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der and a crank mechanism, and an annular rod packing
having an inner peripheral edge in sliding contact with
the outer peripheral surface of the piston rod to prevent
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piston. The piston is separable from the second rod por-
tion. The diameter of the second rod portion is equal to
or smaller than that of the first rod portion.
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Description

BACKGROUND OF THE INVENTION

(FIELD OF THE INVENTION)

[0001] The presentinvention relates to a reciprocating
compressor for gas compression.

(DESCRIPTION OF THE RELATED ART)

[0002] In a reciprocating compressor (hereinafter re-
ferred to as "compressor"), a piston reciprocates within
a cylinder to compress gas within the cylinder. A piston
rod arranged to transmit a torque of a crankshaft to the
piston as a force for reciprocation of the piston penetrates
through a cylinder head that closes an opening portion
formed at the lower end of the cylinder. Generally, an
annular rod packing prevents gas leakage through the
boundary space between the piston rod and the cylinder
head (see JP 2016-153637 A).

SUMMARY OF THE INVENTION

[0003] Therodpackingisone of components mostlike-
ly to be worn in the compressor. In accordance with JP
2016-153637 A, an operator who replaces the rod pack-
ing separates a cylindrical adapter fixed to a head case
in which a crosshead is accommodated and then uncou-
ples a base end portion of the piston rod from the cross-
head. Thereafter, the operator disassembles the upper
structure separated from the crosshead and the head
case to replace the worn rod packing with a new rod
packing. Thatis, with the conventional compressor struc-
ture, the operator has to disassemble various compo-
nents of the compressor to replace the rod packing. This
means that it takes a long period of time to replace the
rod packing.

[0004] In a compressor according to another related
art, the rod packing may be fixed upward within the com-
pressor. In this case, an operator who replaces the rod
packing has to enter the compressor through a mainte-
nance window provided on the exterior surface of the
compressor to perform an operation of dismounting the
rod packing. Upon this, it is necessary for the operator
to dismount the rod packing while receiving the heavy
weight of the rod packing, which makes difficult the op-
eration of dismounting the rod packing.

[0005] Itis hence an object of the present invention to
provide a reciprocating compressor with an easily re-
placeable rod packing.

[0006] A reciprocating compressor according to an as-
pect of the present invention includes a piston rod cou-
pled to a piston that is accommodated within a cylinder
and a crank mechanism, and an annular rod packing hav-
ing an inner peripheral edge in sliding contact with the
outer peripheral surface of the piston rod to prevent gas
within the cylinder from leaking through a gap around the
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outer peripheral surface of the piston rod. The piston rod
includes a first rod portion with which the rod packing is
in sliding contact and a second rod portion provided in a
manner extending from the leading end of the first rod
portion and inserted through an insertion hole that is
formed in the piston. The piston is separable from the
second rod portion. The diameter of the second rod por-
tion is equal to or smaller than the diameter of the first
rod portion.

[0007] In accordance with the arrangement above,
since the piston is separable from the second rod portion
that is inserted through the insertion hole of the piston
and the diameter of the second rod portion is equal to or
smaller than the diameter of the first rod portion, the op-
erator can remove the piston from the second rod portion
and then draw out the rod packing from the first rod por-
tion toward the second rod portion. Unlike the structure
of a conventional reciprocating compressor that requires
disassembling of the crank mechanism and the piston
rod, the operator can replace the worn rod packing with
a new rod packing while the piston rod and the crank
mechanism are still coupled. The above-described recip-
rocating compressor therefore requires only a smaller
number of components to be disassembled than the con-
ventional reciprocating compressor. As a result, the op-
erator can replace the rod packing in a short period of
time. In addition, since the operator can remove the pis-
ton from the second rod portion and then draw out the
worn rod packing toward the second rod portion, there
is no need to receive the heavy rod packing. The rod
packing can thus be separated easily from the piston rod.
[0008] Asforthearrangementabove, the reciprocating
compressor may further include a nut threadably mount-
ed on a male screw portion that is formed in a leading
end portion of the second rod portion protruding from the
piston to fix the piston to the second rod portion. The
leading end of the firstrod portion may include an annular
stepped surface defined by the diameter difference be-
tween the first rod portion and the second rod portion,
which is thinner than the first rod portion. The piston may
be held between the stepped surface and the nut in the
direction in which the piston rod is provided in an extend-
ing manner.

[0009] In accordance with the arrangement above,
since the second rod portion is thinner than the first rod
portion, the stepped surface is define at the leading end
of the firstrod portion by the diameter difference between
the first rod portion and the second rod portion. Since the
stepped surface is defined in a manner holding the piston
in cooperation with the nut in the direction in which the
piston rod is provided in an extending manner, the piston,
when the operator inserts the second rod portion there-
through, is hung and supported on the stepped surface.
When the operator then threadably mounts the nut on
the male screw portion of the second rod portion, the
piston is held between the nut and the stepped surface
in the direction in which the piston rod is provided in an
extending manner to be fixed stably to the piston rod.
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[0010] When the operator loosens the nut, the piston
can be separated from the piston rod. Since the second
rod portion is thinner than the first rod portion, the rod
packing in sliding contact with the first rod portion can
then be drawn out toward the second rod portion. During
this, since the piston rod and the crank mechanism can
still be coupled, the above-described reciprocating com-
pressor requires only a smaller number of components
to be disassembled than the conventional reciprocating
compressor. As aresult, the operator can replace the rod
packing easily in a short period of time.

[0011] Asforthe arrangementabove, the reciprocating
compressor may further include a nut threadably mount-
ed on a male screw portion that is formed in a leading
end portion of the second rod portion to fix the piston to
the second rod portion, and a ring member mounted on
the piston rod in a manner holding the piston in cooper-
ation with the nut in the direction in which the piston rod
is provided in an extending manner. The ring member
may have a diameter greater than that of the first rod
portion and is dismountable from the piston rod.

