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Title of Invention:

QUALITY MANAGEMENT SYSTEM FOR MACHINING PROCESS,
LUBRICATING LIQUID FOR MACHINE TOOL, AND ALKALINE
ELECTROLYTIC WATER GENERATION DEVICE FOR LUBRICATING
LIQUID GENERATION

Technical Field
[0001]

The present invention relates to a quality
management system for a machining process, a lubricating
liquid for a machine tool, and a dedicated alkaline
electrolytic water generation device suitable for the
lubricating liquid that can eliminate the problems of
oil-soluble lubricating liquids, while securing and
improving a machining performance (quality) of

electrolytic water as a working liquid.

Background Art
[0002]

Lubricating oil has been used as a wide variety of
working liquids in machine tools used for machining metal
materials. Conventionally, while an oil-soluble
lubricant has been used for a lubricating oil as a
working liquid, in recent years, a problem with this has

been 1ndicated. Specifically, In the case where an oil-



soluble lubricant i1s used for a working liquid, while
quality management such as machinability and a degree of
degradation of the working liquid is performed by
measuring a sugar content by pH or a refraction index of
infrared light (Brix%), management of a working liquid by
pH or concentration is difficult due to a reason such as
cleaning of a measurement portion and calibration of a
measurement value are frequently required In order to
maintain the accuracy of a measurement device.

[0003]

At the same time, a conventional oil-soluble
lubricant is used by mixing with tap water, and is an
environment in which bacteria can propagate. In an
environment in which bacteria can survive, bacteria
preferably eats phosphorus and sulfur included in the oil
portion as food, and its excrement spoils the working
liquid. Accordingly, an oil-soluble lubricant includes a
wide variety of types of antiseptic agents. As a result
of this, in a machining factory, liquid easily spoils in
the summer, and at the same time workers may feel unwell,
by the antiseptic agents making contact with their skin
or being inhaled as a mist.

[0004]

In this way, performing a periodical disposal
process i1s reliable and i1nexpensive, In order to respond
to the problems of securing a machining performance

(quality) and spoiling of a working liquid. In contrast



to this, when taking into consideration recent social
demands such as reducing an environmental load, improving
the work environment, and reducing a disposal amount
after use for an oil-soluble lubricating liquid as a
working liquid, are expected to be essential problems,
and 1t 1s necessary to review the system for performing
disposal that simply gives preference to securing of a

machining performance (quality).

Citation List

Patent Literature

[0005]

Patent Literature 1: International Publication No. WO
20157053192

Patent Literature 2: International Publication No. WO

2014/155870

Summary of Invention
Technical Problem
[0006]

From such problems, in recent years, various water-
soluble working liquids have been developed, and further
use expansion has been socially demanded (refer to Patent
Literature 1 and 2). From among these, attention has
been focused on using alkaline electrolytic water with a
small environmental load as a working liquid, and the

present inventors have performed development and



provision of appropriate alkaline electrolytic water as a
working liquid in various types of machining.
[0007]

Moreover, conventionally, in the case where an oil-
soluble liquid i1s used as a working liquid, or in the
case where an operating liquid such as a sliding liquid
with an oil-soluble component is mixed into alkaline
electrolytic water as a working liquid, quality
management such as machinability and a degree of
degradation of the working liquid is performed by
measuring a sugar content by pH or a refraction index of
infrared light (Brix%). However, in the process in which
the present inventors plan precise quality management of
a working liquid (described below), management of a
working liquid by a sugar content (Brix%) is difficult
due to a reason such as frequently cleaning a measurement
portion to remove so-called oils stains, for example, by
cleaning for each machining In order to maintain the
accuracy of a measurement device and performing
calibration of measurement values is required, and iIn the
case of alkaline electrolytic water, it has been found
that pH cannot be set as an index of quality management
of a working liquid (described below). The inventors,
having obtained this knowledge, have an important
development problem of how to precisely perform quality
management in the case where alkaline electrolytic water

is used as a working liquid.



[0008]

In addition, in electrical discharging or water-
jetting that can use pure water or industrial water as a
working liquid, while disposal is given preference over
quality management partly because working liquid disposal
IS easy and inexpensive, 1t iIs preferable for sufficient
quality management to be performed that takes into
consideration deterioration of machining accuracy due to
inappropriate energization and influence or corruption
due to the inclusion of abrasives or the like, 1t 1Is
necessary to improve the system of easily disposing
working liquid just because it Is pure water or
industrial water, and thus the present inventors have
taken Into consideration that it Is necessary to solve
these development problems and perform precise liquid
management using alkaline electrolytic water.

[0009]

The present invention has been created based on
knowledge obtained by the present inventors as a front
runner i1n providing alkaline electrolytic water used for
a lubricating liquid in light of the above, and has an
objective to provide a quality management system for a
machining process, a lubricating liquid for a machine
tool, and an alkaline electrolytic water generation
device for lubricating liquid generation that can
eliminate the problems of oil-soluble lubricating liquids

described above, while securing and improving a machining



performance (quality) of electrolytic water as a working

liquid.

Solution to Problem
[0010]

First, a first present invention provides a quality
management system for a machining process in the
machining process of a machine tool in which a mixed
liquid of a water-soluble lubricating stock liquid
including alkaline electrolytic water and externally
replenishable alkaline electrolytic water is used as a
lubricating liquid, wherein the quality management system
monitors and manages a quality of the lubricating liquid
after mixing by an electric conductivity.

[0011]

The present inventors of the present invention were
unable to perform liquid management by monitoring a
machining performance, in a lubricating liquid such as a
working liquid of a machine tool that includes a
conventional oil-soluble material as described below, and
in the case where using alkaline electrolytic water
instead, the present inventors have found that the
machining performance has a positive correlation for
electric conductivity (conduction rate), and the machine
tool can be monitored in real time by setting the
electric conductivity as an index. Based on this

knowledge, in the quality management system for a



machining process of the first present invention, a
specific configuration is provided in which alkaline
electrolytic water is adopted as a lubricating liquid of
the machine tool, and in a flow path (portion nearest
machining of the lubricating liquid discharged to a
machining portion) after mixing a lubricating stock
liquid (a water soluble polymer having a pH adjustment
action is included) provided inside the machine tool and
the alkaline electrolytic water, this electric
conductivity i1s monitored and managed as an index, and
the machining performance (quality) is secured and
improved. Note that, there is also an advantage for the
points of fine chips generated at the time of machining
are easily separated from the working liquid and rust
prevention iIs improved, as incidental effects of using
alkaline electrolytic water for the working liquid.
[0012]

Moreover, it is preferable for the electric
conductivity monitored in the lubricating liquid after
mixing to be corrected based on a preset correlation of a
change in the electric conductivity with respect to an
assumed metal i1on concentration of the lubricating liquid
by a prescribed eluted metal within the lubricating
liquid In the machining process of the machine tool.
[0013]

Specifically, the electric conductivity of the

lubricating liquid of a mixed liquid and the metal ion



concentration of a prescribed eluted metal are measured,
an amount of change in the electric conductivity of the
lubricating liquid by the prescribed eluted metal in the
measured metal i1on concentration is calculated, from the
preset correlation of a change in the electric
conductivity with respect to the metal 10n concentration
of the lubricating liquid by the prescribed eluted metal,
and the calculated change amount of change in the
electric conductivity is subtracted from the measured
measurement value of the electric conductivity.

[0014]

In the quality management system for a machining
process, in the case where alkaline electrolytic water 1is
used as a lubricating liquid such as a working liquid,
while the lubricating liquid is monitored by setting the
electric conductivity as an index from new knowledge such
as the electric conductivity having a positive
correlation with a machining performance, sludge (cutting
chips of a tool, workpiece or the like) is actually
eluted i1n the lubricating liquid during the machining
process by a process of using the machine tool for a long
time, and due to this, the electric conductivity of a
metal 1on concentration amount within the lubricating
liquid changes (drifts), and it has been found that an
accurate electric conductivity of alkaline electrolytic
water cannot be detected.

[0015]



Taking this fact into account, In a preferred
present invention, a correction that removes an influence
amount of metal i1ons from the electric conductivity of
the measured lubricating liquid is performed, and the
monitoring accuracy Is Improved by monitoring the
lubricating liquid by the corrected electric
conductivity. |In particular, In the case of a
lubricating liquid of alkaline electrolytic water in
which waste liquid such as an oil-soluble lubricating
liquid 1s not required, since i1t can be circulated and
used for a long time, it Is necessary to take into
consideration an influence of a change in the metal ion
concentration due to sludge, iIn the present invention, a
correlation between the metal ion concentration and the
electric conductivity (amount of change) of the
lubricating liquid, in which eluted metal that can become
sludge i1s included, is calculated and set beforehand, and
based on this correlation, an amount of change in the
electric conductivity corresponding to an actual
measurement value of the metal 1on concentration of the
lubricating liquid is calculated, and a correction is
performed to subtract this from the actual measurement
value of the electric conductivity of the lubricating
liquid. According to this correction, it becomes
possible to perform appropriate monitoring of the
electric conductivity by overcoming an influence due to

sludge and setting a measurement value of the electric
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conductivity of the lubricating liquid as an index of
machining performance management.
[0016]

In a second present invention, It is provided that,
as a lubricating liquid for a machine tool used iIn the
quality management system for a machining process of the
first present invention, the lubricating liquid for the
machine tool having the alkaline electrolytic water as a
main component and not including an oil-soluble material
is preferable, in which the lubricating liquid does not
contain an antiseptic agent and is blended with a pH
buffer.

