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bodies for opening and closing one of passages connect 
ing two chambers, a spring member provided on each 
valve body for biasing the valve body onto a valve seat, 

- a plunger mounted on the valve bodies, and a solenoid 
into which the plunger extends for moving the plunger 
under a force corresponding to the value of the current 
fed to the solenoid to successively move the valve bod 
ies. The passage is able to be opened and closed by 
controlling the current value so that a damping force is 
generated by controlling a flow of the hydraulic fluid in 
the passages, thus allowing the shock absorber to ex 
hibit a plurality of damping force characteristics. 

5 Claims, 5 Drawing Sheets 
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DAMPNG FORCE ADJUSTING HYDRAULC 
SHOCK ABSORBER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a hydraulic shock 

absorber for use in a car or the like for adjusting a damp 
ing force according to a road condition at the time of 
driving. 

2. Description of the Prior Art 
Effective adjustment of a damping force for optimum 

comfort and steering stability according to road condi 
tions has been proposed hitherto for hydraulic shock 
absorbers used in cars or the like. 
There has been proposed, for example, a hydraulic 

shock absorber (as disclosed in Japanese Utility Model 
Unexamined Publication No. 61-1729, for example) 
wherein a bypass is formed within a piston rod through 
which two chambers in a cylinder partitioned by a 
piston communicate with each other, and a plurality of 
orifices are provided halfway along the bypass. The 
orifices are opened and closed by an externally driven 
shutter, whereby damping force characteristics are thus 
modified. 
Also proposed is a hydraulic shock absorber (as dis 

closed in Japanese Utility Model Examined Publication 
No. 59-22359, Japanese Utility Model Examined Publi 
cation No. 60-37477, for example) wherein two parti 
tioned chambers are kept in communication through a 
plurality of passages, a damping force generating mech 
anism (such as an orifice or the like) is provided for 
generating a damping force by controlling a flow of 
hydraulic fluid generated in the passages during a slid 
ing motion of a piston in a cylinder, and the damping 
force is adjusted by opening and closing the passages by 
the use of a solenoid valve. 

In a hydraulic shock absorber for adjusting a damp 
ing force by the selective operation of a plurality of 
orifices according to the operation of a shutter, more 
than two damping forces can be effectively selected and 
therefore, a high degree of control is realizable in re 
sponse to road conditions and other factors. However, 
in the case of adjusting a damping force by the opera 
tion of a Solenoid valve, only two damping forces may 
be selected and therefore, a damping force precisely 
corresponding to road conditions and other factors is 
not obtainable. 

SUMMARY OF THE INVENTION 

The invention has been carried out in view of the 
aforementioned problem, and its object is to provide a 
hydraulic shock absorber capable of selectively gener 
ating more than two damping forces under the opera 
tion of a solenoid valve. 

In a damping force adjusting hydraulic shock ab 
sorber wherein two partitioned chambers are kept in 
communication through a plurality of passages, a damp 
ing force generating mechanism is provided for generat 
ing a damping force by controlling a flow of hydraulic 
fluid generated in the passages with the sliding motion 
of a piston in a cylinder. The damping force is adjust 
able by selectively controlling the opening or closing of 
one of the passages. The invention provides a damping 
force regulating valve for opening and closing one of 
the passages, comprising: 
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2 
a plurality of valve bodies for seating on and separat 

ing from a valve seat provided within the one of the 
passages to open and close the passage; 

a spring member provided on each valve body for 
biasing each valve body toward the valve seat; 

a plunger made of a magnetic material which is 
mounted on the valve bodies; and 

a solenoid, into which the plunger extends, for suc 
cessively operating the valve bodies by moving the 
plunger with a degree of force corresponding to the 
value of a current supplied thereto. 
According to the aforementioned construction, when 

the value of a current supplied to the solenoid is low, 
the plunger is moved by a small force. Therefore, the 
valve body held on the valve seat by one small spring 
member can be lifted from the valve seat against the 
biasing force of the one spring member. And, when the 
value of a current supplied to the solenoid is large, the 
plunger is moved by a large force. Therefore, the valve 
body held on the valve seat by another spring member 
can also be lifted from the valve seat against the biasing 
force of the another spring member. Thus, the opening 
and closing of the passages may be regulated by con 
trolling the current fed to the solenoid. And, since a 
damping force is generated by controlling a flow of the 
hydraulic fluid in the passages with the movement of 
the valve bodies, a plurality of damping forces is obtain 
able. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a longitudinal sectional view of a first em 
bodiment of a hydraulic shock absorber according to 
the present invention; 

