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(54) METHOD FOR MANUFACTURING PLUNGER PUMP AND PLUNGER PUMP

(57) A method of manufacturing a plunger pump in-
cludes a temperature difference generation process of
generating a difference in temperature with respect to a
normal temperature state for either one of an outer cyl-
inder or an inner cylinder, a cylinder insertion process of
inserting the inner cylinder inside the outer cylinder in a
state in which the inner cylinder has a smaller outer di-
ameter than an inner diameter of the outer cylinder as a
result of the temperature difference generated by the
temperature difference generation process, an elimina-
tion process of eliminating the generated temperature
difference, and a plunger placement process of placing
a circular tube-shaped plunger in a pressure chamber of
the inner cylinder so as to enable of reciprocating motion
by the plunger.
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Description
Technical Field

[0001] The present disclosure relates to a method of
manufacturing a plunger pump and a plunger pump.

Background Art

[0002] Known homogenizer units used to pulverize
and homogenize a preparation include pulverizer units.
[0003] As an example of such a pulverizer unit, Japa-
nese Patent No. 3149371 discloses a configuration in-
cluding a pulverizer formed with an internal pulverization
flow path. A preparation fed from a container is fed into
and passed through the pulverization flow path of the
pulverizer by a high pressure pump in order to homoge-
nize the preparation.

SUMMARY OF INVENTION
Technical Problem

[0004] However, in the invention disclosed in the
above-described literature, a cylinder configuring the
pump may be subject to deterioration fatigue due to the
pump applying pressure to the preparation.

[0005] In consideration of the above circumstances,
an object of the present disclosure is to provide a method
of manufacturing a plunger pump that improves the du-
rability of a pump with respect to internal pressure from
a preparation, and a plunger pump manufactured using
this method of manufacturing.

Solution to Problem

[0006] In order to address the above issue, a method
of manufacturing a plunger pump according to one as-
pect of the present disclosure is a method of manufac-
turing a plunger pump for connection to a pulverizer. The
pulverizer includes a pulverization flow path through
which a preparation is passed in order to pulverize the
preparation, and the plunger pump is configured to feed
the preparation into the pulverizer under high pressure
and is configured from an outer cylinder and an inner
cylinder formed with a circular tube-shaped pressure
chamber. The method includes a temperature difference
generation process of generating a difference in temper-
ature with respect to a normal temperature state for either
one of the outer cylinder or the inner cylinder, a cylinder
insertion process of inserting the inner cylinder inside the
outer cylinder in a state in which the inner cylinder has a
smaller outer diameter than an inner diameter of the outer
cylinder as a result of the temperature difference gener-
ated by the temperature difference generation process,
an elimination process of eliminating the generated tem-
perature difference, and a plunger placement process of
placing a circular tube-shaped plunger in the pressure
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chamber of the inner cylinder so as to enable of recipro-
cating motion by the plunger.

[0007] The method of manufacturing described above
may be configured such that the temperature difference
generation processincludes a heating process of heating
the outer cylinder, in the cylinder insertion process, the
inner cylinder is inserted into the outer cylinder in a state
in which the inner diameter of the outer cylinder has be-
come larger than the outer diameter of the inner cylinder,
and the elimination process includes a cooling process
of cooling the outer cylinder.

[0008] The method of manufacturing described above
may be configured such that the temperature difference
generation process includes a cooling process of cooling
the inner cylinder, in the cylinder insertion process, the
inner cylinder is inserted into the outer cylinder in a state
in which the outer diameter of the inner cylinder has be-
come smaller than the inner diameter of the outer cylin-
der, and the elimination process includes a heating proc-
ess of heating the inner cylinder.

[0009] The method of manufacturing described above
may be configured such that the temperature difference
generation processincludes a heating process of heating
the outer cylinder, and a cooling process of cooling the
inner cylinder, in the cylinder insertion process, the inner
cylinder is inserted into the outer cylinder in a state in
which theinner diameter of the outer cylinder has become
larger than the outer diameter of the inner cylinder, and
the elimination process includes a cooling process of
cooling the outer cylinder, and a heating process of heat-
ing the inner cylinder.

[0010] The method of manufacturing described above
may be configured such that the inner cylinder is press-
fitted inside the outer cylinder in the cylinder insertion
process.