[0017]

Moreover, i1t is preferable for a solute
concentration of the lubricating liquid for the machine
tool with the alkaline electrolytic water as a main
component to be set as a practical management
concentration within a preset range in accordance with
the machine tool and the machining process for using the
lubricating liquid.

[0018]

As described above, 1In the case where alkaline
electrolytic water i1s used as the lubricating liquid for
the machine tool, there is an advantage for the point of
obtaining an antiseptic effect by blending a pH buffer
and performing a pH adjustment. On the other hand, since

a correlation between quality of the liquid and a pH
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value disappears when a pH buffer i1s blended, it becomes
difficult to use pH as an index of monitoring the
lubricating liquid. In relation to this point, In
alkaline electrolytic water dedicated for use as a
lubricating oil, experimental results described below
show that the solute concentration has a positive
correlation with the electric conductivity within a
prescribed range. Therefore, In the second present
invention, dedicated alkaline electrolytic water is
adopted as the lubricating liquid of the machine tool
used In the quality management system for a machining
process, and the alkaline electrolytic water is set
within a range of a solubility concentration having a
positive correlation with the electric conductivity as an
index of monitoring the quality (machining performance)
of the alkaline electrolytic water.

[0019]

Moreover, the machine tool can include a working
liquid storage tank for collecting and storing the
lubricating liquid and supplying the lubricating liquid
to the machine tool as a working liquid, the working
liquid storage tank i1s supplied with the lubricating
stock liquid from a lubricating stock liquid storage tank
or a supply pipe connected to the lubricating stock
liquid storage tank, and i1s supplied with the alkaline
electrolytic water from an alkaline electrolytic water

generation device, a storage tank of the alkaline
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electrolytic water generation device, or a supply pipe
connected to the storage tank, and the electric
conductivity of the mixed liquid within the working
liquid storage tank can be monitored and managed. In the
quality management system for a machining process, the
following specific examples are provided, in which
alkaline electrolytic water and a lubricating stock
liquid are mixed, monitoring is performed by setting the
electric conductivity as an index of liquid management,
while performing pH adjustment at the time of mixing by
setting this mixed liquid a desired working liquid in
accordance with the machine tool and the machining
conditions, preferable flow paths (including the working
liquid storage tank) depending on various conditions and
which flow paths to monitor are provided.

[0020]

As a fTirst specific example, the machine tool
includes a mixing portion for mixing the lubricating
stock liquid supplied from the lubricating stock liquid
storage tank or the supply pipe connected to the
lubricating stock liquid storage tank and the alkaline
electrolytic water supplied from the alkaline
electrolytic water generation device, the storage tank of
the alkaline electrolytic water generation device, or the
supply pipe connected to the storage tank, and a mixed

liquid of the lubricating stock liquid and the alkaline
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electrolytic water by the mixing portion is supplied to
the working liquid storage tank.
[0021]

In the example of the quality management system for
a machining process, the electric conductivity of a mixed
liquid of the lubricating stock liquid and the alkaline
electrolytic water within a working liquid storage tank
such as a cutting liquid tank is monitored (at least
measured). In particular, a "mixing portion'” of the
lubricating stock liquid and the alkaline electrolytic
water is provided in a flow path to the working liquid
storage tank, and it is preferable to perform monitoring
of the working liquid in the flow path from the "mixing
portion™ onward. By providing this "mixing portion” and
monitoring the working liquid within the "mixing
portion™, it can be determined beforehand whether or not
it 1s alright to supply the mixed liquid from the
lubricating stock liquid storage tank or the alkaline
electrolytic water generation device to within the
working liquid storage tank (cutting liquid tank or the
like), and the electric conductivity of the working
liquid within the working liquid storage tank can be
prevented from suddenly changing.
[0022]

Moreover, as another example of the quality
management system for a machining process, the machine

tool includes a mixing portion for mixing the lubricating
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stock liquid supplied from the lubricating stock liquid
storage tank or the supply pipe connected to the
lubricating stock liquid storage tank and the alkaline
electrolytic water supplied from the alkaline
electrolytic water generation device, the storage tank of
the alkaline electrolytic water generation device, or the
supply pipe connected to the storage tank, and

a mixed liquid of the lubricating stock liquid and
the alkaline electrolytic water within the mixing portion
is supplied to within the machine tool from a supply pipe
connected to the mixing portion, and the electric
conductivity of the mixed liquid within the supply pipe
or within the mixing portion is monitored and managed.
[0023]

In another example of the quality management system
for a machining process, the working liquid storage tank
is not provided, the above described "mixing portion"™ of
the lubricating stock liquid and the alkaline
electrolytic water is provided in a machine tool that
performs machining (misting for milling or the like) that
does not recirculate the working liquid, and the electric
conductivity i1s monitored "within a supply pipe'"™ from the
"mixing portion’.

[0024]
Moreover, in the quality management system for a

machining process of the first present invention,
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an electric conductivity meter for monitoring and
managing the electric conductivity can be included, and

a necessary amount and a discharge amount per time
of the lubricating stock liquid and/or the alkaline
electrolytic water can be set iIn accordance with whether
or not the electric conductivity of the mixed liquid of
the alkaline electrolytic water and the lubricating stock
liquid measured from measurement information from the
electric conductivity meter are within a preset range.
[0025]

Moreover, in an example of the quality management
system for a machining process, a necessary amount and a
discharge amount (automatic drip amount) are controlled,
by monitoring whether or not the monitored electric
conductivity of the working liquid iIs within a set range
and feedback thereof. As a result of this, an adjustment
to a preferable electric conductivity can be performed iIn
real time while performing monitoring of the working
liquid, and i1t becomes possible to execute liquid
management so as to maintain a machining performance in
accordance with the content of machining.

[0026]

Moreover, as another example of the quality
management system for a machining process, there may be a
plurality of the machine tools present, the lubricating
stock liquid and the alkaline electrolytic water of each

of the plurality of machine tools may be collectively
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supplied to one of the above described working liquid
storage tank and the above described mixing portion, each
of the plurality of machine tools may include an electric
conductivity meter for measuring the electric
conductivity of the collected mixed liquid within the
working liquid storage tank or within the mixing portion
in accordance with each of the machine tools, a wired or
wireless external monitoring device may manage measured
measurement information of each of the electric
conductivity meters, determine whether or not the
electric conductivity of the mixed liquid of the alkaline
electrolytic water and the lubricating stock liquid is
within a preset range iIn accordance with each of the
machine tools, and set a necessary amount and an
automatic drip amount per time of the lubricating stock
liquid and/or the alkaline electrolytic water.

[0027]

In yet another example of the quality management
system for a machining process, one unified working
liquid storage tank is provided with respect to the
plurality of machine tools, and a control example is
provided that performs monitoring and feedback for each
of the machine tools within each of the machine tools.

In this way, the plurality of machine tools can be
convergently managed in terms of the working liquid, and
in the case where the plurality of processors is

introduced into a system that remotely controls machining
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in real time, for example, maintenance of this machining
performance can be executed.
[0028]

Moreover, lathing, milling, grinding, hole drilling,
saw cutting, water-jetting, electric discharging,
pressing, grinding, and polishing are exemplified as
preferable machining examples executed by the machine
tool.

[0029]

Moreover, in the quality management system for a
machining process, it is preferable for a metal ion
concentration and at least one of a sugar content, a
concentration, and a pH of the lubricating stock liquid,
the alkaline electrolytic water, or the mixed liquid to
be monitored and managed, in addition to monitoring and
managing the electric conductivity of the mixed liquid of
the lubricating stock liquid and the alkaline
electrolytic water.

[0030]

In addition, in the quality management system for a
machining process, a water level of the mixed liquid
within the working liquid storage tank may be monitored
and managed in addition to monitoring and managing the
electric conductivity of the mixed liquid of the
lubricating stock liquid and the alkaline electrolytic
water .

[0031]
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In the quality management system for a machining
process of the first present invention, while a
configuration i1s provided that uses alkaline electrolytic
water in a working liquid to maintain a machining
performance by the electric conductivity, multifaceted
liqguid management corresponding to various types of
machining can be executed by combining with liquid
management by the sugar content (Brix% measurement or the
like), the concentration, or the pH performed by
including conventional experimental rules, iIntroduction
into an existing liquid management system can be easily
performed, and there is an advantage for the point of
high marketability. Moreover, as a method of liquid
amount management of a working liquid when monitoring the
electric conductivity of alkaline electrolytic water as a
working liquid, for example, the extent that a total
liquid amount of the working liquid In the entire present
system reduces i1s detected by measuring, by a water level
gauge or the like, a water level (liquid surface height)
of the working liquid within the working liquid storage
tank (cutting liquid tank 106 or the like).

[0032]

In this way, if the volume of the working liquid
storage tank is known, a dilution amount of the
lubricating stock liquid can be determined and a
discharge amount of the alkaline electrolytic water and

the lubricating stock liquid to be replenished to the
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present system can be calculated. In addition, in the
preferable quality management system of a machining
process as described above, since a measurement value of
the electric conductivity is corrected based on an
anticipated correlation between an assumed amount of
change i1n the metal 1on concentration and an amount of
change in the electric conductivity, due to sludge from a
tool or workpiece being mixed into the lubricating
liquid, a measurement of the metal ion concentration is
essential, i1In addition to combining with a measurement of
the electric conductivity and a measurement of the sugar
content, the concentration, or the pH.