[0012] In accordance with the arrangement above,
since the ring member has a diameter greater than that
of the first rod portion, the piston, when the operator in-
serts the second rod portion through the insertion hole
thereof, is hung on the ring member and positioned in
the direction in which the piston rod is provided in an
extending manner. When the operator then threadably
mounts the nut on the male screw portion that is formed
in the leading end portion of the second rod portion pro-
truding from the piston, the piston is held between the
nut and the ring member in the direction in which the
piston rod is provided in an extending manner to be fixed
stably to the piston rod.

[0013] When the operator loosens the nut, the piston
can be separated from the piston rod. The operator can
then dismount the ring member from the piston rod. Since
the diameter of the second rod portion is equal to or small-
er than the diameter of the first rod portion, the rod pack-
ing can then be drawn out toward the second rod portion.
During this, since the piston rod and the crank mecha-
nism can still be coupled, the above-described recipro-
cating compressor requires only a smaller number of
components to be disassembled than the conventional
reciprocating compressor. As a result, the operator can
replace the rod packing easily in a short period of time.
[0014] Asforthe arrangementabove, the reciprocating
compressor may further include a cylinder head pene-
trated through by the piston rod while closing an opening
portion formed at the lower end of the cylinder and formed
with an accommodation chamber in which the rod pack-
ing is accommodated, and a flange arranged on the cyl-
inder head in a manner penetrated through by the piston
rod while closing the accommodation chamber. The
flange may be separable upward from the cylinder head
with being coupled to the rod packing within the accom-
modation chamber and penetrated through by the piston
rod.
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[0015] In accordance with the arrangement above,
since the cylinder head closes the opening portion that
is formed at the lower end of the cylinder, gas within the
cylinder is confined within the cylinder not to leak through
the opening portion that is formed at the lower end of the
cylinder. The rod packing is accommodated in the ac-
commodation chamber of the cylinder head to prevent
gas leakage through a gap between the cylinder head
and the piston rod. The flange, which is arranged on the
cylinder head in a manner closing the accommodation
chamber, is in proximity to the rod packing within the
accommodation chamber. Since the flange is coupled to
the rod packing, the operator who replaces the rod pack-
ing can integrally handle the flange and the rod packing.
Since the flange is separable upward from the cylinder
head with being penetrated through by the piston rod,
the operator can integrally draw up and out the flange
and the rod packing from the second rod portion after the
piston is removed therefrom. That is, the operator can
separate the flange and the rod packing from the piston
rod without supporting the flange and the rod packing.
During this, since the piston rod and the crank mecha-
nism can still be coupled, the above-described recipro-
cating compressor requires only a smaller number of
components to be disassembled than the conventional
reciprocating compressor. As a result, the operator can
replace the rod packing easily in a short period of time.
[0016] Asforthe arrangementabove, the reciprocating
compressor may further include a cylindrical member
surrounding the piston rod below the cylinder and mount-
ed in the cylinder head, and a fastener for fastening the
flange to the cylinder head. The fastener may include a
head portion arranged to receive an operation for releas-
ing the fastening between the flange and the cylinder
head. The head portion may be exposed to the internal
space of the cylindrical member and accessible through
an opening window formed in the cylindrical member.
[0017] Inaccordance with the arrangement above, the
operator can fasten the flange to the cylinder head using
the fastener. Since the head portion of the fastener sur-
rounds the piston rod below the cylinder and is exposed
to the internal space of the cylindrical member that is
mounted in the cylinder head, the operator can access
the head portion of the fastener through the opening win-
dow that is formed in the cylindrical member to perform
an operation of releasing the fastening between the
flange and the cylinder head. As above, the operator can
then separate the flange and the rod packing upward
from the cylinder head with the piston rod penetrating
therethrough. That is, the operator can separate the
flange and the rod packing from the piston rod without
supporting the flange and the rod packing. During this,
since the piston rod and the crank mechanism can still
be coupled, the above-described reciprocating compres-
sor requires only a smaller number of components to be
disassembled than the conventional reciprocating com-
pressor. As a result, the operator can replace the rod
packing easily in a short period of time.
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[0018] Asforthe arrangementabove, the reciprocating
compressor may further include an annular gasket ar-
ranged to prevent the gas from leaking through the
boundary between the cylinder head and the flange. The
gasket may be mounted on the flange.

[0019] In accordance with the arrangement above,
since the annular gasket is arranged to prevent the gas
from leaking through the boundary between the cylinder
head and the flange, the gas can be confined within the
cylinder not to leak through the boundary between the
cylinder head and the flange. Since the piston recipro-
cates within the cylinder, the gas confined within the cyl-
inder is compressed by the piston.

[0020] Since the gasket is mounted on the flange,
when the flange is separated upward from the cylinder
head with the piston rod penetrating therethrough, the
gasket can be separated upward from the cylinder inte-
grally with the flange. No dedicated operation is needed
for taking the gasket out of the reciprocating compressor,
whereby the operator can replace the gasket and the rod
packing easily in a short period of time.

[0021] The above-described reciprocating compres-
sor can have a structure in which the rod packing can be
replaced easily.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

FIG. 1 is a schematic cross-sectional view of a re-
ciprocating compressor according to a first embod-
iment.

FIG. 2 is a schematic front view of a piston rod of the
reciprocating compressor shown in FIG. 1.

FIG. 3A is a schematic cross-sectional view of a
flange of the reciprocating compressor shown in FIG.
1.

FIG. 3B is a schematic bottom view of the flange
shown in FIG. 3A.

FIG. 4 is a schematic front view of an alternative
piston rod (second embodiment).

FIG. 5is a schematic cross-sectional view of a com-
pressor according to a third embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

<First Embodiment>

[0023] FIG. 1is a schematic cross-sectional view of a
reciprocating compressor (hereinafter referred to as
"compressor 100") according to a first embodiment. The
compressor 100 will be described with reference to FIG.
1.

[0024] The compressor 100 includes a cylinder 110
having an approximately cylindrical shape. The cylinder
110 is an approximately cylindrical component. The ver-
tical axis VAX shown in FIG. 1 is drawn to approximately
coincide with the center axis of the cylinder 110. The
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vertical axis VAX is orthogonal to opening portions
formed at the upper end and the lower end of the cylinder
110.