[0011] Furthermore, in order to address the above is-
sue, a plunger pump according to one aspect of the
present disclosure is a plunger pump for connection to a
pulverizer, the pulverizer including a pulverization flow
path through which a preparation is passed in order to
pulverize the preparation, and the plunger pump being
configured to feed the preparation into the pulverizer un-
der high pressure. The plunger pump includes an outer
cylinder, an inner cylinder that is inserted inside the outer
cylinder and that is formed with a circular tube-shaped
internal pressure chamber, and a circular tube-shaped
plunger that is placed in the pressure chamber of the
inner cylinder so as to be capable of reciprocating motion.
The inner cylinder is configured so as to be compressed
by the outer cylinder.

[0012] Advantageous Effects of Invention

[0013] The method of manufacturing the plunger pump
of the present disclosure is used to manufacture the
plunger pump including the cylinder configured from the
outer cylinder and the inner cylinder. Placing either the
outer cylinder or the inner cylinder at a different temper-
ature to a normal temperature state causes a change in
size. While the size is changed, the inner cylinder is in-
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serted into the outer cylinder. On returning to the normal
temperature state, the cylinder can thereby be configured
in a state in which the outer cylinder constantly applies
external pressure to the inner cylinder. Internal pressure
from the preparation passing through the cylinder under
high pressure can accordingly be counteracted, enabling
metal fatigue in the cylinder configuring the plunger to be
suppressed.

BRIEF DESCRIPTION OF DRAWINGS
[0014]

Fig. 1isaconceptual diagramillustrating an example
of configuration of a pulverizer unit.

Fig. 2 is a cross-section illustrating a structure of an
orifice homogenizer.

Fig. 3A to Fig. 3C are radial direction cross-sections
of an orifice homogenizer.

Fig. 4 is an enlarged illustration of a plunger pump.
Fig. 5 is a flowchart illustrating a method of manu-
facturing a plunger pump.

Fig. 6A to Fig. 6D illustrate manufacturing processes
of a plunger pump.

Fig. 7Ato Fig. 7C illustrate manufacturing processes
of a plunger pump as a continuation from Figs. 6D.
Fig. 8 is a flowchart illustrating an alternative method
of manufacturing a plunger pump.

Fig. 9Ato Fig. 9D illustrate alternative manufacturing
processes of a plunger pump.

Fig. 10A to Fig. 10C illustrate alternative manufac-
turing processes of a plunger pump as a continuation
from Figs. 9D.

DESCRIPTION OF EMBODIMENTS

[0015] Detailed explanation follows regarding embod-
iments of a plunger pump and a method of manufacturing
a plunger pump according to the present disclosure, with
reference to the drawings.

[0016] Fig. 1 is a conceptual diagram schematically
illustrating an example of configuration of a pulverizer
unit 1 in which a plunger pump is employed. As illustrated
in Fig. 1, the pulverizer unit 1 is a homogenizer unit used
to pulverize and homogenize a preparation. The pulver-
izer unit 1 includes a pulverizer 10, a feed hopper 30, a
collection hopper 31, and pipes 40, 41, 42, 43 that con-
nect these elements together.

[0017] The pulverizer 10 includes a pulverization flow
path. The preparation is pulverized by passing the prep-
aration through the interior of the pulverization flow path.
The pulverizer 10 may also be referred to as an orifice
homogenizer, or simply an orifice. Detailed explanation
follows regarding the structure of the pulverizer 10, with
reference to Fig. 2 and Fig. 3.

[0018] Fig. 2is avertical cross-section of the pulverizer
10. Fig. 3A is a cross-section along line A-Ain Fig. 2, Fig.
3B is a cross-section along line B-B in Fig. 2, and Fig.
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3C is a cross-section along line C-C in Fig. 2.

[0019] The pulverizer 10 is formed of a first block 21,
a second block 22, and a third block 23 interposed be-
tween the first block 21 and the second block 22. Plural
flow channels 11, 12 are formed in the first block 21 (see
Fig. 2 and Fig. 3A). Likewise, plural flow channels 18, 19
are formed in the second block 22.

