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ABSTRACT OF THE DISCLOSURE

A hydraulic shock absorber improves operability of a plston

rod by providing an initial set load to the shock—-absorbing

P

rubber of a vehicle, and improves ride quality of the vehicle.

The hydraulic shock absorber includes a cylinder, a first support

member, a cover member, a main piston rod extending through the

first support member, a sub piston rod, and a plston between the

two piston rods. The hydraulic shock absorber further includes a

free piston slidably fitted in the cylinder so that a plpe

extends through the free piston. A first o0il chamber and a

second o1l chamber on the two sides of the piston communicate

with each other via a valve. A second support member partitions

a second o1l chamber and a third oil chamber, and the free plston

partitions the third oil chamber and a gas chamber.

44
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HYDRAULIC SHOCK ABSORBER

BACKGROUND OF THE INVENTION

1. Field of the Invention

(0001 ] The present invention relates to a so-called, double-

rod hydraulic shock absorber.

2. Description of the Related Art

10002] Conventional hydraulic shock absorbers include a

double-rod hydraulic shock absorber in which piston rods are

installed on two sides of a piston. The piston rods of this

double-rod hydraulic shock absorber are a main piston rod

L1,

‘rom the piston to one side, and a sub piston rod

extending

extending from the piston to the other side. The main piston rod

ppl———

extends through one of two o1l chambers partitioned by the plston.

(0003 ] The sub piston rod extends through the other one of the
two oil chambers. The main piston rod projects outside a
cylinder from a first support member provided in one end portion

of the cylinder. The sub piston rod extends through a partition

in the cylinder, and is slidably supported by this partition.

Therefore, the cylinder includes a first oil chamber positioned

between the piston and first support member, and a second o1l

chamber positioned between the piston and partition. The first

2nd second oil chambers communlcate with each other via a passade

in the piston. Thils passage includes a valve.

(0004 ] Conventional double-rod hydraulic shock absorbers of
this type are described in, €.g., Japanese Patent NoO. 4996957 and
Japanese Patent Publication No. 48-21039.

0005 ] A hydraulic shock absorber described in Japanese

Patent No. 4996957 includes piston rods in which the outer

diameter of a sliding portion of a main piston rod 1s equal TO

—lr—
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—

that of a sliding portion of a sub piston rod. This hydraulic

shock absorber also includes a pipe into which one end portion

(thlis portion will be referred to as a sub piston rod hereinafter

P

for convenience sake) of the piston rod extending through the

apbove-described second o1l chamber is inserted. The pipe
includes a small-diameter portion and a large-diameter portion.
The small-diameter portion has a diameter into which the sub

plston rod 1is able to be inserted. One end portion of the small-

diameter portion 1is fixed to a cover member to close the other

F

end portion of the cylinder. The large-diameter portion is

provided 1in the other end portion of the small-diameter portion.

In thils cover member, a communication path 1s provided that

releases the internal air of the pipe to the atmosphere.

' 00006] The large-diameter portion of the pipe is fitted in the

gt

1nner clrcumferential surface of the cylinder. The large-

diameter portion includes a ring-shaped guide member (second

support member) defining the above-described partition, and a
sealing member. The sealing member seals a portion between the

second 01l chamber and pipe.

10007] A reservolr that compensates for temperature is

provided between the large-diameter portion and cover member.

When the volumes of the first and second o1l chambers change due

—

to a temperature change, or when the volume of the hydraulic oil

changes, the reservoilir replenishes the hydraulic o0il to the

second 01l chamber or discharges the hydraulic o1l therefrom.

10008 ] The reservoir 1s defined by a third o1l chamber

communicating with the second o1l chamber via a communication

path, and a gas chamber partitioned from the third chamber by a

free piston. The communication path that allows the second and

third 011 chambers to communicate with each other includes a

recessed groove 1n the outer circumferential portion of the

p

large-diameter portion of the pipe.

(0009] The free piston has a ring-shape, and 1s slidably
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F

fitted in the inner circumferential surface of the cylinder such

that the pipe slidably extends through the free piston. A gas
having a predetermined pressure is encapsulated in the gas

chamber.

[0010] Like the hydraulic shock absorber disclosed in Japanese
Patent No. 4996957, a hydraulic shock absorber described in
Japanese Patent Publication No. 48-21039 includes a pipe into

which a sub piston rod is inserted, and a reservoir that

compensates for temperature. The pipe disclosed in Japanese

Patent Publication No. 48-21039 is attached to a partition in a

gr—

cylinder and to a cover member. The interior of the pipe 1is

sealed. The partition i1s integral with the cylinder. The

cylinder disclosed in Japanese Patent Publication No. 48-21039 is

P

formed by threadably engaging two half portions split in the

longltudinal direction. The partition is provided in the distal

F
—

end portion of one half portion, and threadably engaged with the

F

other half portion.

F

(0011} The partition includes a relief valve and a check

valve. The relief valve opens to cause hydraulic oil to flow

from a second 01l chamber to a third oil chamber when the oil

P

pressure of the second o1l chamber rises. The check valve opens

to cause the hydraulic o0il to flow from the third oil chamber to

the second o1l chamber when the pressure of the second oil

chamber becomes lower than a third pressure.

[0012] The hydraulic shock absorber disclosed in Japanese

Patent No. 4996957 has the following difficulty in improving the

F

ride quality of a vehicle when used in the vehicle.

(00131 The first problem 1s that a material having a high

sealing ability must be used as the sealing member to seal the

portion between the pipe and sub piston rod. This is because the

P

interior of the pipe is released to the atmosphere. The sealing

g

member must include the function of an oil seal to prevent

e

leaking of the hydraulic oil from the second oil chamber, and the
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function of a dust seal to prevent the entrance of dust into the

second 01l chamber from inside the pipe. That 1s, the hydraulic

shock absorber 1s disadvantageous 1n 1mproving the ride quality

pr—

of a vehicle because a sliding resistance generated when the

sealing member comes 1nto contact with the piston rod is high.

[0014] This i1nconvenience 1s able to be eliminated to some

#

extent by 1mproving the operability of the piston rod by making

—

the dust seal unnecessary by sealing the i1nterior of the pipe as

disclosed 1n Japanese Patent Publication No. 48-21039. However,

even the hydraulic shock absorber disclosed 1n Japanese Patent

Publication No. 48-21039 cannot eliminate the following second

problem.

(0015] In each of the hydraulic shock absorbers disclosed in

Japanese Patent No. 4996957 and Japanese Patent Publication No.

48-21039, the outer diameter of the sliding portion of the main

- —

piston rod and that of the sliding portion of the sub piston rod

are equal, so neither an expanding force nor a contracting force

1S5 generated. When using thils hydraulic shock absorber in a

p—
bt

suspension of a vehicle, a shock-absorbing rubber 1s i1nterposed

petween one end portion of the hydraulic shock absorber and the

pody of the vehicle. A shock-absorbing rubber 1s also interposed

petween the other end portion of the hydraulic shock absorber and

a member of the suspension, which moves together with a wheel

pr—

with respect to the body of the vehicle. 1In each of the

hydraulic shock absorbers disclosed 1n Japanese Patent No.

4996957 and Japanese Patent Publication No. 48-21039, neither an

e

expanding force nor a contracting force 1s generated as described

above, so no 1nilitial set load 1s provided to the shock-absorbing

rubber. The 1nitial set load 1s a load which elastically deforms
the shock-absorbing rubber when the hydraulic shock absorber 1s
not 1n operation. The second problem 1s that the responsiveness

decreases because the hydraulic shock absorber expands or

contracts after the shock-absorbing rubber deforms due to the
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r—

dlisplacement of the body of the vehicle. That is, since the

I

hydraulic shock absorber operates later than the displacement of

the body of the vehilcle, the ride quality of the vehicle cannot
pe i1mproved.

(0016] The 1nitial set load is able to be provided to the
shock-absorbing rubber by making the outer diameter of the

sliding portion of the main piston rod smaller or larger than

p—

that of the sliding portion of the sub piston rod. By using this

arrangement, the pressure-receiving areas of the first and second

go— fr—

011l chambers of the piston become different from each other. The

P

hydraulic o1l 1s pressurized by the pressure of the gas in the

gas chamber. Therefore, the piston is pushed toward the side

naving a smaller pressure-receiving area by a gas reaction force

B

equlvalent to the difference between the pressure-receiving areas.
That 1s, the initial set load is provided to the shock-absorbing
rubber because the hydraulic shock absorber expands or contracts

in a natural state.

(0017} Untfortunately, this configuration cannot be applied to

pr——

each of the hydraulic shock absorbers described in Japanese

Patent No. 4990957 and Japanese Patent Publication No. 48-21039

gr—
v

for a structural reason. In this hydraulic shock absorber, if

Jr— g

the outer diameter of the sliding portion of the main piston rod

p

1s made smaller or larger than that of the sliding portion of the

sub plston rod, a large amount of hydraulic o0il necessarily flows

from the second 011l chamber to the third oil chamber, or vice

po—
—

versa, as the piliston moves. However, no sufficient passage area

P

1s able to be provided in each of the hydraulic shock absorbers

described 1n Japanese Patent No. 4996957 and Japanese Patent
Publication No. 48-21039.

