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(54)  Fluid pressure cylinder unit with stroke sensor

(57)  Astroke sensor (100) detects a relative position
of a piston (2a) with respect to a cylinder (1) of a fluid
pressure cylinder (100). The stroke sensor (100) com-
prises a magnet (4) fixed to the piston (2a) and a sensor
probe (3) fixed to the cylinder (1). The sensor probe (3)
generates a signal in response to a relative position with
respect to the magnet (4). The magnet (4) is gripped be-

tween a holder (6) which is fixed to the piston (2c) and a
seat member (5) which is supported by the piston (2a).
By gripping an elastically deformable shock absorbing
member (7) between the magnet (4) and the holder (6),
the precision with which the magnet (4) is positioned with
respect to the piston (2) is increased while protecting the
magnet (4) from damage due to excessive gripping force.

~t—

~

3c 3a 11

s\ A

M/ //V /M

FIG. 1

Printed by Jouve, 75001 PARIS (FR)



1 EP 1867 880 Al 2

Description
FIELD OF THE INVENTION

[0001] This invention relates to the installation of a
stroke sensor in a fluid pressure cylinder.

BACKGROUND OF THE INVENTION

[0002] JPH11-190308A, published by the Japan Pat-
ent Office in 1999 proposes a stroke sensor for detecting
a stroke position of a fluid pressure cylinder.

[0003] This stroke sensor comprises a sensor probe,
a base of which is fixed to the cylinder and a tip of which
is inserted into a bore formed axially in a piston rod
through an opening formed in the central part of a piston.
[0004] A magnetostrictive wire is built into the sensor
probe in an axial direction. By applying a pulsed electric
current to the magnetostrictive wire, a magnetic field is
formed on the outer circumference of the sensor probe
in a circumferential direction. By disposing a magnet so
as to face the outer circumference of the sensor probe
in this state, the magnetic field in the circumferential di-
rection and a magnetic field formed by the magnet in the
axial direction are integrated, and as a result a torsional
strain in the magnetic field is generated in the position of
the magnet. This phenomenon is known as the Wiede-
mann effect.

[0005] The torsional strain in the magnetic field is
transmitted as an acoustic wave along the magnetostric-
tive wire. The propagation period of this acoustic wave
along the magnetostrictive wire has a linear relation with
the distance from the magnet. By measuring the propa-
gation period of this acoustic wave in a predetermined
position of the magnetostrictive wire, the relative posi-
tions of the magnet and the sensor probe can be detect-
ed.

SUMMARY OF THE INVENTION

[0006] According to the prior art, the magnet is dis-
posed in a recess formed in the central position of the
piston. The opening of the recess faces the bottom of the
cylinder. The magnet is gripped between a cap-shaped
holder and a bottom of the recess. The holder is secured
to the bottom of the recess by mounting screws.

[0007] Depending on the tightening force generated
by the mounting screws, the axial position of the magnet
may vary slightly. This variation causes a detection error
in the stroke position. Further, if excessive torque is ap-
plied to the screws to secure the magnet firmly, the mag-
net may be damaged due to excessive tightening force.
[0008] It is therefore an object of this invention to im-
prove the precision with which the magnet is positioned
with respect to the piston as well as to protect the magnet
from an excessive tightening force.

[0009] Inorderto achieve the above object, this inven-
tion provides a fluid pressure cylinder unit comprising, a
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cylinder, a piston housed in the cylinder so as to be free
to slide in an axial direction, and a stroke sensor for de-
tecting a relative position of the piston with respect to a
cylinder.

[0010] The stroke sensor comprises a magnet fixed to
one of the cylinder and the piston, and a sensor probe
fixed to the other of the cylinder and the piston. The sen-
sor probe generates a signal in response to a relative
position in the axial direction with respect to the magnet.
[0011] The fluid pressure cylinder unit further compris-
es a shock absorbing member gripped between the mag-
net and the one of the cylinder and the piston. The shock
absorbing member elastically deforms in the axial direc-
tion depending on a tightening force acting between the
magnet and the one of the cylinder and the piston.
[0012] The details as well as other features and ad-
vantages of this invention are set forth in the remainder
of the specification and are shown in the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a longitudinal sectional view of a hy-
draulic pressure cylinder unit according to this invention.
[0014] FIG.2isanenlarged longitudinal sectional view
of a magnet holding part of the hydraulic pressure cylin-
der unit.

