DESCRIPTION

SYSTEM FOR MANAGING FLOW-STATE OF FLUID

[Technical Field] _
[0001]

The invention relates to a system for managing a flow-state of fiuid, the system for managing
a flow-state of fluid managing a flow-state of fluid made up ofé lubricant, such as grease or oil, flowing
through a pipeline of a lubrication device as a fluid feeding device provided in an industrial machine,
such as an injection molding machinre, a machine tool or the like.

[Background Art]
[0002]

In general, as shown in Figure 8, in an injection molding machine M, for example, a lubrication
device J as a fluid feeding device is mounted. The injection molding machine M includes an injection
unit 2 and a mold clamp unit 3 on a machine base 1.  The injection unit 2 includes an injection cylinder
B that heats and melts a resin from a hopper 4 and injects the resin to a mold 5 of the mold clamp unit
3 with a screw not shown. The injection unit 2 includes a rotation mechanism that rotationally drives
a screw in the injection cylinder 6, and an injection drive section 7 including a ball screw mechanism
B that moves the screw back aﬁd forth, and also includes a back-and-forth movement drive section 8
including a ball screw mechanism B that moves the injection cylinder 6 back and forth. The mold
clamp unit 3 is configured to include a fixed platen 10 that is fixed onto the machine base 1 and
supports a fixed mold 5a, a movable platen 11 that is movable in an axial direction with respect to the
fixed platen 10 and supports a movable mold 5b, a toggle mechanism T that is provided between the
movable platen 11 and a rear side platen 12 and drives the movable platen 11 in @ mold closing
direction or a mold opening direction, and a drive unit 13 including a 'béll screw mechanism B that
drives the toggle mechanism T.

[0003]

In the injection molding machine M, a lubricant, such as grease or oil is supplied to required

lubrication sites L by the lubrication device J mounted on the injection molding machine M. The

lubrication sites L are provided in respective spots such as rotating portions constituted of shafts and



bearings of the toggle mechanism T, and meshing portions constituted of screw shafts and nuts
meshed with the screw shafts via balls of the ball screw mechanisms B. As shown in Figure 8, for
example, the lubrication device J, in which a plurality of quantitative valves V operated by applying
and reducing the pressure of the lubricant are connected to a lubricant pump 20 for feeding the
lubricant via a junction 21, intermittently supplies the lubricant to the lubrication sites L from the
guantitative valves V through lubrication ports P, the lubrication ports P in hole shapes being formed
in machin'e members provided with the lubrication sites L. For example, the lubrication port P of the
toggle mechanism T is formed in a housing that holds the bearing, and the lubrication port P of the
ball screw mechanism B is formed in the nut. Several different amounts of flow pér shot through the
quantitative valve V are prepéred ranging from 0.005 cc to 1 cc, for example, and one or more among
these amounts are selected and piped in conformity with lubrication sites L

[0004]

In the lubrication device J, safety is ensured by managing the flow-state of the lubricant
flowing in the oil supply piping from the quantitative valves V to the lubrication sites L, and checking
whether or not the lubricant is normally supplied to the lubrication sites L. The system for managmg
a flow-state of fluid that is the lubricant can use a flow detector such as one disclosed in Patent
Literature 1, for example.

[0005]

As shown in Figure 9, a flow detector Ka includes a body 100 made up of an insulator having
a fluid space E having a cylindrical inner surface allowing a fluid to pass therethrough. A fluid supply
port 102 having a supply aperture 101 centered on the central axis P of the fluid space E at one end
of the fluid space E is formed in this body 100. A fiuid discharge port 104 having a discharge aperture
103 communicating with the fluid space E is formed on a side of the body 100. A forn'_lation member
of the supply aperture 101 forming the supply aperture 101 is configured as one electrode 105 made
up of a conductor. The body 100 is ptovided with another electrode 107 that has an exposure part
106 exposed on the other side of the fiuid space E, is insulated from t‘he one electrode 105 and is
fmade up of a conductor. A valve member 110 which is made up of a conductor is stored in the fluid
space E. The valve member 110 is moved along the central axis P of the fluid space E to.come into

contact with an aperture edge 108 of the supply aperture 101 and closes the supply aperture 101 and



to be apart from the supply aperture 101 and open the supply aperture 101. A coil spring 111 which
is made up of a conductor is stored in the fluid space E. One end of the coil spring 111 is connected
to the valve member 110. Other end of the coil spring 111 is connected to the exposure part 106 of
the other electrode 107. The coil spring 111 always urges the valve member 110 in a direction of
closing the supply aperture 101. A cylindrical guide member 114 whose axis is on the axis line along
the central axis P of the fluid space E is fixed to the othgr electrode 107. The guide member 114 has
a slide hole 113 in which the valve member 110 having a protruding distal end 112 is slidably inserted,
and which stores one end side of the coil spring 111 on a base end side. The flow detecting device
Ka configures what is called a check valve in which the valve member 110 opens and closes.
[0006] |

The fluid state management system using the flow detecting device Ka connects the flow
detecting device Ka to a management unit not shown via wiring 115 connected to the one electrode
105 and via wiring 116 connected to the other electrode 107. The management unit always applies
a voltage to an electrlc circuit configured by the one electrode 105, the valve member 110, the coil
spring 111 and the other electrode 107. The fluid state management system detects the flow of the
fluid by electrically detecting connection when the valve member 110 of the electric circﬁit is closed,
and disconnection when the valve member 110 is opened.
[Citation List]
[Patent Literature]
[0007]

[Patent Literature 1] Japanese Utility Model Laid-Open No. $53-16743
[Summary of Invention]
[Technical Problem]
[0008]

