be described.
[0057] The hydraulic circuit 90 includes a reservoir
tank 91, a first pump 95, a second pump 97, a heat ex-
changer 96, a hydraulic actuator 98, and oil paths L-1
through L-3. A cooling apparatus for the servo motor 27
is formed by the hydraulic circuit 90 and the jacket 71.
[0058] The reservoir tank 91 functioning as an oil tank
includes a first tank 93 and a second tank 94. The oil is
received at the first tank 93. Oil having a lower temper-
ature than the oil received at the first tank 93 is received
at the second tank 94.
[0059] The reservoir tank 91 can be divided into the
first tank 93 and the second tank 94 by a partition board
92. A part 99 forming a through hole for connecting the
first tank 93 and the second tank 94 via a hole is provid-
ed at the vicinity of the bottom surface of the partition
board 92.
[0060] The first pump 95 pumps the oil received in the
first tank 93 and supplies it to the jacket 71. That is, the
first pump 95 which is a circulation pump functions as a
first oil supply source. The first pump 95 is provided at
the oil path L-1 by which the first tank 93 is connected
to the cooling fluid supply opening part 72.
[0061] The heat exchanger 96 cools the oil dis-
charged from the jacket 71. The heat exchanger 96 is
provided at the oil path L-2 by which the cooling fluid
discharge opening part 73 and the second tank 94 com-
municate.
[0062] The second pump 97 pumps the oil in the sec-
ond tank 94 and supplies the oil to the hydraulic actuator
98. That is, the second pump 97 functions as a second
oil supply source.
[0063] The second pump 97 and the hydraulic actua-
tor 98 are provided at the oil path L-3 by which the first
tank 93 is connected to the second tank 94.
[0064] The hydraulic actuator 98 in this embodiment
includes the injection cylinder 24 for advancing and re-
tracting the screw 23 shown in FIG. 1 and the injection
piston 25. Since the injection cylinder 24 and the injec-
tion piston 25 are required to be operated at a high
speed and under high pressure, the injection cylinder
24 and the injection piston 25 are suitable for being driv-
en by hydraulic pressure.
[0065] The hydraulic actuator 98 is actuated by the oil
supplied from the second pump 97. The oil is used by
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the hydraulic actuator 98 so that oil leaving the hydraulic
actuator 98 has a relatively higher temperature than oil
entering. This oil having the higher temperature is com-
municated to the first tank 93.
[0066] The first pump 95 is used for cooling the servo
motor 27. The second pump 97 is used for actuating the
hydraulic actuator 98. In the exemplary embodiment,
the capacity of the first pump 95 is smaller than the ca-
pacity of the second pump 97. Since the second pump
97 has to actuate the hydraulic actuator 98 continuously,
the second pump 97, preferably has a larger capacity.
On the other hand, it is sufficient for the first pump 95 to
correspond to heat generation based on driving of the
servo motor 27 and therefore the required capacity of
the first pump 95 may be smaller than the required ca-
pacity of the second pump 97.
[0067] Furthermore, a motor such as a servo motor
can be used as a driving source of the first pump 95 and
the second pump 97. A fixing discharge pump which de-
livers a designated discharge amount of the oil is used
as the first pump 95. A variable discharge pump which
delivers a variable discharge amount of the oil other than
the above mentioned fixing discharge pump is used as
the second pump 97 based on an actuation method of
the hydraulic actuator 98.
[0068] The oil received in the second tank 94 is
pumped by the second pump 97 and supplied to the hy-
draulic actuator 98 via the oil path L-3. Because of this,
the injection piston 25 in the injection cylinder 24 is driv-
en forward and backward so that the screw 23 is ad-
vanced and retracted.
[0069] Thus, this oil is used for actuating the hydraulic
actuator 98. The temperature of the oil when the oil is
received in the first tank 93 is relatively higher than the
temperature of the oil when the oil is received in the sec-
ond tank 94. However, since the oil received at the first
tank 93 has a sufficiently allowable heat capacity
against heat generated by the servo motor 27 driving
with a high duty, the oil in the first tank 93 can be used
for cooling the servo motor 27.
[0070] Therefore, after the hydraulic actuator 98 is ac-
tuated, the oil has a relatively higher temperature than
the oil before not used for the hydraulic actuator 98 and
is drained in the first tank 93.
[0071] The oil having a relatively higher temperature
received in the first tank 93 is pumped by the first pump
95 and supplied to the jacket 71 of the servo motor 27
via the oil path L-1.
[0072] The oil supplied to the jacket 71 of the servo
motor 27 exchanges heat with the servo motor 27 at the
jacket 71 so as to cool the servo motor 27. As a result
of this, the temperature of the oil becomes further higher
and then the oil is discharged from the jacket 71 and
supplied to the heat exchanger 96 via the oil path L-2.
[0073] The temperature of the oil supplied to the heat
exchanger 96 becomes lower by being cooled with a
heat exchange medium such as a cooling water at the
heat exchanger 96 and then the oil cooled by the heat