[0018] That 1s, 1n the hydraulic shock absorber described in
Japanese Patent No. 4996957, the communication path that allows

the second and third o0il chambers to communicate with each other

1ncludes a recessed groove in the outer circumferential portion
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Of the large-diameter portion of the pipe. The ring-shaped guide

member defining the partition is fitted in the inner

circumferential portion of the large-diameter portion of the pipe.

F

Therefore, the thickness of the pipe is small. It is difficult

Lo provide a communication path having a sufficient passage area

ﬁ

1n this pipe. Since a large amount of hydraulic oil cannot flow

through this communication path when the piston moves, cavitation

may occur in the oil chamber. The communication path cannot have

a large cross-sectional area by which no cavitation occurs,

pecause the cross-sectional area is restricted py the thickness

r—

of the pipe.

[0019] In the hydraulic shock absorber described in Japanese

Patent Publication

valve are arranged

No. 48-21039, the relief wvalve and the check

petween the second and third oil chambers.

Accordingly, a large amount of hydraulic oil cannot freely flow

pbetween the second

absorber.

gr—

and third o1l chambers of this hydraulic shock

SUMMARY OF THE INVENTION

ph—

1 0020] Preferred embodiments of the present invention

eliminate the problems described above, and provide hydraulic

shock absorbers that are able to improve the operability of a

piston rod by providing an initial set load to the shock-

gr—

absorbing rubber of a vehicle, and able to improve the ride

quality of the vehicle.

F

[0021] A preferred embodiment of the hydraulic shock absorber

includes a cylinder, a first support member provided at a first

end portion of the

e

end portion of the

cylinder, a cover member that closes a second

cylinder, a main piston rod slidably extending

through the first support member, a sub piston rod positioned on

a same axls as that of the main piston rod, and connected to a

—

first end portion of the main piston rod which is positioned

inside the cylinder, a pipe arranged in the cylinder in a state
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—

in which the pipe is positioned on the same axis as that of the

maln piston rod and the sub piston rod, and including a first end

portion fixed to the cover member and a second end portion into

which a distal end portion of the sub piston rod is inserted, a

P

second support member fixed to the second end portion of the pipe,

and 1ncluding an outer circumferential portion having a diameter

P

larger than a diameter of the pipe and is fitted on an inner

P

circumferential surface of the cylinder, and an inner

circumferential portion which slidably supports the distal end

r—

portion of the sub piston rod, a piston slidably fitted in the

cylinder in a state in which the piston is fixed between the main

pliston rod and the sub piston rod, and defining a first oil

-

Cchamber between the piston and the first support member and a

second 011 chamber between the piston and the second support

member, a free piston slidably fitted between the pipe and

cylinder such that the pipe extends through the free plston, and

defining a third oil chamber between the free piston and the

second support member and a gas chamber between the free piston

and the cover member, a first hydraulic oil passage that

communicates the first oil chamber with the second oil chamber, a

valve in the first hydraulic oil passage, and a second hydraulic

01l passage in the second support member such that hydraulic oil

1s able to freely pass, and communicates the second oil chamber

with the third o0il chamber, wherein the first oil chamber, the

second o1l chamber, and the third oil chamber are filled with the

nydraulic oill, the gas chamber is filled with a gas having a

pressure which pushes the free piston toward the second support

mempber, a space in the pipe is a closed space, an outer diameter

F P

of a sliding portion of the main

piston rod differs from an outer

J

gpr—

diameter of a sliding portion of the sub piston rod, and a total

Cross-sectlonal area of the second hydraulic oil passage is equal

Lo or larger than a difference between a cross-sectional area of

 amad

the sliding portion of the main piston rod and a cross-sectional
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P

area of the sliding portion of the sub piston rod.

L0022] In a preferred

F

embodiment of the present invention, no

dust enters the pipe from outside because the interior of the

pipe 1s sealed, so a member that does not have a dust seal

function is able to be used as the sealing member to seal the

portion between the second support member and the sub plston rod.

When compared to a case in which a member having a dust seal

function 1s used as the sealing member, therefore, the sliding

resistance of the sub piston rod is reduced, and the operability

P

0f the hydraulic shock absorber improves.

L0023 ] In the hydraulic shock absorber according to a

preferred embodiment of the present invention, the outer diameter

of the sliding portion of

the main piston rod is smaller or

r

larger than an outer diameter of the sliding portion of the sub

plston rod. Accordingly,

the pressure-receiving areas of the

first and second oil chambers of the piston are not equal.

Hydraulic o1l 1is pressurized by the pressure of a gas in the gas

chamber. Therefore, the

plston is pushed toward the side having

a smaller pressure-receiving area by a gas reaction force

equivalent to the difference between the pressure-recelving areas.

That 1s, this hydraulic s
natural state.

10024 ] When using the

of a vehicle, a shock~abs

hock absorber expands or contracts in a

hydraulic shock absorber in a suspension

orbing rubber is interposed between the

o

pody of the vehicle and one end portion of the hydraulic shock

absorpber, and another shock-absorbing rubber is interposed

petween a member which moves together with a wheel with respect

to the body of the vehicl

nydraulic shock absorber.

F

e and the other end portion of the

When a suspension spring that supports

—

the vehicle body i1s installed independently of the hydraulic

shock absorber, an initial set load is provided to each of the

y—

shock-absorbing rubber connected to one end portion of the

hydraulic shock absorber,

and the shock-absorbing rubber
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connected to the other end portion thereof. On

—

and the cylinder or the main piston rod connecte

side of the hydraulic shock absorber, the initia

the other hand,

1T the suspension spring is installed between the vehicle pody

d to the wheel

1l set load 1is

provided to the shock-absorbing rubber connected to one end

F

portion of the hydraulic shock absorber, and the

welght of the

vehicle 1s provided as a locad to the shock-absorbing rubber

gre—
p—

connected to the other end portion thereof.

[0025] In a case 1n which the hydraulic shock absorber expands

in the natural state, when the vehicle body displaces downward (a

ﬁ

direction in which the total length of the hydra

ulic shock

absorber decreases) with respect to a wheel, for example, the

nydraulic shock absorber generates a damping force almost

simultaneously with the displacement of the vehi

cle body. On the

other hand, 1in a case in which the hydraulic shock absorber

contracts i1n the natural state, when the vehicle

upward ({(a direction in which the total length of

P

pody displaces
the hydraulic

shock absorber increases) with respect to the wheel, the

hydraulic shock absorber generates a damping force almost

simultaneously with the displacement of the vehi
hydraulic shock absorbers described in Japanese

4990957 and Japanese Patent Publication No. 48-2

perform a highly responsive operation like this.

L 0026] When the piston moves with respect to

cle body. The
Patent No.
1039 cannot

the cylinder in

the hydraulic shock absorber according to preferred embodiments

—

hydraulic oil passage at a flow rate equivalent

—

of the present invention, hydraulic oil flows through the second

to the difference

petween the cross-sectional areas of the sliding portions of the

main and sub piston rods. The total cross-sectional area of this

second hydraulic o1l passage is equal to or larger than the

difference between the cross-sectional areas of

P

the sliding

portions of the main and sub piston rods. Accordingly, a large

g

amount o:

. hydraulic oil smoothly flows through the second
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hydraulic oil passage as the piston moves, so no cavitation

occurs 1n the oil chamber even when the moving velocity of the

plston 1s high.
10027] Accordingly, hydraulic shock absorbers according to

F

preferred embodiments of the present invention increase the

operability of the piston rod, and are able to provide an initial

P

set load to the shock-absorbing rubber of a vehicle while

preventing cavitation in the o0il chamber. Consequently,

P

preferred embodiments of the present invention provide hydraulic

shock absorbers that are able to improve the ride quality of a

vehicle because a damping force is generated with high

responsiveness to the behavior of the vehicle.

10028 ] I'he above and other elements, features, steps,

F

characteristics and advantages of the present invention will

—
p—

become more apparent from the following detailed description of

the preferred embodiments with reference to the attached drawlngs.

BRIEEF DESCRIPTION OF THE DRAWINGS

[0029] Fig. 1 1is a front view of a hydraulic shock absorber

g

according to a preferred embodiment of the present invention, and

shows a state in which a cylinder is partially cut away.

[0030] F'1g. 2 1s a cross—-sectional view showlng a connecting

—

portion between a main piston rod and the body of a vehicle in an

enlarged scale.

(0031] Fl1g. 3 1s a cross-sectional view showing a connecting

portion between the main piston rod and a sub piston rod in an

enlarged scale.

P

(00321 Fig. 4 1s a cross-sectional view of the main piston

rod for explaining an adjustable valve.

1 0033] Fi1g. 5 1s a cross-sectional view showing a first
support member 1n an enlarged scale.
10034 ] F1g. © 1s a cross-sectional view showing a cover

memper and wheel-side connecting member in an enlarged scale.

10
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1

[0035] Fig. 7 1s a cross-sectional view showing a portion o:

a plpe, a second support member, and a free plston 1n an enlarged

scale.

10036] Fig. 8 1s a perspective view of the second support
member.

[0037] Fig. 9A 1s a view for explaining the operation of the

hydraulic shock absorber, and shows a state in which the vehicle

1s standing still or running straight.

10038] Fig. 9B 1s a view for explaining the operation of the
hydraulic shock absorber, and shows a state in which a wheel

rides over a small projection on a road.

