(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/184976 Al

20 November 2014 (20.11.2014) WIPO | PCT
(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
F15B 15/14 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
. . ] DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN, HR, HU, ID, IL, IN, IR, IS, KE, KG, KN, KP, KR,
PCT/IP2013/081222 KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(22) International Filing Date: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
13 November 2013 (13.11.2013) OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
. ) SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
(25) Filing Language: English TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(26) Publication Language: English ZW.
(30) Priority Data: (84) Designated States (uniess otherwise indicated, for every
2013-103981 16 May 2013 (16052013) JP kind Of regional p}"Ol@C’ﬁOI’Z available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(71) Applicant: SMC CORPORATION [JP/JP]; 4-14-1, So- UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
tokanda, Chiyoda-ku, Tokyo, 1010021 (JP). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(72) Tnventor: NOMURA, Kenji; ¢/o SMC CORPORATION, E/{Eé El\iKF IMFTR’NGLB’I\I%R’PIiRﬁUﬁ(I)E’RIS’ EE L; ;“II(J ; é‘l\\i
TSUKUBA TECHNICAL CENTER, 4-2-2, Kinunodai, TR > 0 AI,DI B,F B} CF’ C G Ci Cl\;[ G’A éN > G > GW,
Tsukubamirai-shi, Ibaraki, 3002493 (JP). ), OAPL(BE, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).
(74) Agents: CHIBA, Yoshihiro et al.; Shinjuku Maynds Published:
Tower 16F, 1-1, Yoyogi 2-chome, Shibuya-ku, Tokyo, ublished:
1510053 (JP). —  with international search report (Art. 21(3))
(81) Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,

(54) Title: FLUID PRESSURE CYLINDER

32a
FIG. 1 5 o, ” 0o 35 | 12 ©
/ 36 / 28a \ 14
16— 388 7] a8
300
28b 6
l ¢
{ § ) ) ) !
L “
o1
IR
ey || =2k
\ e v
{/ Pl
W oor el

wo 2014/184976 A 1[I NPFV0 00T O O Y O

(57) Abstract: A fluid pressure cylinder (10) includes first through fourth stepped portions (28a, 30a, 32a, 34a) provided in a mul -
ti-stepped manner on a first spigot joint (26) of a head cover (14), and first through fourth stepped portions (28b, 30b, 32b, 34b)
provided similarly in a multi- stepped manner on a second spigot joint (50) of a rod cover (16). A cylinder tube (12) is installed se -
lectively on any one pair of the first through fourth stepped portions (28a, 28b, 30a, 30b, 32a, 32b, 34a, 34b). Consequently, by pre-
paring a new cylinder tube (12) that differs in diameter, along with a new piston (18), and then installing the cylinder tube (12) se -
lectively on any one pair of the first through fourth stepped portions (28a, 28b, 30a, 30b, 32a, 32b, 34a, 34b), a fluid pressure cylin-
der (10) having a different bore diameter is constructed.
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DESCRIPTION

Title of Invention

FLUID PRESSURE CYLINDER

Technical Field
The present invention relates to a fluid pressure
cylinder in which a piston is displaced in an axial

direction under the supply of a pressure fluid.

Background Art

Heretofore, as a transport means for a workpiece or
the like, for example, a fluid pressure cylinder has been
used having a piston that is displaced under the supply of
a pressure fluid.

Such a fluid pressﬁre cylinder, for example, as
disclosed in Japanese Laid-Open Utility Model Publication
No. 56-146105, includes a cylindrically shaped cylinder
tube, a cylinder cover disposed on an end of the cylinder
tube, and a piston provided displaceably in the interior of
the cylinder tube. In addition, by supplying a pressure
fluid to a port of the cylinder cover, the piston is
pressed and displaced in an axial direction by the pressure
fluid, which is introduced to the interibr of the cylinder
tube. A thrust force applied in the axial direction of the
piston is converted into an output of the fluid pressure
cylinder.

The fluid pressure cylinder includes a spigot joint,
which projects toward the side of the cylinder tube,

provided on an end of the cylinder cover. The cylinder tube
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is inserted over an outer circumferential side of the
spigot joint, whereby the cylinder tube and the cylinder
cover are assembled in a state of being positioned in both

axial and radial directions.

Summary of Invention

With the above fluid pressure cylinder, for example,
when changes are made to the shape or weight, etc., of a
transported workpiece, since the size of the required
output of the fluid pressure cylindér also is subject to
change, it is necessary to prepare a different type of
fluid pressure cylinder with a different output size
corresponding to the change in the workpiece, which leads
to an increase in equipment costs.

Further, in recent years, from the standpoints of
energy conservation and cost reduction, it is desired to
use a fluid pressure cylinder that can obtain an ideal
output commensurate with the shape and weight, etc., of the
workpiece. However, in general, it is difficult to finely
set specifications of different bore diameters (cylinder
diameters) in a fluid pressure cylinder, and out of
necessity, a fluid pressure cylinder, in some cases, must
be used, which is équipped with an output capability larger
than a desired output. In such cases, the output used to
transport the workpiece is excessive, and a surplus amount
of pressure fluid ends up being used, and thus the amount
of pressure fluid consumed increases beyond the originally
intended consumption amount, which runs contrary to trends
to reduce energy consumption prevalent in recent years.

A general object of the present invention is to
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provide a fluid pressure cylinder, which is capable of
suppressing equipment costs while enabling the output of
the cylinder to be freely changed, together with reducing
energy consumption, by easily carrying out a change in the
cylinder diameter of the fluid pressure cylinder.

The present invention is characterized by a fluid
pressure cylinder comprising a cylindrically shaped
cylinder tube having a cylinder chamber in the interior
thereof, a pair of cover members mounted on both ends of
the cylinder tube, and a piston disposed displaceably along
the cylinder chamber,

wherein spigot joint means, over which the cylinder
tube is inserted, and which positions the cylinder tube in
axial and radial directions, are disposed on the cover
members, each of the spigot joint means comprising at least
two pairs of stepped portions of different diameters or at
least two pairs of grooved portions of different diameters,
and an inner circumferential surface or an outer
circumferential surface of the cylinder tube is selectively
installed on any one pair of the stepped portions or on any
one pair of the grooved portions.

According to the present invention, in a fluid
pressure cylinder on which a pair of cover members are
disposed on both ends of the cylindrically shaped cylinder
tube having the cylinder chamber in the interior thereof,
and in which the piston is disposed displaceably along the
cylinder tube, spigot joint means, over which the cylinder
tube is inserted, and which are capable of positioning the
cylinder tube in axial and radial directions, are disposed

on the cover members. In addition, each of the spigot joint
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means comprises at least two pairs of the stepped portions
or the grooved portions of different diameters, and an
inner circumferential surface or an outer circumferential
surface of the cylindef tube is selectively installed on
any one pair of the stepped portions or the grooved
portions.