[0033]

A third present invention is an alkaline
electrolytic water generation device for lubricating
liquid generation that generates externally replenishable
alkaline electrolytic water supplied as a lubricating
liquid 1n the quality management system for a machining
process of the first present invention, in which the
alkaline electrolytic water generation device 1Is
configured to monitor an electric conductivity of the
generated alkaline electrolytic water in which a
discharge portion of the generated alkaline electrolytic
water is connected to the mixing portion, a working
liquid storage tank, and a storage tank of the alkaline
electrolytic water, or a supply pipe connected to each of

the mixing portion, the working liquid storage tank, and
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the storage tank of the alkaline electrolytic water, and
enable presetting or resetting of the electric
conductivity of the alkaline electrolytic water generated
in accordance with the machining process executed in the
machine tool.

[0034]

In the third present invention, an alkaline
electrolytic water generation device for lubricating
liquid generation i1s provided as a dedicated product that
is suitable for the above described quality management
system for a machining process of the first present
invention. 1In this alkaline electrolytic water
generation device, a connection to a working liquid
supply flow path within the quality management system for
a machining process can be performed, a setting of the
generated alkaline electrolytic water can be performed in
accordance with the machining process executed by the
machine tool, and iIn the case of a control configuration
that readjusts the electric conductivity in real time by
performing feedback of a measurement result of the
electric conductivity described above, the electric
conductivity of the generated alkaline electrolytic water
can be reset by a feedback signal. By applying this
dedicated device to a known lubricating liquid supply
configuration of a machine tool, a system can be
constructed that can perform liquid management more

easily than that of a conventional emulsion machining
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liquid, while converting the working liquid of the
machine tool to a water solubility having a low
environmental load.
[0035]

Note that, a configuration is exemplified in which
the alkaline electrolytic water includes an organic
alkali such as triethanolamine, a synthetic lubricant,

and a lubricant additive electrolyte solution.

Advantageous Effect of Invention
[0036]

According to the quality management system for a
machining process, a lubricating liquid for a machine
tool, and an alkaline electrolytic water generation
device for a lubricating liquid of the present invention,
by adopting a working liquid using alkaline electrolytic
water, and monitoring and managing the electric
conductivity, the problems of conventional oil-soluble
lubricating liquid that cannot be liquid managed and has
a large environmental load can be improved, while
securing and improving a machining performance (quality)

of electrolytic water as the working liquid.

Brief Description of Drawings

[0037]
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[Figure 1] Figure 1 is a schematic block driagram showing
a quality management system for a machining process as a
first embodiment of a first present invention.

[Figure 2] Figure 2 is a schematic block diagram showing
a quality management system for a machining process as a
second embodiment of the first present invention.

[Figure 3] Figure 3 is a schematic block diagram showing
a quality management system for a machining process as a
third embodiment of the first present invention.

[Figure 4] Figure 4 i1s a schematic block driagram showing
a quality management system for a machining process as a
fourth embodiment of the first present invention.

[Figure 5] Figure 5 1s a schematic block driagram showing
a quality management system for a machining process as a
fifth embodiment of the first present invention.

[Figure 6] Figure 6 is a schematic block diagram showing
a quality management system for a machining process as a
sixth embodiment of the first present invention.

[Figure 7] Figure 7 is a graphic diagram showing alkaline
electrolytic water, pure water, and tap water of each pH,
and the electric conductivity of each of these.

[Figure 8] Figure 8(a) i1s a graphic diagram showing
measurement values of each solute concentration of a
liquid dedicated for alkaline electrolytic water, and the
electric conductivity for each of the solute
concentrations, Figure 8(b) is a graphic diagram showing

measurement values of each solute concentration of a
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liquid dedicated for alkaline electrolytic water, and the
pH for each of the solute concentrations, and Figure 8(c)
is a graphic diagram showing measurement values of each
solute concentration of a liquid dedicated for alkaline
electrolytic water, and the sugar content (Brix%) for
each of the solute concentrations.

[Figure 9] Figure 9 is a graphic diagram showing
measurement results of the sugar content (Brix% value)
and the electric conductivity of commercially available
emulsions.

[Figure 10] Figure 10 is a graphic diagram showing a
correlation between the electric conductivity of the
lubricating liquid and a Fe 1on concentration that
assumes the case where Fe i1ons are dissolved in alkaline
electrolytic water as the lubricating liquid.

[Figure 11] Figure 11 is a graphic diagram showing a
correlation between the electric conductivity of the
lubricating liquid and an Al i1on concentration that
assumes the case where Al i1ons are dissolved in alkaline
electrolytic water as the lubricating liquid.

[Figure 12] Figure 12 is a graphic diagram showing a
correlation between the electric conductivity of the
lubricating liquid and a Cu ion concentration that
assumes the case where Cu ions are dissolved in alkaline

electrolytic water as the lubricating liquid.

Description of Embodiments
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[0038]

Hereinafter, embodiments of a quality management
system for a machining process of the present invention
(first present invention), an alkaline electrolytic water
generation device for a lubricating liquid (third present
invention), and a lubricating liquid for a machine tool
used In this system are exemplified. First, an
exemplification is described for an embodiment of the
quality management system for a machining process of the
first present invention (hereinafter, also called a
"quality management system'™) whille appropriately
exemplifying the alkaline electrolytic water generation
device for a lubricating liquid of the third present
invention. Note that, iIn the reference numerals shown in
Figure 2 to Figure 6, the reference numerals with the
same last two digits as those shown in Figure 1 mean the
same type of reference numerals.

[0039]

<<Quality management system for a machining process and
alkaline electrolytic water generation device for a
lubricating liquid>>

Figure 1 is a schematic block diagram showing a
quality management system 100 for a machining process as
a first embodiment of the first present invention. A
machine tool 102 shown here performs cutting such as
milling or hole drilling. In the machine tool 102, there

is a flow path in which a working liquid (here, called a
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"cutting liquid™) to be supplied to the vicinity of a
cutting portion circulates in the machine tool 102, and
there 1s a cutting liquid tank (working liquid storage
tank) 106 that temporarily collects and stores the
cutting liquid within this circulation flow path. The
cutting liquid stored within the cutting liquid tank 106
(collected liquid of an operating liquid for sliding is
also included) is supplied again to the cutting portion
by a pump or the like (not illustrated). Note that, in
Figure 1, the circulation flow path of the cutting liquid
is omitted.

[0040]

Moreover, the cutting liquid tank 106 is supplied
with a lubricating stock liquid from a supply pipe 114
connected to a lubricating stock liquid storage tank 110
in which a stock liquid of the cutting liquid or the
sliding liquid i1s stored. Moreover, iIn the quality
management system 100, an alkaline electrolytic water
generation device 108 (embodiment of the third present
invention) for adjusting the electric conductivity within
the cutting liquid tank 106 is installed attached to or
outside of the machine tool 102. The alkaline
electrolytic water generation devices 108 to 608 each
generate appropriate alkaline electrolytic water
(described below) by enabling presetting or resetting of
the electric conductivity of alkaline electrolytic water

required In a machining process to be executed by various
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types of processors (machine tools) used by the quality
management systems 100 to 600 for a machining process,
and are each a dedicated device of the quality management
systems 100 to 600 for a machining process. In the
example of Figure 1, alkaline electrolytic water of a
desired amount i1s supplied to the cutting liquid tank 106
from a supply pipe 112 connected to the alkaline
electrolytic water generation device 108, an electric
conductivity monitoring device 104 having an electric
conductivity meter 104 is provided in the cutting liquid
tank 106 or in the surroundings thereof, and monitors
(measures, displays) at least the electric conductivity
of a mixed liquid of the cutting liquid, the alkaline
electrolytic water, and the sliding liquid stored in the
cutting liquid tank 106.

[0041]

Moreover, while described below In detail along with
experiment verification results of the alkaline
electrolytic water used in the quality management system
100, the alkaline electrolytic water is, for example,
alkaline water including potassium hydroxide that can
obtain potassium carbonate as an electrolyte, a stock
liquid having an antirust effect, in which a water-
soluble polymer having a pH adjustment action to an
extent of pH 7 to 10 is included, is supplied without
change as a lubricating stock liquid, and the alkaline

electrolytic water from the alkaline electrolytic water
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generation device 108 is supplied to within the cutting
liquid tank 106 by being mixed as strong alkaline
electrolytic water.

[0042]

Next, Figure 2 shows a schematic block diagram of a
quality management system 200 for a machining process as
a second embodiment of the first present invention. Note
that, in the quality management systems 200 to 600 for a
machining process as second to sixth embodiments of
Figure 2 to Figure 6, the portions different to those of
Figure 1 or the like will be described with emphasis, and
the portions the same as or closely resembling those of
Figure 1 or the like will be briefly described or
omitted.

[0043]

Also i1n Figure 2, similar to Figure 1, a machine
tool 202 performs cutting such as milling or hole
drilling, and has a cutting liquid tank (working liquid
storage tank) 206 for collecting and storing a cutting
liquid (working liquid) within a flow path that
circulates the cutting liquid in the machine tool 202.
Moreover, the cutting liquid stored within the cutting
liquid tank 206 is supplied again to a cutting portion by
a pump or the like (not illustrated), and a lubricating
stock liquid is supplied to the cutting liquid tank 206
from a supply pipe 214 connected to a lubricating stock

liquid storage tank 210. Moreover, alkaline electrolytic
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water of a desired amount is supplied to the cutting
liquid tank 206 from a supply pipe 212 connected to an
alkaline electrolytic water generation device 208 as a
dedicated device for adjusting the electric conductivity
within the cutting liquid tank 206, and an electric
conductivity monitoring device 204 having an electric
conductivity meter 204 is provided in the cutting liquid
tank 206 or i1n the surroundings thereof, and monitors
(measures, displays) at least the electric conductivity
of a mixed liquid of the cutting liquid, the alkaline
electrolytic water, and the sliding liquid stored within
the cutting liquid tank 206. These configurations are
similar to the example of Figure 1.

