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(57) Abregée/Abstract:

A supply passage 32, a discharge passage 33, an actuator passage 34, and a spool bore 36 are defined in a housing 31. The
spool bore 36 accommodates a spool 35 and communicates with the supply passage 32, the discharge passage 33, and the
actuator passage 34. Load pressure detection circuit sections 21a, 21b of load pressure detection circuit 21 are provided In
correspondence with switch positions. Each of the load pressure detection circuit sections 21a, 21b detects load pressure when
the actuator passage 34 Is connected to the supply passage 32. Each load pressure detection circuit section 21a, 21b Is defined
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(57) Abrege(suite)/Abstract(continued):

by a through hole provided in the housing 31 and connected to the spool bore 36. Check valves 22 are each arranged In a
corresponding one of the load pressure detection circuit sections 21a, 21b. This simplifies the configuration of each load pressure
detection circuit 21 and saves the space for arranging the load pressure detection circuit 21. As a result, the housing 31 in which
the load pressure detection circuit 21 Is defined becomes relatively compact.
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(57) Abstract: A supply passage 32, a discharge passage 33, an actuator passage 34, and a spool bore 36 are defined in a housing 31.

& The spool bore 36 accommodates a spool 35 and communicates with the supply passage 32, the discharge passage 33, and the actuator

6/

passage 34. Load pressure detection circuit sections 21a, 21b of load pressure detection circuit 21 are provided in correspondence

& with switch positions. Each of the load pressure detection circuit sections 21a, 21b detects load pressure when the actuator passage
& 34 is connected to the supply passage 32. Each load pressure detection circuit section 21a, 21b is defined by a through hole provided
N ij the housing 31 and connected to the spool bore 36. Check valves 22 are each arranged in a corresponding one of the load pressure

defined becomes relatively compact.

detection circuit sections 21a, 21b. This simplifies the configuration of each load pressure detection circuit 21 and saves the space
for arranging the load pressure detection circuit 21. As a result, the housing 31 in which the load pressure detection circuit 21 is
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DESCRIPTION

4

HYDRAULIC PRESSURE CONTROL APPARATUS AND HYDRAULIC CIRCUIT

TECHNICAL FIELD

The present i1nvention relates to hydraulic pressure

control apparatuses having direction switch valves for

controlling supply and drainage of hydraulic fluid to and from

hydraulic actuators, which are spool valves switched between

i
—

at least two positlons in correspondence with movement of

spools, and hydraulic circuits including the hydraulic

pressure control apparatuses.

BACKGROUND ART

Conventionally, hydraullc pressure control apparatuses

having direction switch valves for controlling supply and

P

drainage of hydraulic fluid to and from hydraulic actuators,

which are spool valves, are known. A typical spool valve 1is
switched between at least two positions in correspondence with

movement of a spool. For example, Japanese Laid-Open Patent

Publication Nos. 3-172602 and 2004-19873 each describe one

e

such apparatus having a load pressure detection circuit for

g—
—

detecting load pressure in correspondence with operation of a

direction switch valve. Also, the hydraulic pressure control

apparatus of Japanese Laid-Open Patent Publication No. 2004-

19873 has a check valve provided in the load pressure

detection circuit for preventing a backflow of fluid.

p—

However, i1in each of the apparatuses described in

Japanese Laid-Open Patent Publications Nos. 3-172602 and 2004-

19873, the load pressure detection circuit is formed as a

ﬁ

single integrated cilrcuit (see Fig. 1 of Japanese Laid-Open

Patent Publication No. 3-172602 and Fig. 1 of Japanese Laid-

1
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Open Patent Publication No. 2004-19873). This complicates the
configuration ¢f the load pressure detection circuit.

Further, a relatively large space is reguired for arranging
the load pressure detection circuit in a housing in which the
direction switch valve is incorporated, thus enlarging the
housing. Also, in the apparatus of Japanese Laid-Open Patent
Publication No. 2004-19873, the check wvalve must be arranged
in the load pressure detection circuit, which 1s formed as the
integrated circuit and thus configured complicatedly. It 1is

thus difficult to install the check wvalve. This makes it

further difficult to suppress complication of the
configuration of the load pressure detection circuit and

enlargement of the space for arranging the load pressure

detection circuit.

DISCLOSURE OF THE INVENTION

Accordingly, the present 1nvention relates to
a hydraulic pressure control apparatus that
simplifies the configuration of a load pressure detection
clrcuit, thereby reducing the space accommodating the circuit
and the dimensions of a housing in which the load pressure

detection circuit 1s incorporated.

The present invention thus provides for

a hydraulic pressure control apparatus
including a direction switch valve, a housing, a load pressure
detection circuit, and check valves is provided. The
direction switch valve controls supply and drainage of a
hydraulic fluid to and from a hydraulic actuator. The
dixection switch valve is formed by a spool valve switched
between at least two switch positions in correspondence with
movement of a spool. The housling includes a supply passage
for supplying the hydraulic fluid, a discharge passage for

discharging the hydraulic fluid, an actuator passage connected

2
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to the hydraulic actuator, and a spool bore in which the spool
is movably received. The spool bore is connected to the
supply passage, the discharge passage, and the actuator
passage. The load pressure detection circuit includes load
pressure detection circuilt sections. The load pressure
detection circuit sections each correspond to one of the
switch positions. Bach of the load pressure detection circuilt
sections detects a load pressure when the actuator passage is
connected to the supply passage. Each load pressure detection
circuit section 1s defined by a through hole provided in the
housing. The load pressure detection circult sections
communicate with the spool bore. Each check valve 1s arranged

in one of the load pressure detection circuit sectlons.