Accordingly, when a cylinder tube is to be exchanged
with another cylinder tube having a cylinder chamber of a
different diameter, the cylinder tube is removed from one
pair of the stepped portions or the grooved portions of the
cover members, and the other cylinder tube is installed on
another pair of the stepped portions or the grooved
portions that differ in diameter, whereby the cylinder tube
can easily be exchanged and replaced with the other
cylinder tube, which differs in diameter, with respect to
the same cover members.

As a result, in the event that the output obtained by
the fluid pressure cylinder is to be changed, it becomes
possible to change the output using the same cover members
of the fluid pressure cylinder, and to obtain a desired
output, without any need to prepare a different fluid "
pressure cylinder equipped with a cylinder tube having a
different diameter and a piston having a different diameter
and disposed in the interior of the cylinder tube. More
specifically, since equipment costs for preparing a new
fluid pressure cylinder can be suppressed, together with
enabling a fluid pressure cylinder to be constructed in
which a cylinder tube can be selected having an optimum
diameter (bore diameter) for obtaining a desired output,

for example, compared to the case of using a fluid pressure
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cylinder having an excessive output capability in relation
to the desired output, the fluid pressure cylinder can be
operated with minimum consumption of pressure fluid, and
energy savings can be realized.

The above and other objects, features and advantages
of the present invention will become more apparent from the
following description when taken in conjunction with the
accompanying drawings in which preferred embodiments of the

present invention are shown by way of illustrative example.

Brief Description of Drawings

FIG. 1 is an overall cross sectional view of a fluid
pressure cylinder according to a first embodiment of the
present invention:

FIG. 2A is an enlarged cross sectional view showing
the vicinity of one end side of the cylinder tube shown in
FIG. 1;

FIG. 2B is an enlarged cross sectional view showing
the vicinity of another end side of the cylinder tube shown
in FIG. 1;

FIG. 3 is an overall cross sectional view showing a
condition in which a new cylinder tube having a different
diameter is exchanged in the fluid pressure cylinder of
FIG. 1;

FIG. 4 is an overall cross sectional view of a fluid
pressure cylinder according to a second embodiment of the
present invention;

FIG. 5A is a partial cross sectional view showing a
portion of a fluid pressure cylinder according to a third

embodiment of the present invention;
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FIG. 5B is a partial cross sectional view showing a
condition in which a new cylinder tube having a different
diameter is exchanged in the fluid pressure cylinder of
FIG. 5A;

FIG. 6A is a partial cross sectional view showing a
portion of a fluid pressure cylinder according to a fourth
embodiment of the present invention; and

FIG. 6B is a partial cross sectional view showing a
condition in which a new cylinder tube having a different
diameter is exchanged in the fluid pressure cylinder of

FIG. 6A.

Description of Embodiments

As shown in FIGS. 1 through 2B, a fluid pressure
cylinder 10 includes a cylindrically shaped cylinder tube
12, a head cover (cover member) 14 mounted on one end of
the cylinder tube 12, a rod cover (cover member) 16 mounted
on another end side of the cylinder tube 12, and a piston
18, which is disposed displaceably in the interior of the
cylinder tube 12.

The cylinder tube 12 is made up from a cylindrical
body that extends with a substantially constant diameter
(cylinder diameter C1l) along an axial direction (the
direction of arrows A and B). In the interior of the
cylinder tube 12, a cylinder chamber 20 in which the piston
18 is accommodated is formed.

The head cover 14, for example, is formed from a metal
material with a substantially rectangular shape in cross
section, and includes penetrating holes that penetrate in

the axial direction (indicated by the arrows A and B)
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through four éorners of the head cover 14. Non-illustrated
connecting rods are inserted through the penetrating holes.

In a center portion of the head cover 14, a cavity 22
of a predetermined depth is formed in facing relation to
the side of the cylinder tube 12 (in the direction of the
arrow A), and a first seal ring 24 is installed in an
annular groove formed on an inner circumferential surface
of the cavity 22. The cavity 22 is substantially circular
in cross section with a substantially constant diameter,
and communicates with the cylinder chamber 20 when the head
cover 14 is installed on the one end of the cylinder tube
12.

Further, a first spigot joint 26, which projects
toward the side of the cylinder tube 12 (in the direction
of the arrow A), is formed on one end surface of the head
cover 14 on the side of the cylinder tube 12 (in the
direction of the arrow A). The first spigot joint 26 is
formed in an annular shape on an outer circumferential side
of the cavity 22, and is coaxial with the cavity 22.

The first spigot joint 26, for example, as shown in
FIGS. 1 and 2A, is formed in a multi-stepped shape made up
from first through fourth stepped portions 28a, 30a, 32a,
34a that differ in diameter. The first stepped portion 28a
is the smallest in diameter. The second stepped portion 30a
is larger in diameter than the first stepped portion 28a,
and formed on the outer circumferential side of the first
stepped portion 28a. The third stepped portion 32a is
larger in diameter than the second stepped portion 30a, and
formed on the outer circumferential side of the second

stepped portion 30a. The fourth stepped portion 34a is
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larger in diameter than the third stepped portion 32a, and
formed on the outer circumferential side of the third
stepped portion 32a, i.e., on the outermost circumferential
side. The first through fourth stepped portions 28a, 30a,
32a, 34a are formed in annular shapes, respectively, and
are arranged coaxially.

The first stepped portion 28a is substantially
constant in diameter and projects a predetermined length
toward the cylinder tube 12 (in the direction of the arrow
A) with respect to the end surface of the head cover 14.
The projection length of the stepped portion from the end
surface of the head cover 14 is progressively decreased in
a stepwise manner in the order of the second stepped
portion 30a, the third stepped portion 32a, and the fourth
stepped portion 34a.

Stated otherwise, the second through fourth stepped
portions 30a, 32a, 34a are formed in an offset manner in
axial and radial directions, so as to approach stepwise
toward the head cover 14 (in the direction of the arrow B).

Further, O-rings 38 are installed respectively via
annular grooves on respective wall portions 36, which are
perpendicular to the first through fourth stepped portions
28a, 30a, 32a, 34a, and are substantially parallel with the
end surface of the head cover 14.

In addition, as shown in FIGS. 1 and 2A, one end of
the cylinder tube 12 is inserted over an outer
circumferential side of the second stepped portion 30a on
the head cover 14 in abutment against the wall portion 36,
whereby the cylinder tube 12 is positioned axially and

radially with respect to the head cover 14. At this time,
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the one end of the cylinder tube 12 abuts against the O-
ring 38 mounted on the wall portion 36, so that leakage of
pressure fluid that passes between the cylinder tube 12 and
the head cover 14 is prevented from occurring.