[0020] A first void 14 is intentionally formed at joined
faces of the first block 21 and the third block 23. The first
void 14 forms a merging area 13 where the plural flow
channels 11, 12 merge into one (see Fig. 2 and Fig. 3B).
The third block 23 is on the opposite side of the merging
area 13 (first void 14) to the flow channels 11, 12 in the
flow path direction. An orifice flow channel 15 is formed
inside the third block 23 (see Fig. 2 and Fig. 3C).
[0021] A second void 16 is intentionally formed at
joined faces of the third block 23 and the second block
22 at a downstream side of the orifice flow channel 15.
The orifice flow channel 15 branches at the second void
16, forming a junction 17 that is connected to the plural
flow channels 18, 19. Namely, the pulverization flow path
is configured by the flow channels 11, 12, the orifice flow
channel 15, and the flow channels 18, 19.

[0022] Each of the flow channels 11, 12 and the flow
channels 18, 19 has the same internal diameter (D1),
this being larger than an internal diameter (D2) of the
orifice flow channel 15. Specifically, the internal diameter
(D1) is five to seven times as large as the internal diam-
eter (D2). The size (D3) of the first void 14 is set so as
to be the same as the internal diameter (D1). The orifice
flow channel 15 therefore configures a reduced diameter
flow channel.

[0023] Next, explanation follows regarding operation
ofthe pulverizer 10 when in use. A preparation configured
by a processing target material dispersed in an organic
solvent enters the merging area 13 (the first void 14) via
the flow channels 11, 12. Note that since the orifice flow
channel 15 is narrower than the flow channels 11, 12,
the flow rate of the preparation is reduced by the orifice
flow channel 15. This results in a change in the pressure
of the preparation (fluid conveyed under pressure), and
the preparation flowing into the merging area 13 from the
respective flow channels 11, 12 collides in the merging
area 13. When this occurs, the processing target material
present in the preparation is broken up by the energy of
these collisions. In this manner, as the preparation flows
from the flow channels 11, 12 into the orifice flow channel
15, repeated collisions between the processing target
material in the preparation causes the preparation to be
ground down.

[0024] Although two of the flow channels 11, 12 and
two of the flow channels 18, 19 are formed in the draw-
ings, at least one the flow channels 11, 12 and at least
one of the flow channels 18, 19 would be sufficient as
long as the preparation is able to flow. However, in order
to promote collisions between the processing target ma-
terial in the preparation, it is preferable to form two or
more of the flow channels 11, 12 and two or more of the
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flow channels 18, 19.

[0025] Returning to Fig. 1, the feed hopper 30 feeds
the preparation into the pulverization flow path. The feed
hopper 30 is provided at the furthermost upstream side
of the pulverization flow path, and is connected to a valve
71 via the pipe 40 as illustrated. The feed hopper 30 is
filled with preparation that has not yet been pulverized,
and preparation that has not yet been sufficiently pulver-
ized after passing along the pulverization flow path, as
illustrated by the arrow in Fig. 1. Note that the transfer
from the collection hopper 31 to the feed hopper 30 is
not illustrated in detail in Fig. 1.

[0026] The collection hopper 31 is a container from
which the preparation is collected once the preparation
has been completely homogenized.

[0027] Note that the pulverizer unit 1 does not neces-
sarily have to include (may be configured with) the col-
lection hopper 31, and homogenized preparation may be
collected from a drain 86 or the like via the pipe 40. Fig.
1 illustrates a configuration in which both the collection
hopper 31 and the drain 86 are provided.

[0028] A plunger pump 51 is connected to both the
valve 71 and the pulverizer 10 through the pipe 40. Open-
ing the valve 71 allows the preparation to flow from the
feed hopper 30 into the pipe 41. Closing the valve 71
enables the preparation from the feed hopper 30 to be
prevented from flowing into the pipe 41, and also enables
preparation that has been pumped out from the plunger
pump 51 to be prevented from flowing back toward the
feed hopper 30.

[0029] The plunger pump 51 is configured by a cylinder
51A and a plunger 51B. The inside of the cylinder is filled
with the preparation, and the preparation inside the cyl-
inder is expelled from the cylinder, by reciprocating mo-
tion of the plunger inside the cylinder. Fig. 4 is an enlarged
illustration of the plunger pump 51.