[0044]

In addition to the above configurations, in the
quality management system, 200 for a machining process of
Figure 2, there i1s a control configuration for adjusting
the electric conductivity of the mixed liquid within the
cutting liquid tank 206 according to results measured by
the electric conductivity meter 204. Specifically, iIn
the case where the electric conductivity of the alkaline
electrolytic water and the lubricating stock liquid (a
collected amount of the sliding liquid is also included)
within the cutting liquid tank 206 measured by the
electric conductivity meter 204 i1s outside a preset range
by performing feedback of measurement data from the

electric conductivity meter 204, a control is performed
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so that the lubricating stock liquid and the alkaline
electrolytic water from each of the lubricating stock
liquid storage tank 210 (or its storage tank) and the
alkaline electrolytic water generation device 208
automatically drip to the supply pipes 214 and 208 (refer
to reference numerals 218 and 217 showing a feedback
signal). This automatic drip control ends when the
electric conductivity measured by the electric
conductivity meter 204 reaches the preset range. Or, iIn
the case where the electric conductivity of the alkaline
electrolytic water and the lubricating stock liquid
within the cutting liquid tank 206 is outside a range
that measurement data from the electric conductivity
meter preset, a volume of a lubricating stock liquid and
the alkaline electrolytic water required to reach this
range, and an automatic drip time from the lubricating
stock liquid storage tank 210 and the alkaline
electrolytic water generation device 208, are calculated,
and a control is performed to execute a drip process.
[0045]

Next, Figure 3 shows a schematic block diagram of a
quality management system 300 for a machining process as
a third embodiment of the first present invention.
Moreover, here, a schematic block diagram of a quality
management system 500 for a machining process as a fTifth
embodiment shown in Figure 5, which closely resembles the

example of Figure 3, will be simultaneously described.
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Also 1In Figure 3 and Figure 5, similar to Figure 1 and
Figure 2, a machine tool 302, 502 performs cutting such
as milling or hole drilling, has a cutting liquid tank
(working liquid storage tank) 306, 506 for collecting and
storing a cutting liquid (working liquid) within a flow
path that circulates the cutting liquid in the machine
tool 302, 502, and forms a circulation flow path in which
the cutting liquid stored within the cutting liquid tank
306, 506 is supplied again to the cutting portion.
Moreover, similar to the examples of Figure 1 and Figure
2, an electric conductivity monitoring device having an
electric conductivity meter 304, 504 is provided in the
cutting liquid tank 304, 504 or in the surroundings
thereof, and monitors at least the electric conductivity
of a mixed liquid of the cutting liquid, the alkaline
electrolytic water, and the sliding liquid stored within
the cutting liquid tank 306, 506by the electric
conductivity meter 304, 504.

[0046]

However, iIn the quality management system 300 for a
machining process of Figure 3, a mixing portion 316,
which temporarily mixes and stores the lubricating stock
liquid and the alkaline electrolytic water, is provided
in the flow path process from the lubricating stock
liquid storage tank 310 and the alkaline electrolytic
water generation device 308, 508 as a dedicated device to

the cutting liquid tank 306. On the other hand, while
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the quality management system 500 for a machining process
of Figure 5 is also provided with the mixing portion 516,
which temporarily mixes and stores the lubricating stock
liquid and the alkaline electrolytic water from the
lubricating stock liquid storage tank 510 and the
alkaline electrolytic water generation device 508, i1n the
example of Figure 5, the alkaline electrolytic water
supplied from the alkaline electrolytic water generation
device 508 as a dedicated device is temporarily stored in
an alkaline electrolytic water storage tank 509 1in a flow
path up to a mixing portion 516 (refer to supply pipes
515 and 512), and is then supplied to the mixing portion
516. Also i1n the case where the processor 502 does not
include an alkaline electrolytic water generation device,
when adopting this configuration, a system similar to the
quality management system 300 for a machining process of
Figure 3 can be easily constructed by fluidly connecting
a dedicated alkaline electrolytic water generation device
508, which is appropriate for the quality management
system 500 of a machining process of the present
invention, to an alkaline electrolytic water storage tank
581.
[0047]

Specifically, in the examples of Figure 3 and Figure
5, the lubricating stock liquid is supplied from the
lubricating stock liquid storage tank 310, 510 via a

supply pipe 314, 514 to the mixing portion 316, 516, and
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the alkaline electrolytic water is supplied from the
alkaline electrolytic water generation device 308 via the
supply pipe 312, or from the alkaline electrolytic water
generation device 508 via the supply pipe 515, the
alkaline electrolytic water storage tank 581 and the
supply pipe 512, to the mixing portion 316, 516, similar
to the lubricating stock liquid. Afterwards, a mixed
liquid of the lubricating stock liquid and the alkaline
electrolytic water from the mixing portion 316, 516 is
supplied to the cutting liquid tank 306, 506 via a supply
pipe 320, 520.

[0048]

Moreover, also in the examples of Figure 3 and
Figure 5, similar to Figure 2, while the electric
conductivity of the mixed liquid within the cutting
liquid tank 306, 506 is adjusted by controlling a supply
of the lubricating stock liquid and the alkaline
electrolytic water by performing feedback of measurement
data of the electric conductivity meter 304, 504, a
transmission destination of a feedback signal i1s added by
having the mixing portion 316, 516 interposed in the flow
path process as described above. Specifically, in
addition to a configuration that controls a supply amount
from the alkaline electrolytic water generation device
308, 508 or the lubricating stock liquid storage tank
310, 510 by performing feedback of measurement data of

the electric conductivity of the mixed liquid within the
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cutting liquid tank 306, 506 measured by the electric
conductivity meter 304, 504 (reference numerals 318 and
317, reference numerals 518 and 517), a configuration
that also controls a supply amount from the mixing
portion 316, 516 by performing feedback of measurement
data of the electric conductivity of the mixed liquid
within the cutting liquid tank 306, 506 (reference
numeral 320, 520) is added, and the electric conductivity
of a most downstream mixed liquid supplied to the cutting
liqguid tank 306, 506 i1s adjusted and controlled.

[0049]

Next, Figure 4 shows a schematic block diagram of a
quality management system 400 for a machining process as
a fourth embodiment of the first present invention. The
example of Figure 4 i1s the same as the examples of Figure
2 and Figure 3 for the points of a cutting liquid stored
within a cutting liquid tank (working liquid storage
tank) 406, which collects and stores the cutting liquid
in a flow path that circulates in a machine tool 402, is
monitored by an electric conductivity monitoring device
having an electric conductivity meter 404 provided in the
cutting liquid tank 408 or in the surroundings thereof,
and the electric conductivity of a mixed liquid within
the cutting liquid tank 406 is adjusted by controlling a
supply of a lubricating stock liquid and alkaline
electrolytic water by performing feedback of the

measurement data.
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[00501]

However, the quality management system 400 for a
machining process of Figure 4 1s more advanced than the
systems of Figure 2 and Figure 3 for in terms of
simultaneously monitoring the electric conductivity of
the cutting liquid in a plurality of machine tools 402a
to 402c, and managing the electric conductivity in a
centralized manner by controlling a supply amount of the
lubricating stock liquid and the alkaline electrolytic
water.

[0051]

In the quality management system 400 for a machining
process of Figure 4, an example is shown for
simultaneously managing the plurality of machine tools
402, for example, a processor 402a that performs milling,
a processor 402b that performs hole drilling, and a
processor 402c as a sawing machine. First, the cutting
liquid circulating iIn the processors 402a to 402c is
uniformly collected and stored in a same cutting liquid
tank 406, and the electric conductivity of the cutting
liquid within the cutting liquid tank 406 is monitored
(measured, displayed) by an electric conductivity meter
404a to 404c included in each of the processors 402a to
402c.

[0052]
Moreover, similar to the cutting liquid tank 406, a

lubricating stock liquid storage tank 410, an alkaline
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electrolytic water generation device 408 as a dedicated
device and supply pipes 414, 412 therefrom are unified
that perform a supply of a lubricating stock liquid and
alkaline electrolytic water to the cutting liquid tank
406. Moreover, also in the example of Figure 4, similar
to the examples of Figure 2 and Figure 3, while the
electric conductivity of a mixed liquid within the
cutting liquid tank 406 i1s adjusted by controlling a
supply of the lubricating stock liquid and the alkaline
electrolytic water by performing a feedback of
measurement data of the electric conductivity meter 404,
the measurement data by each of the electric conductivity
meters 404a to 404c for each of the processors (machine
tools) 402a to 402c is wirelessly transmitted via WiFi or
the like (refer to dotted lines 426a to 426c¢), and 1is
simultaneously displayed within a window 424
corresponding to each of the processors 402a to 402c on a
display (electric conductivity measurement screen) of an
external PC 422 that is connected to the alkaline
electrolytic water generation device 408 (refer to
reference numerals 424a to 424c).