On the other hand, on the side surface of the head
cover 14, a first fluid port 40 is provided through which
the pressure fluid is supplied and discharged, the first
fluid port 40 communicating with the cavity 22. 1In
addition, the pressure fluid is introduced into the cavity
22 after the pressure fluid has been supplied to the first
fluid port 40 from a non-illustrated pressure fluid supply
source.

The rod cover 16, for example, is formed from a metal
material with a substantially rectangular shape in cross
section, and includes penetrating holes that penetrate in
the axial direction through four corners of the rod cover
16. The connecting rods (not shown) are inserted through
the penetrating holes. In addition, as shown in FIG. 1, in
a condition in which the cylinder tube 12 is mounted
between the rod cover 16 and the head cover 14, nuts are
screw-engaged onto both ends of the connecting rods that
are inserted through the head cover 14 and the rod cover
16. As a result, the cylinder tube 12 is sandwiched and
fixed between the head cover 14 and the rod cover 16.

Further, a center portion of the rod cover 16 bulges
in a direction away from the cylinder tube 12. 1In a
substantially center portion of the bulge, a rod hole 42 is
formed so as to penetrate in the axial direction (the
direction of arrows A and B). In addition, a bush 44 and a

rod packing 46 are installed on an inner circumferential
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surface of the rod hole 42. A second seal ring 48 is
installed via an annular groove on a side of the rod hole
42 facing the cylinder tube 12. The -rod hole 42
communicates with the cylinder chamber 20.

Furthermore, a second spigot joint 50, which projects
toward the cylinder tube 12 (in the direction of the arrow
B), is formed on one end surface of the rod cover 16 on the
side of the cylinder tube 12 (in the direction of the arrow
B). The second spigot joint 50 is formed in an annular
shape on an outer circumferential side of the rod hole 42,
and is coaxial with the rod hole 42.

The second spigot joint 50, for example, as shown in
FIGS. 1 and 2B, is formed in a multi-stepped shape made up
from first through fourth stepped portions 28b, 30b, 32b,
34b that differ in diameter. The first stepped portion 28b
is the smallest in diameter. The second stepped portion 30b
is larger in diameter than the first stepped portion 28b,
and formed on the outer circumferential side of the first
stepped portion 28b. The third stepped portion 32b is
larger in diameter than the second stepped portion 30b, and
formed on the outer circumferential side of the second
stepped portion 30b. The fourth stepped portion 34b is
larger in diameter than the third stepped portion 32b, and
formed on the outer circumferential side of the third
stepped portion 32b, i.e., on the outermost circumferential
side. The first through fourth stepped portions 28b, 30b,
32b, 34b are formed in annular shapes, respectively, and
are arranded coaxially, while in addition, the first
through fourth stepped portions 28b, 30b, 32b, 34b are

formed with the same diameters, respectively, as the first
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through fourth stepped portions 28a, 30a, 32a, 34a.

The first stepped portion 28b is substantially
constant in diameter and projects a predetermined length
toward the cylinder tube 12 (in the direction of the arrow
B) with respect to the end surface of the rod cover 16. The
projection length of the stepped portion from the end
surface of the rod cover 16 is progressively decreased in a
stepwise manner in the order of the second stepped portion
30b, the third stepped portion 32b, and the fourth stepped
portion 34b. Stated otherwise, the second through fourth
stepped portions 30b, 32b, 34b are formed in an offset
manner in axial and radial directions, so as to approach
stepwise toward the rod cover 16 (in the direction of the
arrow A).

Further, O-rings 38 are installed respectively via
annular grooves on respective wall portions 36, which are
perpendicular to the first through fourth stepped portions
28b, 30b, 32b, 34b, and are substantially parallel with the
end surface of the rod cover 16.

In addition, as shown in FIGS. 1 and 2B, the other end
of the cylinder tube 12 is inserted over an outer
circumferential side of the second stepped portion 30b on
the rod cover 16 in abutment against the wall portion 36,
whereby the cylinder tube 12 is positioned axially and
radially with respect to the rod cover 16. At this time,
the other end of the cylinder tube 12 abuts against the O-
ring 38 mounted on the wall portion 36, so that leakage of
pressure fluid that passes between the cylinder tube 12 and
the rod cover 16 is prevented from occurring.

More specifically, the first through fourth stepped
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portions 28a, 30a, 32a, 34a of the first spigot joint 26 on
the head cover 14, and the first through fourth stepped
portions 28b, 30b, 32b, 34b of the second spigot joint 50
on the rod cover 16 are disposed in a mutually confronting
manner sandwiching the cylinder tube 12 therebetween,
whereby both ends of the cylinder tube 12 are retained by
the first and second spigot joints 26, 50.

On the other hand, on the side surface of the rod
cover 16, a second fluid port 52 is provided through which
the pressure fluid is supplied and discharged, the second
fluid port 52 communicating with the rod hole 42. 1In
addition, the pressure fluid supplied from the second fluid
port 52 is introduced into the cylinder chamber 20 from the
rod hole 42,

As shown in FIG. 1, for example, the piston 18 is
formed with substantially the same diameter as the cylinder
diameter Cl of the cylinder tube 12. A piston packing 54, a
magnetic body 56, and a wear ring 58 are installed via a
plurality of annular grooves on the outer circumferential
surface of the piston 18.

Further, a piston hole (not shown) that penetrates in
the axial direction (the direction of arrows A and B) is
formed in a center portion of the piston 18. One end of a
piston rod 60 is inserted and connected in the piston hole.
The one end of the piston rod 60 is connected to the piston
18, whereas the other end of the piston rod 60 is inserted
through the rod hole 42 and is supported displaceably by
the bush 44.

Further, first and second cushion rings 62, 64 are

mounted respectively on both end surfaces of the piston 18.
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The first and second cushion rings 62, 64 are formed in
substantially the same shape. The first cushion ring 62 is
arranged on one end side of the piston 18 on the side of
the head cover 14 (in the direction of the arrow B), and
projects from the one end side. On the other hand, the
second cushion ring 64 is arranged on the other end side of
the piston 18 on the side of the rod cover 16 (in the
direction of the arrow A), and is disposed in covering
relation to the outer circumferential surface of the piston
rod 60.

In addition, the first and second cushion rings 62, 64
are inserted respectively into the cavity 22 and the rod
hole 42 upon displacement of the piston 18 in the axial
direction, and by sliding contact of the cushion rings 62,
64 with the first and second seal rings 24, 48, the
displacement velocity of the piston 18 is reduced.

The fluid pressure cylinder 10 according to the first
embodiment of the present invention is constructed
basically as described above. Next, operations and
advantageous effects of the fluid pressure cylinder will be
described. The condition shown in FIG. 1, in which the
piston 18 is displaced toward the side of the head cover 14
(in the direction of the arrow B), and the first cushion
ring 62 is accommodated in the cavity 22, will be referred
to as an initial condition.

