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(57) Abstract: There is provided a fluid pressure drive
unit that can fulfill a position holding function stably even
when an external force acts during the time when the
position is held, the unit being used, for example, for
the right and left angle adjustment of a snow plow blade.
There is provided a first excessive load relief valve 6 for
letting a working fluid escape from a bottom-side pipe line
10a, which connects the bottom-side port of a single-rod
double acting cylinder 2 to the bottom side of an operate
check valve 4, to a rod-side pipe line 10b, which connects
the rod-side port of the single-rod double acting cylinder
2 to the rod side of the operate check valve 4, and there is
provided a second excessive load relief valve 7 for letting
the working fluid escape from the rod-side pipe line 10b
to a tank 3. Also, there is provided a negative pressure
preventing check valve 8 for allowing the working fluid
to flow into the bottom-side pipeline 10a from the tank 3.
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[DESCRIPTION]

FLUID PRESSURE DRIVE UNIT AND SNOW
REMOVAL UNIT
[Technical Field]
[0001]

The present invention relates to a fluid pressure drive unit that imparts a fluid or
hydraulic pressure driving force to a driven body independently, for example, a fluid pressure
drive unit that can be used for angle adjustment around the vertical axis of a snow plow blade of

a snow removal device, and a snow removal device that uses the fluid pressure drive unit.
[Background Art]
[0002]

Fluid pressure drive units have been used in many fields because a driving force of fluid
pressure can be obtained easily if only a power source is present. For example, the fluid
pressure drive unit can be used for angle adjustment around the vertical axis of a snowplow
blade of a snow removal device that is detachably mounted in front of a vehicle.

[0003]

One example is the snow removal device described in Patent Document 1. Figure 3 of
the current application is a hydraulic circuit diagram of a snow removal device that is
background art to the present invention.

(00047

A snow removal device 70 includes a hydraulic pump 51 driven by an electric motor M,
a bair of single-acting cylinders 52A and 52B that make angle adjustments (right and left angle
adjustments) around the vertical axis of a snow plow blade 61, a pressure;oil tank 53, a change
valve 54 for changing over the supply of hydraulic oil sent from the hydraulic pump 51 to the
single-acting cylinder 52A or 52B, an overload relief valve 55 used in the case of overload, and
a main relief valve 56 that determines the specified working pressure of the snow removal
device 70.

[0005]

The snow removal device 70 further includes a change valve 62 for changing over the
supply of hydraulic oil sent from the hydraulic pump 51 to the right and left angle adjustment
side or the up and down adjustment side of the snow plow blade 61, a single-acting cylinder 63
for up and down adjustment, a return valve 64 for returning the hydraulic oil to the pressure-oil
tank 53 when the single-acting cylinder 63 lowers, and a controller 65 for angle adjustment and

up and down adjustment.
-1-
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[0006]

With the above-described configuration, the snow removal device 70 can make not only
right and left angle adjustments but also up and down position adjustments to the snow plow
blade 61 by utilizing the hydraulic drive.

[0007]

For the snow removal device 70, the two single-acting cylinders 52A and 52B are used
to make the right and left angle adjustments to the snowplow blade 61. However, to reduce the
cost and to make the unit compact, one single-rod double acting cylinder should be used if
possible. For this purpose, it is necessary to solve a problem in that the quantity of hydraulic oil
differs between the bottom side and the rod side of the cylinder.

[0008]

As a solution to the problem that the quantity of hydraulic oil differs between the bottom
side and the rod side of the cylinder where one single-rod double acting cylinder is-used, the
hydraulic drive unit described in Patent Document 2 (proposed by the applicant of the present
invention) can be used. The basic configuration and basic operation of this hydraulic drive unit
are explained below.

[0009]

Figure 4 is a hydraulic circuit diagram of a fluid pressure drive unit that is background
art to the present invention. '
[0010]

A hydraulic drive unit OU includes a hydraulic pump OP that sends hydraulic oil under
pressure in both of the forward and reverse directions by means of a forward/reverse rotation
motor M to impart a hydraulic driving force to a driven body W independently as hydraulic oil
is circulated in a closed system. The system’s basic components also include a hydraulic
+ actuator OA (herein, a hydraulic cylinder) that is operated by the hydraulic oil to generate the
driving force, a tank OT for storing the hydraulic oil in a closed space, an operate check valve
OC that controls the flow of hydraulic oil in both of the forward and reverse directions between
the hydraulic pump OP and the hydraulic actuator OA, and a change valve OI that controls the
flow of hydraulic oil in both of the forward and reverse directions between the hydraulic
pump OP and the tank OT.