FIG. 2 is an enlarged view of a principal part of the 
shock absorber of FIG. 1; 
FIG.3 and FIG. 4 are schematic diagrams illustrating 

the operation of a damping force regulating valve 12 of 
the shock absorber shown in FIG. 1; 
FIG. 5 is a longitudinal sectional view of a second 

40 embodiment of a hydraulic shock absorber according to 
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the present invention; 
FIG. 6 is a graph showing damping force characteris 

tics of the first embodiment of the hydraulic shock 
absorber; and 
FIG. 7 is a graph showing damping force characteris 

tics of the second embodiment of the hydraulic shock 
absorber. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Referring now to the first embodiment shown in 
FIG. 1, the hydraulic shock absorber 1 is a double-cyl 
inder type in which a piston 3 is fitted slidably in an 
inner cylinder 2, and the inner cylinder 2 is partitioned 
by the piston 3 into an upper chamber 4 on the upper 
side in the drawing and a lower chamber 5 on the lower 
side. The piston 3 is mounted on an outer periphery of 
a passage member 8 consisting of a large-sized cylinder 
6 and a small-sized cylinder 7 screwed thereon by 
means of a nut 9, and the large-sized cylinder 6 of the 
passage member 8 is screwed on one end of a piston rod 
10. The other end (not shown) of the piston rod 10 
projects to the outside of the cylinders. A passage 11 for 
keeping the interior of the passage member 8 and the 
upper chamber 4 in communication with each other is 
formed in the piston rod 10, and the degree of opening 
of the passage 11 is controlled by a damping force regul 
lating valve 12 which will be described hereinafter. A 
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bypass 13 for keeping the upper chamber 4 and the 
lower chamber 5 in communication with each other is 
constituted by the interior of the passage member 8 and 
the passage 11 of the piston rod 10. 
A first expansion side passage 14 and a first compres 

sion side passage 15 for keeping the upper chamber 4 
and the lower chamber 5 in communication with each 
other are formed through the piston 3. A first expansion 
side damping force generating mechanism 18 consisting 
of a disk valve 16 and an orifice passage 17 for generat 
ing a damping force by controlling a flow of hydraulic 
fluid generated at the time of an expansion stroke of the 
hydraulic shock absorber 1 is provided on the lower 
chamber 5 side of the first expansion side passage 14. 
And, a first compression side damping force generating 
mechanism 20 consisting of a disk valve 19 for generat 
ing a damping force by controlling a flow of hydraulic 
fluid generated at the time of a compression stroke is 
provided on the upper chamber 4 side of the first com 
pression side passage 15. 
An annular member 21 for closing the bypass 13 is 

fitted in the passage member 8, and a second expansion 
side passage 22 and a second compression side passage 
23 for keeping the interiors of the large-sized cylinder 6 
and the small-sized cylinder 7 in communication with 
each other are formed through the annular member 21. 
A second expansion side damping force generating 
mechanism 26 consisting of a disk valve 24 and an ori 
fice passage 25 for generating a damping force by con 
trolling a flow of hydraulic fluid generated at the time 
of the expansion stroke is provided on the interior side 
of the small-sized cylinder 7 of the second expansion 
side passage 22, and a check valve 27 for allowing hy 
draulic fluid to flow from the interior of the small-sized 
cylinder 7 to the interior of the large-sized cylinder 6 
and restricting a flow of the hydraulic fluid in the coun 
ter-direction is provided on the inside of the large-sized 
cylinder 6 over the second compression side passage 23. 
The disk valve 24 of the second expansion side damping 
force generating mechanism 26 is set to open when a 
pressure is exerted thereon which is smaller than that 
required to open the disk valve 16. The second expan 
sion side damping force generating mechanism 26 and 
the check valve 27 are mounted on the annular member 
21 with a bolt 28 and a nut 29. 
A body part mechanism 30 for generating a damping 