Unfortunately, according to the fluid state management system using the aforementioned
fluid flow detecting device Ka, for example, the lubrication device J as the flow feeding device has a
problem in that even when a trouble occurs due to piping leak, breakage of grease supply piping,
adherence of the lubricant in the valves at a time of detecting the flow of the lubricant by connecting

the flow detecting device Ka to lubricant supply piping extending from the quantitative valve V to the



lubrication site L, a small amount of lubricant flows, or an excessive amount of lubricant flows, and the
flow detecting device Ka detects the flow of the Iubricant and can determine the flow as normal.
Consequently, it is conceivable to calculate the opening/closing time of the valve member 110 of the
flow detecting device Ka, and to determine the case where the opening/closing time is short or the
case where the opening/closing time is too long as abnormal.

| However, even when the lubrication device J functions normally, when the temperature of the
fluid rises, viscosity is reduced to increase flowability, and therefore the opening/closing time of the
valve member 110 decreases. On the other hand, when the temperature of the fluid lowers, viscosity
increases to reduce flowability, and the opening/closing time of the valve member 110 increases. As
a result, it cannot be determined whether the opening/closing time of the valve member 110 is due to
a malfunction of the lubrication device J, or due to the temperature, and a problem of unreliability in
determination arises.

[0009]

The invention has been made in view of the above problem, and has an object to provide a
system for managing a flow-state of fluid that allows abnormaiity of a fluid feeding device to be
determined based on a length of an opening/closing time of a valve member by preventing an increaée
and decrease of an opening/closing time of the valve member due to a terriperatﬁre from being
determined as abnormal.

[Solution to Problem]
f0010]

To achieve such an object, a system for managing a flow-state of fluid of the invention is a
system for managing a flow-state of fluid, includirig

a flow detector that includes a body having a fluid spade which is supplied with a fluid fed
from a fluid feeding device from a supply aperture, by drive of the fluid feeding device, and discharges
the fluid from a discharge aperture, houses in the fluid space of the body, a valve member that closes
the supply aperture when the fluid is not supplied, and opens the supply aperture when the fluid is
supplied, and detects a flow of the fluid by opening and closing of the valve member, and

a management unit that detects opening and closing of the valve member of the flow detector

and manages a flow state of the fluid in the fluid space of the body,



wherein the system includes a temperature sensor that senses a temperature of the fluid,

wherein the management unit is conﬁgufed to include'openinglclosing detection means that
detects opening and closing of the valve member of the flow detector, detection time specifying means
that specifies a detection time of the opening/closing detection means, actual openinglélosing time
calculation means that calculates a time until the opening/closing detection means detects closing
after the opening/closing detection means detects opening as an actual opening/closing time when

the opening/closing detection means detects the opening of the valve member of the flow detector
and detects the closing of the valve member of the flow detector within a detection time specified by
the detection time specifying means, correlation storage means that stores a cofrelation between the
temperature of the fluid and a proper opening/closing time range which is proper of the valve member,
proper time range derivation means that derives a proper opening/ciosing time range in a
corresponding temperature stored in the correlation storage means from the temperature sensed by
the temperature sensor, opening/closing time determination means that determines whether the actual
opening/closing time calculated by the actual opening/closing time calculation means is within or
outside the proper opening/closing time range derived by the proper time range derivation rheané, and
abnormal signal transmission means that transmits an abnormal signal when the opening/closing time
determination means determines the actual opening/closing time as outside the proper
opening/closing time range.
[0011]

Accordingly, when the fluid is supplied by drive of the fluid feeding device, in the ﬂow detector, ‘
the fluid acts on the valve member in the body to open the vailve member, the fluid flows into the fluid
}space from the supply aperture to be discharged from the discharge aperture, and when supply of the
fluid is stopped, the valve member returns to close the supply aperture. The flow defector detects
the flow of the fluid by opening and closing of the valve member. The temperature sensor senses
the temperature of the fiuid.

In the management unit, the opening/closing detection means detects opening and closing
of the valve member of the flow detector.  Furthermore, the detection time specifying means specifies
the detection time of the opening/closing detectfon means, and when the opening/closing detection

means detfects opening of the valve member of the flow detector and detects closing of the vaive



member within the specified detection time, the actual opening/closing time calculation means -
calculates the time until the openinglclosing detection means detects closing after the opening/closing
detection means detects opening as the actual opening/closing time. |

In the correlation storage means, the correlation between the fluid temperature and the
proper opening/closing time range which is proper of the valve member is stored. The proper time
rangé derivation means derives the proper opening/closing time range in the temperature sensed by
the temperature sensor from the correlation storage means. |

The opening/closing time determination means determines whether the actual
opening/closing time calculated by the actual opening/closing time calculation means is within or
outside the proper opening/ciosing time range derived by the proper time range derivation means, and
when the opening/closing time determination means determines the actual opening/closing time is
within the.range, the opening/closing time determination means determines it as normal; and when
the opening/closing time determination means determines the actual opening/closing time is outside
the range, the abnormal signal transmission means transmits an abnormal signal.

[0012]

Consequently, since it is determined whether the actual opening/closing time of the valve
member is within or outside the proper opening/closing time range correlated with the fluid témperature,
and the proper opening/closing time range is set with the increase and decrease of the opening/closing
time of the vaive member due to the temperature taken into consideration, an abnormality of the fluid
feeding device is enabled to be determined based on the length of the opening/closing time of the
valve member without determining the increase and decrease of the opening/closing time of the valve
member due to the temperature as abnormal. When the actual opening/closing time of the valve
member is still determined as outside the proper opening/closing time range even though the increase
and decrease of the opening/closing time of the valve member due to the temperature is taken into
consideration, it can be determined that a certain frouble occurs to the fluid feeding device. As a
result, reliability of management of the flow-state of the fluid can be enhanced.