[0015] FIG. 3isanenlarged longitudinal sectional view
of a magnet holding part according to another embodi-
ment of this invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0016] Referring to FIG. 1 of the drawings, a hydraulic
pressure cylinder unit comprises a cylinder 1, a piston
2a enclosed in the cylinder 1 so as to be free to slide,
and a piston rod 2 connected to the piston 2a and pro-
jecting from the cylinder 1 in an axial direction.

[0017] A hydraulic pressure chamber R is delimited in
the cylinder 1 by the piston 2a. The hydraulic pressure
chamber R drives the piston 2ain the axial direction within
the cylinder 1 according to hydraulic pressure supplied
from a hydraulic pressure source P disposed on the out-
side of the cylinder 1.

[0018] Specifically, when hydraulic pressure is sup-
plied to the hydraulic pressure chamber R from the hy-
draulic pressure source P, the hydraulic pressure cham-
ber R expands, and the piston 2a displaces towards the
right hand side of the figure. Accordingly, the piston rod
2 projects from the cylinder 1. This action is known as
elongation of the hydraulic pressure cylinder unit.
[0019] Onthe other hand, when the hydraulic pressure
is released from the hydraulic pressure chamber R to the
hydraulic pressure source P, the hydraulic pressure
chamber R contracts and the piston 2a displaces towards
the left hand side of the figure in the cylinder 1. Accord-
ingly, the piston rod 2 invades the cylinder 1. This action
is known as contraction of the hydraulic pressure cylinder
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unit.

[0020] To detect a relative position of the piston rod 2
with respect to the cylinder 1 in the axial direction, or in
other words a stroke position of the piston 2, the hydraulic
pressure cylinder unit comprises a stroke sensor 100.
[0021] The stroke sensor 100 comprises a sensor
probe 3 fixed to the cylinder 1, and a magnet 4 fixed to
the piston 2a.

[0022] The sensor probe 3 is formed from a nhon-mag-
netic material. The sensor probe 3 penetrates a hole
formed in a bottom cap member 11 which is fixed to a
bottom 1a of the cylinder 1. A base portion 3b of the
sensor probe 3 is screwed into the bottom cap member
11. The sensor probe 3 projects into the cylinder 1 and
is covered by a sheath 32. The sheath 32 is made of a
non-magnetic material and an end thereof is fitted into
the hole in the bottom cap member 11. The sensor probe
3 penetrates a ring-shaped centering guide 33 which is
fitted in the sheath 32, and is maintained in a state of
concentricity with the sheath 32 thereby.

[0023] A cylindrical recess A is formed in the central
portion of the piston 2 facing the bottom 1a of the cylinder
1. A bore 2b connected to the recess A is formed in the
piston rod 2 in the axial direction. The sensor probe 3
and the sheath 32 pass through the recess A and are
inserted into the bore 2b. A centering guide 34 is fitted
to the outer circumference of a tip of the sheath 32. The
centering guide 34 is in contact with the inner circumfer-
ence of the bore 2b so as to maintain the sheath 32 in a
state of concentricity with the bore 2b.

[0024] A magnetostrictive wire extending in the axial
direction is enclosed in the sensor probe 3. A probe head
3ais fitted to the base of the sensor probe 3 so as to be
exposed to the outside of the bottom cap member 11. A
cable 3c is connected to the magnetostrictive wire via
the probe head 3a so as to supply the magnetostrictive
wire with a pulsed electric current.

[0025] Referring to FIG. 2, the magnet 4 is enclosed
in the recess A. The magnet 4 is formed into a cylindrical
shape that is long in the axial direction. It is also possible
to construct the magnet 4 in a ring-shape or to construct
the magnet 4 by accumulating ring-shaped magnet ele-
ments in the axial direction.