[0025] The peripheral wall of the cylinder 110 is formed
with an intake port 111 through which gas flows and two
discharge ports 112, 113 through which gas compressed
within the cylinder 110 is discharged. The intake port 111
and the discharge ports 112, 113 are in communication
with the internal space surrounded by the cylinder 110
through flow paths formed in the peripheral wall of the
cylinder 110.

[0026] The compressor 100 includes two cylinder
heads 121, 122. The cylinder head 121 closes an opening
portion formed at the upper end of the cylinder 110. The
cylinder head 122 closes an opening portion formed at
the lower end of the cylinder 110. The cylinder 110 and
the cylinder heads 121, 122 define the internal space in
which gas is compressed. Gas is taken into the internal
space surrounded by the cylinder 110 and the cylinder
heads 121, 122 through the intake port 111 to undergo
compression processing in the internal space. The com-
pressed gas is then discharged through the discharge
ports 112, 113.

[0027] The compressor 100 includes a piston 130, a
piston rod 140, a crank mechanism 150, and a flange
146. The crank mechanism 150 is arranged to generate
a drive force for reciprocation of the piston 130 arranged
within the cylinder 110 along the vertical axis VAX. The
drive force generated by the crank mechanism 150 is
transmitted to the piston 130 by the piston rod 140, which
is coupled to the crank mechanism 150 and the piston
130. This allows the piston 130 to reciprocate within the
cylinder 110 along the vertical axis VAX. The flange 146
is used to couple the piston rod 140 to the crank mech-
anism 150.

[0028] The piston 130 is an approximately columnar
member having a center axis approximately coinciding
with the vertical axis VAX. The internal space surrounded
by the cylinder 110 and the cylinder heads 121, 122 is
divided by the piston 130 into two compression cham-
bers. One of the two compression chambers is a space
surrounded by the upper surface of the piston 130, the
lower surface of the upper cylinder head 121, and the
inner peripheral surface of the cylinder 110. The piston
130 shown in FIG. 1 is at the top dead center, so that the
space surrounded by the upper surface of the piston 130,
the lower surface of the upper cylinder head 121, and
the inner peripheral surface of the cylinder 110 is mini-
mized. The other of the two compression chambers is a
space surrounded by the lower surface of the piston 130,
the upper surface of the lower cylinder head 122, and
the inner peripheral surface of the cylinder 110. Since
the piston 130 shown in FIG. 1 is at the top dead center
as described above, so that the space surrounded by the
lower surface of the piston 130, the upper surface of the
lower cylinder head 122, and the inner peripheral surface
ofthe cylinder 110is maximized. In this case, gasis taken
into the space surrounded by the lower surface of the
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piston 130, the upper surface of the lower cylinder head
122, and the inner peripheral surface of the cylinder 110
through the intake port 111. Thereafter, when the piston
130 is lowered, the space surrounded by the lower sur-
face of the piston 130, the upper surface of the lower
cylinder head 122, and the inner peripheral surface of
the cylinder 110 is reduced and thereby the gas is com-
pressed. The compressed gas is discharged through the
discharge ports 112, 113.

[0029] The crank mechanism 150 is arranged below
the piston 130. The crank mechanism 150 can include a
crankshaft 151, a connecting rod 152, a crosshead 153,
a hollow crankcase 154, and an approximately cylindrical
head case 155. The crankshaft 151 is accommodated
within the crankcase 154 that is provided in a manner
extending along a predetermined rotation axis RAX or-
thogonal to the vertical axis VAX. The crankshaft 151 is
double-supported by the crankcase 154 and arranged to
rotate about the rotation axis RAX. The lower end of the
connecting rod 152 is coupled to the crankshaft 151. The
portion at which the crankshaft 151 and the connecting
rod 152 are coupled is arranged to revolve around the
rotation axis RAX. The head case 155 has a center axis
approximately coinciding with the vertical axis VAX. The
head case 155 is fixed to the upper surface of the crank-
case 154. The crosshead 153 is an approximately co-
lumnar member accommodated within the head case
155 and having a center axis approximately coinciding
with the vertical axis VAX. The crosshead 153 is coupled
to the upper end of the connecting rod 152. Since the
outer peripheral surface of the crosshead 153 is in prox-
imity to the inner peripheral surface of the head case 155,
the horizontal displacement of the crosshead 153 is lim-
ited by the head case 155. On the other hand, the head
case 155 allows the vertical displacement of the cross-
head 153. While the crankshaft 151 rotates about the
rotation axis RAX, the connecting rod 152 changes its
posture to absorb the horizontal displacement compo-
nent, so that only the vertical displacement component
istransmitted to the crosshead 153. As aresult, the cross-
head 153 can reciprocate within the head case 155 along
the vertical axis VAX.

[0030] The pistonrod 140is abar-shaped member pro-
vided in a manner extending along the vertical axis VAX.
Thatis, the piston rod 140 has a center axis approximate-
ly coinciding with the vertical axis VAX. The lower end of
the piston rod 140 is fixed to the upper surface of the
crosshead 153, while an upper portion of the piston rod
140 is coupled to the piston 130. Accordingly, the recip-
rocation of the crosshead 153 along the vertical axis VAX
is transmitted through the piston rod 140 to the piston
130. This allows the piston 130 to reciprocate within the
cylinder 110 along the vertical axis VAX.

[0031] The compressor 100 includes a cylindrical
member 160 formed between the lower cylinder head
122 and the head case 155 in a manner surrounding the
piston rod 140. The cylinder head 122 and the head case
155 are fixed to the cylindrical member 160. The cylin-
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drical member 160 defines a storage space arranged to
temporarily store gas unintentionally leaking out of the
internal space of the cylinder 110. Non-flammable purge
gas (e.g. nitrogen gas) for discharging gas leaking into
the cylindrical member 160 may be supplied into the stor-
age space of the cylindrical member 160. This allows gas
unintentionally leaking out of the internal space of the
cylinder 110 to be discharged from the cylindrical mem-
ber 160.