force at the time of a compression stroke is provided on 
the bottom side (lower side in the drawing) of the inner 
cylinder 2. The body part mechanism 30 comprises a 
partition member 33 for keeping the interior of the inner 
cylinder 2 from communicating with an annular space 
32 between the inner cylinder 2 and an outer cylinder 
31, a third expansion side passage 34 and a third com 
pression side passage 35 formed through the partition 
member 33, a second compression side damping force 
generating mechanism 38 provided on the lower side of 
the third compression side passage 35 and consisting of 
a disk valve 36 and an orifice passage 37 for controlling 
a flow of hydraulic fluid generated at the time of a 
compression stroke, and a check valve 39 provided on 
the lower chamber 5 side of the third expansion side 
passage 34 for allowing the hydraulic fluid to flow from 
the annular space 32 to the inner cylinder 2 and restrict 
ing a flow of the hydraulic fluid from the inner cylinder 
2 to the annular space 32. 

Next, the damping force regulating valve 12 (sole 
noid valve) which is a principal part of the invention 
will be described in detail with reference to FIG. 2. 
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4. 
The piston rod 10 is formed of a magnetic material, 

and a valve seat member 41 having a valve seat 40 
formed thereon is mounted on a lower side of the piston 
rod 10. A first valve body 42 and a second valve body 
43 are provided within the bypass 13. The first valve 
body 42 is axially movable relative to the piston rod 10 
so as to slide on a support member 44 consisting of a 
magnetic material and which is mounted within the 
piston rod 10. And, the second valve body 43 is axially 
movable relative to the piston rod 10 inside the first 
valve body 42. The second valve body 43 is concentri 
cally fitted in the first valve body 42. The valve bodies 
42, 43 are each seated on the valve seat 40 to normally 
close off the bypass 13. The first valve body 42 is nor 
mally biased toward the valve seat 40 by a first spring 
member 46 disposed in a space 45 formed by the valve 
bodies 42, 43 and the support member 44, and the sec 
ond valve body 43 is likewise normally biased toward 
the valve seat 40 by a second spring member 47. 
A shaft 48 is fitted slidably in the second valve body 

43, and a washer 49 is mounted on a lower end of the 
shaft 48. Thus, the second valve body 43 will rise as the 
shaft 48 ascends. Further, a flange 50 is formed on an 
outer periphery of the second valve body 43, and thus 
when the second valve body 43 is raised by a predeter 
mined amount, the flange 50 interlocks with the first 
valve body 42 to raise the first valve body 42. An orifice 
passage 51 is formed in the first valve body 42, and an 
area of the orifice passage 51 is set to be smaller than an 
area of the orifice passage 25 of the second expansion 
side damping force generating mechanism 26 provided 
in the passage member 8. 
The shaft 48 passes through the support member 44 to 

extend axially upward of the piston rod 10, and a 
plunger 52 formed of a magnetic material is mounted on 
its upper portion. 
The plunger 52 extends into one solenoid 53 and an 

annular permanent magnet 54 provided on a lower side 
thereof. An inner peripheral side of the permanent mag 
net 54 which faces the plunger 52 serves as an S-pole 
while the outer peripheral side serves as an N-pole. A 
base 55 made of a magnetic material is positioned on an 
upper side of the solenoid 53 by a retainer 56 made of a 
magnetic material which is mounted on the piston rod 
10, and the plunger 52 is restricted to move between the 
support member 44 and the base 55. A sleeve 57 made of 
a nonmagnetic material is interposed between the 
plunger 52 and the solenoid 53 and the permanent mag 
net 54, and opposite ends of the sleeve 57 are fitted 
fluid-tightly with the support member 44 and the base 
55. A lead wire 63 connected to the solenoid 53 is em 
bedded in resin on an upper surface of the retainer 56 
and is connected to a control circuit 58 (FIG. 3) exter 
nally of the hydraulic shock absorber 1 through the 
piston rod 10. 
The control circuit 58 is capable of effectively modi 

fying the value of a current fed from a battery 59 (FIG. 
3) to the solenoid 53. 
A through-hole 60 for keeping the space 45 formed 

by the valve bodies 42, 43 and the support member 44 
and the bypass 13 communicating with each other is 
formed in the second valve body 43. Hydraulic fluid is 
introduced into the space 45 by way of the through-hole 
60 so as to apply the same pressure as generated in the 
bypass 13 on opposite end surfaces of the valve bodies 
42, 43. Thus, even if the pressure generated in the by 
pass 13 becomes higher at the time of a compression 
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stroke, the valve bodies 42, 43 are prevented from being 
opened unnecessarily. 
The operation of the aforementioned shock absorber 

will be described with reference to FIG. 1 to FIG. 4 and 
FIG. 6. 