[0030] Fig. 4 is a partial cross-section conceptually il-
lustrating the plunger pump. Although Fig. 4 is an en-
larged schematic diagram of the plunger pump 51, plung-
er pumps 52, 53 also have a similar structure. As illus-
trated in Fig. 4, in the plunger pump according to the
present exemplary embodiment, the cylinder 51Ais con-
figured of an inner cylinder 51a and an outer cylinder
51b. Namely, the cylinder 51A has a double-layered
structure. The cylinder 51Ais configured in a state in
which the inner cylinder 51a is constantly applied with
external pressure from the outer cylinder 51b. Namely,
the inner cylinder 51a is configured by a member that
has a larger outer diameter than an inner diameter of the
outer cylinder 51b in a state in which the inner cylinder
51a has not been inserted into the outer cylinder 51b.
Namely, the cylinder 51A is configured in a state in which
the inner cylinder 51ais compressed by the outer cylinder
51b. Note that the inner cylinder 51a is preferably con-
figured of a material with a greater hardness (that is hard-
er) than the outer cylinder 51b. As an example, SUS630
may be employed for the inner cylinder 51a, although
there is no limitation thereto. The outer cylinder 51b is
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preferably configured of a material thatis somewhat soft-
er than the inner cylinder 51a, that has elastic properties,
and that fulfills a function of constricting the inner cylinder
51a. As an example, SUS316 or the like may be em-
ployed for the outer cylinder 51b, although there is no
limitation thereto.

[0031] The plunger 51B is inserted into and placed in-
side the cylinder 51A so as to undergo reciprocating mo-
tion inside the cylinder 51A. The plunger 51B undergoes
reciprocating motion in the direction of the arrows in Fig.
4 due to rotation of a crank mechanism. This enables the
plunger pump 51 to draw in the preparation from the pipe
41, and to pump out the preparation into the pipe 41.
[0032] A valve 73 and a valve 75 are also connected
to the pulverizer 10 through the pipe 43. Opening the
valve 73 allows the preparation to flow from the pulverizer
10 into the pipe 43. Closing the valve 73 enables prep-
aration from the pulverizer 10 to be prevented from flow-
ing out into the pipe 43. Opening the valve 75 allows the
preparation to flow out from the pulverizer 10 through the
drain 86. Closing the valve 75 enables the preparation
to be prevented from flowing out from the pulverizer 10
toward the drain 86.

[0033] The pipe 43 is connected to the valve 73, and
the pipe 43 is also connected to the collection hopper 31.
A heat exchanger 80 may be provided to the pipe 43.
The heat exchanger 80 has a function of removing heat
in cases in which the preparation has warmed up as a
result of the pulverization process by the pulverizer 10.
[0034] The pulverizer unit 1 may also include a control
section (not illustrated in the drawings) that controls the
plunger pump 51, opening and closing of the respective
valves 71, 73, 75, and so on. Such a control section con-
trols the plunger pump 51 and opening and closing of the
respective valves 71, 73, 75 such that the preparation
flows around the pulverization flow path of the pulverizer
unit 1 in a loop until the preparation has reached a target
particle size.

[0035] Explanation follows regarding a processing se-
quence for pulverizing a preparation using the pulverizer
unit 1 configured as described above.

[0036] First, the processing target material is dis-
persed in an organic solvent in order to form the prepa-
ration. This dispersion is performed in the feed hopper 30.
[0037] A wide variety of substances may be applied as
the processing target material to be broken down, includ-
ing cellulose, graphite, graphene, carbon nanotubes, or
composite metal oxides (crystalline substances such as
spinel or perovskite). Performing dispersal when break-
ing down results in greater uniformity of dispersion when
mixing with a resin or the like. Enhanced material per-
formance may be expected as a result.