[0011]

The operate check valve OC includes a pair of check valves OCa that basically allow
only the flow of hydraulic oil from the hydraulic pump OP to the hydraulic actuator OA, and a
pair of pilot lines OCb that pilot the hydraulic oil pressure sent to one check valve OCa to the

other check valve Oca.
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[0012]

These paired check valves OCa are provided in a pipe line that connects one port of the
hydraulic pump OP and a bottom-side fluid chamber OAa of the hydraulic actuator OA to each
other and in a pipe line that connects the other port of the hydraulic pump OP and a rod-side
fluid chamber OAD of the hydraulic actuator OA to each other.

[0013]

The change valve OI connects and disconnects either of the pipe lines between the
hydraulic pump OP and the bottom-side fluid chamber OAa of the hydraulic actuator OA and
between the hydraulic pump OP and the rod-side fluid chamber OAb of the hydraulic actuator
OA to and from the tank OT.

[0014] J

In the explanation below, a left-hand side element in the figure of, for example, the pair
of right and left check valves OCa, is sometimes referred to as a “bottom side” element because
it relates to the hydraulic oil going into and out of the bottom-side fluid chamber OAa of the
hydraulic actuator OA. An element on the right-hand side of the figure is thus sometimes
referred to as a “rod side” element because it relates to the hydraulic oil going into and out of
the rod-side fluid chamber OADb. Similarly, regarding the port of the hydraulic pump OP, the
left-hand side is sometimes referred to as the bottom side, and the right-hand side as the rod side.
[0015]

In a hydraulic drive unit OU configured as descriﬁed above, when the hydraulic pump
OP is stopped, the outflow of hydraulic oil from both of the bottom-side fluid chamber OAa and
the rod-side fluid chamber OADb of the hydraulic actuator OA is inhibited, and the position of
the hydraulic actuator OA is maintained against a given external force.

[0016]

When the hydraulic pump OP is rotated so that hydraulic oil is discharged to the bottom-
side port, the hydraulic oil is supplied from the hydraulic pump OA to the bottom-side fluid
chamber OAa after passing through the bottom-side check valve OCa. At the same time, the
rod-side check valve OCa is pushed open by the hydraulic oil pressure of the bottom-side pilot
line OCb to allow the hydraulic oil to flow out of the rod-side fluid chamber OAb and into the
hydraulic pump OP. This produces a flow of hydraulic oil circulating clockwise between the
hydraulic pump OP and the hydraulic actuator OA, so that a driving force in the extension
direction is generated in the hydraulic actuator OA.

[0017]
As this is occurring, when the hydraulic actuator OA is a hydraulic cylinder as shown in

the figure the amount of hydraulic oil flowing out of the rod-side fluid chamber OAD is less

-3-
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than the amount of hydraulic oil flowing into the bottom-side fluid chamber OAa by an amount

corresponding to the volume of the rod of the piston with according to the displacement of the
piston in the hydraulic cylinder. However, pressure from the bottom-side hydraulic oil changes
the change valve OI over so that the pipeline to the rod-side fluid chamber OAb is connected to
the tank OT, and hydraulic oil is thereby supplied from the tank OT to make up for this
deficiency.

[0018]

On the other hand, when the hydraulic pump OP is rotated so that hydraulic oil is
discharged to the rod-side port, a circulation flow of hydraulic oil reverse to the above is
produced, and therefore a driving force in the contraction direction is generated in the hydraulic
actuator OA. An excess of hydraulic oil flows from the bottom-side fluid chamber OAa into the
hydraulic pump OP. However, this excess hydraulic oil is returned to the tank OT because the
pipe line to the bottom-side fluid chamber OAa is connected to the tank OT by the action of the
change valve Ol reverse to the above, and oil is thereby returned to the tank OT.