[0032] The lower cylinder head 122 is arranged be-
tween the piston 130 and the crosshead 153 and there-
fore formed in a manner penetrated through by the piston
rod 140. The compressor 100 includes a rod packing
portion 170 arranged to prevent gas leakage through a
gap between the cylinder head 122 and the piston rod
140.

[0033] The rod packing portion 170 is formed in an an-
nular shape and mounted in the cylinder head 122. The
rod packing portion 170 is one of components most likely
tobe worninthe compressor 100 becauseitis penetrated
through by the piston rod 140 such that the inner periph-
eral edge of the rod packing portion 170 is in sliding con-
tact with the outer peripheral surface of the piston rod
140 that is mounted on the cylinder head 122. It is there-
fore necessary to replace the rod packing portion 170 at
a frequency higher than the other components.

[0034] FIG. 2 is a schematic front view of the piston
rod 140. The piston rod 140 will be described with refer-
ence to FIGS. 1 and 2.

[0035] The piston rod 140 includes a first rod portion
141 and a second rod portion 142 extending upward from
the leading end (i.e. upper end) of the first rod portion
141. The first rod portion 141 is a component with which
the inner peripheral edge of the rod packing portion 170
is in sliding contact. The first rod portion 141 is arranged
to transmit the reciprocation of the crosshead 153 to the
second rod portion 142 and the piston 130. The second
rod portion 142 is used to couple the piston 130 to the
piston rod 140.

[0036] Thefirstrod portion 141 has an outer peripheral
surface with which the inner peripheral edge of the rod
packing portion 170 is in sliding contact. The length of
the first rod portion 141 can be set to have a value larger
than the stroke length of the piston 130 and the piston
rod 140 (i.e. the positional difference between their top
dead center and bottom dead center). While the piston
130 and the piston rod 140 reciprocates between the top
dead center and the bottom dead center, the outer pe-
ripheral surface of the first rod portion 141 continues to
be in sliding contact with the inner peripheral surface of
the rod packing portion 170. This results in preventing
gas leakage from the cylinder 110 while the piston 130
and the pistonrod 140reciprocates between the top dead
center and the bottom dead center.

[0037] A leading end portion of the first rod portion 141
is inserted in a recessed portion provided in a manner
recessed upward in the lower surface of the piston 130.
This results in that a lower portion of the piston 130 is
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coupled to the first rod portion 141.

[0038] The flange 146 is mounted on a base end por-
tion (i.e. lower end portion) of the first rod portion 141
opposite to the leading end portion. The first rod portion
141 is coupled to the crosshead 153 via the flange 146.
[0039] The second rod portion 142 is a bar-shaped
component protruding upward from the leading end face
(i.e. upper end) of the first rod portion 141 and inserted
through an insertion hole that penetrates through the pis-
ton 130 along the vertical axis VAX. Unlike the first rod
portion 141, the second rod portion 142 is entirely ac-
commodated in the piston 130.

[0040] The second rod portion 142 has a diameter
smaller than that of the first rod portion 141. Accordingly,
an annular stepped surface 145 surrounding the base
end of the second rod portion 142 (i.e. an end portion of
the second rod portion 142 coupled to the first rod portion
141) is defined by the diameter difference between the
first rod portion 141 and the second rod portion 142 as
a leading end face (i.e. upper end face) of the first rod
portion 141. The piston 130 is hung on the stepped sur-
face 145 and positioned in the direction in which the ver-
tical axis VAX is provided in an extending manner.
[0041] The compressor 100 includes a nut 131 mount-
ed on a leading end portion of the second rod portion
142. The nut 131 is embedded in a recessed portion
formed in the upper surface of the piston 130 and thread-
ably mounted on a male screw portion 144 formed on
the outer peripheral surface of the leading end portion (i.
e. upper end portion) of the second rod portion 142. The
male screw portion 144 is formed at a position away up-
ward from the stepped surface 145.

[0042] Whenthe nut 131 isfastened on the male screw
portion 144, a tensile stress occurs on the second rod
portion 142. The tensile stress on the second rod portion
142 acts on the piston 130 as a compressive force be-
tween the nut 131 and the stepped surface 145. That is,
the piston 130 is to be held firmly between the nut 131
and the stepped surface 145 in the direction in which the
vertical axis VAX is provided in an extending manner.
This results in that the piston 130 can be coupled firmly
to the piston rod 140.

[0043] AsshowninFIG. 1, the rod packing portion 170
is accommodated in an accommodation chamber formed
within the lower cylinder head 122. A recessed portion
having a diameter greater than that of the accommoda-
tion chamber and continuing to the upper end of the ac-
commodation chamber is formed within the cylinder head
122. The compressor 100 includes an annular flange 124
fitted in the recessed portion that is formed in the cylinder
head 122 and closing the accommodation chamber in a
manner preventing the rod packing portion 170 from
jumping upward out of the cylinder head 122.

[0044] Theflange 124 is anannular plate member hav-
ing a diameter greater than that of the rod packing portion
170. The shapes of the flange 124 and the rod packing
portion 170 continuing downward from the flange 124 are
complementary with the shapes of the recessed portion
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formed in the cylinder head 122 and the accommodation
chamber provided in a manner recessed downward from
the recessed portion. The diameter difference between
the recessed portion in which the flange 124 is fitted and
the accommodation chamber in which the rod packing
portion 170 is accommodated results in that the stepped
surface is defined between the recessed portion in which
the flange 124 is fitted and the accommodation chamber
in which the rod packing portion 170 is accommodated.
An outer peripheral portion of the flange 124 is hung on
the stepped surface that is defined by the diameter dif-
ference between the recessed portion and the accom-
modation chamber at the boundary between the re-
cessed portion and the accommodation chamber so that
the flange 124 can be held within the recessed portion.
[0045] The rod packing portion 170 includes multiple
rod packings 171. The rod packings 171 are provided in
series downward from the flange 124 along the vertical
axis VAX.