[0038] Next, the valve 71 is opened and the plunger
51B is pulled out from inside the cylinder 51A, such that
the preparation fills the inside of the cylinder 51A of the
plunger pump 51. The valve 71 is then closed, and the
plunger 51B is pushed into the cylinder 51A in this state,
such that the preparation is fed (pumped out under high



7 EP 3 943 748 A1 8

pressure) into the pulverizer 10 through the pipe 41.
[0039] In cases in which the preparation has not yet
been sufficiently pulverized, the valve 73 is placed in an
open state and the valve 75 is placed in a closed state
at the timing at which the plunger 51B is pushed in. After
passing through the pulverizer 10 with the structure pre-
viously described, the pulverized (homogenized) prepa-
rationis fed into the collection hopper 31 through the pipe
42, the valve 73, and the pipe 43. When this occurs, heat
of the preparation passing through the pipe 43 may be
dissipated by the heat exchanger 80 as required. The
preparation fed into the collection hopper 31 is then fed
back to the feed hopper 30 to undergo another round of
pulverization processing.

[0040] The preparation is passed through the pulveri-
zation flow path plural times by repeating the above op-
eration plural times. Namely, the preparation is pulver-
ized plural times, and a homogenized preparation is
achieved. Note that this processing may be executed by
a control section provided to the pulverizer unit 1, or ex-
ecuted by a control section configured to receive instruc-
tions from an operator.

[0041] In cases in which the preparation has been suf-
ficiently pulverized, the preparation fed into the collection
hopper 31 may be collected, or the valve 73 may be
placed in a closed state and the valve 75 placed in an
open state at the timing at which the plunger 51B is
pushed in, in order to collect the preparation via the drain
86.

Method of Manufacturing Plunger Pump

[0042] Fig.5is aflowchartillustrating a method of man-
ufacturing the plunger pump illustrated in Fig. 4. Figs. 6A
to 6D and Figs. 7Ato 7C illustrate the plunger pump being
manufactured according to the procedure illustrated in
Fig. 5. Explanation follows regarding the method of man-
ufacturing the plunger pump 51, with reference to Fig. 5
to Figs. 7C. During manufacture of the plunger pump 51,
a temperature difference with respect to a normal tem-
perature state is generated in either one of the outer cyl-
inder 51b or the inner cylinder 51a, such that the size of
the corresponding cylinder becomes larger (or smaller)
than normal, and thereby allowing the inner cylinder 51a
to be inserted into the outer cylinder 51b. In a first exem-
plary embodiment, the outer cylinder 51b is heated so
as to expand in size, thereby allowing the inner cylinder
51a to be inserted therein. Specific explanation follows
regarding this.

[0043] First, asillustrated in Fig. 6A, the inner cylinder
51a and the outer cylinder 51b are prepared such that
the outer diameter of the inner cylinder 51a is equal to
or greater than the inner diameter of the outer cylinder
51b. A material that undergoes thermal expansion is em-
ployed for the outer cylinder 51b.

[0044] The prepared outer cylinder 51b is then sub-
jected to heating (step S501 in Fig. 5). As illustrated in
Fig. 6B, this heating is only performed with respect to the
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outer cylinder 51b. During this heating, the outer cylinder
51b is heated to a level that causes the outer cylinder
51b to expand without suffering from heat damage. As
illustrated by the arrows in Fig. 6C, the outer cylinder 51b
undergoes thermal expansion as a result of this heating.
The inner diameter of the outer cylinder 51b is enlarged
(extended) as a result. This enables the inner cylinder
51ato be easily press-fitted inside the outer cylinder 51b.
[0045] As illustrated in Fig. 6D, the inner cylinder 51a
is then inserted (press-fitted) into the outer cylinder 51b
that has undergone thermal expansion (see also step
S502 in Fig. 5). Fig. 7A illustrates the cylinder 51A in a
state in which insertion of the inner cylinder 51a into the
outer cylinder 51b is complete.

[0046] After insertion of the inner cylinder 51a into the
outer cylinder 51b is complete, the outer cylinder 51b is
then subjected to cooling to return the expanded outer
cylinder 51b to its original state, namely a non-expanded
state (see step S503 in Fig. 5, and Fig. 7B). In consider-
ation of the potential for metal fatigue resulting from this
heating and cooling of the outer cylinder 51b, this cooling
is preferably natural cooling; however, there is no limita-
tion thereto. Namely, the outer cylinder 51b may be
cooled by artificial cooling, or may be cooled by natural
cooling. One conceivable example of artificial cooling is
to immerse the cylinder 51A in a water-filled tank; how-
ever, any method may be employed as long as the outer
cylinder 51b can be cooled without damage.