[0019]

Depending on the position of the piston in the hydraulic cylinder (the hydraulic actuator
OA), the quantity of hydraulic oil in the closed tank OT increases or decreases, and the pressure
of the gas enclosed in the tank OT fluctuates. By making the volume of the enclosed gas proper,
the fluctuations in gas pressure are prevented from influencing the operation of the hydraulic
drive unit OU.

[0020]

Thus, even though the hydraulic actuator is used in a closed system and there is a
difference between the quantities of hydraulic oil going in and out of the cylinder, the function
of the hydraulic drive unit OU is accomplished and maintained.

[0021]

The hydraulic drive unit OU is provided with additional elements described below in
addition to the basic elements described above.
[0022]

Slow return valves SR that throttle only the flow of hydraulic oil from the fluid
chambers OAa and OAD to the check valves OCa are provided in the pipe lines between the
bottom-side fluid chamber OAa and the rod-side fluid chamber OAb of the hydraulic actuator
OA and the check valves OCa of the operate check valve OC.

[0023]
The slow return valve SR prevents hunting occurring when an external force is applied

by the driven body W during the operation of the hydraulic pump OP.

—4-
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[0024]

A pipeline provided with a relief valve RV1 branches from the pipeline between the
slow return valve SR and the check valve OCa to the tank OT. A similar pipeline provided with
a relief valve RV2 branches to the tank OT from the pipeline between the hydraulic pump OP
and the check valve OCa on the bottom side and the rod side.

[0025]

The relief valves RV1 and RV2 let excessive hydraulic oil escape to the tank OT if an
abnormal pressure occurs in the unbranched pipeline.
[0026]

Another pipeline, this one provided with an emergency manual valve MV, branches to
the tank OT from the pipeline between the bottom-side slow return valve SR and the check
valve OCa. If the hydraulic pump OP stops because a power source is not present, the
emergency manual valve MV opens the pipelines of the bottom-side fluid chamber OAa and the
" rod-side fluid chamber OAb of the hydraulic actuator OA to the tank OT so that the hydraulic
actuator OA can be operated manually.

[0027]

Using the configuration described above, even in the case where an abnormality occurs
while the basic function of the hydraulic drive unit OU is attained properly, the hydraulic drive
unit OU secures safety, reliability, and accident avoiding properties by preventing the
abnormality from leading to damage to the unit OU.

[0028]

When one attempts to use the hydraulic drive unit OU as it is for right and left angle
adjustment of the snow plow blade of the snow removal device described above, and an
excessive external force W acts suddenly due to large amounts of snow or obstacles while right
or left angle adjustments are made to the snow plow blade and the angle is held (at this time, the
hydraulic pump OP is stopped), the relief valve RV1 can return the hydraulic oil in one oil
chamber with an excessively high pressure to the tank T, but cannot at the same time take in the
deficient hydraulic oil in the other oil chamber with a negative pressure from the tank T.
Therefore, a negative pressure is produced in the hydraulic actuator (cylinder) OA, and an
unstable state in which the piston position cannot be held sometimes occurs, so that
improvement of these situations has been desired.

[0029]

That is to say, there are times when the angle of the snow plow blade is changed by an

excessive external force W while the unit OU is not being operated. It is desirable then that the

snow plow blade not be unstable, i.e., that the angle of the blade be unchanged after the
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excessive external force is removed. However, this need has not been met by the conventional

hydraulic drive unit OU.
[0030]

There has been a need for a hydraulic drive unit in which a stable position is held
without operating the hydraulic pump OP even after an external force higher than the rated
specification has acted on the hydraulic drive unit OU during a time when the load or the angle
(position) is held, that is when the hydraulic pump OP is stopped.

[0031]

Also, this problem is not limited to a unit using oil pressure, and is widely common to
fluid pressure equipment.