[0046] The compressor 100 includes multiple coupling
screws 172 integrally coupling the multiple rod packings
171 of the rod packing portion 170 (see FIG. 1). The
coupling screws 172 penetrate through the multiple rod
packings 171 approximately in parallel with the vertical
axis VAX to be threadably mounted in a female screw
hole formed in the flange 124. As a result, the multiple
rod packings 171 are integrated with the flange 124.
[0047] In addition to the multiple coupling screws 172,
the compressor 100 includes multiple fasteners 125 pro-
vided in a manner extending approximately in parallel
with the vertical axis VAX in the vicinity of the outer pe-
ripheral edge of the rod packing portion 170. The multiple
fasteners 125 penetrate through the cylinder head 122
to be threadably mounted in the respective multiple fe-
male screw holes formed in the flange 124 at sites where
they protrude outward from the outer peripheral edge of
the rod packing portion 170. This causes the flange 124
to be fastened to the cylinder head 122. Standard screw
members may be used as the multiple fasteners 125.
[0048] The multiple fasteners 125 each include a head
portion 223 arranged to receive an operation for releasing
the fastening between the flange 124 and the cylinder
head 122. The head portions 223 of the multiple fasteners
125 appear in the internal space of the cylindrical member
160. An opening window 161 allowing for access to the
head portions 223 of the fasteners 125 is formed in the
peripheral wall of the cylindrical member 160.

(Flange)

[0049] AsshowninFIG. 1, since the flange 124 is fitted
in a recessed portion formed in the upper surface of the
cylinder head 122 around the vertical axis VAX, gas leak-
age may occur at the boundary between the flange 124
and the cylinder head 122. The compressor 100 prefer-
ably has a structure for preventing gas leakage through
the boundary between the flange 124 and the cylinder
head 122.
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[0050] FIG. 3A is a schematic cross-sectional view of
the flange 124. FIG. 3B is a schematic bottom view of
the flange 124. The structure for preventing gas leakage
through the boundary between the flange 124 and the
cylinder head 122 will be described with reference to
FIGS. 1, 3A, and 3B.

[0051] The flange 124 is generally divided into an up-
per portion 126, a lower portion 127, and a middle portion
128. The upper portion 126 is fitted in the recessed por-
tion formed in the upper surface of the cylinder head 122
to define an upper surface exposed to the internal space
of the cylinder 110. The lower portion 127 is a thin disk-
shaped component positioned below the upper portion
126. The lower portion 127 has a diameter smaller than
that of the upper portion 126. The lower portion 127 de-
fines alower surface to be broughtinto compressive con-
tact with the upper surface of the rod packing portion 170.
Multiple female screw holes 129 into which the multiple
coupling screws 172 are threadably mounted are provid-
ed in a manner bored upward in the lower portion 127.
The middle portion 128 is a thin disk-shaped component
positioned between the upper portion 126 and the lower
portion 127. The middle portion 128 has a diameter great-
er than that of the lower portion 127 and smaller than that
of the upper portion 126. Multiple female screw holes 221
into which the multiple fasteners 125 are threadably
mounted are formed in an outer peripheral portion of the
upper portion 126 projecting radially outward from the
middle portion 128.

[0052] The lower portion 127 of the flange 124 is gen-
erally divided into a thin upper disk component 225 cou-
pled to the middle portion 128 and a lower disk compo-
nent226 underthe upper disk component225. The upper
disk component 225 has a diameter smaller than that of
the lower disk component226. Consequently, an annular
groove portion 222 is formed between the lower disk com-
ponent 226 and the lower surface of the middle portion
128.

[0053] InFIGS. 3A and 3B is shown an annular gasket
180 arranged to prevent gas leakage through the bound-
ary between the flange 124 and the cylinder head 122.
The gasket 180 includes an annular seal ring portion 181
and multiple protruding pieces 182. The seal ring portion
181 is a component arranged to prevent gas leakage
through the boundary between the flange 124 and the
cylinder head 122. The multiple protruding pieces 182
are used to keep the gasket 180 and the flange 124 in a
connected state when the flange 124 is displaced up-
ward.

[0054] The seal ring portion 181 is an approximately
annular flat plate. As shown in FIG. 3B, the seal ring
portion 181 is disposed along the annular lower surface
of the middle portion 128 appearing radially outside of
the lower portion 127. The seal ring portion 181 is held
between the annular lower surface of the middle portion
128 and a stepped surface 224 defined by the diameter
difference between the accommodation chamber in
which the rod packing portion 170 is accommodated and
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the recessed portion in which the flange 124 is fitted.
When the multiple fasteners 125 are threadably mounted
in the multiple female screw holes 221, the seal ring por-
tion 181 is compressed by the annular lower surface of
the middle portion 128 and the stepped surface 224 of
the cylinder head 122 to prevent gas leakage through
the boundary between the flange 124 and the cylinder
head 122.

[0055] The multiple protruding pieces 182 protrude
from the inner peripheral edge of the seal ring portion
181 toward the vertical axis VAX. The multiple protruding
pieces 182 are fitted into the groove portion 222, and the
gasket 180 is engaged with the flange 124. The dotted
circle shown in FIG. 3B indicates the outer peripheral
profile of the upper disk component 225 forming the bot-
tom of the groove portion 222.

[0056] As shownin FIG. 3B, multiple notched portions
complementary with the multiple protruding pieces 182
are formed in the lower disk component 226. The oper-
ator brings the gasket 180 into contact with the lower
surface of the middle portion 128 such that the multiple
protruding pieces 182 coincide in position with the mul-
tiple notched portions. The operator then rotates the gas-
ket 180 about the vertical axis VAX. This causes the pro-
truding pieces 182 to be fitted into the groove portion 222.
[0057] A method for taking out the rod packing portion
170 will hereinafter be described.