exchanger 96 is communicated to the second tank 94.
[0074] That is, in this embodiment, the oil actuates the
hydraulic actuator 98 which results in the oil having a
higher temperature. The oil is then flowed to the servo
motor 27 continuously in order to cool the servo motor
27. Therefore, the servo motor 27 can be cooled effi-
ciently under high heat efficiency.
[0075] Furthermore, it is not necessary for separately
providing exclusive large size equipment for cooling the
servo motor 27. Hence, it is possible to cool the servo
motor 27 efficiently with an easy structure.
[0076] Thus, the oil received in the second tank 94 is
supplied to the hydraulic actuator 98 so as to actuate
the hydraulic actuator 98. After that, the oil is drained to
the first tank 93. Furthermore, the oil in the first tank 93
is supplied to the jacket 71 so as to cool the servo motor
27. After that, the oil is supplied to the heat exchanger
96 so as to be cooled and then is drained at the second
tank 94.
[0077] As a result of this, the oil having a high tem-
perature from the hydraulic actuator 98 and returning to
the reservoir tank 91 and the cooled oil from the heat
exchanger 96 are separated in the reservoir tank 91.
The oil having the high temperature from the hydraulic
actuator 98 is received in the first tank 93. The cooled
oil is received in the second tank 94.
[0078] In the exemplary embodiment, the variable dis-
charge pump is used as the second pump 97. Therefore,
there may be a case where the discharge amount of the
first pump 95 is different from the discharge amount of
the second pump 97. In a case where the discharge
amount of the first pump 95 is smaller than the discharge
amount of the second pump 97, the amount of the oil
pumped from the first tank 93 via the oil path L-1 and
drained at the second tank 94 becomes smaller than the
amount of the oil pumped from the second tank 94 via
the oil path L-3 and drained at the first tank 93.
[0079] However, in this embodiment, the partition
plate 92 divides the reservoir tank 91 into the first tank
93 and the second tank 94. The part 99 forming the
through hole formed at the partition board 92 connects
the first tank 93 and the second tank 94 via a hole so
that the level of the oil in the first tank 93 and the level
of the oil in the second tank 94 are equalized.
[0080] As described above, the part 99 forming the
through hole is formed at the partition board 92 and pro-
vided at the vicinity of the bottom surface of the reservoir
tank 91. Therefore, in the vicinity of the part 99 forming
the through hole, there is a small temperature difference
between the oil in the first tank 93 and the oil in the sec-
ond tank 94. Therefore, it is possible to increase the tem-
perature of the oil cooled in the second tank 94 and to
decrease the temperature of the oil having a high tem-
perature in the first tank 93, by controlling the amount
of the oil that passes through the part 99 forming the
through hole.
[0081] In the exemplary embodiment, a fixing dis-
charge pump is used as the first pump 95 and the dis-
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charge amount of the first pump is constant. Hence, it
is possible to keep a proper temperature for the servo
motor 27.
[0082] Furthermore, the oil cooling the servo motor
27, resulting in the oil having a relatively higher temper-
ature, is supplied to the heat exchanger 96. Hence, it is
possible to make the temperature difference between
the oil and the heat exchange medium at the heat ex-
changer 96 relatively large.
[0083] Thus, since it is possible to improve the effi-
ciency of heat exchange at the heat exchanger 96, it is
possible to sufficiently utilize the cooling ability of the oil
so that the motor 27 can be cooled sufficiently. As a re-
sult of this, since a sufficient amount of electric current
can be supplied to the servo motor 27, the duty of the
servo motor 27 can be increased sufficiently.
[0084] The present invention is not limited to these
embodiments, but variations and modifications may be
made without departing from the scope of the present
invention.
[0085] For example, in this embodiment, the servo
motor 27 for rotating the screw 23 is used as the electric
driving part. However, the present invention is not limit-
ed to this. A servo motor for metering, mold clamping,
or moving for plasticizing, can be used as the electric
driving part of the present invention. The servo motor
can usually contribute to energy saving more than the
hydraulic driving apparatus, and a high rated torque can
be obtained by the servo motor.
[0086] For example, in a case where the mold clamp-
ing motor 63 is used as a driving part of the mold clamp-
ing apparatus 50 (shown in FIG. 1) in the present inven-
tion, the timing belt 65 is provided at the loaded side of
the output shaft of the mold clamping motor 63 so as to
transmit the rotational motion of the mold clamping mo-
tor 63 to the ball screw shaft 59 (See FIG. 1).
[0087] Furthermore, a direct drive mechanism can be
used for the mold clamping motor 63. In the direct drive
mechanism, the above mentioned timing belt 65 is not
used but an output shaft 133 of the mold clamping motor
63 is directly connected to the ball screw shaft 59 as
shown in FIG. 4.
[0088] Here, FIG. 4 is a conceptual view of a cooling
mechanism of a direct drive mechanism in which the
output shaft 133 of the clamping motor 63 of the injection
molding machine 10 shown in FIG. 1 as a driving part
and ball screw shaft 59 are directly connected. In FIG.
4, parts that are the same as the parts shown in FIG. 2
are given the same reference numerals, and explana-
tion thereof is omitted.
[0089] A ball screw 141 is provided at an end part of
a loaded side of the output shaft 133. The ball screw
141 functions as a motion direction conversion part by
which motion direction is converted from a rotational
motion to a rectilinear motion based on a rotation gen-
erated by driving the mold clamping motor 63. A mech-
anism part (not shown) provided at the ball screw 141
performs a designated actuation based on the rectiline-