[0039] F1g. 9C 1s a view for explaining the operation of the
hydraulic shock absorber, and shows a state in which the vehicle

1s turning.

[0040] Fig. 10 is a cross-sectional view showing a preferred

empodiment of the pipe.

10041 ] Fig. 11 1s a cross-sectional view showing a portion of

the plpe, the second support member, and the free plston in an

enlarged scale.

[10042] Fig. 12 1s a cross-sectional view showing a preferred

embodiment of the cover member.

DETAILED DESCRIPTION OF THE PREFERR!

R3
O
]
<

BODIMENTS

First Preferred Embodiment

10043 ] A first preferred embodiment of a hydraulic shock

absorber according to the present invention will be explained in

detall below with reference to Figs. 1 to 9C.
10044 ] A hydraulic shock absorber 1 shown in Fig. 1 includes

a cylinder 2, and a piston rod 3 projecting from one end portion

(the upper end portion in Fig. 1) of the cylinder 2. The

hydraulic shock absorber 1 according to the present preferred

embodiment 1s preferably used in a vehicle such as an automobile

(not shown), for example. The cylinder 2 shown in Fig. 1 is

11
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connected to a member (e.g., a lower arm 4) of a suspension of

the vehicle, which moves together with a wheel with respect to

Che body of the vehicle, via a wheel-side connecting member 5 (to

pe described below).

10045] The piston rod 3 is connected to a body 6 of the

vehicle via a body-side connecting member 7. Note that when
installing the hydraulic shock absorber 1 in the vehicle, 1t 1is
also possible to use a piston rod 3 that is connected to a member

*

(e.g., the lower arm 4) of the suspension, which moves together

with a wheel, and the cylinder 2 is connected to the pody 6. In

the explanation of the hydraulic shock absorber 1 according to

the present preferred embodiment, a portion positioned in the

upper half of Fig. 1 will be called an upper portion of the

hydraulic shock absorber 1, and a portion positioned in the lower

W

half of Fig. 1 will be called a lower portion of the hydraulic

shock absorber 1.

[0046] The cylinder 2 of the hydraulic shock absorber 1 is

preferably a circular cylinder. A first support member 11 is

provided in the upper end portion (an end portion positioned in

the upper half of Fig. 1) o

. the cylinder 2, and the lower end

| —

portion thereof is closed with a cover member 12.

10047 ] As wlll be described in detail below, first to third

01l chambers 16 to 18 and a gas chamber 19 partitioned by a

piston 13, a second support member 14, a free plston 15, and the

like are provided in the cylinder 2 of the hydraulic shock

absorber 1. The first to third oil chambers 16 to 18 are filled

with hydraulic oil. The gas chamber 19 is filled with a gas

r‘-—

having a predetermined pressure. As an example of this gas, Ny

gas or the like 1s preferably used.

10048 ] The piston rod 3 includes a main piston rod 21 slidably

extending through the first support member 11, and a sub plston

rod 22 connected to the lower end portion of the main piston rod

2l, 1.e., one end portion positioned in the cylinder 2. The sub

L2
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piston rod 22 extends through the second support member 14 (to be

described below), and is slidably supported by the second support

memper 14.

(004 9] The outer diameter of a sliding portion 2la (a portion

slidably extending through the first support member 11) of the

P

main piston rod 21 differs from an outer diameter of a sliding

portion 22a (a portion slidably extending through the second

' bt

support member 14) of the sub piston rod 22. In the present

P-

preferred embodiment, the outer diameter of the sliding portion

7

2Z2a of the sub piston rod 22 is larger than the outer diameter of

the sliding portion 2la of the main piston rod 21. Also, the sub

ﬁ

plston rod 22 1is positioned on the same axis as that of the main

plston rod 21.

[0050] A through hole 23 extending from one end to the other

—~ -

Of the main piston rod 21 is provided in the axial portion of the

main piston rod 21. An adjustable valve 24 (to be described
pelow) 1s provided in the through hole 23.
[0051] As shown 1n Fig. 2, the body-side connecting member 7

 amd

1s attached to the upper end portion of the main piston rod 21.

[0052] The body-side connecting member 7 includes a disk-

snaped connecting plate 26 fixed to the upper end portion of the
maln piston rod 21 by a lock nut 25, a housing 27 surrounding the

connecting plate 26, and shock-absorbing rubber 28 provided in

the housing 27. The housing 27 is fixed to the body 6 by fixing

bolts 29, for example.

[0053] The shock-absorbing rubber 28 is 1njected into the
nousing 27 and baked in a state in which the connecting plate 26
1s positioned inside the housing 27. The shock-absorbing rubber

-

- the connecting

28 covers the outer circumferential portion o:
plate 26 from two sides in the vertical direction.

10054 ] A rubber member 30 is provided in the lower end
portion of the housing 27. When the hydraulic shock absorber 1

largely contracts, the rubber member 30 is sandwiched between the

13
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housing 27 and a cap 76 (see Fi1g. 5) (to be described below) and

reduces a shock.

[0055] As shown in Fig. 3, a female screw 31 is provided in

P

the upper end portion of the sub piston rod 22. A male screw 33

1s provided in a lower end portion 32 of the main pilston rod 21.

The main piston rod 21 and the sub piston rod 22 are connected o)

screwing the female screw 31 of the sub piston rod 22 onto the

g

male screw 33 of the main piston rod 21. When screwlng the

female screw 31 onto the male screw 33, the rotation of the main

plston rod 21 is first regulated by clamping the main piston rod

21 by a clamping device (not shown). After that, a tool is

engaged with a hexagonal hole 34 (see Fig. 7) provided in the

P

lower end portion of the sub piston rod 22. Then, the sub piston

rod 22 1s rotated by using this tool, and the female screw 31 is

screwed onto the male screw 31. A non-through hole 35 for welght

reduction 1s provided in a portion which is the axial portion of

the sub piston rod 22 according to the present preferred

*

embodiment and positioned between the vicinlty of the female

screw 31 and the hexagonal hole 34.

1

10056 The lower end portion 32 including the male screw 33 of

Che main piston rod 21 is narrowed to define a step wilith respect

fr—

Lo the sliding portion 2la of the main piston rod 21. An axial-

direction end surface 36 facing down is provided in the boundary

between the lower end portion 32 of the main pliston rod 21 and
the sliding portion 2la of the main piston rod 21. The work of

connecting the main piston rod 21 and the sub piston rod 22 is

performed in a state in which the piston 13 and a plate-shaped

member (to be described below) around the piston are sandwiched

petween the axial-direction end surface 36 and the sub piston rod

22. That 1s, the piston 13 is fixed between the main piston rod

21l and the sub piston rod 22.

L0057] The piston 13 defines the first oil chamber 16 between

the piston 13 and the first support member 11, and the second oil

14
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chamber 17 between the piston 13 and the second support member 14
(see Figs. 1 and 7) (to be described below) provided inside the
cylinder 2. As shown in Fig. 3, the piston 13 according to the
present preferred embodiment includes a piston body 41 having a

ring-shape, and a ring-shaped bearing 42 and O-ring 43 provided

on the outer circumferential portion of the piston body 41. The
pearing 42 smoothens the sliding between the plston 13 and the
cylinder 2. The O-ring 43 seals a portion between the inner

circumferential surface of the bearing 42 and the piston 13.

[0058] The piston body 41 includes a through hole 44 in which

the lower end portion 32 of the main piston rod 21 is fitted, and

a plurality of oil holes (to be described below). The through

nhole 44 1s positioned in the axial portion of the plston body 41.

g

The plurality of 0il holes include a tension-side oil hole 45

F

extending through the left side of the piston 13 in F1g. 3 1n the

axlial direction, a compression-side o0il hole 46 extending through

—

the right side of the piston 13 in Fig. 3 in the axial direction,

and a communication hole 47 extending from the compression-side

o1l hole 46 to the axial portion of the piston 13. A plurality

F

of tension-side oil holes 45 and a plurality of compression-side

o1l holes 46 are alternately arranged at appropriate intervals in

F

the circumferential direction of the piston body 41.

[0059] One end portion (an end portion facing the first oil

chamber 16) of the tension-side o0il hole 45 is connected to the

first oll chamber 16 via a communication hole 48 in the plston

pody 41. One end portion (an end portion facing the second oil

chamber 17) of the compression-side oil hole 46 is connected to

the second o0oil chamber 17 via a communication hole 49 in the

piston body 41. 1In the present preferred embodiment, the

tension-side o0il hole 45, communication hole 48, the compression-

side o1l hole 46, and the communication hole 49 define "a first

hydraulic oil passage".

10060] The communilication hole 47 defines a portion of a
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hydraulic oll passage that guides hydraulic oil to the adjustable

valve 24 (to be described below). The communication hole 47

allows a ring groove 50 in the through hole 44 of the plston body

41 and the compression-side o0il hole 46 to communicate with each

other.

preferred

A

10061] The piston body 41 according to the present

empodiment 1is sandwiched and fixed, together with a plurality of

plate-shaped members, between the axial-direction end surface 36

r-‘l'

described above and the upper end surface of the sub piston rod

P

22, 1n a state in which the lower end portion 32 of the main

piston rod 21 is fitted in the through hole 44. A ring-shaped

P

plate 51, a plurality of shims 52, and a plurality of disk-shaped

P

first leaf springs 53 are sandwiched between the piston 13 and

the axial-direction end surface 36. A plurality of disk-shaped

ﬁ H

second leaf springs 54, a plurality of shims 55, and a washer 56

are sandwiched between the piston 13 and the sub piston rod 22.