[0047] The outer cylinder 51b returns to its original di-
mensions as a result of being cooled. The cylinder 51A
therefore has a structure in which the outer cylinder 51b
is constantly constricting the inner cylinder 51a from the
outside thereof. During operation of the pulverizer, the
preparation flows inside the cylinder 51Aunderhigh pres-
sure. This outward-acting pressure from the preparation
on the cylinder has the potential to hasten metal fatigue
of the cylinder. However, in the case of the cylinder 51A
of the present embodiment, external pressure from the
outer cylinder 51b acts on the inner cylinder 51a. The
external pressure from the outer cylinder 51b counteracts
the internal pressure of the preparation flowing inside the
inner cylinder 51a, thereby spreading the pressure acting
on the inner cylinder 51a. As described in the present
exemplary embodiment, the cylinder 51A is configured
with adouble-layered structure in which the outer cylinder
51b applies external pressure to the inner cylinder 51a,
thereby enabling the ability of the cylinder 51A to with-
stand the internal pressure from the preparation flowing
inside to be improved in comparison to hitherto, and also
enabling the degree of fatigue to be reduced in compar-
ison to hitherto.

[0048] When cooling of the outer cylinder 51b is com-
plete, next, the plunger 51B is inserted into the cylinder
51A (see step S504 in Fig. 5, and Fig. 7C). The plunger
pump 51 can be manufactured in the above manner.
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Second Exemplary Embodiment

[0049] Inthefirstexemplary embodiment, the outer cyl-
inder 51b is heated and made to expand so as to allow
insertion of the inner cylinder 51a, after which the outer
cylinder 51b is cooled and returned to its original size
such that external pressure acts on the inner cylinder
51a. A second exemplary embodiment describes an al-
ternative example of a method of manufacturing the cyl-
inder 51A.

[0050] Inthefirstexemplary embodiment, the outercyl-
inder 51b is made larger than its normal size by being
heated so as to allow insertion of the inner cylinder 51a.
By contrast, in the second exemplary embodiment ex-
planation is given regarding a method of manufacturing
in which the inner cylinder 51a is made smaller in size
so as to enable insertion into the outer cylinder 51b.
[0051] Fig. 8 is a flowchart illustrating the method of
manufacturing the plunger pump 51 according to the sec-
ond exemplary embodiment. Fig. 9 and Fig. 10 illustrate
the method of manufacturing set out in the flowchart il-
lustrated in Fig. 8.

[0052] First, asillustrated in Fig. 9A, the inner cylinder
51a and the outer cylinder 51b are prepared such that
the outer diameter of the inner cylinder 51a is equal to
or greater than the inner diameter of the outer cylinder
51b. A material whose dimensions shrink when cooled
is employed as the inner cylinder 51a.

[0053] The preparedinnercylinder51aisthen subject-
ed to cooling (step S801 in Fig. 8). As illustrated in Fig.
8B, the cooling is only performed on the inner cylinder
51a. During this cooling, the inner cylinder 51a is cooled
to a level that causes the inner cylinder 51a to contract
without suffering damage (deterioration) as a result of
the cooling. As illustrated by the arrows in Fig. 9C, the
inner cylinder 51a contracts as a result of this cooling.
The outer diameter of the inner cylinder 51a shrinks (be-
comes smaller) as a result. This enables the inner cylin-
der 51a to be easily press-fitted inside the outer cylinder
51b.

[0054] As illustrated in Fig. 9D, the contracted inner
cylinder 51a is then inserted (press-fitted) into the outer
cylinder 51b (see also step S802 in Fig. 8). Fig. 10A il-
lustrates the cylinder 51A in a state in which insertion of
the inner cylinder 51a into the outer cylinder 51b is com-
plete.

[0055] Afterinsertion of the inner cylinder 51a into the
outer cylinder 51b is complete, the inner cylinder 51a is
then subjected to heating so as to return the contracted
inner cylinder 51ato its original state, namely a non-con-
tracted state (see step S803 in Fig. 8, and Fig. 10B). In
consideration of the potential for metal fatigue resulting
from this cooling and heating of the inner cylinder 51a,
this heating is preferably natural warming (waiting until
the inner cylinder 51a naturally returns to normal tem-
perature); however, there is no limitation thereto.
Namely, the inner cylinder 51a may be heated by artificial
heating. One conceivable method of artificial cooling is
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to immerse the cylinder 51A in a tank filled with warm
water; however, any method may be employed as long
as the inner cylinder 51a can be heated without damage.
Note that it is preferable that the outer cylinder 51b does
not expand during this heating.