First, with the bypass 13 closed off by the valve bod 
ies 42, 43 as shown in FIG. 1, a damping force having 
characteristics dictated by the orifice passage 17 of the 
first expansion side damping force generating mecha 
nism 18 provided on the piston 3, and a damping force 
having characteristics dictated by the disk valve 16 are 
generated during the expansion stroke of the hydraulic 
shock absorber 1 (a hard characteristic as indicated by a 
line Ho-Hv in FIG. 6). 
Then, a damping force, having characteristics dic 

tated by the orifice passage 17 of the first expansion side 
damping force generating mechanism 18 of the piston 3 
and the orifice passage 37 of the second compression 
side damping force generating mechanism 38 of the 
body part mechanism 30, and a damping force made up 
of damping forces generated by the disk valve 19 of the 
first compression side damping force generating mecha 
nism 20 of the piston 3 and the disk valve 36 of the 
second compression side damping force generating 
mechanism 38 of the body part mechanism 30, are gen 
erated during compression stroke (a hard characteristic 
as indicated by a line ho-hv in FIG. 6). Then, although 
there would be a shortage of hydraulic fluid in lower 
chamber 5 when the piston rod 10 extended to displace 
out of the inner cylinder 2 during the expansion stroke, 
the check valve 39 provided on the body part mecha 
nism 30 opens and hydraulic fluid in the annular space 
32 between the inner and outer cylinders enters the 
inner cylinder 2 to replenish lower chamber 5. 

Next, when a current is supplied to the solenoid 53 
from the control circuit 58 in the direction indicated by 
an arrow I in FIG. 3, the solenoid 53 generates a mag 
netic field in the direction indicated by a broken line in 
the figure, which is intensified by a magnetic field gen 
erated by the permanent magnet 54 indicated by a one 
dot chain line, whereby the plunger 52 is attracted to 
the base 55. In this case, the value of a current flowing 
to the solenoid 53 is set to be low by the control circuit 
58, and a force generated by the base 55 to attract the 
plunger 52 raises the second valve body 43 against a 
biasing force of the second spring member 47 but is 
insufficient to raise the first valve body 42 any further 
against a biasing force of the first spring member 46. 
Accordingly, only the second valve body 43 opens, and 
the bypass 13 communicates with the upper chamber 4 
through the orifice passage 51 formed in the first valve 
body 42. 
At the time of an expansion stroke in such a condi 

tion, a damping force is generated having characteris 
tics dependent on the combined areas of the orifice 
passage 51 formed on the first valve body 42 and the 
orifice passage 17 of the first expansion side damping 
force generating mechanism 18 provided on the piston 
3, and a danping force is generated having characteris 
tics dictated by the disk valve 16 of the first expansion 
side damping force generating mechanism 18 provided 
of the piston 3 (a characteristic as indicated by a line 
Mo-Mv in FIG. 6). Then, at the time of this expansion 
stroke, a rise in hydraulic pressure on a downstream 
side of the first valve body 42 in the bypass 13 is throt 
tled by the orifice passage 51 formed on the first valve 
body 42 and thus is suppressed low. Therefore, the disk 
valve 24 of the expansion side damping force generating 
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mechanism 26 in the passage member 8 is not opened, 
and only a damping force is produced by the disk valve 
16 of the first expansion side damping force generating 
mechanism 18 provided on the piston 3. 
At the time of a compression stroke, a damping force 

is generated having characteristics dependent on the 
areas of the orifice passage 51, 17 and 37 and a damping 
force is generated having characteristics dictated by the 
disk valves 19 and 36 (a medium characteristic as indi 
cated by a line mo-mv in FIG. 6). 
Then, when the value of a current to be supplied to 

the solenoid 53 is increased by the control circuit 58, an 
attraction force generated by the base becomes large, 
the first valve body 42 is raised into contact with the 
base 55 against the biasing forces of the first spring 
member 46 and the second spring member 47, and both 
of the valve bodies 42, 43 are raised from the valve seat 
40 whereby the bypass 13 is fully opened. When the 
feed of current is stopped thereafter, the plunger 52 is 
retained in place by the magnetic field of the permanent 
magnet 54 and thus the valve bodies 42, 43 are kept in 
the positions raised from the valve seat 40. 
At the time of the expansion stroke in such a condi 

tion, a damping force is generated having characteris 
tics dependent on the combined areas of the orifice 
passage 17 of the first expansion side damping force 
generating mechanism 18 provided on the piston 3 and 
the orifice passage 25 of the second expansion side 
damping force generating mechanism 26 in the passage 
member 8, and a damping force is generated having 
characteristics dictated by the disk valve 24 of the sec 
ond expansion side damping force generating mecha 
nism 26 in the passage member 8. When the speed is 
further increased, the disk valve 16 of the first expan 