[Patent Document, 1] U.S. Patent No. 3706144 (Fig. 1, reference numerals 76, 82, 88, Fig. 2)
[Patent Document 2] Japanese Unexamined Patent Application Publication No. 2006-132604
(Figure 11, Paragraphs [0004] - [0021])4

[Disclosure of Invention]

[Technical Problem]
[0032]

The present invention has been made to solve the problems noted above, and
accordingly an object of the invention is to provide a fluid pressure drive unit that can hold a
position stably even after an excessive external force has been encountered, the unit being used,
for example, for the right and left angle adjustment of a snow plow blade, and a snow removal

device using the fluid pressure drive unit.

[0033]
[Technical Solution]

A fluid pressure drive unit of this invention, which gives a fluid pressure driving force to a
driven body independently, comprising: a fluid pressure pump for sending a working fluid used
in the unit under pressure in both of the positive and reverse directions; a single-rod double
acting cylinder operated by the working fluid; a tank for storing the working fluid;

a pair of operate check valves which are interposed between the fluid pressure pump and
the single-rod double acting cylinder to control the flow in both of the positive and reverse
directions of working fluid therebetween; and

a change valve, which is interposed between the fluid pressure pump and the tank to
control the flow in both of the positive and reverse directions of working fluid therebetween,

characterized in that
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there is provided a first excessive load relief valve for letting the working fluid escape

from a bottom-side pipe line, which connects the bottom-side port of the single-rod double
acting cylinder to the bottom-side operate check valve corresponding to the bottom-side port of
the paired operate check valves, to a rod-side pipe line, which connects the rod-side port of the
single-rod double acting cylinder to the rod-side operate check valve corresponding to the rod-
side port of the paired operate check valves, and there is provided a second excessive load relief
valve for letting the working fluid escape from the rod-side pipe line to the tank, and

there is provided a negative pressure preventing check valve for allowing the working
fluid to flow into the bottom-side pipeline from the tank.

[0034]

A snow removal device detachably mounted in front of a vehicle of this invention,
characterized in that the single-rod double acting cylinder of the fluid pressure drive unit of this
invention is used for angle adjustment around the vertical axis of a snow plow blade of the snow
removal device.

[0035]

[Advantageous Effects]

According to the fluid pressure drive unit of this invention, there is provided a first
excessive load relief valve for letting the working fluid escape from a bottom-side pipe line,
which connects the bottom-side port of the single-rod double acting cylinder to the bottom-side
operate check valve corresponding to the bottom-side port of the paired operate check valves, to
a rod-side pipe line, which connects the rod-side port of the single-rod double acting cylinder to
the rod-side operate check valve corresponding to the rod-side port of the paired operate check
valves, and there is provided a second excessive load relief valve for letting the working fluid
escape from the rod-side pipe line to the tank, and, there is provided a negative pressure
preventing check valve for allowing the working fluid to flow into the bottom-side pipeline
from the tank, so, the unit can hold a position stably even after an excessive external force has
been encountered.

[0036]

In this fluid pressure drive unit, when an excessive external force act on the contraction
side during the time when the position is being held (the unit is stopped), only the excessive
working fluid in a bottom-side fluid chamber of a single-rod double acting cylinder is returned
to a tank via a first excessive load relief valve and a second excessive load relief valve.

[0037]
On the other hand, when the excessive external force acts on the extension side, the

excessive working fluid in a rod-side fluid chamber of the single-rod double acting cylinder is
~7-
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returned to the tank via the second excessive load relief valve. At this time, the working fluid

necessary for the bottom-side fluid chamber is supplied from the tank via a negative pressure
preventing check valve.
[0038]

Therefore, neither the bottom-side fluid chamber nor the rod-side fluid chamber of the
single-rod double acting cylinder have a negative pressure even after the piston position has
been changed by the external force, and both of the fluid chambers are filled with the working
fluid, so that the stable position holding function can be fulfilled continuously.

[0039]

A snow removal device detachably mounted in front of a vehicle of this invention,
characterized-in that the single-rod double acting cylinder of the fluid pressure drive unit of this
invention is used for angle adjustment around the vertical axis of a snow plow blade of the snow
removal device, so the snow removal device can make, as the device, the same effects as the
unit.