Initially, a pressure fluid from a non-illustrated
pressure fluid supply source is introduced to the first
fluid port 40. In this case, the second fluid port 52 is
placed in a state of being open to atmosphere under a

switching action of a non-illustrated switching valve.
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Consequently, the pressure fluid is supplied into the
cavity 22 from the first fluid port 40, and by means of the
pressure fluid, which is introduced into the cylinder
chamber 20 from the cavity 22, the piston 18 is pressed
toward the rod cover 16 (in the direction of the arrow A).
In addition, the piston rod 60 also is displaced due to
displacement of the piston 18, and the first cushion ring
62 mounted on the end of the piston rod 60 separates away
from the cavity 22 while in sliding contact with the first
seal ring 24.

Next, upon further displacement of the piston 18, the
second cushion ring 64 is inserted into the rod hole 42,
whereby the flow rate of the pressure fluid is restricted
and is compressed'at the interior of the cylinder chamber
20. As a result, displacement resistance is created when
the piston 18 is displaced, and the displacement velocity
of the piston 18 decreases gradually as the piston 18
approaches the displacement end position thereof.

Lastly, the piston 18 gradually is displaced toward
the rod cover 16 (in the direction of the arrow A),
whereupon the second cushion ring 64 becomes accommodated
completely in the rod hole 42, and the displacement end
position is reached, in which the piston 18 reaches the rod
cover 16 (in the direction of the arrow A).

On the other hand, in the case that the piston 18 is
displaced in the opposite direction (in the direction of
the arrow B), pressure fluid is supplied to the second
fluid port 52, and the first fluid port 40 is placed in a
state of being open to atmosphere under a switching action

of a non-illustrated switching valve. In addition, the
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pressure fluid is supplied into the rod hole 42 from the
second fluid port 52, and by means of the pressure fluid,
which is introduced into the cylinder chamber 20 from the
rod hole 42, the piston 18 is pressed toward the head cover
14 (in the direction of the arrow B).

In addition, the piston rod 60 also is displaced due
to displacement of the piston 18, and the second cushion
ring 64 mounted on the end of the piston rod 60 separates
away from the rod hole 42 while in sliding contact with the
second seal ring 48.

Next, upon further displacement of the piston 18, the
first cushion ring 62 is inserted into the cavity 22,
whereby the flow rate of the pressure fluid is restricted
and is compressed at the interior of the cylinder chamber
20. As a result, displacement resistance is created when
the piston 18 is displaced, and the displacement velocity
of the piston 18 decreases gradually. Additionally, by
abutment of the piston 18 against the head cover 14, the
initial position is restored (see FIG. 1).

Next, a situation will be explained in which, in order
to change the output of the aforementioned fluid pressure
cylinder 10, the cylinder tube 12 and the piston 18 are
exchanged and replaced with a different cylinder tube 12
and piston 18, to thereby change the bore diameter
(cylinder diameter). In particular, a case will be
described in which the output is increased by enlarging the
bore diameter.

At first, non-illustrated nuts, which are screw-
engaged with the connecting rods, are loosened, thereby

releasing the state of connection of the head cover 14 and
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the rod cover 16 with the cylinder tube 12 therebetween.
Thereafter, the head cover 14 and the rod cover 16 are
separated mutually in axial directions (the directions of
arrows A and B) away from the cylinder tube 12.

Next, as shown in FIG. 3, a new cylinder tube 12a
having a larger cylinder diameter C2 than that of the
aforementioned cylinder tube 12, and a new piston 18a
formed with substantially the same diameter as the cylinder
diameter C2 are prepared. In this case, the length in the
axial direction (the direction of arrows A and B) of the
new cylinder tube 12a is longer than the length of the
cylinder tube 12 by a difference (refer to L in FIG. 3)
equivalent to the length in the axial direction between the
fourth stepped portion 34a and the second stepped portion
30a on the head cover 14 and the length in the axial
direction between the fourth stepped portion 34b and the
second stepped portion 30b on the rod cover 16. More
specifically, the lengths in the axial direction of the
cylinder tubes are set such that the distance between the
head cover 14 and the rod cover 16 in the axial direction
is not subject to change.

Further, O-rings 38 are installed, respectively, via
annular grooves on the wall portions 36 that face the
fourth stepped portions 34a, 34b on which the cylinder tube
l12a is installed.

In addition, one end of the cylinder tube 1l2a is
inserted over the outer circumference of the fourth stepped
portion 34a on the head cover 14, whereby the one end of
the cylinder tube 12a is retained with respect to the head

cover 14. Further, in a state in which the piston 18a,
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which has a larger diameter corresponding to the inner
circumferential diameter of the cylinder tube 12a, is
inserted through the interior of the cylinder tube 12a, the
other end of the cylinder tube 12a is inserted over the
outer circumference of the fourth stepped portion 34b on
the rod cover 16. Consequently, a state is brought about in
which the other end of the cylinder tube 12a is mounted on
the rod cover 16, and both ends of the cylinder tube 12a
abut respectively against the O-rings 38.

In this state, the connecting rods (not shown) are
inserted through the head cover 14 and the rod cover 16,
and by screw-engagement and fastening of nuts on both ends
of the connecting rods, the head cover 14 and the rod cover
16 are connected with the cylinder tube 12a gripped
therebetween.

Consequently, in the fluid pressure cylinder 10, the
cylinder tube 12 and the piston 18 thereof are replaced by
a cylinder tube 12a having a larger cylinder diameter C2
and a piston 18a having a larger diameter corresponding to
the cylinder diameter C2, and under a displacement action
of the piston 18a, the output force, which is output in the
axial direction from the piston rod 60, is made larger. 1In
this manner, for example, in the case that the output is
increased according to the weight, etc., of the transported
workpiece, by exchanging and replacing the cylinder tube 12
and the piston 18 with a cylinder tube 1l2a having a larger
cylinder diameter and a piston 18a having a diameter
corresponding to the larger cylinder diameter, an optimal
output cofresponding to the workpiece can be obtained.

On the other hand, in the case that the bore diameter
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in the fluid pressure cylinder 10 is to be reduced, a
cylinder tube 12 having a smaller cylinder diameter, and a
piston having a diameter corresponding to the smaller
cylinder diameter are prepared and assembled, whereby the
output of the fluid pressure cylinder 10 can easily be
decreased. Along therewith, the consumption amount of
pressure fluid used in the fluid pressure cylinder 10 can
be reduced, and as a result, energy savings in the fluid
pressure cylinder 10 can be realized.