35 

45 

50 

55 

65 

sion side damping force generating mechanism 18 opens 
to generate a damping force having a soft characteristic 
indicated by So-Sv-Sv2 in FIG. 6. 
Then, at the time of a compression stoke, a damping 

force is generated having characteristics dependent on 
the combined areas of the orifice passage 17 of the first 
expansion side damping force generating mechanism 18 
provided on the piston 3, of the orifice passage 25 of the 
second expansion side damping force generating mech 
anism 26 in the passage member 8 and of the orifice 
passage 37 of the second compression side damping 
force generating mechanism 38 of the body part mecha 
nism 30. And, a damping force is generated having 
characteristics dictated by the disk valve 36 of the sec 
ond compression side damping force generating mecha 
nism 38 of the body part mechanism 30. Further, the 
disk valve 19 of the first compression side damping 
force generating mechanism 20 opens, and a soft char 
acteristic indicated by So-Sv-Sv2 in FIG. 6 is obtained 
in this process. Then, at the time of this compression 
stroke, the check valve 27 in the passage member 8 
opens under the operation of the piston 3, and hydraulic 
fluid in the lower chamber 5 flows to the upper cham 
ber 4. 

Next, when a current is fed to the solenoid 53 in a 
direction opposite to that shown in FIG. 4, the solenoid 
53 generates a magnetic field in the direction indicated 
by broken lines, which is negated by the magnetic field 
generated by the permanent magnet 54 which is indi 
cated by one-dot chain lines. Therefore, biasing forces 
of the spring members 46, 47 lower the plunger 52, the 
valve bodies 42, 43 are seated on the valve seat 40 and 
the bypass 13 is closed off. In this case, because the 
second valve body 43 and the shaft 48 are slidable rela 
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tive to one another, the shaft 48 may descend even after 
the second valve body 43 comes into contact with the 
valve seat 40. Therefore, the plunger 52 can be brought 
into contact with or proximite the support member 44. 
Consequently, the plunger 52 and the support member 
44 are attracted to each other in the magnetic field of 
the permanent magnet 54, and the plunger 52 is retained 
securely in such a position. 
When the current is stopped thereafter, the plunger 

52 is retained in position by the magnetic field of the 
permanent magnet 54, and the valve bodies 42, 43 are 
kept seated on the valve seat 40. 
A second embodiment will now be described with 

reference to FIG. 5. A hydraulic shock absorber 61 of 
the second embodiment is different from the first em 
bodiment only in the construction of the damping force 
generating mechanisms in a bypass 13a. Therefore, only 
different members will be described in detail, wherein 
like reference characters represent like members and a 
further description thereof is omitted. 
A small-sized cylinder 7a on which the piston 3 is 

mounted is fixed directly on the piston rod 10, and the 
bypass 13a is constituted by the interior of the small 
sized cylinder 7a and the passage 11 of the piston rod 10. 
A valve seat member 41a is provided in the bypass 13a, 
and an orifice passage 62 is formed on the valve seat 
member 41a. An area of the orifice passage 62 is set to 
be larger than an area of the orifice passage 51 formed 
on the first valve body 42. 
The operation of the hydraulic shock absorber 61 will 

now be described. However, because the damping force 
regulating valve 12 operates as in the case of the above 
described first embodiment, a further description 
thereof will be omitted here. 
At the time of an expansion stroke when the first 

valve body 42 and the second valve body 43 are seated 
on a valve seat 40a to close off the bypass 13a, a damp 
ing force is generated having characteristics dependent 
on the area of the orifice passage 17 of the first expan 
Sion side damping force generating mechanism 18 pro 
vided on the piston 3, and a damping force is generated 
having characteristics dictated by the disk valve 16 (a 
hard characteristic indicated by Ho-Hv in FIG. 7). 
Then, at the time of a compression stroke, a damping 