ar motion generated by the ball screw 141. The mech-
anism part functions as a load apparatus by which a load
is added to the mold clamping motor 63 via the ball
screw 141 and the output shaft 133 based on an actu-
ation of the mechanism part.
[0090] The ball screw 141 includes the ball screw
shaft 59 as a first conversion element and a ball nut 143
as a second conversion element. The ball screw shaft
59 is formed at the front (leftward in FIG. 4) of the output
shaft 133 of the mold clamping motor 63 in a body. The
ball nut 143 is screw-fixed with the ball screw shaft 59
and provided so as to be able to be advanced and re-
tracted in right and left directions in FIG. 4. The ball nut
143 is advanced and retracted based on the rotation of
the ball screw shaft 59 and the output shaft 133 in a
body, and thereby the above mentioned mechanism part
is actuated.
[0091] A roller screw may be used instead of the ball
screw 141 as the motion direction conversion part. In
this case, the roller screw includes a roller nut and a
roller screw shaft. The roller nut is advanced and retract-
ed by rotating the roller screw shaft.
[0092] As described above, in this embodiment, the
ball screw shaft 59 is formed with the output shaft 133
in a body. However, the output shaft 133 may have a
hollow structure and the ball nut 143 may be fixed at the
output shaft 133. Under the above mentioned structure,
the ball nut 143 may be rotated by rotating the output
shaft 133 so that the ball screw shaft 59 may be ad-
vanced and retracted.
[0093] Furthermore, in the above mentioned embod-
iment, the injection cylinder 24 and the injection piston
25 are used as the hydraulic actuator 98 of the hydraulic
circuit 90 that is the actuating part actuated by being
supplied the actuating fluid. However, the present inven-
tion is not limited to this. For example, a mold clamping
cylinder for actuating the toggle mechanism 57 required
to have an operation at a high speed and under high
pressure, may be applied to an actuating part of the
present invention. In this case, the servo motor 27 may
be used as a driving part for injection.
[0094] This patent application is based on Japanese
priority patent applications No. 2002-171446 filed on
June 12, 2002 and No. 2002-183514 filed on June 24,
2002, the entire contents of which are hereby incorpo-
rated by reference.

Claims

1. A cooling mechanism for cooling an electric driving
part of an injection molding machine, comprising:

a cooling part for cooling the electric driving
part; and
an actuating part actuated by being supplied an
actuating fluid, the actuating fluid being in fluid
communication with the cooling part;
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wherein the actuating fluid is used as a cool-
ing fluid for cooling the electric driving part.

2. The cooling mechanism for cooling an electric driv-
ing part of an injection molding machine as claimed
in claim 1,

wherein the actuating fluid is used by the ac-
tuating part and then discharged so as to be used
as the cooling fluid.

3. The cooling mechanism for cooling an electric driv-
ing part of an injection molding machine as claimed
in claim 1, further comprising a heat exchanger,

wherein the actuating fluid, by which the elec-
tric driving part is cooled and the temperature of the
actuating fluid is increased, is cooled by the heat
exchanger and supplied to the actuating part.