Stated otherwise, in the fluid pressure cylinder 10,
by exchanging cylinder tubes 12 equipped with various
different cylinder diameters, as well as changing pistons
18 corresponding to the cylinder diameters of such cylinder
tubes 12, the output of the fluid pressure cylinder 10 can
easily be changed, while the same head cover 14 and rod
cover 16 can be used in common.

Moreover, with the above fluid pressure cylinder 10, a
structure has been described in which four stepped portions
28a, 28b, 30a, 30b, 32a, 32b, 34a, 34b are provided on each
of the first and second spigot joints 26, 50. However, the
invention is not limited to this feature, and insofar as
the number of the stepped portions on the first spigot
joint 26 agrees with the number of the stepped portions on
the second spigot joint 50 while the diameters of the
stepped portions on the first spigot joint 26 correspond
respectively to the diameters of the stepped portions on
the second spigot joint 50, the actual number thereof is
not particularly limited.

In the foregoing manner, according to the first

embodiment, first through fourth stepped portions 28a, 30a,
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32a, 34a that differ in diameter are disposed on the first
spigot joint 26 of the head cover 14, first through fourth
stepped portions 28b, 30b, 32b, 34b that differ in diameter
are disposed on the second spigot joiht 50 of the rod cover
16, and the cylinder tube 12 is mounted selectively on any
one pair of the first through fourth stepped portions 28a,
28b, 30a, 30b, 32a, 32b, 34a, 34b, whereby the cylinder
tube 12 can be positioned in the axial direction and
retained coaxially with respect to the head cover 14 and
the rod cover 16. Owing thereto, by exchanging and
replacing the cylinder tube 12 with a new cylinder tube 12a
having a different cylinder diameter, together with a new
piston 18a having a diameter corresponding to the different
cylinder diameter, a fluid pressure cylinder 10 having a
différent bore diameter (cylinder diameter) can easily be
constructed while making use of the same head cover 14 and
rod cover 16.

As a result, in the case that the output obtained by
the fluid pressure cylinder 10 is to be changed, it is
possible to change the output using the same head cover 14
and the same rod cover 16 of the fluid pressure cylinder
10, and thereby obtain a desired output without any need to
prepare another fluid pressure cylinder 10 equipped with a
piston 18 having a different diameter and a cylinder tube
12 having a different diameter.

More specifically, equipment costs for preparing a new
fluid pressure cylinder can be suppressed, together with
enabling a fluid pressure cylinder 10 to be constructed in
which the cylinder tube 12 and the piston 18 can be

selected to have an optimum diameter (bore diameter) for
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obtaining a desired output. Owing thereto, for example,
compared to the case of using a fluid pressure cylinder
having an excessive output capability in relation to the
desired output, the fluid pressure cylinder 10 can be
operated with minimum consumption of pressure fluid, and
accordingly energy savings can be realized.

Further, even in the case that a cylinder tube and a
piston are exchanged by a cylinder tube 12a of a different
cylinder diameter and a piston 18a corresponding to the
cylinder diameter, and the cylinder diameter (Cl, C2) of
the cylinder chamber 20 in the fluid pressure cylinder 10
is changed, by using a new cylinder tube 12a having a
length depending on the difference in the axial direction
of the first through fourth stepped portions 28a, 28b, 30a,
30b, 32a, 32b, 34a, 34b, the length dimension of the fluid
pressure cylinder 10 is not subject to change.

Owing thereto, for example, in the case that the fluid
pressure cylinder 10 is used on an assembly line, and is
attached to the assembly line via the head cover 14 and the
rod cover 16, the fluid pressure cylinder can be mounted
reliébly at the prior attachment position without changes
to the attachment position (attachment pitch) thereof. As a
result, the bore diameter of a fluid pressure cylinder 10,
which is used on an assembly line, can easily be changed,
and the fluid pressure cylinder 10 can easily and reliably
be installed with respect to the assembly line.

Furthermore, on the first and second spigot joints 26,
50, O-rings 38 are disposed detachably via annular grooves
on respective wall portions 36, which are perpendicular to

the axial direction of the fluid pressure cylinder 10 and
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formed respectively corresponding to the first through
fourth stepped portions 28a, 28b, 30a, 30b, 32a, 32b, 34a,
34b. Accordingly, by installing the O-rings 38 on the wall
portions 36 corresponding to the stepped portions on which
the cylinder tube 12 is mounted, ends of the cylinder tube
12 can be placed in abutment against the O-rings 38. As a
result, by the O-rings 38, leakage of pressure fluid that
passes between the cylinder tube 12, the head cover 14, and
the rod cover 16 can be reliably prevented from occurring.

Next, a fluid pressure cylinder 100 according to a
second embodiment is shown in FIG. 4. Constituent elements
of the fluid pressure cylinder 100, which are the same as
those of the fluid pressure cylinder 10 according to the
first embodiment, are denoted using the same reference
numerals, and detailed description of such features is
omitted.

As shown in FIG. 4, the fluid pressure cylinder 100
differs from the fluid pressure cylinder 10 according to
the first embodiment, in that each of first and second
spigot joints 106, 108 provided respectively on a head
cover 102 and a rod cover 104 is constituted from two
stepped portions, i.e., fifth and sixth stepped portions
110a, 112a for the first spigot joint 106, and fifth and
sixth stepped portions 110b, 112b for the second spigot
joint 108.

Concerning the fifth and sixth stepped portions 110a,
110b, 1l12a, 112b provided on the head cover 102 and the rod
cover 104, the fifth stepped portions 110a, 110b are formed
respectively on inner circumferential sides of the head

cover 102 and the rod cover 104, whereas the sixth stepped
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portions 112a, 112b are formed respectively on outer
circumferential sides of the head cover 102 and the rod
cover 104. Together therewith, concerning the lengths at
which the stepped portions project with respect to end
surfaces of the head cover 102 and the rod cover 104, the
fifth stepped portions 110a, 110b are formed to project at
a greater length than the sixth stepped portions 112a,
112b.

Further, for example, the diameter of the fifth
stepped portions 110a, 110b is set to the same diameter as
the second stepped portions 30a, 30b in the fluid pressure
cylinder 10 of the aforementioned first embodiment, and the
diameter of the sixth stepped portions 112a, 112b is set to
the same diameter as the fourth stepped portions 34a, 34b
in the fluid pressure cylinder 10. More specifically, a
construction is made up in which stepped portions are
provided corresponding to the second and fourth stepped
portions 30a, 30b, 34a, 34b of the fluid pressure cylinder
10, whereas the stepped portions 32a, 32b of intermediate
diameters between the second and fourth stepped portions
30a, 30b, 34a, 34b are not provided.