force is generated having characteristics dependent on 
the combined areas of the orifice passage 17 of the first 
expansion side damping force generating mechanism 18 
of the piston 3 and of the orifice passage 37 of the sec 
ond compression side damping force generating mecha 
nism 38 of the body part mechanism 30, and a damping 
force is generated having characteristics dictated by the 
additive effect of the disk valve 19 of the first compres 
sion side damping force generating mechanism 20 of the 
piston 3 and the disk valve 36 of the second compres 
sion side damping force generating mechanism 38 of the 
body part nechanism 30 (a hard characteristic indicated 
by ho-hv in FIG. 7). 

In this case, when only the second valve body 43 is 
unseated, a damping force is generated having charac 
teristics dependent on the combined areas of the orifice 
passage 51 formed on the first valve body 42 and of the 
orifice passage 17 of the first expansion side damping 
force generating mechanism 18 provided on the piston 
3, and a damping force is generated having characteris 
tics dictated by the disk valve 16 of the first expansion 
side damping force generating mechanism 18 (a medium 
characteristic indicated by Mo-Mv in FIG. 7). 
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8 
Then, at the time of a compression stroke, a damping 

force is generated having characteristics dependent on 
the combined areas of the orifice passage 51 formed on 
the first valve body 42, of the orifice passage 17 of the 
first expansion side damping force generating mecha 
nism 18 provided on the piston 3, and of the orifice 
passage 37 of the second compression side damping 
force generating mechanism 38 of the body part mecha 
nism 30, and a damping force is generated having char 
acteristics dictated by the disk valve 19 of the first com 
pression side damping force generating mechanism 20 
of the piston 3 and the disk valve 36 of the second com 
pression side damping force generating mechanism 38 
of the body part mechanism 30 (a medium characteristic 
indicated by mo-mv in FIG. 7). 

Next, when the first valve body 42 and the second 
valve body 43 are both opened, a damping force is 
generated having characteristics dependent on the com 
bined areas of the orifice passage 62 formed on the 
valve seat member 41a and of the orifice passage 17 of 
the first expansion side damping force generating mech 
anism 18 provided on the piston 3, and a damping force 
is generated having characteristics dictated by the disk 
valve 16 of the first expansion side damping force gen 
erating mechanism 18 (a soft characteristic indicated by 
So-Sv in FIG. 7). 
Then, at the time of a compression stroke, a damping 

force is generated having characteristics dependent on 
the combined areas of the orifice passage 62 formed on 
the valve seat member 41a, of the orifice passage 17 of 
the first expansion side damping force generating mech 
anism 18 provided on the piston 3 and of the orifice 
passage 37 of the second compression side danping 
force generating mechanism 38 of the body part mecha 
nism 30, and a damping force is generated having char 
acteristics dictated by the disk valve 16 of the first con 
pression side damping force generating mechanism 20 
of the piston 3 and the disk valve 36 of the second com 
pression side damping force generating mechanism 38 
of the body part mechanism 30 (a soft characteristic 
indicated by so-sv in FIG. 7). 

In each embodiment described above, the damping 
force regulating valve of the invention is used for con 
trolling the opening and closing of the bypass 13, 13a 
provided around the piston 3. However, the damping 
force regulating valve of the invention may be applied 
otherwise, for example, to regulate a damping force by 
selectively controlling the opening and closing of pas 
sages of the body part mechanism (as disclosed, for 
example, in the aforementioned Japanese Utility Model 
Examined Publication No. 59-22359) and the like. 

Further, in each embodiment, the invention employs 
the solenoid valve to attain energy-savings by moving 
the plunger and holding the plunger 52 at the upper 
most and lowermost positions without the need for 
feeding current to the solenoid 53 owing to the use of 
the permanent magnet 54; however, the invention is not 
necessarily limited thereto, and a solenoid valve for 
moving the plunger and maintaining the plunger in 
position under a constant current feed may also be em 
ployed. 

Furthermore, in each embodiment described above, 
the two valve bodies 42, 43 are provided in the bypass 
13 or 13a, and the valve bodies 42, 43 are each con 
trolled to provide three damping force characteristics. 
However, more than three damping force characteris 
tics may also be produced by increasing the number of 
valve bodies; or the damping force characteristics may 
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be produced by increasing the number of bypasses and 
controlling the valve bodies provided on each bypass 
with a respective solenoid. In this case, a damping force 
generating mechanism consisting of a disk valve exhibit 
ing different characteristics will be provided over each 
bypass, and by operating the valve bodies successively, 
various damping force characteristics may be obtained. 