[0026] Themagnet4isenclosedinacap-shaped hold-
er 6 fixed to a bottom 2c of the recess A. The holder 6 is
made of a non-magnetic material and provided with a
through-hole through which the sheath 32 passes. The
magnet 4 is arranged to face the outer circumference of
the sheath 32 in the holder 6.

[0027] An annular groove is formed on a bottom 62b
of the holder 6, and a shock absorbing member 7 is fitted
therein.

[0028] A seat member 5 made of a non-magnetic ma-
terial and having the same diameter as that of the recess
A is fitted into the recess A so as to be in contact with
the bottom 2c of the recess A. A flange 62a is formed at
an opening of the holder 6. The diameter of the flange
62a is set in advance such that the outer circumference
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of the flange 62a comes into contact with the inner cir-
cumference 2d ofthe recess A. Inthe recess A, the holder
6 with the magnet 4 enclosed therein is fixed to the piston
2 by mounting screws 61 which penetrate bolt holes 5a
formed in the flange 62a and the seat member 5 and are
screwed into the piston 2.

[0029] In this fixed state, the magnet 4 is gripped be-
tween the shock absorbing member 7 and the seat mem-
ber 5. The shock absorbing member 7 is constituted by
an O-ring made of a rubber material or a synthetic resin.
The dimension of the shock absorbing member 7 are set
such that the shock absorbing member 7 projects from
the annular groove in the bottom 62b of the holder 6 to-
wards the seat member 5. By tightening the mounting
screws 61 onto the piston 2, the magnet 4 is pressed
against the shock absorbing member 7 and deforms the
shock absorbing member 7. The magnet 4 is ultimately
supported by the bottom 62b via the deformed shock
absorbing member 7.

[0030] If the holder 6 is temporarily fixed to the seat
member 5 by, for example, an adhesive in advance, fitting
the magnet 4 and the holder 6 into the recess A can be
performed easily.

[0031] The operation principle of the stroke sensor 100
is identical to that of the prior art.

[0032] According to this invention, the magnet 4 is
gripped between the seat member 5 and the shock ab-
sorbing member 7 supported by the bottom 62b of the
holder 6. Deformation of the shock absorbing member 7
prevents excessive compression force from acting on the
magnet 4 even when the tightening force of the mounting
screws 61 is excessive, thereby protecting the magnet 4
from damage due to the excessive tightening force. On
the other hand, the shock absorbing member 7 exerts a
resilient force on the magnet 4 so as to keep the magnet
4 in contact with the seat member 5 even when the tight-
ening force of the mounting screws 6 is insufficient. Ac-
cording to this invention, therefore, the magnet 4 is main-
tained in the predetermined position with high precision
irrespective of the tightening force of the mounting
screws 61.

[0033] Next, referring to FIG. 3, another embodiment
of this invention will be described.

[0034] Inthisembodiment,the entire holder 6 is formed
into a cylindrical shape. A male screw 62c is formed on
the outer circumference of the holder 62 and a female
screw is formed on the inner circumference 2d of the
recess A. By screwing the male screw 62c¢ into the female
screw on the inner circumference 2d of the recess A, or
in other words by screwing the holder 6 directly into the
recess A, the holder 6 is fixed to the piston 2a. The mag-
net 4 is gripped between the seat member 5 and the
bottom 62b via the shock absorbing member 7 as in the
case of the first embodiment under the tightening force
of the holder 6 screwed into the recess A.

[0035] According to this embodiment also, deforma-
tion of the shock absorbing member 7 protects the mag-
net 4 from damage due to excessive tightening force
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while ensuring precise positioning of the magnet 4. Fur-
ther, the mounting screws 61 are omitted in this embod-
iment, and hence the number of components required
for installing the stroke sensor 100 can be decreased.
[0036] The contents of Tokugan 2006-166835, with a
filing date of June 16, 2006 in Japan, are hereby incor-
porated by reference.

[0037] Although the invention has been described
above with reference to certain embodiments of the in-
vention, the invention is not limited to the embodiments
described above. Modifications and variations of the em-
bodiments described above will occur to those skilled in
the art, within the scope of the claims.

[0038] For example, in the embodiments described
above, the sensor probe 3 is fixed to the cylinder 1 while
the magnet 4 is fixed to the piston 2a, but this invention
can be applied to a fluid pressure sensor in which the
magnet is fixed to the cylinder while the sensor probe is
'fixed to the piston.