[0053]

Moreover, a configuration is adopted in which the
measurement data of the electric conductivity of the
mixed liquid within the cutting liquid tank 406 measured
by the electric conductivity meter 404a to 404c for each

of the processors 402a to 402c i1s fed back and thereby a
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supply amount of the lubricating stock liquid and the
alkaline electrolytic water from a supply pipe 414, 412
of the alkaline electrolytic water generation device 408
or the lubricating stock liquid storage tank 410 is
controlled (reference numerals 418, 417). Moreover, at
the same time as the electric conductivity meters 404a to
404c transmitting a feedback signal (reference numerals
418, 417), a supply amount (automatic drip amount per
time, automatic drip time or the like) of the lubricating
stock liquid and the alkaline electrolytic water is
displayed on each windows 424a to 424c on the display 422
(electric conductivity measurement screen) of the
external PC 422.
[0054]

Finally, Figure 6 shows a schematic block diagram of
a quality management system 600 for a machining process
of a sixth embodiment of the first present invention,
which assumes a processor (machine tool) having an
electrical discharging process of mist for milling, mist
for drilling, a lubricating liquid for pressing or the
like, as a modified example of Figure 5. Also in Figure
6, different to the example of Figure 5, a circulation
flow path of the working liquid is not formed, and there
is no cutting liquid tank 504 or the like that collects
and stores the working liquid such as in Figure 5.
Therefore, an electric conductivity monitoring device

having an electric conductivity meter 604 measures and
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manages the electric conductivity of the most downstream
that supplies a mixed liquid from a mixing portion 616,
which temporarily mixes and stores a lubricating stock
liquid and alkaline electrolytic water, namely, the
electric conductivity of a mixed liquid within a supply
pipe 620 that is connected to the mixing portion 616.
[0055]

Moreover, also in the example of Figure 6, similar
to the example of Figure 5, a configuration is adopted iIn
which alkaline electrolytic water supplied from a
alkaline electrolytic water generation device 608 as a
dedicated device is temporarily stored in an alkaline
electrolytic water storage tank 609 in a flow path
leading to the mixing portion 616 (refer to supply pipes
615, 612), and i1s then supplied to the mixing portion
616, a configuration is adopted in which measurement data
of the electric conductivity of the mixed liquid within a
supply pipe 620 measured by the electric conductivity
meter 604 is fed back and thereby a supply amount from
the alkaline electrolytic water generation device 608,
the lubricating stock liquid storage tank 610, and the
mixing portion 616 is controlled (reference numerals 618,
617, 619), and the electric conductivity of the mixed
liquid supplied from the mixing portion 621 and
discharged to a machining portion in the machine tool 602
is adjusted and controlled.

[0056]
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Note that, i1n the quality management systems 100 to
600 for a machining process of Figure 1 to Figure 6
described above, while the electric conductivity of the
mixed liquid of the lubricating stock liquid and the
alkaline electrolytic water within the cutting liquid
tank 106 to 506 or the supply pipe 620 1s monitored and
managed by the electric conductivity meter 104 to 604, in
the quality management systems 100 to 600 for a machining
process, there may be cases in which measurements of a
sugar content (Brix% measurement or the like), a
concentration, and a pH are combined and managed, iIn
addition to a measurement of the electric conductivity.
Moreover, as described below In detail, there may be
cases iIn which a metal ion concentration of the mixed
liquid the same as a measurement by the electric
conductivity meter is measured in order to improve the
measurement accuracy of the electric conductivity. In
addition, there may be cases In which a liquid surface
height of the cutting liquid tank 106 to 506 or the
mixing portion 616 i1s measured by using a water level
meter in order to manage an overall liquid amount of the
working liquid in the quality management systems 100 to
600 for a machining process.
[0057]
<<Index i1n alkaline electrolytic water as a lubricating

liquid (working liquid) and liquid management thereof>>
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Next, electrolytic water as the working liquid used
in the quality management systems 100 to 600 for a
machining process of the first present invention
described above and the alkaline electrolytic water
generation device 108 to 608 for lubricating liquid
generation of the second invention as a dedicated device
thereof is described. As shown in Table 1 to Table 3 and
Figure 7 to Figure 9, while form concentrations of
various types of lubricating liquids are compared for the
three variables of pH, sugar content, and electric
conductivity, these variables show completely different
behaviors, which is described in detail below and the
appropriateness of each of the variables as an 1Index when
performing liquid management as a lubricating liquid
(working liquid) is discussed.

[0058]

Table 1 shows, for alkaline electrolytic water and
commercially available o1l of each dilution concentration
(wt%: weight%) with respect to electrolytic water, pure
water, tap water, and a stock liquid of each pH,
measurement experimental results of electric conductivity
and Brix% as a list.

[0059]

Correlation between general-purpose emulsion lubricating

liguid and pH, sugar content, and electric conductivity

First, from column 14 to column 17 of Table 1,

Figure 9, and Table 3, 1t can be seen that iIn a general-
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purpose emulsion (“‘commercially avairlable ME"™ shown iIn
column 14 to column 17 of Table 1: 10wt% dilution of oily
agent blended emulsion tap water) used as a general
lubricating liquid (working liquid) neither the pH, the
electric conductivity, nor the sugar content (Brix%) can
be sufficiently measured, regardless of the stock liquid
or the dilution concentration (20wt% to 2wt%) with
respect to this stock liquid. Therefore, In the case
where a general-purpose emulsion type oily agent, which
includes many oily materials such as mineral oil, iIs used
as a lubricating liquid (working liquid), there is no
index that can correctly perform monitoring from the
viewpoint of liquid management, and i1t is verified that
liquid management more than the operator®s experience
management cannot be performed.

[Table 1]

[Table 3]

[0060]

Relationship between sugar content (Brix%), pH, and

electric conductivity of electrolytic water

In the uppermost column and column 4 of Table 1,
measurement results of the electric conductivity are
shown In the case where electrolytic water with a pH of
12.5 (in Table 1, described as "electrolytic water') is
dilluted with pure water. Moreover, Figure 7 is a graphic
diagram showing electrolytic water, pure water, and tap

water of each pH, and the electric conductivity thereof,
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by extracting the measurement results from the uppermost
column to column 4 of Table 1. Here, pH iIs a unit that
represents the extent of hydroxide ions "OH-"'
(hereinafter, simply referred as "hydroxide ions"™ or "OH-
") present in liquid in an alkaline region, the number of
hydroxide i1ons increases tenfold when the pH increases by
one, the number of hydroxide ions decreases to one tenth
when the pH decreases by one, and in an alkaline region,
the hydroxide ion concentration increases as the
numerical value of pH increases. In the measurement
experimental results of Table 1, the electric
conductivity of liquid in which electrolytic water of a
pH of 12.5 i1s diluted tenfold with pure water (pH
predicted value of 11.5) becomes 77.3ms, and is
approximately 1/9. On the other hand, the electric
conductivity of electrolytic water diluted tenfold with
pure water (pH predicted value of 10.5) becomes 8.318ms,
and is approximately 1/9. In addition, the electric
conductivity of electrolytic water diluted tenfold with
pure water (pH predicted value of 9.5) becomes 0.858ms,
and i1s approximately 1/10.

[0061]

In this measurement result, the electric
conductivity of 8.31ms is 1/2 that of tap water and the
electric conductivity of 0.858 i1s a value significantly
smaller than that of tap water, and since this is a value

less than the electric conductivity of tap water when
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dilluted a hundredfold by pure water, the electric
conductivity does not match a simple theoretical value of
a hydroxide 1on concentration (pH) (refer to the dotted
line of * of Figure 7). 1t can be seen that this has a
large influence on the electric conductivity even i1f the
content of impurities iIn pure water or tap water is
minute, and that i1t is difficult to perform liquid
management by pure water or tap water with an electric
conductivity as an index based on a theoretical value of
pH. Therefore, 1t can be seen that pure water or tap
water is not preferable from the viewpoint of liquid
management even by electrical discharging or water-
jetting using pure water or tap water for a working
liquid. On the other hand, iIn the case of electrolytic
water having a pH equal to or more than a prescribed
value (alkaline electrolytic water), it can be seen that
there 1s a positive correlation between the pH and the
electric conductivity. Therefore, iIn the case where
alkaline electrolytic water is used as a lubricating
liquid such as a working liquid of a machine tool, It can
be seen that there is a possibility of becoming an index
of liquid management by the electric conductivity.
According to the above description, it can be seen that
this electric conductivity is preferable for an index of
liquid management, by using alkaline electrolytic water
as a lubricating liquid such as a working liquid of a

machine tool.
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[0062]

Next, column 5 to column 13 of Table 1 show results
in which a concentration of alkaline electrolytic water
(in Table 1 and the following description, described as
"electrolytic water dedicated liquid SP') of a stock
liquid with a pH of 12.5 dedicated for a lubricating
liquid (working liquid) of the machine tool developed by
the present applicant is changed by diluting with pure
water from the stock liquid, and an effective component
concentration, sugar content (Brix%), and electric
conductivity of the electrolytic water dedicated liquid
SP of each concentration (stock liquid of 45wt% to 2wt%)
IS measured. Moreover, Figure 8 Is a graphic diagram
that shows, with a horizontal axis set as an effective
component concentration of each solute concentration wt%
of a common electrolytic water dedicated liquid SP,
measurement values of the electric conductivity with
respect to an effective component concentration of the
solute concentration wt% (Figure 8(a)), a pH (Figure
8(b)), and a measurement value of sugar content (Brix%)
(Figure 8(c)). Note that, while the concentration of the
electrolytic water dedicated liquid SP in the graphic
diagram of Figure 8 plots the electric conductivity ms,
the pH, and the sugar content (Brix%) shown in Table 2
for each of a stock liquid (dilution concentration of
100wt% = active component concentration of 63wt%), a

dilution concentration of 45wt% (= active component
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concentration of 30wt%), a dilution concentration of 30
wt¥% (= active component concentration of 20wt%), a
dilution concentration of 20wt% (= active component
concentration of 12.6 wt%), a dilution concentration of
10wt% (= active component concentration of 6.2wt%), a
dilution concentration of 5wt% (= active component
concentration of 3.15 wt%), and a dilution concentration
of 2wt% (= active component concentration of 1.26 wt%)
(pH i1s plotted only up to a dilution concentration of
20wt% (= active component concentration of 12._6wt%)),
when the dilution concentration of a solute concentration
wt¥h as a concentration in the graphic diagram of Figure 8
is set as a reference with no change, since the active
component concentration becomes a value less than 100wt%
even 1f 1t 1s a solute concentration wt% of the stock
liquid, a solute concentration wt% of the horizontal axis
is plotted with the active component of Table 1 set as a
reference so that the relationship with the active
component concentration can be perceived here.
Hereinafter, when simply describing a solute
concentration, an active component concentration is
meant.