The plate 51 abuts against the stopper rubber 83 (see Fi1g. 5)

when the hydraulic shock absorber 1 expands the most.

(0062 ] The first leaf springs 53 close those openings of the

tension-side o1l hole 45 and the compression-side 0il hole 46 in

the pilston 13 which face the first o0il chamber 16. The second

P

leaf springs 54 close those openings of the tension-side oil hole

45 and the compression-side o©il holes 46 which face the second

011 chamber 17. In the present preferred embodiment, the first

— —

leaf springs 53 and the second leaf springs 54 define “a valve in

the first hydraulic cil passage”.

10063 ] The adjustable valve 24 in the main piston rod 21 will

pe explained below. As shown in Fig. 4, the adjustable valve 24

according to the present preferred embodiment includes a valve

pody 61 movably fitted in the through hole 23 of the main plston

rod 21, an operation rod 62 independent of the valve body 61, and
a valve seat member 63 on which the valve body 61 is seated.

0064 ] T'he valve body 61 includes a main body 6la having a

1o
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conical shape whose distal end narrows toward the valve seat

member 63, and a columnar portion 61b integral with the main body
cla. The operation rod 62 includes a rod portion 62a including a

lower end which abuts against the columnar portion 61b, and

extends to the vicinity of the upper end of the main pliston rod

pro——

21, and an operation portion 62b in the upper end portion of the

rod portion 62a.
(0065] The columnar portion 61b includes an O-ring 64 that

seals a portion between the columnar portion 61b and the through

hole 23 of the main piston rod 21. The columnar portion o0lb 1is

yr—

filtted in the through hole 23 of the main pliston rod 21. An oil

chamber 65 accommodating the main body 6la is arranged 1n a

P

portion of the through hole 23, which is below the columnar

portion 6lb and between the columnar portion 61b and the valve

seat mempber 63 (to be described below). The 01l chamber 65

communlcates with the first oil chamber 16 via an oil hole 66 in

the main piston rod 21.

100600] The operation portion 62b defines a screw 1ncluding a

nexagonal hole, and is threadably engaged with a female screw 23a

pr—

provided 1n the hole wall surface of the upper end portion of the

through hole 23. The operation portion 62b also includes a ball

e

6/ that regulates the rotation of the operation rod 62. The ball

0/ 1s pushed against a hexagonal hole 69 of the main piston rod

21 by a compression coil spring 68. When the screw is fastened

py rotating the operation portion 62b, the valve pbody 61 moves

forward to the valve seat member 63 (to be described below). The

pressure of hydraulic o1l acts on the valve body 61. This

g

pressure 1s the internal pressure of the gas chamber 19, which is

F

propagated via the hydraulic oil by the pressures of the first

01l chamber 16 and the second oil chamber 17. Therefore, when

the screw 1s loosened by rotating the operation portion 62b, the

valve body 61 moves backward in the direction away from the valve

seat member 63.

17
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10067] The valve seat 63 preferably has a closed-end

cylindrical shape, and fitted in the through hole 23 of the main

piston rod 21 such that the bottom portion is positlioned on the

upper side (the side of the valve pody ©1). An o0il hole 70 into

which the valve body 61 is inserted is provided in the bottom

portion of the valve seat member 63.

r—

10068] The open end (lower end) of the valve seat member 63 is

pushed upward by a fixing bolt 71, and the bottom portion (upper

P ﬁ

end) thereof is pushed from below by a step 23b of the through

nole 23. The fixing bolt 71 is screwed into a female screw 23c

ghe——

in the lower end portion of the through hole 23 to close the

lower end of the through hole 23.
10069] A plurality of 0il holes 72 which define the hollow

F

portion of the valve seat member 63 communicate with the outside

r—

are provided in the circumferential wall of the valve seat member

63. The o1l holes 72 are located in positions corresponding to

the ring groove 50 of the piston 13. The o0il holes 72 and the

ring groove 50 communicate with each other via the o0il hole 73 in

the main piston rod 21. That is, the first oil chamber 16 and

F

the second o1l chamber 17 of the hydraulic shock absorber 1

communicate with each other via a hydraulic oil passage 74
including the through hole 23 in the main piston rod 21, and the

adjustable valve 24, in addition to the tension-side oil hole 45

and the compression-side o0il hole 46 of the piston 13.
(00701 I'hne hydraulic oil passage 74 including the through hole

23 1ncludes the communication holes 49 and 47 and the ring groove

o0 of the piston 13, the o0il holes 66 and 73 of the main plston
rod 21, the o0il holes 70 and 72 and the hollow portion of the

valve seat member 63, and the o0il chamber 65. The hydraulic oil

passage /4 1ncluding the through hole 23 defines “a third
hydraulic oil passage”.

[0071] The adjustable valve 24 is

—.

fully closed when the valve

F

pody 61 1s pushed against the opening edge of the oil hole 70 of
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the valve seat member 63. Also, the adjustable valve 24

functions as a valve because a gap is provided between the

opening edge of the o0il hole 70 of the valve seat member 63 and

the valve body 61. The throttling amount is able to be adjusted
Py moving the valve body 61 in the axial direction by rotating

the operation portion 62b, thus changing the cross-sectional area

0f the above-described gap. That is, the adjustable valve 24 1is

able to change the cross-sectional area of the third hydraulic

01l passage.

[0072] As shown 1n Fig. 5, the first support member 11

r‘

provided at one end portion of the cylinder 2 preferably has a

ring shape. Also, the first support member 11 is supported by

the cylinder 2 such that the main piston rod 21 slidably extends

through the hollow portion, and the outer circumferential portion

1s fitted in the cylinder 2. The first support member 11 is

unmovably fixed to the cylinder 2 by a circlip 75 fixed to the

F

inner circumferential portion of the cylinder 2, and a cap 76

p—

which abuts against the outer end surface of the cylinder 2. The

cap /6 1s attached to the first support member 11 by a plurality

F
—

of fixing bolts 77, for example.

10073] An O-ring 78 that seals a portion between the first

support member 11 and cylinder 2 is attached to the outer

P

circumferential portion of the first support member 11. A

—

plurality of members are attached to the inner circumferential

portion of the first support member 11 as they are arranged in

the axial direction. These members include a dust seal 19, a

pearing 80, an oil seal 81, a washer 82, and a stopper rubber 83,

1n this order from above in Fig. 5. The dust seal 79 prevents

foreign bodies such as dust and water from entering the 1nterior

from the portion where the main piston rod 21 extends through the

first support member 11.

0074 The bearing 80 is press-fitted, for example, in the

f1rst support member 11, and slidably supports the main plston
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rod 21. The oil seal 81 prevents hydraulic oil in the cylinder 2

(1n the first oil chamber 16) from leaking outside through the
portion through which the main piston rod 21 extends. The washer
82 supports the stopper rubber 83. The stopper rubber 83 reduces
a shock when the hydraulic shock absorber 1 expands the most.

When the hydraulic shock absorber 1 expands the most, the plate

5ol fixed to the main piston rod 21 abuts against the stopper
rubber 83.

[0075] As shown 1n Fig. 1, a spring receiving member 84a (see

Fig. 1) that supports a coil spring 84 of the suspension 1s

F

attached to the upper portion of the cylinder 2 by a C-ring 84Db

(see Fig. 3). The coil spring 84 is installed as it is

Jr—

compressed between the body of the vehicle and the spring

receiving member 84a. Note that the coil spring 84 of the

M

P

suspension may also be installed independently of the hydraulic

shock absorber 1.

(0076] As shown 1n Fig. 6, the cover member 12 that closes

the lower end portion of the cylinder 2 includes a closed-end

cylindrical member 85 fitted in the lower end portion of the

cylinder 2, and a pair of attaching plates 86 integral with the

cylindrical member 85 and extending downward. A male screw 87 is

gr—

provided in the upper end portion of the cylindrical member 85.

On the other hand, a female screw 88 is provided in the lower end

F

portion of the cylinder 2. The cover member 12 is attached to

the cylinder Z by screwing the male screw 87 of the cylindrical

—

mempber 8o 1into the female screw 88 of the cylinder 2.

(00771 An O-ring 89 that seals a portion between the

cylindrical member 85 and the cylinder 2 is attached to a portion

”

OL the outer circumferential portion of the cylindrical member 85,

which 1s below the male screw 87.

gp—
—

10078 A circular recess 91 in which the lower end portion of

a pipe 90 (to be described below) is fitted and fixed is provided

*

in the inner circumferential portion of the cylindrical member 85.
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r—

The inner circumferential portion of the cylindrical member 85 is

closed. In addition, an O-ring 92 that seals a portion between

the cylindrical member 85 and pipe 90 is attached to the inner

ﬁ

circumferential portion of the cylindrical member 85.