[Brief Description of Drawings]
[0080]

Figure 1 is a fluid pressure circuit diagram showing one example of a fluid pressure
drive unit in accordance with the present invention;

Figure 2(a) is a fluid pressure circuit diagram schematically showing one example of a
snow removal device using the fluid pressure drive unit shown in Figure 1, and Figure 2(b) is a
view of an essential portion showing a state in which an up and down position adjusting change
valve is at a position for up and down position adjustment compared with the state shown in
Figure 2(a);

Figure 3 is a hydraulic circuit diagram showing one example of a snow removal device
that is a background art of the present invention; and

Figure 4 is a hydraulic circuit diagram showing one example of a fluid pressufe drive

unit that is a background art of the present invention.

[Explanation of Reference]
[0081]

1 --- fluid pressure pump

2 .-+ single-rod double acting cylinder

4 -.- operate check valve
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- change valve

- first excessive load relief valve

- second excessive load relief valve

0 1 O W

* negative pressure' preventing check valve

10, 10A --- fluid pressure drive unit

10a --- one-side pipe line

10b - the other-side pipe line

11 --- snow plow blade

12 --- up and down position adjusting change valve
12a -+ output port

13 -+ elevating single-rod single acting cylinder

20 --- snow removal device

[Best Mode for Carrying Out the Invention]
[0040]

Embodiments (examples) of the present invention will now be described with reference

to the accompanying drawings.
[Mode for the Invention 1]
[0041]

Figure 1 is a fluid pressure circuit diagram showing one example of a fluid pressure
drive unit in accordance with the present invention.
[0042]

This fluid pressure drive unit 10 can be used where a large shock-like external force
(excessive external force) acts while the position (angle) is being held, for example, when the
fluid pressure drive unit 10 is used for angle adjustment (right and left angle adjustment) around
the vertical axis of a snow plow blade of a snow removal device detachably mounted in front of
a vehicle.

[0043]

The fluid pressure drive unit 10 includes, as basic components, a fluid pressure pump 1
that sends a working fluid under pressure in both of the forward and reverse directions by means
of a positive/reverse rotation motor M to impart a fluid pressure driving force to a driven body
W (the snow plow blade) independently, that is, while hydraulic oil is circulated in a closed

system. The drive unit further includes a single-rod double acting cylinder 2 that is operated by
-9-
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the working fluid to generate the driving force, a tank 3 for storing the working fluid in a closed

space, operate check valves 4 that control the flow of working fluid in both of the forward and
reverse directions between the fluid pressure pump 1 and the single-rod double acting cylinder 2,
and a change valve 5 that controls the flow of working fluid in both of the forward and reverse
directions between the fluid pressure pump 1 and the tank 3. |

[0044]

The basic functions and mutual relationship of the hydraulic pump 1, the hydraulic
cylinder 2, the tank 3, the operate check valves 4, and the change valve 5 are the same as those
of the hydraulic pump OP, the hydraulic actuator OA, the tank OT, the operate check valve OC,
and the change valve OI that constitute the hydraulic drive unit OU of the background art
explained above with reference to Figure 4, and duplicate explanation of those parts is therefore
omitted.

[0045]

In Figure 1, reference numeral 2a of the hydraulic cylinder 2 denotes a bottom-side fluid
chamber, and 2b denotes a rod-side fluid chamber. Figure 1 does not show the slow return
valves SR, the emergency manual valve MV, and the relief valves RV2 provided in the
hydraulic drive unit OU of the background art. However, these valves are provided as necessary.
[0046]

Also, the terms bottom side and rod side are used in the same way as in the case of the
hydraulic drive unit OU of the background art.

[0047]

In addition to the above-described basic configuration, the fluid pressure drive unit 10
includes a first excessive load relief valve 6 for letting the working fluid escape from a bottom-
side pipe line 10a, which connects the bottom side of the paired operate check valves 4 to the
bottom-side fluid chamber 2a (bottom-side port) of the single-rod double acting cylinder 2, to a
rod-side pipe line 10b, which connects the rod side of the paired operate check valves 4 to the
rod—side fluid chamber 2b of the cylinder 2, as well as a second excessive load relief valve 7 for
letting the working fluid escape from the rod-side pipe line 10b to the tank 3.

[0048]

The fluid pressure drive unit 10 also has a negative pressure preventing valve 8 for
allowing the working fluid to flow into the bottom-side pipe line 10a from the tank 3. These
features are explained below.