Here, the lubricating liquid in the machine tool
developed by the present applicant described in columns 5
to 13 of Table 1, In addition to setting a water-soluble
material as a base, does not blend an antiseptic agent

(for the purpose of reducing bacteria growth) including a
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base o1l derived from mineral oil, or elements such as
chlorine, sulfur, and phosphorus, as an additive agent,
and blends an alkaline agent that promotes an antiseptic
effect by maintaining the pH of the water-soluble
material. Therefore, when the present operating liquid
and working liquid are adopted, i1t is beneficial not only
in (i) reducing a bad smell due to bacteria growth, but
also In (11) preventing rough hands of a worker caused by
chlorine, sulfur, phosphorus or the like included iIn an
antiseptic agent of a lubricating liquid of a
conventional oil-soluble material.

[0063]

First, from the results of column 5 to column 8 of
Table 1 and Figure 8, it can be seen that the sugar
content (Brix%) has a value of a solute concentration of
the electrolytic water dedicated liquid SP that decreases
as an active component concentration from the stock
liquid (active component concentration of approximately
60 wt%) decreases (refer to Figure 8(c)). By this
meaning, 1t can be seen that the sugar content (Brix%)
has a radially shaped positive correlation In a wide
range of solute concentrations. Therefore, 1t iIs seen as
a very effective monitoring variable as a quality index
of a working liquid. However, as shown in the following
"Influence confirmation of sliding oil (sliding surface
oil) ", an actual measurement of the sugar content

(Brix%) by a sugar content meter has a measurement sugar



- 46 -

content that varies as soon as a sliding oil 1s mixed,
and i1t is difficult to adopt as a monitoring variable
with no environmental dependance when taking into
consideration the actual machining environment of the
machine tools.

[0064]

On the other hand, i1t can be seen that the electric
conductivity has a high value of approximately 700ms at
the time when a solute concentration of the electrolytic
water dedicated liquid SP is Owt% as shown in Figure
8(a), and the electric conductivity suddenly decreases
similar to the behavior of the pH (refer to Figure 8(b))
along with a small added amount of a solute
concentration. This is because, in a low solute
concentration region, OH- 1ons are the main carriers of
electric conductivity, and the electric conductivity
decreases at the same time as the pH decreases along with
solute addition. In contrast to this, it can be seen
that the electric conductivity turns to an increase when
a solute concentration exceeds 3wt%, and has a positive
correlation with respect to an increase in a solute
concentration up to 20wt%. This i1s because while OH-
ions are stabilized by a pH adjustment function of a
solute concentration when the solute concentration is
increased, since the i1onized component within the
solution becomes a carrier responsible for electric

conductivity, 1t can be iInferred that the solute
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concentration and the electric conductivity have a
positive correlation. A region where the electric
conductivity and the solute concentration have a positive
correlation (in Figure 8(a), approximately 2wt% to 25wt%)
is certainly an optimal machining region that includes
both lubrication and cooling of machining such as
cutting, and is a solute concentration region that is
actually used (practical management concentration
region). Therefore, it can be seen that the electric
conductivity i1s a practically optimal monitoring variable
as a quality index of a working liquid.

[0065]

Moreover, 1t can be seen that an electric
conductivity measurement has a sensing reduction of a
probe that is low, with respect to the mixing of sliding
oil as shown in the following "Influence confirmation of
sliding o1l (sliding surface oil)", and works with great
efficiency i1n an actual machine tool environment as a
monitoring index. It can be seen that the electric
conductivity increases from a stock liquid (from an
active component concentration of 63wt%) up to an active
component concentration of 20wt%, and an upper limit
value is present at an intermediate point of
approximately 25wt% of the active component concentration
from Owt% to 20wt%. 1In addition, it can be seen that the
electric conductivity decreases as the active component

concentration decreases, and a lower limit value is
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present at an intermediate point of the active component
concentration from 3.15wt% to 1.26wt%. Therefore, it can
be seen that the electric conductivity has a positive
correlation only In an active component concentration
from approximately 25wt% to 2wt%, and with this meaning,
in the case where the electric conductivity Is set as an
index, a range of approximately 25wt% to 2wt% of a solute
concentration (active component concentration) becomes an
actual management concentration that can become an iIndex
of liquid management. Namely, in the electrolytic water
dedicated liquid SP, an electric conductivity up to a
solute concentration (active component concentration) of
2 to 25wt% is suitable as an Index for monitoring the
performance of a working liquid (lubricating liquid) such
as a cutting liquid, and in the case where outside this
range, It is possible to appropriately combine monitoring
of Brix% (the difficulties of liquid management by only
Brix% and pH are described above and described below).
[0066]

Influence confirmation of sliding oil (sliding surface

oil)

As can be seen from Figure 8, i1t is possible to
determine the concentration to some extent by the sugar
content (Brix%) if a lubricating liquid (working liquid)
such as a cutting liquid of the machine tool Is In an
ideal fine state. However, at a machining site, an ideal

state is not maintained due to the influence of
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contaminated machine oil, and by having sliding oil mixed
in the working liquid, 1t can be seen that a measurement
result of the sugar content (Brix%) becomes variable.
Specifically, as shown in Table 2, which extracts column
9 to column 13 of Table 1 and the measurement results, a
measurement result of the sugar content (Brix%) starts
receiving an influence, by simply adding and mixing a
sliding surface lubricating oil of 1wt% to an
experimental liquid of the electrolytic water dedicated
liquid SP, and in the case where the sliding surface
lubricating oil is added at 3wt%, the Brix% becomes
unmeasurable (HHH = a value that is unstable and cannot
be held) five minutes after mixing. In contrast to this,
even under a condition in which a sliding surface
lubricating oil 1s added and mixed at 3wt% such that the
electric conductivity cannot be measured by the sugar
content meter (Brix meter), the electric conductivity is
measurable, although there i1s a difference to the extent
of 10% in a value when compared to a clean condition.
[Table 2]

[0067]

According to the above described measurement results
and observations thereof, knowledge is obtained in which
an electric conductivity measurement is practical and
effective as an index of liquid management of a machine
tool compared to a conventional sugar content measurement

or pH measurement, with respect to management of a
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lubricating liquid with alkaline electrolytic water as a
base. The quality management system for a machining
process of the present invention described above is
created based on this knowledge. Moreover, in the case
where the quality management system for a machining
process or the alkaline electrolytic water generation
device for lubricating liquid generation of the present
invention iIs iIntroduced under exceptional circumstances
that desire monitoring outside a practical range, or iInto
an existing system that performs monitoring by the sugar
content (Brix%) or the pH, it is possible to
appropriately combine the monitoring of the sugar content
(Brix%) and the pH, while taking Into consideration the
measurement results. Moreover, since the lubricating
liquid for a machine tool with alkaline electrolytic
water as a base used for the present invention does not
include an additive agent or an antiseptic agent derived
from mineral oil, disposal iIs unnecessary, a liquid
disposal cost is eliminated, and an environment load is
significantly reduced. In addition, the lubricating
liquid with alkaline electrolytic water as a base not
decaying and having disposal unnecessary means basically
that the working liquid is not reduced except liquid
replenishment of an evaporation amount. Therefore, it
can be optimized as a lubricating liquid that 1s semi-
permanently operated by the quality management system of

the present invention.
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[0068]

Correction of a measurement value of the electric

conductivity (mS/m)

On the other hand, although the lubricating liquid
with alkaline electrolytic water as a base basically does
not require a waste liquid process semi-permanently,
chips or the like (sludge) generated at the time of
machining when actually executing machining for a long
time are mixed into the lubricating liquid, and it has
been found that an influence iIs asserted on a measurement
accuracy of the electric conductivity of the lubricating
liquid due to this sludge.

[0069]

Specifically, elution occurs in the form of metal
ions from metal powder that constitutes sludge generated
by machining when the sludge is stored for a long time in
the lubricating liquid, and the metal ion concentration
within the lubricating liquid increases. It has been
found that as the metal i1on concentration increases, the
electric conductivity changes (drifts) by the amount of
the iIncrease, and the electric conductivity and a
solubility concentration of alkaline electrolytic water
cannot be detected accurately.