[0079] The lower end portion of the cylindrical member 85 is

F

thicker than the lower end of the cylinder 2, thus defining a

stopper to be used when the cylindrical member 85 is screwed into

the cylinder 2. Also, in this lower end portion of the

cylindrical member 85, a small hole 93 extending inward in the

—

radial direction from the outer circumferential surface of the

cover memper 12 and a communication hole 94 allows the interior

Jr—

of the distal end portion of the small hole 93 to communicate

ﬁ

with the interior of the cylindrical member 85 are provided. A

rubber plug member 95 is held in a middle portion of the small

ﬁ

hole 93. A plug 96 is threadably engaged with the opening of the

small hole 93. A through hole 96a for pricking the plug member
95 with a gas injection needle (not shown) is provided in the
plug 96. This needle is used to inject a gas into a space (the

gas chamber 19) between the cylindrical member 85 and pipe 90.

The gas 1s injected into the small hole 93 from the distal end

portion of the needle extending through the plug member 95. The

needle 1s pulled out from the plug member 95 after the gas 1is

injected. When the needle is pulled out from the plug member 95,

~the pinhole of the plug member 95 closes, so the small hole 93 is
closed by the plug member 95.

[0080] Note that although not shown, the gas may also be
injected into the small hole 93 by using an on-off valve instead
of the plug member 95. As an example of this on-off valve, it is

possible to use a structure which opens when the gas is supplied

Or a gas supply device 1s connected, and closes when the supply

P

Of the gas stops or the gas supply device is removed. An on-off

—

valve of this kind 1s threadably engaged with the atmosphere-side

opening of the small hole 93 such that a gas supply port or a
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supply device connecting portion projects from the cover member

12.

p——

[0081] The palr of attaching plates 86 in the lower end

portion of the cover member 12 are used to attach the lower end

portion of the hydraulic shock absorber 1 to a member (e.g., the

lower arm 4) of the suspension, which moves together with a wheel

fr—

with respect to the body of the vehicle. A connecting bracket 4a

_

Of the lower arm 4 of the suspension is attached to the attaching

plates 36 according to the present preferred embodiment via the
wheel-side connecting member 5.

(0082 ] The wheel-side connecting member 5 includes an outer
cylinder 97, an inner cylinder 98 inserted into the outer

cylinder 97, and a ring-shaped shock—-absorbing rubber 99 arranged

petween the outer cylinder 97 and the inner cylinder 98. The

shock-absorbing rubber 99 is baked onto the outer cylinder 97 and

inner cylinder 98. The outer cylinder 97 is press-fitted, for

-

example, 1n an attaching hole 4b in the connecting bracket 4a of

the lower arm 4. The bracket 4a and wheel-side connecting member

'“

0 are inserted between the pair of attaching plates 86, and fixed

Lo the attaching plates 86 by a bolt 100, for example, 1nserted

into the inner cylinder 98 so as to extend Chrough these members.

[0083] As shown 1n Fig. 1, the pipe 90 fixed to the cover

member 12 extends upward from the cover member 12 to a middle

*

portion of the cylinder 2 in the vertical direction. The pipe 90

includes a small-diameter portion 90a fitted in the cover member

12 and a large-diameter portion 90b positioned in the upper end

portion, and is positioned on the same axis as that of the
cylinder 2.

(0084 ] As shown 1n Fig. 7, the inner diameter of the small-

diameter portion 90a of the pipe 90 has a size by which the lower

end portion (distal end portion) of the sub piston rod 22 is able

Lo be 1inserted without any contact.

(0085} The free piston 15 is slidably fitted in the small-

22



CA 02925253 2016-03-23

p—

diameter portion 90a of the pipe 90. The free piston 15

preferably has a ring shape, and is slidably fitted in the plpe
90 and cylinder 2 so that the pipe 90 extends through the hollow

portion. An O-ring 101 that seals a portion between the free

P

piston 15 and the outer circumferential surface of the pipe 90 1s

F

attached to the inner circumferential portion of the free piston

15. An O-ring 102 and a bearing 103 that seal a portion between

F

the free piston 15 and the inner circumferential surface of the

cylinder 2 are attached to the outer circumferential portion of

the free piston 15. More specifically, the outer circumferential

portion of the free piston 15 is supported on the cylinder 2 by

the bearing 103 adjacent to the third oil chamber 18 in the axial

P

direction of the free piston 15 and the outer circumferential

seal (O-ring 102) spaced apart from the bearing 103 on the gas

chamber 19 side. The inner circumferential portion of the free

piston 15 is supported on the pipe 90 by the inner

circumferential seal (O-ring 101) positioned between the Pbearing

103 and the outer circumferential seal (O-ring 102) in the axial

P

direction of the free piston.

[00806] The free piston 15 partitions the third oil chamber 18

and the gas chamber 19 in the cylinder 2. The third oil chamber

18 1s located between the free piston 15 and the second support

mempber 14 (to be described below) fixed to the large-diameter

P

portion of the pipe 90. The gas chamber 19 is located between

the free piston 15 and the cover member 12. The gas chamber 19

—de

1S

filled with a gas having a pressure which pushes the free

pi—
pr—

plston 15 toward the second support member 14. This filling of

the gas 1s performed by pricking the plug member 95 in the cover

memper 12 with the gas injection needle.

P&

(0087 ] The large-diameter portion 90b of the pipe 90

preferably has a cylindrical shape by molding a base material

P

(not shown) of the pipe 90 such that the outer diameter is larger

than the small-diameter portion 90a. As shown in Fig. 7, the
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P

outer diameter of the large-diameter portion 90b has a size by

which a ring-shaped space S is provided between the large-

diameter portion 90b and the inner circumferential surface of the

cylinder 2.

[0088] As shown 1n Figs. 7 and 8, the second support member

14

includes a small-diameter portion 111 and large-diameter portion

112, and preferably has a cylindrical shape 1ncluding an inner

circumferential portion for slidably supporting the sliding

portion 22a of the sub piston rod 22.

P

[0089] The small-diameter portion 111 of the second support

Jr—

memper 14 1s fitted in the large-diameter portion 90b of the plpe

)0 described above, and fixed by press—-fitting, for example. An

O-ring 113 that seals a portion between the small-diameter

P

portion 111 and the inner circumferential surface of the pipe 90

1s attached to the small-diameter portion 111.

10090 ] The large-diameter portion 112 of the second support

member 14 (the outer circumferential portion of the second

support member 14) 1s fitted in the cylinder 2 by a clearance-f
and partitions the second o0il chamber 17 and the third oil
chamber 18 in the cylinder 2. The second o0il chamber 17 is
located between the piston 13 and the second support member 14.

The third o1l chamber 18 is located between the second support

memper 14 and the free piston 15.

(0091 ] A plurality of notches 114 extending in the axial

ﬁ

direction of the second support member 14 are provided in the

large-diameter portion 112. The notches 114 allow the second oi.

P

1t,

chamber 17 and the third o0il chamber 18 to communicate with each

other. The notches 114 according to the present preferred

empodiment are provided in the large-diameter portion 112 of the

second support member 14 so as to have a shape which partially

widens the spacing between the large-diameter portion 112 and t

he

inner circumferential surface of the cylinder 2. Also, as shown

in Fig. 8, the notches 114 are arranged at predetermined
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gr—

intervals in the circumferential direction of the large-diameter

portion 112.

(0092 ] The total cross-sectional area of the plurality of

notches 114 (a cross-sectional area viewed in the axial direction

r—

O0f the second support member 14) has a value by which hydraulic

o1l 1s able to freely pass. This total cross-sectional area 1is

equal to or larger than the difference between the cross-

sectional area of the sliding portion 2la of the main piston rod

”

21 and the cross-sectional area of the sliding portion 22a of the

sub pilston rod 22. Accordingly, hydraulic oil is able to freely

pass through the notches 114 as needed. In the present preferred

empbodiment, the plurality of notches 114 define “a second

hydraulic o0il passage”.

' 0093] In the inner circumferential portion of the second

support member 14, a washer 115, an oil seal 116, and a bearing

117 are arranged in this order from above. The washer 115

F

prevents the removal of the oil seal 116 from the second support

mempber 14, and is fixed in the large-diameter portion 112 by

P

caulking, for example, the end surface of the large~-diameter

portion 112. The oil seal 116 seals a portion between the second

support member 14 and the outer circumferential surface of the

sub pilston rod 22. The bearing 117 slidably supports the sub

r—

piston rod 22. The hollow portion of the second support member

14 1s closed by the sub piston rod 22. The large-diameter

portion 90b of the pipe 90 is closed by the small-diameter

—

portion 111 of the second support member 14 and the sub piston

rod 22. That 1is, in the hydraulic shock absorber 1, the interior

P

of the pipe 90 1s a closed space 118 so no dust enters the plpe

90 from the outside.

10094 ] Accordingly, a material that does not have a dust seal

function 1s able to be used as the o0il seal 116 to seal the

portion between the second support member 14 and the outer

circumferential surface of the sub piston rod 22. When compared
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Lo a case 1n which a material having a dust seal function is used

as the oil seal 116, the sliding resistance of the sub piston rod

ﬁ

22 1s reduced, and the operability of the hydraulic shock

apsorber 1 1s improved.

[0095] Next, the

p

operation of the hydraulic shock absorber 1

according to the present preferred embodiment will be explained.

[00906] When the hydraulic shock absorber 1 expands and the

piston 13 moves up

(nearer to the first support member 11) in Fig.