4. The cooling mechanism for cooling an electric driv-
ing part of an injection molding machine as claimed
in claim 1,

wherein the actuating fluid is oil, and
the actuating part is actuated by hydraulic

pressure.

5. The cooling mechanism for cooling an electric driv-
ing part of an injection molding machine as claimed
in claim 1, further comprising a first pump for pump-
ing the actuating fluid finished being used at the ac-
tuating part and supplying the actuating fluid to the
electric driving part as the cooling fluid.

6. The cooling mechanism for cooling an electric driv-
ing part of an injection molding machine as claimed
in claim 5, further comprising a second pump for
pumping the actuating fluid and supplying the actu-
ating fluid to the actuating part.

7. The cooling mechanism for cooling an electric driv-
ing part of an injection molding machine as claimed
in claim 6, wherein a capacity of the first pump is
smaller than a capacity of the second pump.

8. The cooling mechanism for cooling an electric driv-
ing part of an injection molding machine as claimed
in claim 1, further comprising:

a first tank; and
a second tank connected to the first tank via a
part forming a hole;

wherein the actuating fluid finished being
used at the actuating part and supplied to the elec-
tric driving part as the cooling fluid is received at the
first tank, and

the actuating fluid supplied to the actuating
part is received at the second tank.

9. The cooling mechanism for cooling an electric driv-
ing part of an injection molding machine as claimed
in claim 1,

wherein the actuating part includes an injec-
tion cylinder and an injection piston of the injection
molding machine, and

the cooling mechanism includes an electric
driving part that is an electrically powered machine
for rotating a screw of the injection molding ma-
chine.

10. The cooling mechanism for cooling an electric driv-
ing part of an injection molding machine as claimed
in claim 1,

further comprising a load apparatus connect-
ed to the electric driving part and actuated by driving
the electric driving part,

wherein the cooling part includes:

a cooling fluid supplying opening part at a load-
ed side of the electric driving part where the
load apparatus is connected through which ac-
tuating fluid that is supplied as the cooling fluid
is provided; and
a cooling fluid discharge opening part at an un-
loaded side of the driving part where the load
apparatus is not connected through which the
actuating fluid is discharged as the cooling fluid
is provided.

11. The cooling mechanism for cooling an electric driv-
ing part of an injection molding machine as claimed
in claim 1,

further comprising a load apparatus connect-
ed to the electric driving part and actuated by driving
the electric driving part,

wherein a rotational speed detection part for
detecting a rotational speed of the electric driving
part is provided at an unloaded side of the electric
driving part where the load apparatus is not con-
nected.

12. The cooling mechanism for cooling an electric driv-
ing part of an injection molding machine as claimed
in claim 1,

further comprising a load apparatus connect-
ed to the electric driving part and actuated by driving
the electric driving part,

wherein a loaded side temperature detection
part for detecting a temperature at a loaded side of
the electric driving part is provided at the loaded
side of the electric driving part where the load ap-
paratus is connected.

13. The cooling mechanism for cooling an electric driv-
ing part of an injection molding machine as claimed
in claim 1, further comprising a load apparatus con-
nected to the driving part and actuated by driving
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the electric driving part,
wherein an unloaded side temperature detec-

tion part for detecting a temperature at an unloaded
side of the driving part is provided at the unloaded
side of the driving part where the load apparatus is
not connected.

14. A cooling method for an electric driving part of an
injection molding machine, the injection molding
machine including an electric driving part and an ac-
tuating part actuated by being supplied an actuating
fluid, comprising:

using the actuating fluid as a cooling fluid for
cooling the electric driving part.

15. The cooling method for an electric driving part of an
injection molding machine as claimed in claim 14,

wherein the actuating fluid is used by the ac-
tuating part and then discharged so as to be used
as the cooling fluid.

16. The cooling method for an electric driving part of an
injection molding machine as claimed in claim 14,

wherein the actuating fluid is used for cooling
the electric driving part as the cooling fluid, then
cooled, and then supplied to the actuating part.

17. The cooling method for an electric driving part of an
injection molding machine as claimed in claim 14,

wherein the actuating fluid is oil, and
the actuating part is actuated by hydraulic

pressure.

18. The cooling method for an electric driving part of an
injection molding machine as claimed in claim 14,

wherein a temperature at a loaded side of the
driving part where a load apparatus is connected is
detected, and

the driving part is controlled based on the de-
tected temperature.
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