[0070]

Each of Figure 10 to Figure 12 is a graphic diagram

showing an influence of an Fe i1on concentration, an Al

ion concentration, and a Cu ion concentration exerted on
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the electric conductivity of a lubricating liquid
concentration (cutting liquid concentration) with
alkaline electrolytic water as a base. In Figure 10, a
case Is assumed in which Fe ions are dissolved in the
alkaline electrolytic water as a lubricating liquid, 1iIn
the upper stage (a), a measurement value (mS/m) of the
electric conductivity of a solution for each
concentration is plotted (triangular marks) with respect
to a solution of four Fe ion concentrations (ppm) created
by forcibly mixing various types of additive amounts of
Fe 1ons with the lubricating liquid, and a correlation
curve of the electric conductivity with respect to a Fe
ion concentration is graphed from four plotted
measurement values. Moreover, in the lower stage (b), a
graphic diagram that excludes an influence of Fe i1ons 1is
shown, a value (mS/m) is plotted (round marks) that
subtracts the measurement value (leftmost triangular
mark) of the electric conductivity of each solution that
does not include Fe ions from the measurement value (ppm:
triangular marks) of the electric conductivity in the
solutions of four Fe ion concentrations (ppm) shown in
the upper portion (a), and a correlation curve of an
amount of change iIn the electric conductivity with
respect to an amount of change In a Fe concentration is
graphed from this plot.

[0071]
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Similarly, in Figure 11 and Figure 12, in the upper
stage (a), a measurement value (mS/m) of the electric
conductivity of a solution for each concentration is
plotted (triangular marks) with respect to a solution of
various additive amounts of an Al i1on concentration and a
Cu 10on concentration (ppm), and a correlation curve of
the electric conductivity with respect to an Al ion
concentration and a Cu 1on concentration Is graphed from
four plotted measurement values. Moreover, in the lower
stage (b), a value (nS/m) is plotted (round marks) that
subtracts the measurement value (leftmost triangular
mark) of the electric conductivity of each solution that
does not include Al i1ons and Cu ions from the measurement
value (ppm: triangular marks) of the electric
conductivity in the solutions of four Al 1ion
concentrations and Cu 1on concentrations shown in the
upper stage (a), and a correlation curve of an amount of
change in the electric conductivity with respect to an
amount of change in an Al concentration and a Cu
concentration i1s graphed from this plot. Note that, iIn
the experiments shown in Figure 10 to Figure 12, a
working liquid is used that dilutes PROGRESS S of SRT
Co., Ltd. (oil-free cutting liquid: made of
triethanolamine, synthetic lubricants, and a lubricant
additive electrolyte solution) with alkaline electrolytic
water .

[0072]
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Specifically, In the case where the additive amount
of Fe 1ons to alkaline electrolytic water as shown in
Figure 10 is 0 (ppm (no addition)), 30 (ppm), 60 (ppm),
or 90 (ppm), the measurement value of the electric
conductivity i1s 1,155 (nS/m), 1,572 (mS/m), 1,982 (mS/m),
and 2,389 (mS/m), respectively, and the correlation curve
shown In the top stage (a) is shown. Moreover, a
difference (correction amount) of the electric
conductivity from the case where Fe ions are not added
(the case of O (ppm)) 1s 0 (mS/m), 417(mS/m), 827(mS/m),
and 1,234(mS/m), respectively, and the correlation curve
shown In the bottom stage (b) is shown.

[0073]

Moreover, in the case where the additive amount
(metal 10n concentration) of Al i1ons to alkaline
electrolytic water as shown in Figure 11 is 0 (ppm (ho
addition)), 30 (ppm), 60 (ppm), or 90 (ppm), the
measurement value of the electric conductivity is 1,155
(mS/m), 1,531 (nS/m), 1,896( mS/m), and 2,260 (mS/m),
respectively, and the correlation curve shown In the top
stage (a) is shown. Moreover, a difference (correction
amount) of the electric conductivity from the case where
Al ions are not added (the case of O (ppm)) is 0 (mS/m),
376 (mS/m), 741 (mS/m), and 1,106 (mS/m), respectively,
and the correlation curve shown iIn the bottom stage (b)
is shown.

[0074]
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In addition, in the case where the additive amount
(metal 1on concentration) of Cu ions to alkaline
electrolytic water as shown in Figure 12 is 0 (ppm (no
addition)), 30 (ppm), 60 (ppm), or 90 (ppm), the
measurement value of electric conductivity is 1,155
(mS/m), 1,427 (mS/m), 1,689( mS/m), and 1,951 (mS/m),
respectively, and the correlation curve shown In the top
stage (a) i1s shown. Moreover, a difference (correction
amount) of the electric conductivity from the case where
Cu 1ons are not added (the case of 0 (ppm)) 1s 0O (nS/m),
272 (mS/m), 534 (mS/m), and 796 (mS/m), respectively, and
the correlation curve shown in the bottom stage (b) is
shown.

[0075]

From the above experimental results, In the case of
any of Fe i1ons, Al i1ons, and Cu ions, it can be seen that
a correlation curve of the electric conductivity in the
case of the measurement values of the electric
conductivity of the upper stage (a) and not adding metal
ions of the lower stage (b) is roughly linear (linear).
Therefore, i1if eluted metal ions to a lubricating liquid
by a tool or workpiece of the machine tool can be
assumed, it is understood that an electric conductivity
not receiving an influence of metal i1ons can be
calculated, by using the correlation curve (linear line)
of an amount of change in the electric conductivity with

respect to a change of various eluted metal ion
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concentrations such as shown In the lower stage (b) of
Figure 10 to Figure 12 as a calibration curve.
[0076]

First, a correlation (correlation curve) between
various metal 10n concentrations and the electric
conductivity such as iIn the lower stage (b) of Figure 10
to Figure 12 is set as a calibration curve. Next, the
electric conductivity of alkaline electrolytic water as a
lubricating liquid and the metal i1on concentration of an
eluted metal are measured, by means for detecting a
prescribed metal i1on concentration (described below)
while actually executing a machining process by the
machine tool, and the electric conductivity of a
lubricating liquid in which an eluted metal is not
included can be calculated, by calculating an amount of
influence (correction amount) on the electric
conductivity in accordance with the metal 1on
concentration measured from the calibration curve, and
performing a correction to subtract the calculated amount
of influence from the electric conductivity of the
measurement values. In this way, the quality of a
lubricating liquid can be managed with high accuracy by
setting the electric conductivity as an index. Note
that, the calibration curves such as on the bottom stage
(b) of Figure 10 to Figure 12 for correcting a
displacement amount (amount of influence on the electric

conductivity) of the electric conductivity due to the
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eluted metal 10n concentration is set in application
software built into the quality management system for a
machining process, and when the electric conductivity of
the lubricating liquid is measured, a corresponding
calibration curve is called out each time, and a
correction of the electric conductivity i1Is executed.
[0077]

Note that, the above described metal 1ion
concentration is measured roughly by the following
derivation methods.

(i) Cyclic voltammetry that can simultaneously
derive a plurality of metal i1on concentrations by
measuring a metal ion specific potential.

(i1) Atomic absorption spectrometry in which a
concentration measurement becomes possible by measuring
the absorbance of specific metal ions.

(i11) An ICP-AES (Inductively Coupled Plasma-Atomic
Emission Spectroscopy) method that can simultaneously
measure the concentrations of a plurality of metal ions
by performing spectroscopic analysis of the metal 1ons.
[0078]

Hereinafter, the above described process of
correcting the electric conductivity will be described.

First, STEP 1 to STEP 3 for measuring and setting
beforehand a metal i1on concentration in alkaline
electrolytic water and an influence on the electric

conductivity will be described.
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Specifically, for a prescribed metal i1on from among
metal 1ons assumed to be eluted within the lubricating
liquid 1n a long time process, the electric conductivity
(mS/m) for a prescribed metal ion concentration (ppm) is
measured at multiple points (STEP 1), and a correlation
curve (linear line) between the metal 1on concentration
(ppm) and the electric conductivity (nS/m) from multiple
points is set as a calibration curve (STEP 2). Since 1t
can be seen that this correlation curve has a positive
correlation (a linear function in the examples of Figure
10 to Figure 12), a linear function of the metal ion
concentration (ppm) and the electric conductivity (mS/m)
is stored as a calibration curve (STEP 3). The processes
of STEP 1 to STEP 3 are each executed for a plurality of
assumed metal 1ons by a machine tool, a tool, or a
workpiece, and a calibration curve of the electric
conductivity for the plurality of metal i1ons is
calculated and set (STEP 4).

[0079]

Next, STEP 4 to STEP 9, which correct an actual
measurement value of the electric conductivity, will be
described for a lubricating liquid actually used i1n the
quality management system for a machining process.

First, the electric conductivity of a lubricating
liquid (alkaline electrolytic water) actually machined
for a long time is measured (STEP 4), and a prescribed

metal 1on concentration (ppm) dissolved i1n the
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lubricating liquid i1s measured (STEP 5). An amount of
increase in the electric conductivity from the
calibration curve set in STEP 3 with respect to the
electric conductivity that receives an influence with
respect to the metal i1on concentration (ppm) measured 1in
STEP 5 is set as a 'correction value”™ (STEP 7). Note
that, for the concentration measured metal ions in STEP
5, while a case is assumed in which a plurality of metal
ions from a machine tool, a tool, or a workpiece are
dissolved iIn the lubricating liquid, each metal 1on
concentration derived by a deriving method of the metal
ion concentration is classified, and a combined
correction value calculated 1in STEP 7 iIn accordance with
the metal 1on concentration is set as a '‘correction
value™ by providing a weighting to each metal 1on (STEP
7).