[0039] In the embodiments described above, the
shock absorbing member 7 is disposed in the annular
groove formed on the bottom 62b of the holder 6, but the
annular groove for accommodating the shock absorbing
member 7 may be formed in the seat member 5.

[0040] In the embodiments described above, the hy-
draulic pressure cylinder is a single rod type, but this
invention can be applied to a double rod type hydraulic
pressure cylinder. This invention can be applied to any
kind of hydraulic pressure cylinder including cylinder for
seismic isolation of civil or architectural structures. Fur-
ther, the fluid pressure cylinder to which this invention is
applied should not be limited to a hydraulic pressure cyl-
inder. This invention can be also applied to an air pres-
sure cylinder, for example.

[0041] The embodiments of this invention in which an
exclusive property or privilege is claimed are defined as
follows:

Claims
1. Afluid pressure cylinder unit comprising:

a cylinder (2);

a piston (2a) housed in the cylinder (1) so as to
be free to slide in an axial direction;

a stroke sensor (100) for detecting a relative po-
sition of the piston (2a) with respect to a cylinder
(1), the stroke sensor (100) comprising a magnet
(4) fixed to one of the cylinder (1) and the piston
(2a), and a sensor probe (3) fixed to the other
of the cylinder (1) and the piston (2a), the sensor
probe (3) generating a signal in response to a
relative position in the axial direction with re-
spect to the magnet (4); and

a shock absorbing member (7) gripped between
the magnet (4) and the one of the cylinder (1)
and the piston (2a), the shock absorbing mem-
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ber (7) elastically deforming in the axial direction
depending on a tightening force acting between
the magnet (4) and the one of the cylinder (1)
and the piston (2a).

The fluid pressure cylinder unit as defined in Claim
1, wherein the sensor probe (3) is fixed to the cylinder
(1) and the magnet (4) is fixed to the piston (2a).

The fluid pressure cylinder unit as defined in Claim
2,whereinthe piston (2a) hasarecess (A) inacentral
portion, the magnet (4) is formed into a cylindrical
shape facing an outer circumference of the sensor
probe (3) and accommodated in a holder (6) which
is disposed in a recess (A) and fixed to the piston
(2a), and the shock absorbing member (7) is inter-
posed between the holder (6) and the magnet (4).

The fluid pressure cylinder unit as defined in Claim
3, wherein the holder (6) is formed into a cap-shape
having a bottom (62b), the shock absorbing member
(7) is accommodated in an annular groove formed
in the bottom (62b) of the holder (6), and the magnet
(4) is gripped between the piston (2a) and the bottom
(62b) of the holder (6) via the shock absorbing mem-
ber (7).

The fluid pressure cylinder unit as defined in Claim
4, wherein the shock absorbing member (7) is con-
stituted by an annular member formed from a rubber
or a synthetic resin.

The fluid pressure cylinder unit as defined in Claim
5, wherein a dimension of the shock absorbing mem-
ber (7) is set such that the shock absorbing member
(7) projects from the annular groove in the axial di-
rection and elastically deforms when pressed by the
magnet (4).

The fluid pressure cylinder unit as defined in any one
of Claim 4 through Claim 6, wherein the holder (6)
comprises a flange (62a) which comes into contact
with an inner circumference (2d) of the recess (A),
and is fixed to the piston (2a) by a mounting screw
(61) which penetrates the flange (62a).

The fluid pressure cylinder unit as defined in any one
of Claim 4 through Claim 6, wherein the holder (6)
is screwed directly into an inner circumference (2d)
of the recess (A).

The fluid pressure cylinder unit as defined in Claim
7 or Claim 8, further comprising a seat member (5)
gripped between the holder (6) and the piston (2a),
wherein the seat member (5) has an outer circum-
ference which comes into contact with the inner cir-
cumference (2d) of the recess (A), and an axial end
of the magnet (4) is supported by the piston (2a) via
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the seat member (5) and another axial end of the
magnet (4) is supported by the bottom (62b) of the
holder (6) via the shock absorbing member (7).
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