[0013]
As required, the proper time range d(a;rivation means is configured to include minimum value

derivation means that derives a minimum. value of a proper opening/closing time range from a



temperature sensed by the temperature sensor, minimum value storage means that successively
updates the minimum value derived by the minimum value derivation means and stores the minimum
value, maximum value derivation means that derives a maximum value of the proper opening/closing
time range from a temperature sensed by the temperature sensor, and maximum value storage means
that successively updates the maximum value derived by the maximum value derivation means and
stores the maximum value. The opening/closing time determination means is configured to include
a function of determining whether or not the actual opening/closing time is smaller than the minimum
value stored in the minimum value storage means, and including a function of determining whether or
not the actual opening/closing timé is larger than the maximum value stored in the maximum value
storage means. The abnormal signal transmission means is configured io include a function of
transmitting an abnormal signal when the opening/closing time determination means determines that
the actual opening/closing time is smaller than the minimum value or larger than thé maximum value.
[0014]

As required, the management unit includes preliminary valve member detection means that
detects whether or not the valve member of the flow detector is closed before drive of the fluid feeding
device, and the abnormal signal transmission means is configured to include a function of fransmitting
an abnormal signal when th‘e preliminary valve member detection means detects that the valve
member of the flow detector is not closed. Accordingly, when the valve member of the flow detector
is kept open due to a certain malfunction, the fluid feeding device can be determined as abnormal,
and reliability of management of the flow-state of the fluid can be mo.re enhanced.

[0015]

Furthermore, as required, the management unit includes detection error recognition means
that recognizes a detection error when the opening/closing detection means does not detect opening
of the vaive member of the flow detector within a time specified by the detection time specifying means
or does not detect closing even when the opening/closing detection means detects opening. The
abnormal signal transmission means is configured to include a function of transmitting an abnormal
éignal when the detection error recognition means recognizes a detection error.  Accordingly, when
opening of the valve member of the flow detector is not detected, it can be recognized, for example,

as an ébnormality where the fluid is not supplied due to piping leak or the like. Furthermore, when



closing is not detected even though opening of the valve member of the flow detector is detected, it
can be recognized as an abnormality where the fluid is excessively supplied, for example.
Consequently, reliability of management of the flow-state of the fluid can be much more enhanced.
[0016]

Furthermore, as required, the detection time specifying means is configured by a timer that
is operated based on drive of the fluid feeding device, and has an operation time as a détection time
set thereto. The detection time can be reliably set.r
[0017]

Furthermore, as required, the flow detector includes a body having a fluid space having a
cylindrical inner surface allowing a fiuid to pass therethrough. A supply port of fluid fhat has a supply
aperfure centered on a central axis of the fluid space, at one end of the fluid space, is formed in the
body. A discharge port of fluid that has a discharge aperture communicating with the fluid space is
form.ed inthe body. One electrode that has a contact exposed on one end side of the fluid space and
is made up of a conductor is provided in the body. Another electrode that has an exposure part
exposed on another end side of the fluid space, is insulated from the one electrode and is made up of
a conductor is provided in.the body. A valve member that is moved along the central axis of the fluid
space, comes in contact with the contact of the one electrode to close the supply aperture, comes
apart from the contact to open the supply aperture, -and is made up of a conductor is stored in the fluid
space. A coil spring that is connected to the valve member at one end and is connected to the
exposture part of the other electrode at another end to always urge the valve member in a direction of
closing the supply apert.ure, énd is made up of a conductor is stored in the fluid space. The flow
detector is configured to detect flow of the fluid by electrically detecting connection when the valve
member of an electric circuit configured by the one electrode, the valve member, the coil spring and
the other electrode is closed, and disconnection when the valve member is opened.

[0018]

According to the flow detector, by connecting the supply port and the discharge port to a
pipeline where the fluid flows, and connecting wiring from the management unit to the one electrode
and the other electrode, and by always applying a voltage to the electric circuit configured by the one

electrode, the valve member, the coil spring and the other electrode and the like, the managément unit



electrically detects connection when the valve member of the electric circuit is closed, and
disconnection when the valve member is opened. That is, when the fiuid is supplied from the supply
port, the fluid flows into the fluid space from the supply aperture, the fiuid acts on the valve member,
and the valve member is opened. On the other hand, when-supply of the fluid from the supply port
is stopped, the valve member is moved to one end face side of the fluid space by the urging force of
the cail sp;'ing, and the valve member closes the supply aperture.,

[0019]

As required, the temperature sensor is configured to be attached to the flow detector. The
fluid temperature may be sensed by the temperature sensor in any site. When the temperature
sensor is attached to the flow detector, the temperature of the fluid that directly acts on the valve
member can be sensed, and therefpre the correlation between the fiuid temperature and the valve
member can be grasped as accurately as possible.

[0020]

Furthermore, the flow detector is configured fo be provided with a fastening portion for
fastening the temperature sensor. The temperature sensor can be reliably attached.
[Advantageous Effects of Invention]

[0021]

As described above, according to the invention, since it is determined whether the actual
opening/closing time of the valve member is within or outside the proper opening/closing time range
correlated with the fluid temperature, and the proper:opening/closing time range is set with the
increase and decreéée of the opening/closing time of the valve member due to the tempe'rature taken
into consideration, an abnormality of the fluid feeding device can be determined based on the length
of the opening/closing time of the valve member without determining the increase and decrease of the
- opening/closing time of the valve member due to the temperature as abnormal.  As a result, reliability
bf management of the flow state of the fluid can be enhanced.

[Brief Description of Drawings]
[0022]
[Figure 1] Figure 1 shows a system for managing a flow-state of fluid according to an embodiment of

the invention with a lubrication device to which the system for managing a flow-state of fluid is applied.