[0080]

Next, the "correction value'™ of the electric
conductivity set in STEP 7 (and STEP 7") is subtracted
from the actual value of the electric conductivity In
STEP 4, and a true electric conductivity that does not
receive an influence of metal i1ons dissolved by sludge or
the like is calculated (STEP 8). Next, the calculated
true electric conductivity is converted into a solute
concentration (wt%) (STEP 9).

[0081]
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Note that, the processes of STEP 4 to STEP 9 have a
condition of an actual management concentration region in
which the electric conductivity has a positive
correlation with the metal ion concentration (solubility
concentration) as described with reference to Figure 8(a)
(a solubility concentration of 2 to 25wt% iIn the example
of Figure 8(a)), and in the quality management system for
the machining process and a lubricating liquid (alkaline
electrolytic water) for a machine tool used for this
quality management system, while it is generally not
problematic because the lubricating liquid is used in an
practical management concentration and a lubricating
liquid 1s considered to be within the range of a
practical management concentration region under normal
use, It 1s more preferable to perform a determination of
whether or not it is within the range of a practical
management concentration region.

[0082]

Heretofore, while embodiments of the quality
management system of a machining process, the lubricating
liquid for a machine tool, and the alkaline electrolytic
water generation device for lubricating liquid generation
of the present invention have been described, the
embodiments shown in the specification and drawings of
the present invention are merely examples, the present
invention is not limited to these, and other various

improvement examples and modifications present from the
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thoughts and teachings of the present claims would be

obvious for a person skilled in the art.

Reference Signs List

[0083]

100, 200, 300, 400, 500, 600 quality management
system for machining process

102, 202, 302, 402, 502, 602 machine tool

104, 204, 304, 404, 504, 604 electric conductivity
monitoring device (electric conductivity meter)

106, 206, 306, 406, 506 working liquid storage tank
(cutting liquid tank)

108, 208, 308, 408, 508, 608 alkaline electrolytic
water generation device

110, 210, 310, 410, 510, 610 lubricating stock
liquid storage tank

316, 516 mixing portion
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Claims

[Claim 1]

A quality management system for a machining process
in the machining process of a machine tool In which a
mixed liquid of a water-soluble lubricating stock liquid
including alkaline electrolytic water and externally
replenishable alkaline electrolytic water iIs used as a
lubricating liquid, wherein the quality management system
monitors and manages a quality of the lubricating liquid
after mixing by an electric conductivity.
[Claim 2]

The quality management system for a machining
process according to claim 1, wherein

the electric conductivity monitored in the
lubricating liquid after mixing is corrected based on a
preset correlation of a change in the electric
conductivity with respect to an assumed metal ion
concentration of the lubricating liquid by a prescribed
eluted metal within the lubricating liquid in the
machining process of the machine tool.
[Claim 3]

The quality management system for a machining
process according to claim 2, wherein

the electric conductivity monitored in the

lubricating liquid is corrected by:
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measuring the electric conductivity of the
lubricating liquid of the mixed liquid and the metal ion
concentration of the prescribed eluted metal,

calculating an amount of change in the electric
conductivity of the lubricating liquid by the prescribed
eluted metal i1In the measured metal 10n concentration from
the preset correlation of a change iIn the electric
conductivity with respect to the metal 10n concentration
of the lubricating liquid by the prescribed eluted metal,
and

subtracting the calculated amount of change in the
electric conductivity from a measurement value of the
measured electric conductivity.
[Claim 4]

The quality management system for a machining
process according to any one of claims 1 to 3, wherein

the machine tool comprises a working liquid storage
tank for collecting and storing the lubricating liquid
and supplying the lubricating liquid to the machine tool
as a working liquid,

the working liquid storage tank is supplied with the
lubricating stock liquid from a lubricating stock liquid
storage tank or a supply pipe connected to the
lubricating stock liquid storage tank, and is supplied
with the alkaline electrolytic water from an alkaline
electrolytic water generation device, a storage tank of

the alkaline electrolytic water generation device, or a
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supply pipe connected to the storage tank, and the
electric conductivity of the mixed liquid within the
working liquid storage tank is monitored and managed.
[Claim 5]

The quality management system for a machining
process according to claim 4, wherein

the machine tool comprises a mixing portion for
mixing the lubricating stock liquid supplied from the
lubricating stock liquid storage tank or the supply pipe
connected to the lubricating stock liquid storage tank
and the alkaline electrolytic water supplied from the
alkaline electrolytic water generation device, the
storage tank of the alkaline electrolytic water
generation device, or the supply pipe connected to the
storage tank, and

a mixed liquid of the lubricating stock liquid and
the alkaline electrolytic water by the mixing portion is
supplied to the working liquid storage tank.
[Claim 6]

The quality management system for a machining
process according to any one of claims 1 to 3, wherein

the machine tool comprises a mixing portion for
mixing the lubricating stock liquid supplied from the
lubricating stock liquid storage tank or the supply pipe
connected to the lubricating stock liquid storage tank
and the alkaline electrolytic water supplied from the

alkaline electrolytic water generation device, the
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storage tank of the alkaline electrolytic water
generation device, or the supply pipe connected to the
storage tank, and

a mixed liquid of the lubricating stock liquid and
the alkaline electrolytic water within the mixing portion
is supplied to within the machine tool from a supply pipe
connected to the mixing portion, and the electric
conductivity of the mixed liquid within the supply pipe
or within the mixing portion is monitored and managed.
[Claim 7]

The quality management system for a machining
process according to any one of claims 4 to 6, further
comprising:

an electric conductivity meter for monitoring and
managing the electric conductivity, wherein

a necessary amount and a discharge amount per time
of the lubricating stock liquid and/or the alkaline
electrolytic water are set in accordance with whether or
not the electric conductivity of the mixed liquid of the
alkaline electrolytic water and the lubricating stock
liquid measured from measurement information from the
electric conductivity meter are within a preset range.
[Claim 8]

The quality management system for a machining
process according to claim 7, wherein

a plurality of the machine tools is present, the

lubricating stock liquid and the alkaline electrolytic
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water of each of the plurality of machine tools are
collectively supplied to one of the working liquid
storage tank of claim 2 or 3 and the mixing portion of
claim 3 and 4, each of the plurality of machine tools
comprises an electric conductivity meter for measuring
the electric conductivity of the collected mixed liquid
within the working liquid storage tank or within the
mixing portion iIn accordance with each of the machine
tools, a wired or wireless external monitoring device
manages measured measurement information of each of the
electric conductivity meters, determines whether or not
the electric conductivity of the mixed liquid of the
alkaline electrolytic water and the lubricating stock
liquid is within a preset range in accordance with each
of the machine tools, and sets a necessary amount and an
automatic drip amount per time of the lubricating stock
liquid and/or the alkaline electrolytic water.
[Claim 9]

The quality management system for a machining
process according to any one of claims 1 to 8, wherein

the machine tool executes at least one of lathing,
milling, grinding, hole drilling, saw cutting, water-
jetting, electric discharging, pressing, grinding, and
polishing.
[Claim 10]

The quality management system for a machining

process according to any one of claims 1 to 9, wherein
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a metal 1on concentration and at least one of a
sugar content, a concentration, and a pH of the
lubricating stock liquid, the alkaline electrolytic
water, or the mixed liquid are monitored and managed iIn
addition to monitoring and managing the electric
conductivity of the mixed liquid of the lubricating stock
liquid and the alkaline electrolytic water.

[Claim 11]

The quality management system for a machining
process according to any one of claims 4, 5, and 8,
wherein

a water level of the mixed liquid within the working
liquid storage tank 1s monitored and managed in addition
to monitoring and managing the electric conductivity of
the mixed liquid of the lubricating stock liquid and the
alkaline electrolytic water.

[Claim 12]

A lubricating liquid for a machine tool used in the
quality management system for a machining process
according to any one of claims 1 to 11, the lubricating
liquid having the alkaline electrolytic water as a main
component and not including an oil-soluble material,
wherein

the lubricating liquid is blended with a pH buffer
that does not contain an the antiseptic agents

[Claim 13]
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The lubricating liquid for a machine tool according
to claim 12, wherein

a solute concentration of the lubricating liquid for
the machine tool with the alkaline electrolytic water as
a main component iIs set as a practical management
concentration within a preset range in accordance with
the machine tool and the machining process using the
lubricating liquid.

[Claim 14]

An alkaline electrolytic water generation device for
lubricating liquid generation that generates externally
replenishable alkaline electrolytic water supplied as a
lubricating liquid for the machining process of the
machine tool according to any one of claims 1 to 13,
wherein the alkaline electrolytic water generation device
for lubricating liquid generation is configured to:

monitor an electric conductivity of the generated
alkaline electrolytic water in which a discharge portion
of the generated alkaline electrolytic water is connected
to the mixing portion, a working liquid storage tank, and
a storage tank of the alkaline electrolytic water, or a
supply pipe connected to each of the mixing portion, the
working liquid storage tank, and the storage tank of the
alkaline electrolytic water, and

enable presetting or resetting of the electric

conductivity of the alkaline electrolytic water generated
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in accordance with the machining process executed iIn the

machine tool.