[0049]

-10-
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When a specified difference in pressure is produced, the first excessive load relief valve

6 lets the working fluid escape from the bottom-side pipe line 10a toward the rod-side pipe line
10b only.
[0050]

" Therefore, in the case where an excessive force (F1) acts on the single-rod double acting
cylinder 2 in the contraction direction, the pressure in the bottom-side pipeline 10a becomes
higher than the pressure in the rod-side pipeline 10b. In the case where the difference in
pressure becomes larger than a specified set pressure, the working fluid is let escape to the rod-
side pipe line 10b by the first excessive load relief valve 6.

[0051]

The second excessive load relief valve 7 lets the working fluid escape from the rod-side
pipeline 10b to the tank 3. Therefore, the working fluid that is caused to flow from the first
excessive load relief valve 6 to the rod-side pipe line 10b becomes excessive with respect to the
same movement of the piston because the bottom-side fluid chamber 2a has a larger cross-
sectional area than the rod-side fluid chamber 2b by the cross-sectional area of the rod.
Therefore, when the pressure becomes higher than the set pressure, the excessive working fluid
is allowed to escape to the tank 3 by the relief valve 7.

[0052]

During this time, the bottom-side pipe line 10a does not have a negative pressure, so that
the working fluid does not flow into the bottom-side pipe line 10a from the tank 3 via the
negative pressure preventing check valve 8.

[0053]

On the other hand, in the case where an excessive force (F2) acts on the single-rod
double acting cylinder 2 in the extension direction, when the pressure becomes higher than the
set pressure the working fluid flowing out of the rod-side fluid chamber 2b is allowed to escape
to the tank 3 via the second excessive load relief valve 7.

[0054]

At this time, the working fluid is not supplied to the bottom-side fluid chamber 2a
through either the operate check valve 4 or the first excessive load relief valve 6, so that a
negative pressure is produced. In this case, the working fluid flows into the bottom-side pipeline
10a from the tank 3 via the negative pressure preventing check valve 8.

[0055] '

At this tirhe, an excessive working fluid is required for the bottom-side pipeline 10a

because the bottom-side fluid chamber 2a has a larger cross-sectional area than the rod-side

fluid chamber 2b by the cross-sectional area of the rod. The working fluid including this excess

-11-
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amount flows into the bottom-side pipeline 10a from the tank 3 via the negative pressure

preventing check valve 8.
[0056]

In this fluid préssure drive unit provided with the first excessive load relief valve 6, the
second excessive load relief valve 7, and the negative pressure preventing check valve 8, even
when an excessive external force acts during the time when the position is held, for example,
when the drive unit is used for right and left angle adjustment of the snow plow blade, neither
the bottom-side fluid chamber nor the rod-side fluid chamber of the single-rod double acting
cylinder have a negative pressure even after the piston position has been changed by the
external force; and both of the fluid chambers are filled with the working fluid, so that the stable
position holding function can be fulfilled continuously.

[0057]

Also, since the relief valve 6 is provided so as to let the working fluid escape from the
bottom-side pipe line 10a to the rod-side pipe line 10b, the rod-side pipe line 10b does not have
a negative pressure because of its construction. Therefore, the negative pressure preventing
check valve 8 is sufficiently provided at one place in the bottom-side pipeline 10a. The cost can
be reduced in this respect.

[0058]

Also, the fluid pressure drive unit 10 is characterized in that the first excessive load
relief valve 6 has a higher set pressure than the second excessive load relief valve 7.

[0059]

By doing this, the load holding force can be shared so as to match the property of the
fluid pressure actuator used in this unit 10, the property being such that the bottom-side fluid
chamber 10a of the single-rod double acting cylinder 2 has a larger cross-sectional area than the
rod-side fluid chamber 10b by the cross-sectional area of the rod.

[0060]

S.peciﬂcally, for example, in the case where the ratio of the cross-sectional area (A1) of
the bottom-side fluid chamber 2a to the cross-sectional area (A2) of the rod-side fluid chamber
.2b is 1.3:1, the ratio of the set pressure (P1) of the first excessive load relief valve 6 to the set
pressure (P2) of the second excessive load relief valve 7 is set to be 1.5:1.