Furthermore, on the head cover 102 and the rod cover
104, wall portions 114 are formed perpendicularly to the
fifth and sixth stepped portions 110a, 110b, 112a, 112b,
and substantially in parallel to end surfaces of the head
cover 102 and the rod cover 104. O-rings 38 are installed
via annular grooves respectively on the wall portions 114.
Moreover, compared to the respective wall portions 36 of
the fluid pressure cylinder 10 according to the first

embodiment, the area of the wall portions 114 can be
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assured to be greater by an area occupied by.the reduced
number of stepped portions. More specifically, the area of
the wall portions 114 can be increased in the radial
direction.

In addition, for example, one end of the cylinder tube
12 is inserted over the outer circumferential side of the
fifth stepped portion 110a on the head cover 102, and the
other end of the cylinder tube 12 is inserted over the
outer circumferential side of the fifth stepped portion
110b on the rod cover 104, and by the ends coming into
abutment against the respective wall portions 114, the
cylinder tube 12 is retained in a positioned state radially
and axially (in the direction of arrows A and B) with
respect to the head cover 102 and the rod cover 104. At
this time, both ends of the cylinder tube 12 come into
abutment against the O-rings 38 that are installed on the
wall portions 114, whereby leakage of pressure fluid that
passes between the cylinder tube 12, the head cover 102,
and the rod cover 104 is prevented from occurring.

Operations of the fluid pressure cylinder 100 and the
operation by which the bore diameter is changed are the
same as those carried out with the fluid pressure cylinder
10 according to the first embodiment, and thus, description
of such details is omitted.

In the foregoing manner, according to the second
embodiment, fifth and sixth stepped portions 110a, 1l12a
that differ in diameter are disposed on the first spigot

joint 106 of the head cover 102, fifth and sixth stepped

portions 110b, 112b that differ in diameter are disposed on

the second spigot joint 108 of the rod cover 104, and the
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cylinder tube 12 is mounted selectively on any one pair of
the fifth and sixth stepped portions 110a, 110b, 1l1l2a,
112b, whereby the cylinder tube 12 can be positioned in the
axial direction (the direction of arrows A and B) and
retained coaxially wifh the head cover 102 and the rod
cover 104.

Owing thereto, by exchanging and replacing the
cylinder tube 12 and the piston 18 with a new cylinder tube
12 having a different cylinder diameter and a new piston 18
having a diameter corresponding to the different cylinder
diameter, a fluid pressure cylinder 100 having a different
bore diameter (cylinder diameter) can easily be constrdcted
while making use of the same head cover 102 and rod cover
104.

As a result, in the case that the output obtained by
the fluid pressure cylinder 100 is to be changed, it is
possible to change the output using the same head cover 102
and rod cover 104 of the fluid pressure cylinder 100, and
thereby to obtain a desired output, without any need to
prepare another fluid pressure cylinder equipped with a
piston 18 having a different diameter and a cylinder tube
12 having a different diameter.

More specifically, equipment costs for preparing a new
fluid pressure cylinder can be suppressed, together with
enabling a fluid pressure cylinder 100 to be constructed in
which the cylinder tube 12 and the piston 18 can be
selected to have an optimum diameter (bore diameter) for
obtaining a desired output. Owing thereto, for example,
compared to the case of using a fluid pressure cylinder

having an excessive output capability in relation to the
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desired output, the fluid pressure cylinder 100 can be
operated with minimum consumption of pressure fluid, and
energy savings can be realized accordingly.

Further, compared to the fluid pressure cylinder 10
according to the first embodiment, since a fewer number of
stepped portions are provided on the first and second
spigot joints 106, 108, a large area for the wall portions
114 that abut against both ends of the cylinder tube 12 can
be assured. As a result, both ends of the cylinder tube 12
are placed in abutment more reliably against the head cover
102 and the rod cover 104, and positioning of the cylinder
tube 12 can be performed with higher precision in the axial
direction (the direction of arrows A and B).

Next, a fluid pressure cylinder 120 according to a
third embodiment is shown in FIGS. 5A and 5B. Constituent
elements of the fluid pressure cylinder 120, which are the
same as those of the fluid pressure'cylinders 10, 100
according to the first and second embodiments, are denoted
using the same reference numerals, and detailed description
of such features is omitted.

As shown in FIGS. 5A and 5B, the fluid pressure
cylinder 120 differs from the fluid pressure cylinders 10,
100 according to the first and second embodiments, in that
first and second spigot joints 126, 128, which have an
annularly-recessed shape, are formed respectively on end
surfaces of a head cover 122 and a rod cover 124.

The first spigot joint 126 is recessed in the axial
direction (the direction of the arrow B) at a predetermined
depth from an end face of the head cover 122 that faces

toward the cylinder tube 12, and is formed coaxially with
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Further, the first spigot joint 126 is equipped with a
first spigot surface 130a formed on an outer
circumferential side in the first spigot joint 126, and a
second spigot surface 132a formed on an inner
circumferential side .therein. The first and second spigot
surfaces 130a, l1l32a are fofmed mutually in parallel with
each other, and parallel with the axial direction of the
head cover 122. More specifically, the second spigot
surface 132a is disposed on a central side of the head
cover 122. A distance in the radial direction between the
first spigot surface 130a and the second spigot surface
132a is set to be greater than a thickness of the cylinder
tube 12 in the radial direction.

Furthermore, O-rings 38 are installed via annular
grooves, respectively, on wall portions adjacent to the
first and second spigot surfaces 130a, 132a in the first
spigot joint 126. A fluidtight state is maintained by
abutment of one end of the cylinder tube 12 against the O-
ring 38 when the one end of the cylinder tube 12 is
installed with respect to the first spigot joint 126.

In addition, positioning of the cylinder tube 12 in
the radial direction is carried out by placing the outer
circumferential surface of the cylinder tube 12 in abutment
with the first spigot surface 130a in the first spigot
joint 126 or placing the inner circumferential surface of
the cylinder tube 12 in abutment with the second spigot
surface 132a in the first spigot joint 126.

On the other hand, the second spigot joint 128 is

recessed in the axial direction (the direction of the arrow
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A) at a predetermined depth from an end face of the rod
cover 124 that faces toward the cylinder tube 12, and is
formed coaxially with the rod hole 42.

Further, as with the first spigot joint 126, the
second spigot joint 128 is equipped with a first spigot
surface 130b formed on an outer circumferential side in the
second spigot joint 128, and a second spigot surface 132b
formed on an inner circumferential side therein. The first
and second spigot surfaces 130b, 132b are formed mutually
in parallel with each other, and parallel with the axial
direction of the rod cover 124. More specifically, the
second spigot surface 132b is disposed on a central side of
the rod cover 124. A distance in the radial direction
between the first spigot surface 130b and the second spigot
surface ;32b is set to be greater than a thickness of the
cylinder tube 12 in the radial direction.