[0058] The operator with a tool can access the head
portions 223 of the fasteners 125 through the opening
window 161 to loosen the fasteners 125. After dismount-
ing the multiple fasteners 125 from the cylinder head 122,
the operator dismounts the cylinder head 121 from the
upper end of the cylinder 110 (i.e. one of the end portions
of the cylinder 110 farther from the crank mechanism
150). The operator can then loosen the nut 131 mounted
on the upper end of the piston rod 140 to separate the
piston 130 from the piston rod 140. After removing the
piston 130, the operator can draw the flange 124 upward
along the pistonrod 140. As above, since the rod packing
portion 170 is integrated with the flange 124 using the
multiple coupling screws 172, when the flange 124 is
drawn upward, the rod packing portion 170 can also be
drawn upward together with the flange 124. The gasket
180, which is engaged with the flange 124 as above, is
also to be drawn up together with the flange 124. Since
the second rod portion 142 of the piston rod 140 is thinner
than the first rod portion 141 and the cylinder head 121,
the nut 131, and the piston 130 are removed, the portion
of the second rod portion 142 above the first rod portion
141 has a diameter equal to or smaller than the inside
diameter of the flange 124, the rod packing portion 170,
and the gasket 180. The flange 124, the rod packing por-
tion 170, and the gasket 180 can thus be drawn up
smoothly and out of the upper end of the second rod
portion 142.

[0059] Sincethe compressor 100 is arranged such that
the rod packing portion 170 is taken out through a smaller
number of disassembling steps, the operator canreplace
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the rod packing portion 170 in a short period of time. In
addition, since the gasket 180 is mounted on the flange
124 to which the rod packing portion 170 is coupled, the
operator can also take out the gasket 180 simultaneously
with the flange 124. No dedicated operation is needed
for taking out the gasket 180, whereby the rod packing
portion 170 can be replaced efficiently.

[0060] The flange 124, which is hung on the cylinder
head 122 as above, cannot fall off the cylinder head 122
even after the multiple fasteners 125 are removed. It is
therefore possible for the operator to safely accomplish
a disassembling operation for replacing the rod packing
portion 170.

[0061] As for mounting of the gasket 180 according to
this embodiment, the operator aligns the protruding piec-
es 182 of the gasket 180 with the notched portions formed
in the flange 124 and then rotates the gasket 180 about
the vertical axis VAX to fit the protruding pieces 182 into
the groove portion 222 formed in the flange 124. How-
ever, the operator may snap-fit the protruding pieces 182
into the groove portion 222 without aligning the protruding
pieces 182 with the notched portions formed in the flange
124. Accordingly, the notched portions may not be
formed in the gasket 180.

[0062] As for mounting of the gasket 180 according to
this embodiment, the protruding pieces 182 each have
a fan shape. However, the protruding pieces may have
another shape. For example, the protruding pieces may
be an annular portion protruding inward from the seal
ring portion 181 that is held between the cylinder head
121 and the flange 124. In this case, the gasket 180 may
entirely be formed in an annular shape.

[0063] As for mounting of the gasket 180 according to
this embodiment, the groove portion 222 into which the
protruding pieces 182 of the gasket 180 are fitted is
formed in the flange 124. However, the groove portion
may be formed in the peripheral edge of the gasket, while
a protrusion complementary with the groove portion may
be formed on the flange. The gasket is integrated with
the flange through engagement between the groove por-
tion and the protrusion and can be drawn out of the piston
rod 140 together with the flange.

<Second Embodiment>

[0064] In the first embodiment, the piston is positioned
by the stepped surface that is defined by the diameter
difference between the first rod portion and the second
rod portion in the direction in which the piston rod is pro-
vided in an extending manner. However, the piston may
be positioned by a positioning member mounted on the
piston rod in the direction in which the piston rod is pro-
vided in an extending manner. In the second embodi-
ment, a reciprocating compressor having such a posi-
tioning member mounted on the piston rod will be de-
scribed.

[0065] FIG. 4 is a schematic front view of the piston
rod 140A. The piston rod 140A can be substituted for the
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piston rod 140 described with reference to FIG. 1. The
piston rod 140A will be described with reference to FIGS.
1 and 4.

[0066] FIG. 4 shows not only the piston rod 140A, but
also the rod packing portion 170, the flanges 124, 146,
and the nut 131. The description in the first embodiment
is incorporated in that of these elements by reference.
[0067] The piston rod 140A includes a first rod portion
141A and a second rod portion 142A extending upward
from the leading end (i.e. upper end) of the first rod portion
141A along the vertical axis VAX. As is the case in the
first embodiment, the rod packing portion 170 is in sliding
contact with the firstrod portion 141A. The first rod portion
141A has an approximately constant diameter through-
out its length. This is different from the first rod portion
141 (seeFIG. 1), which has an upper portion with a larger
diameter and a lower portion with a smaller diameter. As
isthe case in the firstembodiment, the second rod portion
142A is thinner than the first rod portion 141A, and an
annular stepped surface 145 is defined by the diameter
difference between the firstrod portion 141A and the sec-
ond rod portion 142A as a leading end face of the first
rod portion 141A. A male screw portion 144 is formed on
the outer peripheral surface of the leading end portion of
the secondrod portion 142A. Unlike the firstembodiment,
an additional male screw portion 147 is formed on the
outer peripheral surface of the base end portion of the
second rod portion 142A.

[0068] FIG. 4 shows aring member 190 serving as the
above-described positioning member. The ring member
190, through which the second rod portion 142A is in-
serted, is threadably mounted on the male screw portion
147 in the based end portion of the second rod portion
142A.

[0069] A recessed portion provided in a manner re-
cessed upward is formed in the lower surface of the ring
member 190. When the ring member 190 is threadably
mounted completely on the male screw portion 147 of
the second rod portion 142A, the upper end of the first
rod portion 141A is fitted in the recessed portion formed
in the lower surface of the ring member 190. As a result,
the piston rod 140A is reinforced by the ring member 190
over a section from a position below the stepped surface
145 to the upper end of the male screw portion 147 above
the stepped surface 145. Since the ring member 190 can
receive a force from the piston 130A, the piston rod 140A
cannot receive an excessively strong force around the
stepped surface 145.

[0070] FIG. 4 shows a piston 130A substituted for the
piston 130 in the first embodiment. As is the case in the
first embodiment, an insertion hole extending along the
vertical axis VAX is formed in the piston 130A. When the
second rod portion 142A is inserted through the insertion
hole of the piston 130A, the piston 130A is hung on the
ring member 190 threadably mounted on the male screw
portion 147 in the based end portion of the second rod
portion 142A to be positioned in the direction in which
the vertical axis VAXis provided in an extending manner.
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Upon this, the ring member 190 is immersed partially into
the recessed portion (complementary with the ring mem-
ber 190) formed in the lower surface of the piston 130A.
The operator can then fasten the nut 131 mounted on
the male screw portion 144 that is formed in the leading
end portion of the second rod portion 142A to mount the
piston 130A on the second rod portion 142A.