[0061]

If the relationship is formed in this manner, the excessive load relief function is fulfilled
suitably against both of the external force in the contraction direction and the external force in
the extension direction.

[0062]

-12-
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More generally, when F1 is equal to the maximum load holding load (external force) in

the contraction direction, and F2 is equal to the maximum load holding load (external force) in
the extension direction, the following relational expressions hold.
[0063]

P1=(F1+F2)/Al P2=F2/A2

[Mode for the Invention 2]
[0064]

Figure 2(a) is a fluid pressure circuit diagram schematically showing one example of a
snow removal device using the fluid pressure drive unit shown in Figure 1, and Figure 2(b)is a
view of an essential portion showing a state in which an up and down position adjusting change
valve is at a position for up and down position adjustment comparing with the state shown in
Figure 2(a).

[0065]

This snow removal device 20 is detachably mounted in front of a vehicle WH, and uses
the fluid pressure drive unit 10 shown in Figure 1, and more specifically, the single-rod double
acting cylinder 2 of this fluid pressure drive unit 10, to make angle adjustments (right and left
angle adjustments) around the vertical axis of a snow plow blade 11.

[0066]

In addition, the snow removal device 20 is characterized in that in order to make up and
down position adjustments to the snow plow blade 11 as well by the fluid pressure drive unit 10,
an up and down position adjusting change valve 12 is provided on the single-rod double acting
cylinder 2 side of a portion in which the first excessive load relief valve 6 of the bottom-side
pipe line 10a is provided so that one output port 12b thereof can be used for the up and down
position adjustment of the snow plow blade 11.

[0067]

That is to say, in the snow removal device 20, an input port 12¢ of the change valve 12 is
connected to the first excessive load relief valve 6 side of the bottom-side pipe line 10a, one
output port 12a is connected to an elevating single-rod single acting cylinder 13 for up and
down position adjustment of the snow plow blade 11, and the other output port 12b is connected
to the single-rod double acting cylinder 2 side of the bottom-side pipe line 10a.

[0068]

In the case where the change valve 12 is at a position for right and left angle adjustment

(the state shown in Figure 2(a)), the other output port 12b communicates with the input port 12c,

and the one output port 12a is cut off. In the case where the change valve 12 is at a position for
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up and down position adjustment (the state shown in Figure 2(b)), the one output port 12a

communicates with the input port 12¢, and the other output port 12b is cut off.
[0069]

Also, the snow removal device 20 is provided with a throttle valve 14, which throttles
the flow rate in the return direction only, in a pipe line that connects the one output port 12a of
the change valve 12 to the elevating single-rod single acting cylinder 13 for up and down
position adjustment of the snow plow blade 11.

[0070]

According to the snow removal device 20 configured as described above, when the
change valve 12 is set on the single-rod double acting cylinder 2 side for right and left angle
adjustment (position for right and left angle adjustment), on the up and down position
adjustment side, the movement of working fluid is stopped. Therefore, the right and left angle
adjustrnent can be made by forwardly or reversely rotating the pump 1 while the up and down
position of the snowplow blade 11 is held.

[0071]

In the case where an excessive external force acts in the up and down direction of the
snow plow blade 11 in this state, this excessive force is mitigated by a support link mechanism
11b of the elevating single-rod single écting cylinder 13 for up and down position adjustment
interposing a chain 11a, so that an adverse influence on the cylinder 13 is averted.

[0072]

On the other hand, when the change valve 12 is set on the single-rod single acting
cylinder 13 side for up and down position adjustment (position for up and down position
adjustment), on the right and left angle adjustment side, the movement of working fluid is
stopped. Therefore, the snow plow blade 11 can be elevated by fdrwardly rotating the pump 1
so as to supply the working fluid to the bottom-side pipe line 10a while the right and left angle
of the snow plow blade 11 is held.

[0073]

In the case where the snow ploW blade 11 is lowered, the pump 1 is rotated reversely so
as to supply the working fluid to the rod-side pipe line 10b to give a pilot pressure to the operate
check valve 4 on the bottom side, by which the working fluid is throttled by the throttle valve
" 14 and is returned to the tank 3 by the weight of the snow plow blade 11. Therefore, the
snowplow blade 11 descends at a specified speed.