[Figure 2] Figure 2 is a perspective view showing an example of attaching a fiow detector used in the
system for managing a flow-state of fluid according to the embodiment of the invention to a lubrication
site.
[Figure 3] Figure 3 is a sectional view showing the flow detector used in the system for managing a
flow-state of a fluid according to the embodiment of the inverntion.
[Figure 4] Figure 4 is a sectional view showing an example of attaching the flow detector usea in the
system for managing a ﬂow-staté of fluid according to the embodiment of the invention to a iubrication
site.
[Figul_'e 5] Figure 5 is a block diagram showing a configuration of a management unit of the system for
managing a flow-state of fluid according to the embodiment of the invention.
[Figure 6] Figure 6 is a graph showing one example of a correlation between a temperature of a fluid
and a proper opening/closing time range that is proper of a valve member in the system for managing
é flow-state of fluid according to the embodiment of the invention. |
[Figure 7] Figure 7 is a flowchart showing a process flow of the management unit in the system for
managing a flow-state of fluid according to the embodiment of the invention.
[Figure 8] Figure 8 is an example of a configuration of an injection molding machine to which the
system for managing a flow-state of fluid according to the embodiment of the invention is applied.
[Figure 9] Figure 9 is a sectional view showing an example of the conventional flow detector.
[Description of Embod'iment]
[0023]

Hereinafter, réferring to the accompanying drawings, a system for managing a flow-state of
fluid according to an embodiment of the invention is described.

A system K for managing a flow-state of fluid according to the embodiment shown in Figures
1 to S is applied to a lubrication device J as a fluid feeding device that is mounted on an injection
molding machine M described above.,
[0024]

As shown in Figure 8, the injection molding machine M includes an injection unit 2 and a
mold clamp unit 3 that are provided on a machine base 1. The injection unit 2 includes an injection

cylinder 6 that heats and melts a resin from a hopper 4 and injects the resin to a mold 5 of the mold
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clamp unit 3 by a screw not shown. The injection unit 2 includes an injection drive section 7 including
a rotation mechanism that rotationally drives a screw in the injecti.on cylinder 6 and a ball screw
mechanism B that moves the screw back and forth, and includés a back-and-forth movement drive
section 8 -including a ball screw mechanism B that moves the injection cylinder 6 back and forth. The
mold clamp unit 3 is configured to include a fixed platen 10 that supports a fixed mold 5a and is fixed
onto the machine base 1, a movable platen 11 that supports a movable mold 5b movable in an axial
direction with respect to the fixed platen 10, a toggle mechanism T that is provided between the
ﬁovable platen 11 and a rear side platen 12 a.nd drives the movable platen 11 in @ mold closing
direction or a mold opening direction, and a drive unit 13 including a ball screw mechanism B that
drives the toggle mechanism T.

[0025]

As also shown in Figure 2 and Figure 4, by the lubrication device J, a lubricant such as grease
or oil is supplied to a required lubrication site L. The lubrication site L is supplied with the lubricant
through hole-shaped lubrication port P formed in a machine member provided with the lubrication site
L, and is provided in each of locations such as rotation portions constituted of shafts 15 and bearings
16 of the toggle mechanism T, and meshirig portions (not shown) constituted of screw shafts and nuts
meshed with the screw shafts via balls of the ball screw mechanisms B. [n the toggle mechanism T,
the lubrication port P is formed in a housing 17 as a machine member covering thg bearing 16, and
the lubrication port P is formed in the nut in the ball screw mechanism B.

In Figures 2 and 4, the {ubrication site L is the rotation portion constituted of the shaft 15 and
the bearing 16 of the toggle mechanism T, and illustration of the meshing portion constituted of the
screw shaft and the nut meshed with the screw shat via the ball of the ball screw mechanism B is
omitted.

[0026]

As shown in Figures 1 and 8, the lubrication device J, for example; in which a plurality of
quantitative valves V operated by applying and reducing the lubricant pressure are connected to a
lubricant pump 20 for feeding a lubricant via a junction 21, intermittently supplies the lubricant to the
lubrication site L from the quantitative valve V through the hole-shaped lubrication port P.  Several

different amounts of flow per shot through the quantitative valve V are prepared ranging from 0.005
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¢c to 1 cc, for example, and one or more among these amounts are selected and piped in conformity
with the lubrication sites L. The Iubricanth,;mp 20is driveﬁ and controlled by a management unit 60
described later.  An intermittent time of the lubricant pump 20 is set at a predetermined time, and, for
example, the intermittent time is set by a timer included by the management _unit 60. Furthermore,
an operation time of the lubricant pump 20 is also set at a proper time in which all the quantitative
valves V can operate, and, for example, the operation time is set by the timer.”
[0027] |

_ The system K for managing a flow-state includes a flow detector 30 that detects whether or
not the lubricant is reliably supplied to the lubrication site L from the quantitative valve V. As shown
in Figures 1 td 4, the flow detector 30 is attached to the hole-shaped lubrication port P via an adaptor
31. In detail, as shown in Figure 3, the flow detector 30 includes a body 32 that has a fluid space E
having a cylindrical inner surface allowing the lubricant to pass therethrough. In the body 32, a
fubricant supply port 34 having a supply aperture 33 centered on a ceqtral axis of the fluid space E at
one end of the fluid space E is formed, and in the body 32, a lubricant discharge port 36 that has a
discharge aperture 35 communicating with the fluid space E and is connected to a flow path of the
adaptor 31 is formed. Furthermore, in the body 32, one electrode Da that has a contact 37 which is
exposed on one end side of the fluid space E and is made up of a conductor is provided, and another
é[ectrode Db that has an exposure part 38 that is exposed on another end side of the fluid space E, is
insulated from the one electrode Da, and is made up of a conductor is provided. The body 32
includes a bush 39 that forms the supply aperture 33 and is nﬁade upofa co‘nductor such as a metal,
and the one electrode Da is configured such that the bush 39 and/or surroundings of the bush 39 is
the contact 37 which is exposed on the one end side of the fluid space E.
[0028]

Furthermore, in the fluid space E, a valve member 40 that is made up of a conductor, is
moved along a center axis of the fluid space E, comes into contact with the contact. 37 of the dne
electrode Da to close the supply aperture 33, and comes apart from the contact 37 to open the supply
aperture 33, is stored. Furthermore, in the fluid space E, a coil spring 41 that is made up of a
conductor, is connected to the valve member 40 at one end while being connected to the exposure

part 38 of the other electrode Db at another end, and always urges the valve member 40 in a direction
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of closing the supply aperture 33, is stored. Furthermore, in the flow detector 30, a guide member
42 that is made up of an insulator such as a resin, and is attached to the valve member 40 and is
provided in the fluid space E is included. The guide member 42 is formed to secure the flow path of .
the lubricant from the supply aperture 33 to the discharge aperture 35 while being slidable on the
cylindrical inner surface of the fluid space E, and is configured to have a reception surface 43 facing
one end face of the ﬂufd space E while receiving the lubricant from the supply aperture 33, and have
a top surface 44 facing another end face of the fluid space E.