1 with respect to the cylinder 2, the oil pressure is transmitted

from the first oil chamber 16 to the second leaf springs 54

Chrough the communication hole 48 and the tension-side oil hole

r—

45 of the piston 13. If the 0il pressure exceeds the initial set

load of the second leaf springs 54, the hydraulic oil opens the

second leaf springs

into the second oil

04 against their spring forces, and flows

chamber 17 from the tension-side o0il hole 45.

A damping force 1is generated when the hydraulic oil thus passes

F

through the narrow gap between the second leaf springs 54 and the

F

piston 13. The magnitude of this damping force chahges in

accordance with the

P

P

aperture of the adjustable valve 24. The

magnitude of the damping force is a maximum when the adjustable

valve 24 1s fully closed, and increases or decreases as the

ﬁ‘

throttling amount of the adjustable valve 24 changes.

[0097] The outer

P

diameter of the sliding portion 22a of the

sub plston rod 22 i1s larger than the outer diameter of the

sliding portion 21la

the plston 13 moves

—

of the main piston rod 21. Therefore, when

up 1n Fig. 1 1n the hydraulic shock absorber

P

1, the increase in volume of the sub piston rod 22 entering the

second 01l chamber 17 is larger than the decrease in volume of

the main piston rod

—
p—

21 leaving the first oil chamber 16. That 1is,

i

the total quantity of the hydraulic oil having flowed into the

second o1l chamber 17 from the first oil chamber 16 cannot be

accommodated 1n the

second 011 chamber 17.

L0098 ] In this case, as indicated by the solid-line arrow in
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Fig. 7, the hydraulic oil flows into the third oil chamber 18

from the second o0il chamber 17 through the notches 114 of the

second support member 14.

(0099] The total cross-sectional area of the notches 114 is

equal to or larger than the difference between the cross—

H

sectional area of the sliding portion 2la of the main plston rod

ﬁ —

21 and the cross-sectional area of the sliding portion 22a of the

sub piston rod 22. Since the hydraulic oil smoothly flows

through the notches 114 as the piston 13 moves, no cavitation

occurs 1n the oil chamber even when the moving velocity of the
piston 13 is high.

[(0100] On the other hand, when the hydraulic shock absorber 1
contracts and the piston 13 moves down (nearer to the second

support mempber 14) in Fig. 1 with respect to the cylinder 2, the

01l pressure is transmitted from the second oil chamber 17 to the

gr—

first leaf springs 53 through the communication hole 49 and the

compression-side o1l hole 46 of the piston 13. If the oil

pressure exceeds the 1initial set load of the first leaf SPrings

03, the hydraulic o0il opens the first leaf springs 53 against

their spring forces, and flows into the first oil chamber 16 from

the compression-side oil hole 46. A damping force is generated

when the hydraulic oil passes through the narrow gap between the

first leaf springs 53 and the piston 13. 1In this case, the

hydraulic oil flows intc the second o0il chamber 17 from the third

011l chamber 18 through the notches 114 of the second support
member 14. The direction in which the hydraulic oil flows at

that time is a direction indicated by the broken-line arrow in

Fig. 7. No cavitation occurs in the o0il chamber in this case as
well.
[0101] The hydraulic o0il in the hydraulic shock absorber 1 is

pressurized by the pressure of the gas in the gas chamber 19.

Accordingly, a gas reaction force equivalent to the difference

between the pressure-receiving area of the first oil chamber 16

2]
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F-

and the pressure-receiving area of the second o0il chamber 17 acts

on the piston 13 even in the natural state. The pressure-

receiving area of the first oil chamber 16 is larger than the

pressure-recelving area of the second o0il chamber 17. Therefore,

this gas reaction force pushes the piston 13 toward the second
support member 14. That is, the hydraulic shock absorber 1

contracts 1in the natural state. The piston 13 moves as it is

pushed by the above-described gas reaction force until the washer

P

506 near the lower side of the piston 13 abuts against the washer

115 of the second support member 14.
[0102] To 1nstall the hydraulic shock absorber 1 that

contracts i1in the natural state as described above in the

suspension of the vehicle, the spring receiving member 84a is

first attached to the cylinder 2 of the hydraulic shock absorber
1 by the C-ring 84b. Then, the main piston rod 21 is held in a

state 1n which it projects from the cylinder 2 by a predetermined

amount. The main piston rod 21 is projected from the cylinder 2
py using a dedicated tool (not shown), or supplying a gas to the
closed space 118 in the pipe 90. After that, the coil spring 84

i

Of the suspension 1is attached to the spring receiving member 844,

and the body-side connecting member 7 is attached to the main

piston rod 21. An assembly including the nydraulic shock

absorber 1 and the coil spring 84 is achieved py attaching the

pody-side connecting member 7 to the main piston rod 21.

1 0103] After that, the body-side connecting member 7

positioned in the upper end of the assembly is attached to the

-~
—

pody 6, and the cover member 12 positioned in the lower end of

the assembly is attached to the lower arm 4 by the wheel-side

connecting member 5. After the assembly is installed between the

pody 6 and the wheel side, the main piston rod 21 is released

from being held. The release is performed by removing the tool

nolding the main piston rod 21, or exhausting the gas from the

closed space 118.
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10104 ] When the hydraulic shock absorber 1 is installed in

the suspension as described above, the weight of the vehicle is

provided as a load to the shock-absorbing rubber 99 of the wheel-

side connecting member 5. In the shock-absorbing rubber 99, a
portion positioned above the inner cylinder 98 is pulled, and a
portion positioned below the inner cylinder 98 is compressed 1n
Fi1g. 0.

[0105] The hydraulic shock absorber 1 contracts in the natural

state as described above. When the hydraulic shock absorber 1 is

installed in the suspension, therefore, the initial set load is

ﬂ

provided to the shock-absorbing rubber 28 of the pody-side

connecting member 7, and an initial deformation occurs.

1 0106] In the shock-absorbing rubber 28 of the pody-side

connecting member 7, a portion positioned below the connecting
plate 26 in Fig. 2 is compressed, and a portion positioned above

the connecting plate 26 in Fig. 2 is pulled.

F

(0107 The operation of the hydraulic shock absorber 1

installed in the vehicle will be explained with reference to Figs.

JA to 9C. Figs. 9A to 9C illustrate states in which the vehicle

1s viewed from behind. Figs. S9A to 9C schematically show the

ﬁ

nydraulic shock absorber 1 on the left side of the vehicle, the

P

hydraulic shock absorber 1 on the right side of the vehicle, and

the shock-absorbing rubbers 28 and 99 connected to the hydraulic

shock absorbers 1. Also, Figs. 9A to 9C each illustrate a state

1n which a wheel 121 is connected to the lower arm 4.

P

furthermore, each of Figs. 9A to 9C shows the coil spring 84 of

—

the suspension, which is installed independently of the hydraulic

shock absorber 1, by the alternate long and two short dashed

lines.

10108] As shown 1n Fig. 9A, when the vehicle 1is standing still

or running straight on a flat road surface, the shock-absorbing

rupber 28 deforms as it is pulled toward the hydraulic shock

absorber 1 by the gas reaction force. This deformation will
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simply be called an initial deformation hereinafter. The shock-

absorbing rubber 99 deforms by the weight of the vehicle, and

pends downward. When the vehicle runs in this state and the left

wheel 121 rides over a small projection 122 on the road such as a

white line, as shown in Fig. 9B, the hydraulic cylinder 1

displaces upward in the state in which the shock-apsorbing rubber

28 has deformed by the initial deformation, so this initial

P

deformation of the shock-absorbing rubber 28 is partially or

entirely eliminated. 1In this case, the hydraulic shock absorber

1 1s not operating (contracting), and the shock-absorbing rubber

28 reduces a shock to be transmitted from the wheel 121 to the
pody 6.

P

[0109] When the coill spring 84 is installed independently of

the hydraulic shock absorber 1, the gas reaction force bends the

shock-absorbing rubber 99 by the initial deformation into a shape

which projects upward as indicated by the alternate long and two

dashed lines in Fig. 9A. When the left wheel rides on the

—
pere

projection 122 such as a white line, the initial deformation of

the shock-absorbing rubber 99 is partially or entirely eliminated

as 1ndicated by the alternate long and two short dashed lines 1in

FFi1g. 9B. That is, in this case, both the shock-absorbing rubbers
28 and 99 reduce a shock to be transmitted from the wheel 121 to
the body 6.

(01107} When the vehicle turns to, e.g., the left, as shown in

Fig. 9C, the body 6 inclines by the centrifugal force such that

P

the right side of the vehicle lowers. In this state, the shock-

ﬁ

apsorbing rubber 28 positioned on the right side of the body once

eliminates the initial deformation from the state shown in Fig.

9A, and bends in the opposite direction. After the shock-

absorbing rubber 28 cannot deform any more, the shock-absorbing

rubber 28 transmits, to the hydraulic shock absorber 1, a force
in a direction in which the hydraulic shock absorber 1 contracts.

On the other hand, the shock-absorbing rubber 28 positioned on
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the left side of the body is already pulled by the gas reaction

force, and hence immediately transmits, to the hydraulic shock

absorber 1, a force in a direction in which the hydraulic shock

absorber 1 expands. In this state, the load applied to the

shock-absorbing rubber 99 positioned on the left side of the body

1s reduced because the left portion of the body 6 displaces

upward. As a consequence, the shock-absorbing rubber 99 once

eliminates the initial deformation from the state shown in F1g.
9A, and bends in the opposite direction as shown in Fi1g. 9C.