Furthermore, O-rings 38 are installed via annular
grooves, respectively, on wall portions adjacent to the
first and second spigot surfaces 130b, 132b in the second
spigot joint 128. A fluidtight state is maintained by
abutment of the other end of the cylinder tube 12 against
the O-ring 38 when the other end of the cylinder tube 12 is
installed with respect to the second spigot joint 128.

In addition, positioning of the cylinder tube 12 in
the radial direction is carried out by placing the outer
circumferential surface of the cylinder tube 12 in abutment
with the first spigot surface 130b in the second spigot
joint 128 or placing the inner circumferential surface of
the cylinder tube 12 in abutment with the second spigot

surface 132b in the second spigot joint 128.
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With the fluid pressure cylinder 120 shown in FIG. 5A,
for example, the one end and the other end of the cylinder
tube 12 abut, respectively, against the first spigot
surfaces 130a, 130b that are provided on outer
circumferential sides of the first and second spigot joints
126, 128, whereby the cylinder tube 12 is positioned in the
radial direction. Further, by abutment of the one end and
the other end of the cylinder tube 12 against the wall
portions of the first and second spigot joints 126, 128,
the cylinder tube 12 is positioned and retained in the
axial direction (the direction of arrows A and B).

In addition, in the case that the cylinder tube 12 is
replaced with a new cylinder tube 12a having a smaller
diameter, as shown in FIG. 5B, the inner circumferential
surface of the one end of the cylinder tube 12a is placed
in abutment against the second spigot surface 132a of the
first spigot joint 126 and is positioned radially. Together
therewith, the piston 18a, which corresponds with the
diameter of the cylinder tube 12a, is inserted through the
interior of the cylinder tube 12a. In this condition, the
other end of the cylinder tube 12a is inserted into the
second spigot joint 128 of the rod cover 124, and after
being placed in abutment with the second spigot surface
132b, is moved into abutment against the wall portion.

Consequently, by the second spigot surfaces 132a,
132b, the cylinder tube 1l2a is positioned and retained
axially (in the direction of arrows A and B) and radially
with respect to the head cover 122 and the rod cover 124.
At this time, both ends of the cylinder tube 12a come into

abutment against the O-rings 38 installed on the wall
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portions, whereby leakage of pressure fluid that passes
between the cylinder tube 12a, the head cover 122, and the
rod cover 124 is prevented from occurring.

In the foregoing manner, with the third embodiment,
the first and second spigot joints 126, 128, which are
annularly recessed, and have sizes of the recesses in a
radial direction greater than the thickness of the cylinder
tube 12 in the radial direction, are provided respectively
on end surfaces of the head cover 122 and the rod cover
124, whereby positioning of the cylinder tube 12 in the
radial direction can be carried out using either one pair
of the first spigot surfaces 130a, 130b on the outer
circumferential side of the first and second spigot joints
126, 128, and the second spigot surfaces 132a, 132b on the
inner circumferential side of the first and second spigot
joints 126, 128.

Owing thereto, positioning of the cylinder tubes 12,
l2a having different diameters can be carried out by a
single spigot portion provided on each of the head cover
122 and the rod cover 124, i.e., the first and second
spigot joints 126, 128. As a result, compared to a
situation in which plural spigot portions are disposed on
each of the head cover 122 and the rod cover 124 for
carrying out positioning of the different diameter cylinder
tubes 12, 12a, since positioning thereof can be handled by
means of the single spigot portion, i.e., the first and
second spigot joints 126, 128, manufacturing costs for the
fluid pressure cylinder 120 can be reduced.

Next, a fluid pressure cylinder 140 according to a

fourth embodiment is shown in FIGS. 6A and 6B. Constituent
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elements of the fluid pressure cylinder 140, which are the
same as those of the fluid pressure cylinders 10, 100, 120
according to the first through third embodiments, are
denoted using the same reference numerals, and detailed
description of such features is omitted.

As shown in FIGS. 6A and 6B, the fluid pressure
cylinder 140 differs from the fluid pressure cylinders 10,
100, 120 according to the first through third embodiments,
in that first and second spigot joints 146, 148, each
having plural spigots, are formed respectively on end
surfaces of a head cover 142 and a rod cover 144.

The first spigot joint 146, for example, is recessed
in the axial direction (the direction of the arrow B) at a
predetermined depth from an end surface of the head cover
142 facing toward the cylinder tube 12, and includes a
plurality of (e.g., two) first spigots 150a, 150b, which
are separated by a predetermined distance in the radial
direction. The first spigots 150a, 150b are formed in
annular shapes and coaxially with the cavity 22. One of the
first spigots 150a disposed on the outer circumferential
side is formed so as to be exposed to the exterior, whereas
the other first spigot 150b disposed on the inner
circumferential side is formed into an annular grooved
portion.

Further, O-rings 38 are installed via annular grooves,
respectively, on wall portions adjacent to the first
spigots 150a, 150b, and a fluidtight state is maintained by
abutment of one end of the cylinder tube 12 against the O-
ring 38 when the one end of the cylinder tube 12 is

installed.
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In addition, positioning of the cylinder tube in the
radial direction is carried out by inserting the one end of
the cylinder tube 12 over either one of the first spigots
150a, 150b on the first spigot joint 146, and placing the
inner circumferential surface of the cylinder tube 12 in
abutment against the outer circumferential surface of the
one of the first spigots 150a, 150b. More specifically, the
first spigots 150a, 150b on the first spigot joint 146
serve as spigot surfaces, which carry out positioning of
the cylinder tube 12 in the radial direction.

On the other hand, the second spigot joint 148, for
example, is recessed in the axial direction (the direction
of the arrow A) at a predetermined depth from an end
surface of the rod cover 144 facing toward the cylinder
tube 12, and includes a plurality of (e.g., two) second
spigots 152a, 152b, which are separated by a predetermined
distance in the radial direction. The second spigots 152a,
152b are formed in annular shapes and coaxially with the
rod hole 42. One of the second spigots 152a disposed on the
outer circumferential side is formed so as to be exposed to
the exterior, whereas the other second spigot 152b disposed
on the inner circumferential side is formed into an annular
grooved portion.

Further, O-rings 38 are installed via annular grooves,
respectively, on wall portibns adjacent to the second
spigots 152a, 152b, and a fluidtight state is maintained by
abutment of the other end of the cylinder tube 12 against
the O-ring 38 when the other end of the cylinder tube 12 is
installed.

In addition, positioning of the cylinder tube in the
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radial direction is carried out by inserting the other end
of the cylinder tube 12 over either one of the second
spigots 152a, 152b on the second spigot joint 148, and
placing the inner circumferential surface of the cylinder
tube 12 in abutment against the outer circumferential
surface of the one of the second spigots 152a, 152b. More
specifically, the second spigots 152a, 152b on the second
spigot joint 148 serve as spigot surfaces, which carry out
positioning of the cylinder tube 12 in the radial
direction.