[0029]

Accordingly, this flow detector 30 is configured to be able to detect the flow of the lubricant
by electrically detecting connection when the valve member 40 is closed and disconnection when this
member is opened in the electric circuit that is configured by the one electrode Da, the valve member
40, the coil spring 41 and the other electrode Db. The flow detector 30 is connected to the lubrication
port P via the adaptor 31. In detail, at the discharge port 36 of the flow detector 30, é female thread
45 is formed, while a female thread 46 is formed at the lubrication port P, and the adaptor 31 is
configured to have a flow path in a 'center thereof, have a male thread 47 that is screwed onto the
female thread 45 of the discharge port 36, formed at one side in an axial direction, and has a male
thread 48 that is screwed onto the female thread 46 of the Iubrication port P formed at another side in
the axial direction. Accordingly, the adaptor 31 attaches the flow detector 30 to the lubrication site L
by having the male thread 47 at one side screwed onto the discharge port 36, and having the male
thread 48 at the other side screwed onto the female thread 46 of the lubrication po& P.
| [0030]

. Furthermore, the system K for managing a flow-state includes a temperature sensor S that
senses a temperature of a lubricant as a fluid. As the temperature sensor S, a well-known
temperature sensor of a type in which an output voltage rises according to the temperature is used.
The temperature sensor S is attached to the flow detector 30. In the flow detector 30, a fastening
portion 50 for fastening the temperature sensor S is formed, and the temperature sensor S is fastened
to the fastening portion 50. . The fastening portion 50 is formed by a recessed site, and the
temperature sensor S is inserted into the recessed site and is fastened by fastening means such as a

screw or an adhesive.
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[0031]

Furthermore, .as shown in Figures 1 and 5, the system K for managing a flow state includes
the management unit 60 that manages a flow state of the lubricant as a fluid in the fluid space E of the
body 32 of the flqw detector 30 based on a sensing signal from the flow detector 30, and the
te'mperature sensor S. The management unit 60 is realized by a function of a CPU or the like, and
as shown in Figure 5, includes opening/closing detection means 61 that detects opening and closing
of the valve member 40 of the flow detector 30, detection time specifying means 62 that specifies a
detection time of the opening/closing detection means 61, actual opening/closing time calculation
means 63 that calculates a time until the openinAgchosing detection means 61 detects closing after
detecting opening as an actual opening/closing time, when the_openinglclosing de'tection means 61
detects opening of the valve member 40 of the flow detector 30 and detects closing within a detection
time specified by the detection time specifying means 62, correlation storage means 64 that stores a
correlation between the temperature of the lubricant and a proper openinglclosihg time range which
is proper of the valve member 40, proper time range derivatibn means 65 that derives the proper
opening/closing time range in the correspbnding temperature stored in the correlation stoi‘age means
64, opening/closing time determination means 66 that determines whether the actual opening/closing
time calculated by the actual opening/closing time calculation means 63 is within or outside thé proper
opening/closing time range derived by the proper time range derivation means 65, and abnormal
signal transmission means 67 that transmits an abnormal signal when the opening/closing time
determination means 66 determines the actual opening/closing time as outside the proper
opening/closing time range. When an abnormal signal is transmitted, for example, drive of the
injection unit 2 and the mold clamp unit 3 is stopped, or a warning lamp is lit, or an alarm is activated.
[0032]

In the management unit 60, a voltage is always applied to the electric circuit configured by
the one electrode Da, the valve member 40, the coil spring 41 and the other electrode Db of the flow
detector 30, and the opening/closing detection means 61 electrically‘ detects connection when the
valve member 40 of the electric circuit is closed, and disconnection when the valve member 40 is
opened. Furthermore, the detection time of the opening/closing detection means 61 that is specified

by the detection time specifying means 62 is set at a same time as the operation time of the lubricant
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pump 20, or a required time shorter than the operation time of the lubricant pump 20. In the
embodiment, the detection time specifying means 62 is configured by a timer that is operated based
on drive of the lubrication device J, and has the operation time of the lubricant pump 20 as the detection
time set thereto.

[0033]

The correlation between the temperature of the lubricant and the proper opening/closing time
range which is proper of the valve member 40, which is stored by the correlation storage means 64
differs at each of the lubrication sites according to the kind of the lubricant, the discharge amount of
the quantitative valve V and the like, and therefore is set in advance by performing a test for each of
the lubrication sites L. Figure 6 shows one example thereof. A minimum value and a maximum
value of the proper opening/closing time range are obtained with respect to a temperature change.
[0034]

The proper time range derivation means 65 is configured to include minimum value derivation
means 68a that derives é minimum value of the proper opening/closing time range from a temperature
sensed by the temperature sensor S, minimum value storage means 68b that successively updates
the minimum value derived by the minimum value derivation means 68a and store the minimum value,
maximum value derivation means 69a that derives a maximum value of the proper opening/ctosing
time range from the temperature detected by the temperature sensor S, and maximum value storage
.means 69b that successively updates the maximum value derived by the maximum value derivation
means 69a and stores the maximum vaiue.