(0111] That 1s, in this state, the hydraulic shock absorber 1

on the right side of the body contracts, and the hydraulic shock

absorber 1 on the left side of the body expands to generate a

damping force. In the hydraulic shock absorber 1 positioned on

the right side of the body, the initial deformation is eliminated

1n the shock-absorbing rubber 28 when the body © slightly lowers,

and a damping force is generated immediately after the

deformation which bends in the opposite direction as shown in Flg.

JC 1s complete. Note that when the coil spring 84 is installed

#

independently of the hydraulic shock absorber 1, the initial

deformation is eliminated in both the shock-absorbing rubbers 28
and 99.

10112] In the hydraulic shock absorber 1 positioned on the

left side of the body, the initial deformation is eliminated in

the shock-absorbing rubber 99 when the body 6 starts inclining,

and a damping force is generated immediately after the

deformation which bends in the opposite direction is complete.

1)

Note that when the coil spring 84 is installed independently of

the hydraulic shock absorber 1, a damping force is generated

F

simultaneously with the start of inclination. Therefore, the

body 6 turns to the left while slightly inclining to the right.

(0113] The turning performance of the vehicle and the

g

responsiveness of the hydraulic shock absorber 1 as described

above cannot be achieved by the hydraulic shock absorbers
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nt No. 4996957 and Japanese Patent

shock absorber 1 according to the

nt, when the piston 13 moves with

the hydraulic oil flows through the

support member 14 at a flow rate

)

ce between the cross—-sectional area of

the main piston rod 21 and the cross-

#

1ng portion 22a of the sub piston rod

cnal area of the notches 114 is equal

erence pbetween the cross-sectional area

P

of the maln piston rod 21 and the

e sliding portion 22a of the sub piston

1c o1l smoothly flows through the

13 moves, no cavitation occurs in the

P

moving velocity of the piston 13 1is

shock absorber 1 according to the

F

nt, the operability of the piston rod 3

sible to provide the initial set load

ﬁ

per 28 of the vehicle while preventing

F

cavitation 1in the oil chamber. When the coil spring 84 of the

suspension 1s installed in
absorber 1, the initial se

of the shock-absorbing rub

dependently of the hydraulic shock
t load 1s able to be provided to both
bers 28 and 99.

[0116] Consequently, the hydraulic shock absorber is able to

1mprove the ride quality o
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[0117] The notches 114
the second support member
embodiment are provided in

the second support member

—

f a vehicle because no unnecessary

e body 6 and a damping force 1is

—

siveness to the behavior of the vehicle.

P
g

(the second hydraulic o0il passage) of

14 according to the present preferred

the outer circumferential portion of

14 so as to have a shape which
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partially widens the gap between the outer circumferential

P

portion of the second support member 14 and the inner

F

circumferential surface of the cylinder 2.

[0118] The notches 114 are arranged over a broad range of the

second support member 14 except for a portion necessary to

support the sub piston rod 22 (a portion that accommodates the

o1l seal 116 and bearing 117). Therefore, the notches 114 are

able to be provided with few restrictions, and the hydraulic oil
passage (second hydraulic oil passage) having a large cross-
sectional area 1s easily provided by the notches 114.

[0119] Accordingly, a hydraulic shock absorber is provided in
which cavitation hardly occurs.

— —

[0120] The outer diameter of the sliding portion 22a of the

sub piston rod 22 according to the present preferred embodiment

F

1s larger than the outer diameter of the sliding portion 2la of

the main piston rod 21.

F

10121 ] This causes the pressure receiving area of the second

ﬁ

o1l champber 17 of the piston 13 to be smaller than the pressure

recelving area of the first oil chamber 16. As a consequence, a

gas reaction force equivalent to the difference between the

pressure recelving areas acts on the piston 13, and moves the

piston 13 toward the second support member 14. Therefore, the

hydraulic shock absorber 1 according to the present preferred

embodiment contracts 1n the natural state as described above.

10122 ] When the hydraulic shock absorber 1 is assembled into

Che suspension of a vehicle, the shock-absorbing rubber 28 of the

suspension 1is pulled by the hydraulic shock absorber 1, and the

1nitial set load (a load which causes initial deformation) is

provided to the shock-absorbing rubber 28. When the coil spring

’h

34 of the suspension is installed independently of the hydraulic

shock absorber 1, the initial set load is provided to both of the
shock-absorbing rubbers 28 and 99.
10123] When the wheel 121 rides over the small projection 122
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on the road surface, the initial deformation of the shock-
absorbing rubber 28 is partially or entirely eliminated, so the
ride quality improves because no shock is transmitted to the body
o even when the hydraulic shock absorber 1 is not operating.

ﬁ

Note that when the coil spring 84 of the suspension is installed

F

independently of the hydraulic shock absorber 1, the initial

ﬁ P

deformations of both of the shock-absorbing rubbers 28 and 99 are

partially or entirely eliminated. Also, when the pbody © 1nclines

Lo the right or left during cornering or the like, the hydraulic

shock absorber 1 positioned inside the turn (the hydraulic shock

apsorber 1 which expands) generates a damping force at almost the

same time the body starts inclining. Note that when the coil

spring 84 of the suspension is installed independently of the

hydraulic shock absorber 1, a damping force is generated at the

same time the body starts inclining.

(0124 ] In the hydraulic shock absorber 1 positioned outside

Che turn, the initial deformation of at least the shock-absorbing

rubber 28 is eliminated when the body slightly lowers, and a

damping force 1s generated immediately after the deformation
which bends in the opposite direction is complete. That is, the
ride quality improves because the body hardly inclines.

10125] The hydraulic shock absorber 1 according to the present

preferred embodiment includes the hydraulic oil passage 74 (third

hydraulic oil passage) allowing the first oil chamber 16 and the
second o1l chamber 17 to communicate with each other through the
main piston rod 21. The hydraulic shock absorber 1 also includes

the adjustable valve 24 that is able to change the cross-

sectional area of the hydraulic oil passage 74.

10126] Accordingly, the magnitude of the damping force to be

generated 1in the hydraulic shock absorber 1 is able to be changed

P

py changing the cross-sectional area of the hydraulic oil passage

74 by the adjustable valve 24.

10127] In the present preferred embodiment, therefore, the
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magnitude of the damping force is adjusted in accordance with the

F

type of vehicle

installed or in

the vehicle, so

in which the hydraulic shock absorber 1 is

R

accordance with the preference of a passenger of

a hydraulic shock absorber is provided that

further improves the ride quality.

[0128] The pipe 90 according to the present preferred

empodiment includes the small-diameter portion 90a in which the

free piston 15 is slidably fitted, and the large-diameter portion

J0b which has an outer diameter larger than that of the small-

diameter portion 90a and to which the second support member 14 is

fixed. The second support member 14 is fixed as it is fitted in

—

the large-diameter portion 90b of the pipe 90.

[0129] In the hydraulic shock absorber 1 according to the

F

present preferred embodiment, the area of the contact portion

petween the second support member 14 and pipe 90 is larger than

the area of the

contact portion when the second support member 14

1s fitted in the small-diameter portion 90a of the pipe 90.

[0130] In the present preferred embodiment, therefore, the

second support member 14 is strongly fixed to the pipe 90, so the

sub plston rod 22 is stably supported without being influenced by

the magnitude of the oil pressure acting on the second support

member 14. That is, the piston rod 3 smoothly operates.

[0131] Accordingly, the present preferred embodiment provides

a hydraulic shock absorber that improves the ride quality because

the operation when the hydraulic shock absorber 1 expands or

contracts 1s smooth and causes no incongruity to a passenger.

Second Preferred Embodiment

10132] T'he pipe and second support member may be provided as

shown 1n Figs. 10 and 11. The same or almost the same members as

explained in Figs. 1 to 9C are denoted by the same reference

numerals 1n Figs. 10 and 11, and a detailed explanation thereof

|

wlll appropriately be omitted.
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(01331 A pipe 90 shown in Figs. 10 and 11 preferably has a

shape having a constant outer diameter from one end to the other.

Jr—

A small-diameter portion 111 of

a second support member 14 is

elongated in the axial direction compared to that of the first

preferred embodiment. The second support member 14 according to

the present preferred embodiment is fixed to the pipe 90 such

that the pipe 90 is fitted in the small-diameter portion 111.

The pipe 90 is press-fitted, for example, in the small-diameter

portion 111. An O-ring 123 that seals a portion between the

pr—

small-diameter portion 111 and the outer circumferential surface

P

O the pipe 90 is attached to the small-diameter portion 111.

(0134] The pipe 90 having a constant outer diameter as

described above makes it possible to use a product manufactured

at low cost by mass-production.

preferred embodiment provides a

Accordingly, the present

hydraulic shock absorber which

not only improves the ride quality when installed in a vehicle,

but also decreases the manufacturing cost.

Third Preferred Embodiment

[0135] The cover member may
12.
[0136] The same or almost th

also be provided as shown in Fig.

e same mempers as explalned 1in

Figs. 1 to 11 are denoted by the same reference numerals in Fig.

12, and a detailed explanation thereof will appropriately be

omltted.