[0056] The inner cylinder 51a returns to its original di-
mensions as a result of being heated. On the other hand,
the outer cylinder 51b remains atits original size through-
out. The cylinder 51A therefore has a structure in which
the outer cylinder 51b is constantly constricting the inner
cylinder 51a from the outside thereof. During operation
of the pulverizer, the preparation flows inside the cylinder
51A under high pressure. This outward-acting pressure
from the preparation on the cylinder has the potential to
hasten metal fatigue of the cylinder. However, in the case
of the cylinder 51A of the present embodiment, external
pressure from the outer cylinder 51b acts on the inner
cylinder 51a. The external pressure from the outer cylin-
der 51b counteracts the internal pressure from the prep-
aration flowing inside the inner cylinder 51a, thereby
spreading the pressure acting on the inner cylinder 51a.
As described in the present exemplary embodiment, the
cylinder 51Ais configured with a double-layered structure
in which the outer cylinder 51b applies external pressure
to the inner cylinder 51a, thereby enabling the ability of
the cylinder 51A to withstand the internal pressure from
the preparation flowing inside to be improved in compar-
ison to hitherto, and also enabling the degree of metal
fatigue in the cylinder 51A to be reduced in comparison
to hitherto.

[0057] When heating of the inner cylinder 51a is com-
plete, next, the plunger 51B is inserted into the cylinder
51A (see step S804 in Fig. 8, and Fig. 10C). The plunger
pump 51 can be manufactured in the above manner.

Modified Examples

[0058] Inthe firstexemplary embodiment, the inner cyl-
inder 51aisinserted into the outer cylinder 51b after caus-
ing the outer cylinder 51b to expand by heating, whereas
in the second exemplary embodiment, the inner cylinder
51a is inserted into the outer cylinder 51b after causing
the inner cylinder 51a to contract by cooling. However,
as long the inner cylinder 51a can be inserted into the
outer cylinder 51b that has an inner diameter smaller
than the outer diameter of the inner cylinder 51a, an ap-
proach other than heating or cooling may obviously be
employed. For example, a robotic machine or the like
may be employed to mechanically grip the outer cylinder
51b, and press-fit the inner cylinder 51a therein. Press-
fitting the inner cylinder 51a into the outer cylinder 51b
in this manner enables an equivalent configuration to that
of the cylinder 51A of the first and second exemplary
embodiments to be realized.

[0059] Moreover, by manufacturing the cylinder 51A
using the above-described methods, a configuration is
achievedinwhich the outer cylinder 51b applies pressure
to the inner cylinder 5 1a in a normal state. Such a con-
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figuration resists the internal pressure of the inner cylin-
der 51a when the pulverizer is operating as described
previously. As long as external pressure is made to act
on the inner cylinder 51a, other configurations may be
employed. Forexample, an additional device may be pro-
vided in order to apply external pressure to the cylinder
51A when the pulverizer is operational. For example, a
hydraulic device may be attached to the cylinder 51A so
as to apply external pressure to the cylinder 51A during
operation of the pulverizer, or a device such as a vice
may be employed to apply external pressure to the cyl-
inder 51A.

Summary

[0060] As described above, the method of manufac-
turing the plunger pump and the plunger pump according
to the above exemplary embodiments enable the provi-
sion of a plunger pump including the cylinder 51A con-
figured such that the outer cylinder 51b constantly applies
external pressure to the inner cylinder 51a. Thus, the
pressure acting on the inner cylinder 51a from the outer
cylinder 51b opposes the internal pressure from the prep-
aration flowing under high pressure inside the cylinder
51A of the plunger pump 51, thereby enabling the degree
of fatigue in the cylinder 51A to be reduced in comparison
to hitherto.