[0035]

Furthermore, the opening/closing time determination means 66 is configured to include a
function of determining whether or not the actual opening/closing tirﬁe is smaller than the minimum
value stored by the minimum value storage means 68b, and include a function of determining whether
or not the actual opening/closing time is Iarg.er than the maximum value stored by the above described
maximum value siorage means 68b. In the embodiment, the opening/closing time determination
means 66 determines that the actual opening/closing time is not smaller than the minimum value when
the actual openinélc[osing time has a same value as the minimum value, and determines the actual

opening/closing time is not larger than the maximum value when the actual opening/closing time has
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a same value as the maximum value. Furthermore, the abnormal signal transmission means 67 is
configured to include a function of transmitting an abnormal signal when the opening/closing time
determination means 66 determines that the actual opening/closing time is smaller than the minimum
value or larger than the maximum value.

[0036]

Furthermore, the management unit 60 is configured to include preliminary valve member
detection means 70 that detects whether or not the valve member 40 of the flow detector 30 is closed
before drive of the lubrication device J. In the embodiment, the preliminary valve member detection
means 70 is set to function, for exa_mple, several seconds before a predetermined time when the
intermittent time at which the lubricant pump 20 is operated arrives. In the management unit 60, a
voltage is always app}ied to the electric circuit configured by the one electrode Da, the valve member
40, the coil spring 41 and the other electrode Db of the flow detector 30, and the preliminary valve
member detection means 70 electrically detects connection when the valve member 40 of the electric
circuit is closed, and disconnection when the valve member 40 is opened. The abnormal signal
transmission means 67 is configured to include a function of transmitting an abnormal signal when the
preliminary vélve member detection means 70 detects that the valve member 40 is not closed.
f0037]

Furthermore, the management unit 60 is configured to include detection error recognition
means 71 that recognizes a detection error when the opening/closing detection means 61 does not
detect opening of the valve member 40 of the flow detector 30 within the time speciﬁéd by the detection
time specifying means 62, or when the opening/closing detection means 61 detects opening but does
not detect_ closing. The abnormal signal transmission means 67 is configured to include a function of
transmitting an abnormal signal when the detection error recognition means 71 recognizes a detection
error.

[0038]

The flow detectors 30 which are used in the injection molding machine are assigned with
numbers, and the abnormal signal transmission means 67 includes a function of also outputting the
number of the flow detector 30 relating to an abnormality with the abnormal signal.

[0039]
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Furthermore, the management unit 60 also includes a function of also performing operation
control of the lubricant pump 20 of the lubrication device J as described above. Furthermore, the
management unit 60 can also incl'ude a function of always comparing the temperature sensed by the
temperature sensor S and a predetermined temperature, determining a temperature as normal when
the temperature does not reach the predetermined temperature, and determines a temperature as
abnormal when the temperature is the predetermined temperature or more, and transmitting an
abnormal signal when determining the temperature as abnormal. The predetermined temperature is
set at a temperature, for example, 120°C, at which it is feared that the shaft 15 causes sei;ure thatis
so-balled scoring to the bearing 16-in the toggle mechaﬁism T, and the screw shaft causes seizure
that is so-called scoring to the ball and the nut in the ball screw mechanism B, for example.
Accordingly, when a malfunction occurs to the machine itself and causes an abnormality, for example,
when the shaft 15 causes seizure that is so-called scoring to the bearing 16 in the toggle mechanism
T, and the screw shaft causes seizure that is so-called scoring to the ball and the hut in the ball screw
mechanism B, during operation of the injection molding machine M, the abnormality can be recognized.
[0040]

Accordingly, in the injection molding machine M, the injection unit 2 and the mold clamp unit
3 are driven to .perform injection molding. During drive of the injection molding machine M, the
lubricant pump 20 of the lubrication device J operates by control of the system K of managing a flow-
state and the management unit 60 thereof. With use of a flowchart shown in Figure 7, a process that
is performed in each of the flow detectors 30 is described. In the flow detector 30, the temperature
sensor S performs temperature sensing (S11). In ;the management unit 60, the proper time range
derivation means 65 drives the proper opening/closing time range in the corresponding temperature
storeﬂ on the correlation storage means 64 from the temperature sensed by the temperature sensor
S (812). Specifically, in the proper time range derivation means 65, the minimum value derivation
means 68a derives the minimum value of the proper opening/closing time range from the temperature
sensed by the.temperature sensor S, and the minimum value storage means 68b successively
updates the minimum value derived by the minimum value derivation means 68a and stores the
minimum value. Furthermore, the maximum value derivation means 69a derives the maximum value

of the proper opening/closing time range from the temperature sensed by the temperaiure sensor S,
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and the maximum value storage means 69b successively updates the maximum value derived by the
maximum value derivation means 69a and stores the maximum value,
[0041]

When it is a predetermined time before the intermittent time (S13 Yes), the pfeliminary valve
member detection means 70 detects whether or not the valve hember 40 of the flow detector 30 is
closed. When the prel‘iminary valve member detection means 70 detects that the valve member 40
is not closed (S14 No), the abnormal signal transmission means 67 transmits an abnormal signal (S15).
Accordingly, when the valve member 40 of the flow detector 30 is kept open due to a certain
malfunction, it can be determined as abnormal, and reliability of management of a flow-state of fluid
can be enhanced.

[0042]

When the preliminary valve member detection means 70 detects closing, it is determined as
normal, the fiow goes to a next step (S14 Yes), and when the intermittent time arrives (516 Yes), the
lubricant pump 20 is driven and the timer operates (S17). Accordingly, the lubricant is discharged
from the respective quantitative valves V, and the lubricant is supplied to the lubrication sites L through
the flow detector 30. In the flow detector 30, the [ubricant acts on the valve member 40 in the body
32 and the valve member 40 opens, the Iubricaht flows into the fluid space E from the supply aperture
33 and is discharged from the discharge aperture 35, and when supply of the lubricant is stopped, the
valve member 40 returns to close the supply aperture 33. The flow detector 30 sénses the flow of
the lubricant by opening and closing of the valve member 40.