[0137] A gas supply passage 131 that defines a circular recess

91 and the outside of a cover member 12 shown in Fig. 12

communicate with each other is provided in the cover member 12.

ﬁ

One end of the gas supply passage 131 according to the present

preferred embodiment opens to the inner circumferential surface

of the circular recess 91. The

The other end of the gas supply

gas supply passage 131 extends

from the one end in the radial direction of the cover member 12.

passage 131 opens to the outer
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ﬁ

circumferential surface of the cover member 12. That 1s, the gas

supply passage 131 is connected to a closed space 118 in a plpe

90 via the circular recess 91.

[0138] A rubber plug member 132 is held in the middle portion

of the gas supply passage 131. A plug 133 is threadably engaged

g

with the opening of the gas supply passage 131. A through hole

135 for pricking the plug member 132 with a gas 1njection needle
134 1s provided in the plug 133. The needle 134 is used to
inject a gas into the closed space 118 in the pipe 90. The gas

1s discharged into the gas supply passage 131 from the distal end

P

portion of the needle 134 extending through the plug member 132.

(0139 The gas to be supplied to the gas supply passage 131 is

a gas having a pressure which cancels a gas reaction force

N
)

generated by the difference between the cross-sectional area o

pr——

sliding portion 2la of a main piston rod 21 and the cross-

—

sectional area of a sliding portion 22a of a sub piston rod 22,

Or a pressure higher than that. When the gas is supplied to the
gas supply passage 131 by using the needle 134, the internal

F

pressures of the gas supply passage 131 and the closed space 118

rise. When the gas is exhausted from the gas supply passage 131

through the needle 134, the internal pressures of the gas supply

passage 131 and the closed space 118 fall. When the needle 134

i

1s pulled out from the plug member 132, the pinhole of the plug

member 132 1s closed by elasticity, and the gas supply passage
131 and the closed space 118 are closed in a predetermined low-
pressure state. “"The low-pressure state” as described herein is
a state at the atmospheric pressure or a pressure slightly higher
than the atmospheric pressure.

[0140] As described above, the closed space 118 in the pipe 90

according to the present preferred embodiment is connected to the
gas supply passage 131 which is able to be switched between the
state 1n which the gas is supplied and the pressure rises, and

the state 1n which the gas is exhausted and the space is closed
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at a predetermined low pressure. When the gas 1s supplied from

the gas supply passage 131 to the closed space 118, the gas

pressure acts on the sub piston rod 22, and the main piston rod

21 moves together with the sub piston rod 22 in a direction in

which the main piston rod 21 projects from a cylinder 2.
1 0141] Consequently, when assembling a hydraulic shock
absorber 1 which contracts in the natural state into a suspension

P

0T a vehicle, the total length of the hydraulic shock absorber 1

1s able to be adjusted in accordance with the installation

F

position of the suspension. Accordingly, the present preferred

empodiment provides a hydraulic shock absorber which is easlly be

assembled into a suspension.

10142] The present preferred embodiment uses the rubber plug
memper 132 in order to close the gas supply passage 131. However,

the present invention is not limited to this. Although not shown,

an on-off valve may be used to close the gas supply passage 131.

P

As an example of this on-off valve, it is possible to use a

structure which opens when a gas is supplied or a gas supply

devlice 1s connected, and closes when the supply of the gas stops

pl—

Or the gas supply device is removed. Examples of an on-off valve

naving this structure include, for example, an English Valve, an

American Valve, and a French Valve widely used in automobiles and

e gr—

automobile tires. An on-off valve of this kind is threadably

#

engaged with the atmosphere-side opening of the gas supply

passage 131 such that a gas supply port or a supply device

connecting portion projects from the cover member 12.

10143] In each of the above-described first to third preferred

empbodiments, it is disclosed that the outer diameter of the

F

sliding portion 22a of the sub piston rod 22 preferably 1s larger

F

than that of the sliding portion 2la of the main plston rod 21.

However, the present invention is not limited to this. That is,

the hydraulic shock absorber 1 according to the present 1nvention

may be provided in which the outer diameter of the sliding
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the main piston rod 21 is larger than the outer

pr—

e sliding portion 22a of the sub piston rod 22.

shock absorber 1 using this arrangement expands in

ate, and provides an initial set load (a load which

deformation) to the shock-absorbing rubber when

a suspension of a vehicle. Accordingly, the same

of the first preferred embodiment is obtained even

S arrangement.

e preferred embodiments of the present invention
ribed above, it is to be understood that variations

ons will be apparent to those skilled in the art

ing from the scope and spirit of the present

pr—

scope oI the present invention, therefore, is to

solely by the following claims.
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WHAT IS CLAIMED IS:

1. A hydraulic shock absorber comprising:

a cylinder;

e

a first support member at a first end portion of the

cylinder;

a cover member that closes a second end portion of the

cylinder;

a main piston rod slidably extending through the first

support member;

a sub piston rod positioned on a same axis as that of the

maln piston rod, and connected to a first end portion of the main

piston rod which is positioned inside the cylinder;

a plpe arranged in the cylinder in a state in which the

P

plpe 1s positioned on the same axis as that of the main plston

rod and the sub piston rod, and including a first end portion

fixed to the cover member and a second end portion into which a

f—

distal end portion of the sub piston rod is inserted:

a second support member fixed to the second end portion of

the pipe, and including an outer circumferential portion having a

F

diameter larger than a diameter of the pipe, fitted on an inner

circumferential surface of the cylinder, and further 1ncluding an

inner circumferential portion which slidably supports the distal

F

end portion of the sub piston rod;

a plston slidably fitted in the cylinder in a state in

which the piston is fixed between the main piston rod and the sub

piston rod, and defining a first o0il chamber between the plston

and the first support member and a second o0il chamber between the

piston and the second support member;

a free pilston slidably fitted between the pipe and the

cylinder such that the pipe extends through the free piston, and

defining a third oil chamber between the free piston and the

second support member and a gas chamber between the free piston
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and the cover member;

a first hydraulic oil passage that communicates the first

011l chamber with the second oil chamber;

a valve in the first hydraulic oil passage; and

a second hydraulic oil passage in the second support member

sucn that hydraulic oil is able to freely pass, and communicates

the second o0il chamber with the third oil chamber; wherein

the first oil chamber, the second o0il chamber, and the

third oil chamber are filled with the hydraulic oil;

the gas chamber is filled with a gas having a pressure

which pushes the free piston toward the second support member;

a closed space in the pipe;

F F

an outer diameter of a sliding portion of the main piston

F

rod differs from an outer diameter of a sliding portion of the

sub piston rod; and

g

a total cross-sectional area of the second hydraulic oil

p—

passage 1s not less than a difference between a cross-sectional

area of the sliding portion of the main piston rod and a cross-

p—

sectional area of the sliding portion of the sub piston rod.

2. The hydraulic shock absorber according to claim 1,

wherein the second hydraulic oil passage is provided in an outer

circumferential portion of the second support member, and has a

shape which partially widens a gap between the outer

circumferential portion of the second support member and the

o

inner circumferential surface of the cylinder.

3. The hydraulic shock absorber according to claim 1,

ﬁ F

wherein the outer diameter of the sliding portion of the sub

P

plston rod is larger than the outer diameter of the sliding

ﬁ

portion of the main piston rod.

4. The hydraulic shock absorber according to claim 3,
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whereiln

the closed space is connected to a gas supply passage which
1s able to be switched between a state in which a gas 1s supplied
and a pressure rises, and a state in which the gas is exhausted
and the gas supply passage is closed in a low pressure state; and

the gas to be supplied to the gas supply passage is a gas

having a pressure which cancels a gas reaction force generated by

i

the difference between the cross-sectional area of the sliding

- —
-

portion of the main piston rod and the cross-sectional area of

—

the sliding portion of the sub piston rod, or a pressure higher

than the difference.

o. The hydraulic shock absorber according to claim 1,

further comprising:

a third hydraulic oil passage in the main piston rod or the

sub piston rod, and that communicates the first oil chamber with

the second o0il chamber: and

an adjustable valve that changes a cross-sectional area of

the third hydraulic oil passage.

6. The hydraulic shock absorber according to claim 1,

wherein the pipe includes a smaller-diameter portion in which the

free piston is slidably fitted, and a larger-diameter portion

which has an outer diameter larger than an outer diameter of the

smaller-diameter portion and to which the second support member

1s fixed; and

Che second support member is fixed such that the second

support member 1s fitted in the larger-diameter portion.

/.  The hydraulic shock absorber according to claim 1,

whereiln the pipe has a shape having a constant outer diameter

from one end to the other end, and the second support member is

fixed to the pipe such that the pipe is fitted in the inner
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circumferential portion.

8. The hydraulic shock absorber according to claim 1,

wherein the free piston has a ring shape 1ncluding an outer

circumferential portion slidably fitted in the cylinder and a

hollow portion through which the pipe extends;

the outer circumferential portion of the free piston is

supported on the cylinder by a bearing adjacent to the third oil

chamber 1n an axial direction of the free piston and an outer

')

circumferential seal spaced apart from the bearing on a side of

the gas chamber; and

an 1nner clrcumferential portion of the free piston is

supported on the pipe by an inner circumferential seal positioned

petween the bearing and the outer circumferential seal in the

axial direction.
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