Still further, in the damping force regulating valve 12 
of the above-described embodiments, the inside second 
valve body 43 opens earlier than the outside first valve 
body 42. However, it is also possible for the outside 
valve body to open first, and thereafter the inside valve 
body is raised. 

5 

O 

Further, in the damping force regulating valve 12 of 15 
the embodiments described above, the first valve body 
is raised by the flange provided on the second valve 
body. However, an engaging portion such as flange or 
the like may be formed on a lower end of the shaft 48 so 
as to provide a clearance between one valve body and 
the flange and opening the one valve body after another 
valve body is first opened by the flange. 
As described in detail above, the invention comprises 

biasing the valve bodies toward the valve seat by the 
spring members having different resiliences which are 
provided on each of the valve bodies for opening and 
closing one of the passages, mounting the valve bodies 
on the plunger moved by a force corresponding to the 
value of a current fed to the solenoid, operating the 
valve bodies by controlling the current value, and gen 
erating a damping force produced by the damping force 
generating mechanisms for controlling the flow of a 
hydraulic fluid in the passage opened by the valve bod 
ies, whereby in a damping force adjusting hydraulic 
shock absorber using a solenoid valve, more than two 
damping force characteristics can be smoothly trans 
ferred. 

Thus, the damping force may be finely adjusted, and 
an optimal damping force according to road conditions 
is obtainable, therefore comfort and a steering stability 
can be enhanced. 
What is claimed is: 
1. A hydraulic shock absorber comprising: 
a cylinder; 
a piston slidably fitted within said cylinder and parti 

tioning said cylinder into two chambers; 
a damping force generating mechanism defining a 

plurality of passages along which hydraulic fluid 
may flow between said chambers, and regulating 
means for regulating the flow of hydraulic fluid 
through said passages as said piston is slid in said 
cylinder so as to generate a damping force; and 

damping force regulating valve means for selectively 
opening and closing one of said passages to adjust 
the damping force, 
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10 
said damping force regulating valve means including 

a valve seat member defining a valve seat thereon, 
a plurality of valve bodies movable between respec 

tive first positions at which said valve bodies are 
respectively discretely seated on said valve seat 
and block said one of the passages and respective 
second positions at which said valve bodies are 
respectively located off of said valve seat and open 
said one of the passages, 

spring means connected to each of said valve bodies 
for normally biasing said valve bodies to said first 
positions thereof at which the valve bodies are 
seated on said valve seat, 

a plunger comprising magnetic material and axially 
slidable in the valve means, 

said valve bodies including first and second valve 
bodies movable in the axial direction of said 
plunger between said first and second positions, 
said first valve body defining an orifice there 
through located in a path extending through said 
one of said passages, and said second valve body 
interposed between said orifice and an end of said 
one of said passages when in the first position 
thereof, said second valve body engaged with said 
plunger and configured to engage said first valve 
body when moved in the axial direction of said 
plunger off of said valve seat by a predetermined 
amount, and 

solenoid means for selectively moving said second 
valve body in the axial direction of said plunger by 
more than said predetermined amount to succes 
sively move said second and said first valve bodies 
from the first to the second positions thereof, 

said solenoid means including a solenoid into which 
the magnetic material of said plunger extends, said 
solenoid moving said plunger axially under a force 
corresponding to the magnitude of current sup 
plied thereto. 

2. A hydraulic shock absorber according to claim 1, 
wherein said second valve body is concentrically fitted 
in said first valve body, and said spring means includes 
first and second spring members connected to said 
valve bodies, respectively. 

3. A hydraulic shock absorber according to claim 1, 
wherein said second valve body includes a flange which 
interlocks with the first-valve body when the second 
valve body is moved from the valve seat by said prede 
termined amount. 

4. A hydraulic shock absorber according to claim 1, 
and further comprising a disk valve disposed in said one 
of the passages, said disk valve defining an orifice 
spaced from said orifice of the first valve body. 

5. A hydraulic shock absorber according to claim 1, 
and further comprising valve structure, disposed in said 
one of the passages, defining an orifice spaced from said 
orifice of the first valve body. 
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