[0074]
Thus, in the snow removal device 20, in the case where the change valve 12 is set on the

single-rod double acting cylinder 2 side for ri ght and left angle adjustment (position for riglit
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and left angle adjustment), the first excessive load relief valve 6, the second excessive load

relief valve 7, and the negative pressure preventing check valve 8 on the fluid pressure drive
unit 10 side perform their functions, so that the above-described effect of the fluid pressure
drive unit 10 is achieved as the snow removal device 20 as well. Therefore, a stable position
holding function is fulfilled and maintained even after the excessive external force in the right
and left direction of the snbwplow blade 11 has been removed.

[0075]

As explained with reference to Figure 2, the up and down position adjusting change
valve 12 and the throttle valve 14 can be integrated as a laminated structure in a valve housing.
In this case, a unit including the change valve 12 and the throttle valve 14 may be referred to as
a fluid pressure drive unit 10A.

[0076]

In this case, the fluid pressure drive unit 10A achieves the operation and effect obtained
by the addition of the change valve 12 and the throttle valve 14 in addition to the operation and
effect of the original fluid pressure drive unit 10.

[0077]

The technical scope of the fluid pressure drive unit and the snow removal device in
accordance with the present invention is not limited to the above-described examples. Various
modifications and combinations can be made in the scope described in the claims and in the
scope of the examples, and these modifications and combinations are also embraced in the
technical scope of the present invention. |
[0078]

In this description, the fluid pressure means the pressure of any fluid that carries a

driving force as a medium, such as oil pressure and water pressure.

[Industrial Applicability]
[0079]

The fluid pressure drive unit in accordance with the present invention can be used in the
industrial fields in which the drive unit is requested to be capable of being used in the case
where an excessive external force acts, for example, in the case of right and left angle
adjustment of a snow plow blade. Also, the snow removal device in accordance with the present
invention can be used in the industrial fields in which the unit is requested to be operated easily

by a fluid pressure driving force merely by supplying a power source.
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[CLATMS]

[Claim 1] A fluid pressure drive unit, which gives a fluid pressure driving force to a

driven body independently, comprising:

a fluid pressure pump for sending a working fluid used in the unit under pressure in both
of the positive and reverse directions;

a single-rod double acting cylinder operated by the working fluid;

a tank for storing the working fluid;

a pair of operate check valves which are interposed between the fluid pressure pump and
the single-rod double acting cylinder to control the flow in both of the positive and reverse
directions of working fluid therebetween; and

a change valve, which is interposed between the fluid pressure pump and the tank to
control the flow in both of the positive and reverse directions of working fluid therebetween,
characteﬂzed in that

there is provided a first excessive load relief valve for letting the working fluid escape
from a bottom-side pipe line, which connects the bottom-side port of the single-rod double
acting cylinder to the bottom-side operate check valve corresponding to the bottom-side port of
the paired operate check valves, to a rod-side pipe line, which connects the rod-side port of the
single-rod double acting cylinder to the rod-side operate check valve corresponding to the rod-
side port of the paired operate check valves, and there is provided a second excessive load relief
valve for letting the working fluid escape from the rod-side pipe line to the tank, and

there is provided a negative pressure preventing check valve for allowing the working

fluid to flow into the bottom-side pipeline from the tank.

[Claim 2] The fluid pressure drive unit according to claim 1, characterized in that the
first excessive load relief valve has a higher set pressure than the second excessive load relief
valve.

[Claim 3] A snow removal device detachably mounted in front of a vehicle, characterized

in that
the single-rod double acting cylinder of the fluid pressure drive unit described in claim 1
or 2 is used for angle adjustment around the vertical axis of a snow plow blade of the snow

removal device.
[Claim 4] The snow removal device according to claim 3, characterized in that an up and

down position adjusting change valve is provided between the first excessive load relief valve
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of the bottom-side pipe line and the single-rod double acting cylinder, and one output port of the

up and down position adjusting change valve is used for the up and down position adjustment of

the snow plow blade.
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