[0071] Beforethe piston 130A is mounted on the piston
rod 140A, the nut 131 is dismounted from the male screw
portion 144 in the leading end portion of the second rod
portion 142A, while the ring member 190 is threadably
mounted on the male screw portion 147 in the based end
portion of the second rod portion 142A. The operator then
inserts the second rod portion 142A through the insertion
hole of the piston 130A. Consequently, the upper end
face of the ring member 190 comes into contact with the
top surface of the recessed portion of the piston 130A so
that the piston 130A is positioned in the direction in which
the vertical axis VAXis provided in an extending manner.
The operator then threadably mount the nut 131 on the
male screw portion 144. When the nut 131 is fastened
on the male screw portion 144 thatis formed at a position
away upward from the ring member 190, a tensile stress
occurs onthe second rod portion 142A. The tensile stress
on the second rod portion 142A acts on the piston 130A
as a compressive force between the nut 131 and the ring
member 190. That is, the piston 130A is to be held firmly
between the nut 131 and the ring member 190 in the
direction in which the vertical axis VAX is provided in an
extending manner. This results in that the piston 130A
can be coupled firmly to the piston rod 140A.

[0072] As for dismounting of the rod packing portion
170, the operator with a tool can access the head portions
223 of the fasteners 125 through the opening window
161 of the cylindrical member 160 to loosen the fasteners
125, as is the case in the first embodiment. After dis-
mounting the multiple fasteners 125 from the cylinder
head 121, the operator may dismount the upper cylinder
head 121 from the upper end of the cylinder 110. The
operator can then loosen the nut 131 mounted on the
upper end of the piston rod 140A to separate the piston
130A from the piston rod 140A. After removing the piston
130A, the operator canloosen and draw the ring member
190 out of the second rod portion 142A. After removing
the ring member 190 from the second rod portion 142A,
the operator can draw the flange 124 upward along the
piston rod 140A. As above, since the rod packing portion
170 is integrated with the flange 124 using the multiple
coupling screws 172, when the flange 124 is drawn up-
ward, the rod packing portion 170 can also be drawn
upward together with the flange 124. Since the second
rod portion 142A of the piston rod 140A is thinner than
the first rod portion 141A and the cylinder head 121, the
nut 131, the piston 130A, and the ring member 190 are
removed, the portion of the second rod portion 142A
above the first rod portion 141A has a diameter equal to
or smaller than the inside diameter of the flange 124 and
the rod packing portion 170. The flange 124 and the rod
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packing portion 170 can thus be drawn up smoothly and
out of the upper end of the second rod portion 142A.
[0073] Inthis embodiment, the stepped surface 145 is
defined between the firstrod portion 141A and the second
rod portion 142A. However, the boundary between the
first rod portion 141A and the second rod portion 142A
may have a tapered shape narrowed from the first rod
portion 141A toward the second rod portion 142A. The
ring member may be formed in a manner fitted on the
tapered shape between the first rod portion 141A and
the second rod portion 142A. Accordingly, in the above-
described embodiments, the boundary between the first
rod portion and the second rod portion is not limited to
have a particular shape.

[0074] In this embodiment, the ring member 190 is im-
mersed in the recessed portion that is formed in the lower
surface of the piston 130A. This causes the opening edge
of the insertion hole appearing on the lower surface of
the piston 130A to come into contact with the peripheral
surface of the ring member 190, whereby the ring mem-
ber 190 can receive a strong force from the opening edge
of the insertion hole, while the piston rod 140A cannot
receive a strong force from the opening edge of the in-
sertion hole directly. That is, the piston rod 140A can be
protected by the ring member 190 against the piston
130A. However, the opening edge of the insertion hole
may be in direct contact with the piston rod 140A as long
as the piston rod 140A has a sufficient mechanical
strength. If the ring member is mounted on the piston rod
140A such that the upper surface of the ring member is
coplanar with the stepped surface 145, the opening edge
of the insertion hole is in contact with the base end portion
of the second rod portion 142A. In this case, the piston
130A can be supported on the stepped surface 145 and
the upper surface of the ring member 190.

[0075] Inthis embodiment, the lower surface ofthe ring
member 190 is approximately coplanar with the lower
surface of the piston 130A. However, the lower surface
of the ring member 190 may be at a position higher than
that of the lower surface of the piston 130A. In this case,
the opening edge of the insertion hole appearing on the
lower surface of the piston 130A can be spaced away
from the peripheral surface of the ring member 190. Ac-
cordingly, the piston rod 140A becomes less likely to re-
ceive an excessively large load from the opening edge
of the insertion hole.

[0076] In this embodiment, the ring member 190 is
threadably mounted on the male screw portion 147 that
isformed in the base end portion of the second rod portion
142A. However, the ring member may be threadably
mounted on the male screw portion that is formed in the
leading end portion of the first rod portion.

<Third Embodiment>
[0077] FIG. 5 is a schematic cross-sectional view of a

compressor 100B according to a third embodiment. The
compressor 100B will be described with reference to
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FIGS. 1 and 5.

[0078] Thecompressor 100B differs from the compres-
sor 100 according to the first embodiment only in the
arrangement position of the gasket. The description in
the first embodiment is therefore incorporated in that of
the compressor 100B by reference except for the gasket.
[0079] The compressor 100B includes a gasket 180B
arranged at a position different from that of the gasket
180 described in relation to the first embodiment. The
gasket 180 according to the first embodiment is com-
pressed by the lower surface of the flange 124 and the
upper surface of the cylinder head 122 within the re-
cessed portion formed in the cylinder head 122, while
the gasket 180B according to the third embodiment is
compressed by the lower surface of the rod packing por-
tion 170 and the upper surface of the cylinder head 122
within the accommodation chamber in which the rod
packing portion 170 is accommodated.