[0043]

In the management unit 60,_the opening/closing detection means 61 firstly detects opening
of the valve member 40 of the flow detector 30 (818). When the opening/closing detection means
61 does not detect opening of the valve member 40 of the flow detector 30 within the time specified
by the detection time specifying means 62 in this case (S18 No, S19 No), the detection error
recognition means 71 recognizes it as a detection error, and the abnormal signal transmission means
67 transmits an abnormal signal (S20). Accordingly, for example, an abnormality where the lubricant
is not supplied due fo piping leak or the like is recognized.

[0044]
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Furthermore, when the openinglélosing detection means 61 detects opening of the valve
member 40 of the flow detector 30 (518 Yes), the opening/closing detection means 61 detects closing
of the valve member 40 of the flow detector 30 this time (S21). When the opening/closing detection
means 61 does not detect closing of the valve member 40 of the flow detector 30 within the time
specified by the detection time specifying means 62 in this case (S21 No, S22 No), the detection error
recognition means 71 recognizes it as a detection error, and the abnormal signal transmission means
67 transmits an abnormal signal (S23). Accordingly, for exémple, an abnormality where the lubricant
is excessively supplied can be recognized. Consequently, reliability of management of the flow state
of the lubricant can be more enhanced.

[0045]

When the opening/closing detection means 61 detects closing of the valve member~40 of the
flow detector 30 (S21 Yes), opening of the valve member 4d of the flow detector 30 is detected and
closing of the valve member 40 of the flow detector 30 is detected within the specified detection time,
and therefore the actual opening/closing time calculation means 63 calculates the time until closing is
detected after opening is detected as the actual opening/closing time (S24). Next, the
opening/closing time determination means 66 determines whether the actqal opening/closing time
calculated by the actual opening/closing time calculation means 63 is within or outside the proper
opening/closing time range which is derived by the proper time range derivation means 65 (S25).
That is, the opening/closing time determination means 66 determines whether or not the actual
opening/closing time is smaller than the minimum value stored in the minimum value storage means
68b, and determines whether or not the actual opening/closing time is larger than the maximum value
stored in the maximum value storage means 69b.

[0046]

When the opening/closing time determination means 66 determines that the actual
opening/closing time is smaller than the minimum value or larger than the maximum value, the
opening/closing time determination means 66 determines that the actual opening/closing time is
outside the proper opening/closing time range (825 No). Then the abnormal signal transmission
means 67 transmits an abnormal signal (§26). When the opening/closing time determination means

66 determines that the actual opening/closing time is within the proper opening/closing time range,
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the opening/closing time determination means 66 determines it as normal (S25 Yes, S27).
Consequently, since it is determined whether the actual opening/closing time of the valve member 40
is within or outside the proper opening/closing time range correlated with the temperature of the
tubricant, and the proper opening/closing time range is set with increase and decrease of the
opening/closing time of the valve member 40 due to the temperature taken into consideration, an
abnormality of the lubrication device can be determined based on the length of the opening/closing
time of the valve member 40 without determining the increase and decrease of the opening/closing
time of the valve member 40 due to the temperature as abnormal. When the actual opening/closing
time is still smaller than the minimum value, or larger than the maximum value even though the
increase or decrease of the opening/closing time of the valve member 40 due to the temperature is
taken into consideration, it can be determined that a very small amount of lubricant flows, or an
excessive amount of lubricant flow, and a certain trouble occurs, due to piping leak, breakage of grease
supply piping, adherence of the lubricant in the valve or the like. As a result, reliability of the
management of a flow-state of lubricant can be enhanced.

f0047] |

When the opening/closing time determination means 66 determines the actual
opening/closing time as normal (S27), and the detection time spéciﬁed by the timer ends (S28Yes),
the lubricant pump 20 is stopped ($29), and the flow is ended. Subsequent!y, a next intermittent time
is waited. The series of determination is performed for each of the flow detectors 30, and when any
one of the flow detectors 30 has an abnormality, an abnormal signal is transmitted with the number of
- the flow detector 30 relating to the abnormality by the abnormal signal transmission means 67, and,
for example, drive of the injection unit 2 and the mold clamp unit 3 is stopped, or a warning lamp is it
or an alarm is activated.

[0048]

In the above described embodiment, the flow detectors 30 and the temperature sensors S
do not have to be provided in all of the lubrication sites L, and may be provided in only required sites.
Furthermore, in the above described embodiment, the temperature sensor S is attached to the flow
detector 30, but the temperature sensor S does not have to be necessarily attached to the flow detector

30, and may be provided in another site such as an inside of a tank, or the sites may be arbitrarily
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changed, for example, as long as there is the correlation between the opening/closing time of the valve
member 40 and the temperature of the lubricant. Furthermore, the lubrication sites L are not limited
to the aforementioned sites, but may be provided in any sites as a matter of course. Inshort, a person
skilled in the art easily adds a number of modifications to the embodiment that is the illustration of the
novel teachings and the effect of the invention without practically departing from the novel teachings
and the effect of the invention, and a number of these modifications are included in the range of the
invéntion.