For example, with the fluid pressure cylinder 140
shown in FIG. 6A, the one end and the other end of the
cylinder tube 12 are mounted respectively on the first and
second spigots 150a, 152a, which are disposed on outer
circumferential sides of the first and second spigot joints
146, 148 and thereby positioned in the radial direction. 1In
addition, by abutment of the one end and the other end of
the cylinder tube 12 against the wall portions of the first
and second spigot joints 146, 148, the cylinder tube 12 is
positioned and retained in the axial direction.

In addition, in the case that the above-mentioned
cylinder tube 12 is to be replaced with a new cylinder tube
12a having a smaller diameter, as shown in FIG. 6B, the one
end of the cylinder tube 1l2a is inserted over the first
spigot 150b on the inner circumferential side of the first
spigot joint 146, and the inner circumferential surface of
the cylinder tube 12a is placed in abutment against the
outer circumferential surface of the first spigot 150b,
thereby positioning the cylinder tube 12a radially.

Thereafter, in a state in which a piston 18a, which has a
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smaller diameter corresponding to the diameter of the
cylinder tube 12a, is inserted into the cylinder tube 12a,
the other end of the cylinder tube 12a is inserted over the
second spigot 152b on the inner circumferential side of the
second spigot joint 148 on the rod cover 144, such that the
cylinder tube 1l2a abuts against the outer circumferential
surface of the second spigot 152b and is made to abut
against the wall portion.

Consequently, by the first and second spigots 150b,
152b provided on the inner circumferential side, the
cylinder tube 12a is positioned and retained axially (in
the direction of arrows A and B) and radially with respect
to the head cover 142 and the rod cover 144. At this time,
both.ends of the cylinder tube 12a come into abutment
against the O-rings 38 installed on the wall portions,
whereby leakage of pressure fluid that passes between the
cylinder tube 12a, the head cover 142, and the rod cover
144 is prevented from occurring.

In the foregoing manner, with the fourth embodiment,
on ends of the head cover 142 and the rod cover 144, the
first and second spigot joints 146, 148 are provided, which
include the plural first and second spigots 150a, 150b,
152a, 152b separated mutually by predetermined distances in
the radial direction, and the first and second spigots
150a, 150b, 152a, 152b are formed in an offset manner only
in the radial direction, and are not offset mutually in the
axial direction (the direction of arrows A and B).
Therefore, in the case that a cylinder tube is to be
exchanged with a cylinder tube 12a of a different diameter,

by exchanging the cylinder tube with the cylinder tube 12a
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of the same length, it is possible to carry out such an
exchange without altering the stroke of the piston 18, 18a.
Along therewith, when the fluid pressure cylinder 140 is
installed on an assembly line, the fluid pressure cylinder
140 can be attached reliably at the prior attachment
position, without requiring changes to the attachment
position (attachment pitch) of ‘the head cover 142 and the
rod cover 144. As a result, thg bore diameter of the fluid
pressure cylinder 140, which is used on an assembly line,
can easily be changed, and the fluid pressure cylinder 140
can easily and reliably be installed with respect to the
assembly line.

In the fourth embodiment above, a case has been
described in which one type of cylinder tube 12 (12a) is
capable of being mounted on each pair of the first and
second spigots 150a, 152a, and the first and second spigots
150b, 152b, on the first and second spigot joints 146, 148.
However, the invention is not limited to this structure.
For example, a structure may be provided in which the
annular shaped first and second spigots 150b, 152b are
expanded radially, and two types of cylinder tubes 12 (1l2a)
are capable of being positioned on one pair of the first
and second spigots 150b, 152b, i.e., on inner
circumferential surfaces of the first and second spigots
150b, 152b and on outer circumferential surfaces thereof.

More specifically, two types of cylinder tubes 12 of
different diameters can be installed and positioned with
respect to the first and second spigots 150b, 152b. Thus,
three types of cylinder tubes 12 (including the case in

which the cylinder tube 12 is mounted and positioned on the
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first and second spigots 150a, 152a) that differ in
diameter can be installed selectively in the fluid pressure
cylinder 140, and can be positioned in the radial direction
and assembled.

The fluid pressure cylinder according to the present

invention is not limited to the above embodiments. Various

- changes and modifications may be made to the embodiments

without departing from the scope of the invention as set

forth in the appended claims.
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CLAIMS

Claim 1. A fluid pressure cylinder (10, 100, 120, 140)
comprising a cylindrically shaped cylinder tube (12) having
a cylinder chamber (20) in the interior thereof, a pair of
cover members (14, 16, 102, 104, 122, 124, 142, 144)
mounted on both ends of the cylinder tube (12), and a
piston (18) disposed displaceably along the cylinder
chamber (20),

wherein spigot joint means (26, 50, 106, 108, 126,
128, 146, 148), over which the cylinder tube (12) is
inserted, and which positions the cylinder tube (12) in
axial and radial directions, are disposed on the cover
members (14, 16, 102, 104, 122, 124, 142, 144), each of the
spigot joint means (26, 50, 106, 108, 126, 128, 146, 148)
comprising at least two pairs of stepped portions (28a,
28b, 30a, 30b, 32a, 32b, 34a, 34b, 110a, 110b, 112a, 112b)
of different diameters or at least two pairs of grooved
portions (130a, 130b, 132a, 132b, 150a, 150b, 152a, 152b)
of different diameters, and an inner circumferential
surface or an outer circumferential surface of the cylinder
tube (12) is selectively installed on any one pair of the
stepped portions (28a, 28b, 30a, 30b, 32a, 32b, 34a, 34D,
110a, 110b, 112a, 112b) or on any}one pair of the grooved
portions (130a, 130b, 132a, 132b, 150a, 150b, 152a, 152b).

Claim 2. The fluid pressure cylinder according to
claim 1, wherein the stepped portions (28a, 28b, 30a, 30b,
32a, 32b, 34a, 34b, 110a, 110b, 112a, 112b) are formed in a

mutually offset manner in the axial direction of the cover
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members (14, 16, 102, 104).

Claim 3. The fluid pressure cylinder according to
claim 1, wherein the grooved portions (130a, 130b, 132a,
132b) are provided on an inner circumferential surface and
an outer circumferential surface of an annular groove

formed on the cover members (122, 124).

Claim 4. The fluid pressure cylinder according to
claim 1, wherein on the stepped'portions (28a, 28b, 30a,
30b, 32a, 32b, 34a, 34b, 110a, 110b, 112a, 112b) and the
grooved portions (130a, 130b, 132a, 132b, 150a, 150b, 152a,
152b), seal members (38) are installed on wall portions

thereof against which ends of the cylinder tube (12) abut.
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