[0080] The gasket 180B is an annular thin plate. The
piston rod 140 penetrates through an opening region at
the center of the gasket 180B to be surrounded circum-
ferentially by the gasket 180B. The gasket 180B prevents
gas flowing through the boundary between the flange
124 and the cylinder head 122 into the accommodation
chamber in which the rod packing portion 170 is accom-
modated from flowing into the thin annular space be-
tween the outer peripheral surface of the piston rod 140
and the inner peripheral surface of the cylinder head 122
and the internal space of the cylindrical member 160 that
is arranged below the cylinder head 122.

[0081] In the above-described embodiments, the pis-
ton rods 140, 140A have the respective first rod portions
141, 141A and the respective second rod portions 142,
142A having their respective different diameters. How-
ever, the second rod portions may have the same thick-
ness as the respective first rod portions. In this case, the
ring member for supporting each piston 130, 130A ther-
eon is mounted at a middle position of the piston rod.
The mounting position of the ring member is at the bound-
ary between each first rod portion and each second rod
portion. That is, the portion of the piston rod located high-
er than the ring member corresponds to the second rod
portion. The portion of the piston rod located lower than
the ring member corresponds to the first rod portion. As
is the case with the ring member 190 described in relation
to the second embodiment, the ring member arranged
at the boundary between the first rod portion and the
second rod portion is formed to be dismountable from
the piston rod. For example, the ring member may be
formed in a manner threadably mounted on a male screw
portion formed at the boundary between the first rod por-
tion and the second rod portion. The operator can dis-
mount the piston and the ring member in this order from
the piston rod and draw up the rod packing mounted on
the first rod portion toward the second rod portion.
[0082] In the above-described embodiments, the cyl-
inder 110 may not necessarily extend vertically.

[0083] The embodiments disclosed herein are illustra-
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10

tive in all aspects and should not be construed as being
restrictive. The scope of the present invention is defined
by the appended claims rather than by the description
made above, and all modifications within the meaning
and scope equivalent to the claims are intended to be
encompassed therein.

[0084] The compressors 100, 100B are preferably ap-
plicable to various technical fields in which compressed
gas is needed. For example, such a compressor may be
loaded on a marine vessel that carries liquid natural gas.
As above, the reciprocating compressors according to
the above-described embodiments each have a structure
in which the rod packing portion is less likely to fall, and
the rod packing portion is separated from the reciprocat-
ing compressor in a manner drawn upward, whereby the
operator can safely replace the heavy rod packing portion
incorporated in such a large reciprocating compressor.
[0085] A reciprocating compressor with an easily re-
placeable rod packing is provided. This application dis-
closes areciprocating compressor including a piston rod
coupled to a piston that is accommodated within a cylin-
der and a crank mechanism, and an annular rod packing
having an inner peripheral edge in sliding contact with
the outer peripheral surface of the piston rod to prevent
gas within the cylinder from leaking around the outer pe-
ripheral surface of the piston rod. The piston rod includes
a first rod portion with which the rod packing is in sliding
contact and a second rod portion provided in a manner
extending from the leading end of the first rod portion and
inserted through an insertion hole that is formed in the
piston. The piston is separable from the second rod por-
tion. The diameter of the second rod portion is equal to
or smaller than that of the first rod portion.

Claims
1. A reciprocating compressor comprising:

a piston rod coupled to a piston that is accom-
modated within a cylinder and a crank mecha-
nism; and

an annular rod packing having an inner periph-
eral edge in sliding contact with the outer pe-
ripheral surface of the piston rod to prevent gas
within the cylinder from leaking through a gap
around the outer peripheral surface of the piston
rod, wherein

the piston rod includes a first rod portion with
which the rod packing is in sliding contact and
a second rod portion provided in a manner ex-
tending from the leading end of the first rod por-
tion and inserted through an insertion hole that
is formed in the piston,

the piston is separable from the second rod por-
tion, and

the diameter of the second rod portion is equal
to or smaller than the diameter of the first rod
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portion.

The reciprocating compressor according to claim 1,
further comprising a nut threadably mounted on a
male screw portion that is formed in a leading end
portion of the second rod portion protruding from the
piston to fix the piston to the second rod portion,
wherein

the leading end of the first rod portion includes an
annular stepped surface defined by the diameter dif-
ference between the first rod portion and the second
rod portion, which is thinner than the first rod portion,
and

the piston is held between the stepped surface and
the nut in the direction in which the piston rod is pro-
vided in an extending manner.

The reciprocating compressor according to claim 1,
further comprising:

a nut threadably mounted on a male screw por-
tion that is formed in a leading end portion of the
second rod portion to fix the piston to the second
rod portion; and

a ring member mounted on the piston rod in a
manner holding the piston in cooperation with
the nut in the direction in which the piston rod is
provided in an extending manner, wherein

the ring member has a diameter greater than
that of the first rod portion and is dismountable
from the piston rod.

4. The reciprocating compressor according to any one

of claims 1 to 3, further comprising:

acylinder head penetrated through by the piston
rod while closing an opening portion formed at
the lower end of the cylinder and formed with an
accommodation chamber in which the rod pack-
ing is accommodated; and

aflange arranged on the cylinder head in a man-
ner penetrated through by the piston rod while
closing the accommodation chamber, wherein
the flange is separable upward from the cylinder
head with being coupled to the rod packing with-
in the accommodation chamber and penetrated
through by the piston rod.

5. The reciprocating compressor according to claim 4,

further comprising:

a cylindrical member surrounding the piston rod
below the cylinder and mounted in the cylinder
head; and

afastener for fastening the flange to the cylinder
head, wherein

the fastener includes a head portion arranged
to receive an operation for releasing the fasten-
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1"

ing between the flange and the cylinder head,
and

the head portion is exposed to the internal space
of the cylindrical member and accessible
through an opening window formed in the cylin-
drical member.

The reciprocating compressor according to claim 4
or 5, further comprising an annular gasket arranged
to prevent the gas from leaking through the boundary
between the cylinder head and the flange, wherein
the gasket is mounted on the flange.
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