[0061] Note that although the preparation only flows in
one direction in the pulverizer unit 1 in the above exem-
plary embodiments, a configuration in which the prepa-
ration flows back and forth through the pulverizer 10 may
be applied. Namely, a separate plunger pump may be
provided at the location provided with the drain 86 in Fig.
1, such that preparation can flow back and forth inside
the pulverizer 10.

[0062] Moreover, the structure of the flow path of the
pulverizer 10 may be changed as desired.

[0063] Moreover, there is no limitation to the modified
examples described above, and these modified exam-
ples may be selectively combined as appropriate, or oth-
er modified examples may be employed.

[0064] Theentire contentofthedisclosure of Japanese
Patent Application No. 2019-55719 filed on March 22,
2019 is incorporated by reference in the present specifi-
cation.

[0065] All cited documents, patent applications, and
technical standards mentioned in the present specifica-
tion are incorporated by reference in the present speci-
fication to the same extent as if each individual cited doc-
ument, patentapplication, or technical standard was spe-
cifically and individually indicated to be incorporated by
reference.

Claims

1. A method of manufacturing a plunger pump for con-
nection to a pulverizer, the pulverizerincluding a pul-

10

15

20

25

30

35

40

45

50

verization flow path through which a preparation is
passed in order to pulverize the preparation, the
plunger pump being configured to feed the prepara-
tioninto the pulverizer under high pressure and being
configured from an outer cylinder and an inner cyl-
inder formed with a circular tube-shaped pressure
chamber, the method comprising:

a temperature difference generation process of
generating a difference in temperature with re-
spect to a normal temperature state for either
one of the outer cylinder or the inner cylinder;
acylinderinsertion process of inserting the inner
cylinder inside the outer cylinder in a state in
which the inner cylinder has a smaller outer di-
ameter than an inner diameter of the outer cyl-
inder as a result of the temperature difference
generated by the temperature difference gener-
ation process;

an elimination process of eliminating the gener-
ated temperature difference; and

a plunger placement process of placing a circu-
lar tube-shaped plunger in the pressure cham-
ber of the inner cylinder so as to enable recip-
rocating motion by the plunger.

2. The method of manufacturing a plunger pump of
claim 1, wherein:

the temperature difference generation process
includes a heating process of heating the outer
cylinder;

in the cylinder insertion process, the inner cyl-
inder is inserted into the outer cylinder in a state
in which the inner diameter of the outer cylinder
has become larger than the outer diameter of
the inner cylinder; and

the elimination process includes a cooling proc-
ess of cooling the outer cylinder.

3. The method of manufacturing a plunger pump of
claim 1, wherein:

the temperature difference generation process
includes a cooling process of cooling the inner
cylinder;

in the cylinder insertion process, the inner cyl-
inder is inserted into the outer cylinder in a state
in which the outer diameter of the inner cylinder
has become smaller than the inner diameter of
the outer cylinder; and

the elimination process includes a heating proc-
ess of heating the inner cylinder.

4. The method of manufacturing a plunger pump of
claim 1, wherein:

the temperature difference generation process
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includes:

a heating process of heating the outer cyl-
inder, and

a cooling process of cooling the inner cylin- 5
der;

in the cylinder insertion process, the inner cyl-
inder is inserted into the outer cylinder in a state

in which the inner diameter of the outer cylinder 70
has become larger than the outer diameter of

the inner cylinder; and

the elimination process includes:

a cooling process of cooling the outer cyl- 15
inder, and

a heating process of heating the inner cyl-
inder.

The method of manufacturing a plunger pump ofany 20
one of claim 2 to claim 4, wherein the inner cylinder

is press-fitted inside the outer cylinder in the cylinder
insertion process.

A plunger pump for connection to a pulverizer, the 25
pulverizerincluding a pulverization flow path through
which a preparation is passed in order to pulverize
the preparation, and the plunger pump being config-
ured to feed the preparation into the pulverizer under
high pressure, the plunger pump comprising: 30

an outer cylinder;

aninner cylinder that is inserted inside the outer
cylinder and that is formed with a circular tube-
shaped internal pressure chamber; and 35
a circular tube-shaped plunger that is placed in

the pressure chamber of the inner cylinder so

as to be capable of reciprocating motion,

the inner cylinder being configured so as to be
compressed by the outer cylinder. 40

45

50

55
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