[Reference Signs List]

[0049]

K System for managing flow-state of fluid
M Injection molding machine

J Lubrication device (fluid feeding device)
B Ball screw mechanism

T Toggle mechanism

L Lubrication site

P Lubrication port

20 Lubricant pump

A Quantitative valve

30  Flow detector

31 Adaptor

E Fluid space

32 Body

33 Supply aperture
34 Supply port
35 Discharge aperture

36 Discharge port

37 Contact
38 Exposure part
Da One electrode
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Db .

39

40

41

42

50

60

61

62

63

64

65

66

67
68a
68b
69a
69b
70

71

Other glectrode

Bush |

Valve member

Coil spring

Guide member

Temperature sensor

Fastening portion

Management unit

Opening/closing detection means
Detection time specifying means

Actual opening/closing time calcuiation means
Correlation storage means

Proper time range derivation means
Opening/closing time determination means
Abnormal signal transmission means
Minimum value derivation means

Minimum value storage means

Maximum value derivation means
Maximum value storage means
Preliminary valve member detection means

Detection error_recognition means
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CLAIMS

[Claim 1]

A system for managing a flow-state of fluid, comprising

a flow detector that includes a body having a fluid space which is supplied with a fluid fed
from a fluid feeding device from a supply aperture, by drive of the fluid feeding device, and discharges
the fluid from a discharge aperture, housés in the fluid sbace of the body, a valye member that closes
the supply aperture when the fluid is not supplied, and opens the supply aperture when the fluid is
supplied, and detects a flow of the fluid by opening and closing of the valve member, and

a management unit that detects opening and closing of the valve member of the flow detector
and manages a flow state of the fluid in the fluid space of the body,

wherein the system includes a temperature sensor that senses a temperature of the fluid,

wherein the management unit comprises

opening/closing détection means that detects opening and_ closing of the vaive member of
the flow detector,

detection time specifying means that specifies a detection time of the opening/closing
detection means,

actual opening/closing time calculation means thét calculates a time until the opening/closing
detection means detects closing after the opening/closing detection means detects opening as an
actual opening/closing time, when the opening/closing detection means detects the opening of the
valve member of the flow detector and detects the closing of the valve member of the flow detector
within a detection time specified by the detection time specifying means,

correlation storage means that stores a cofrelation between the temperature of the fluid and
a proper opening/closing time range which is proper of the valve member,

proper time range derivation means that derives a proper opening/closing time range in a
temperature sensed by the temperature sensor from the correlation storage means,

opening/closing time determination means that determines whether the actual
opening/closing time calculated by the actual opening/closing time calculation means is within or
outside the proper opening/closing time range derived by thé proper time range derivation means, and

abnormal signal transmission means that fransmits an abnormal signal when the
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opening/closing time determination means determines the actual opening/closing time as outside the

proper opening/closing time range.

[Claim 2]

The system for managing a flow-state of fluid according to claim 1,

wherein the proper time range derivation means is configured to include

minimum vaiue derivation means that derives a minimum value of the proper opening/closing
time range from a temperature sensed by the temperature sensor,

minimum value storage means that successively updates the minimum value derived by the
minimum value derivation means and stores the minimum value,

.maximum value derivation means that derives a maximum value of the proper
opening/closing fime range from a témperature sensed by the temperature sensor, and

maximum value storage means that successively updates the maximum value derived by the
maximum value derivation means and stores the maximum value,

wherein the opening/closing time determination means is configured to include a function of
determining whether or not the actual opening/closing time is smaller than the minimum value stored
in the minimum value storage means, and include a function of determining whether or not the actual
opening/closing time is larger than the maximum value stored in the maximum value storage means,
and

wherein the abnormal signal transmission means is configured to include a function of
transmitting an abnormal signal when the opening/closing time determination means determines that

the actual opening/closing time is smaller than the minimum value or larger than the maximum value.

[Claim 3]

The system for managing a flow-state of fluid according to claim 1 or 2,

wherein the management unit includes preliminary valve member detection means that
detects whether or not the valve member of the flow detector is closed before drive of the fluid feeding
device, and

the abnormal signal transmission means is configured to include a function of transmitting an
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abnormal signal when the preliminary valve member detection means detects that the valve member

of the flow detector is not closed.

[Claim 4]

The system for managing a flow-state of fluid according to any one of claims 1 to 3,

wherein the management unit includes detection error recognition means that recognizes a
detection error when the openinglclosiné detection means does not detect opening of the valve
member of the flow detector within a time specified by the detection time specifying means or does
not detect closing even when the opening/closing detection means detects opening, and

wherein the abnormal signal transmission means is configured to include a function of
transmitting an abnormal signal when the detection error recognition means recognizes a detection

error.

[Claim 5]
The system for managing a flow-state of fluid according to any one of claims 1 to 4,
wherein the detection time specifying means is configured by a timer that is operated based

on drive of the fluid feeding device and has an operation time as a detection time set thereto.

[Claim 6]

The system for managing a flow-state of fluid according to any one of claims 1 to 5,

wherein the flow detector includes a body having a fluid space having a cylindrical inner
surface allowing a fluid to pass therethrough,

a supply port of fluid that has a supply aperture centered on a central axis of the fluid space
at one end of the fluid space, is formed in the body,

a discharge port of fluid that has a discharge aperture communicating with the fluid space is
formed in the body,

one electrode that has a contact exposed on oﬁe end side of the fiuid space and is made up
of a conductor is provided in the body,

another electrode that has an exposure part exposed on another end side of the fluid space,
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is insulated from the one electrode and is made up of a conductor is 'provided in the body,

a valve member that is moved along the central axis of the fluid space, comes in contact with
the contact of the one electrode to close the supply aperture, comes apart from the contact to open
the supply aperture, and is made up of a conductor is stored in the fluid space,

a coil spring that is connecled to the valve member at one end and is connected to the
exposure part of the other electrode at another end fo always urge the valve member in a direction of
closing the supply aperture, and is made up of a conductor is stored in the fluid space,

and the flow detector is configured to detect flow of the fluid by electrically detecting
connection when the valve member of an electric circuit configured by the one electrode, the valve
member, the coil spring and the other electrode is closed, and disconnection when the valve member

is opened.

[Claim 7]
The system for managing a flow-state of fluid according to any one of claims 1 to 6,

wherein the temperature sensor is attached to the flow detector.

[Claim 8]
The systerh for managing a flow-state of fluid according to claim 6,
wherein the flow detector is provided with a fastening portion for fastening the temperature

SEeNsof.
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