The present invention also provides for a hydraulic circuit
that includes the above described hydraulic pressure control
apparatus, and an additional direction switch wvalve for

controlling an additional hydraulic actuator.

The present invention further provides a hydraulic
circuit that includes two or more of the above described
hydraulic pressure control apparatus, and a common load
pressure detection circuit. The common load pressure
detecting circuit 1s connected to every one of the load
pressure detection circuit sections provided 1in the hydraulic

pressure control apparatuses.

According to another aspect, the present invention

provides for a hydraulic pressure control apparatus

comprising:

a direction switch valve for controlling supply and

drainage of a hydraulic fluid to and from a hydraulilc

actuator, the direction switch valve being formed by
a spool valve switched between at least two switch

positions in correspondence with movement of a spool;
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a housing including a supply passage for supplying the

o

hydraullic fluid, a discharge passage for discharging

the hydraulic fluid, an actuator passage connected to
the hydraulic actuator, and a spool bore in which the
spool 1s movably received, the spool bore being
connected to the supply passage, the discharge passage,

and the actuator passage;

a load pressure detection circuit including load

pressure detection circuit sections, the load pressure

R D!

detection cilrcult sections each corresponding to one o:

P

the swlitch positions, each of the load pressure

detection circult sections detecting a load pressure
when the actuator passage 1s connected to the supply

passage, the load pressure detection circuit sections

communicating with the spool bore; and

check valves each arranged in one of the load pressure

detection circult sections,
wherein each of the load pressure detection circuit sections
1s defined by a through hole provided in the housing, each of

o

the check valves pbelng provided in one of the through holes,

and wherein each of the check valves includes a valve seat

Vi

and a valve body, the valve seat being formed as a portion of
a wall of the through hole defining the corresponding one of
the load pressure detection circuit sections, the valve body

being received 1n the through hole.

BRIEE DESCRIPTION OF DRAWINGS

Fig. 1 is a diagram representing a hydraulic circuit
according to an embodiment of the present invention;
Fig. 2 18 a cross-sectional view showing a hydraulic

pressure control apparatus arranged in the hydraulic circuit

of Fig. 1; and

Fig. 3 1s a front view showing a spool incorporated in

3a
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the hydraulic pressure control apparatus of Fig. 2.

BEST MODE FOR CARRYING OUT THI

INVENTION

L™

An embodiment of the present invention will now be

described with reference to the attached drawings. The
empodiment may be applied generally to hydraulic pressure

control apparatuses having direction switch valves for

controlling supply and drainage of hydraulic fluid to and from

hydraulic actuators, which are spool valves. The spool valves

are switched between at least two positions in correspondence

ﬂ

with movement of spools. The embodiment may also be applied

generally to hydraulic circuits 1ncluding the aforementioned

hydraullc pressure control apparatuses. In the following

description, the embodiment is applied to, by way of example,

a hydraulic circuit formed in a forklift for driving different

hydraulilc actuators serving as loading devices and hydraulic
pressure control apparatuses provided in the hydraulic
clrcuits. However, the present invention is not limited to

such applications.

Fig. 1 1s a diagram representing a hydraulic circuit 1

of the 1llustrated embodiment. The hydraulic circuit 1 of

F
—

Fig. 1 i1s applied to a loading device of a forklift (neither

1s shown). The hydraulic circuit 1 includes an attachment

unit 2, a tilt unit 3, a lift unit 4, and an inlet unit 5.

The inlet unit 5 has a pump port 6 connected to a hydraulic

pump P. The hydraulic circuit 1 includes a supply system 8

that receives hydraulic fluid through the pump port 6 and

supplies the hydraulic fluid to the attachment unit 2, the

tilt unit 3, and the lift unit 4. Further, the inlet unit 5
and the attachment unit 2 each include a tank port 7 connected
to a tank T. The hydraulic circuit 1 includes a discharge

system 9 connected to the tank ports 7. The discharge system

9 thus discharges the hydraulic fluid from the attachment unit

4
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the inlet unit 5 into

2, the tilt unit 3,

the lift unit 4, and the inlet unit 5 includes a housing

formed by an independent cast body. The

hydraulic circuit 1

1s defilned by arranging the housings continuously.

As shown 1n Filg. 1, a flow divider

the 1inlet
hydraulic

11 1s incorporated in

unit 5. The flow divider 11 divides the flow of the

fluid to a

flow to a priority

flow to the supply system 8, while adjusting the flow rate of

flow port 10 and a

the hydraulic fluid sent to the pump port 6. The priority

ftlow port 10 is connected to a non-illustrated power steering

circult (a priority flow circuit). Further, the inlet unit 5

includes a pressure compensation valve 12 for adjusting the

flow rate

yr—

flow rate of the hydraulic

of the hydraulic

fluid returned to the tank T (the
fluid supplied to the supply system

8) by changing a communication state of the supply system 8

with respect to the discharge system 9.

The attachment unit 2 (hereinafter,

a “hydraulic pressure control appa

hydraulic pressure control apparatus for

“attachment cylinder 41”), which 1s formed as, for example, a

of an attachment hydraulic actuator

double—-acting cylinder. The tilt unit 3

referred to also as

ratus 2”) configures a

controlling operation

(hereinafter, an

(hereinafter,

referred to also as a “hydraulic pressure control apparatus

3”) configures a hydraulic pressure control apparatus for

controlling operation of a tilt cylinder

hydraulic

42, or a tilt

actuator formed as a double-acting cylinder. The

1lift unit 4 configures a hydraulic pressure control apparatus

for controlling operation of a li:

L1ft hydre

ulic actuator

"t cylinder 43, which is a

formed as a single-acting cylinder.

The attachment unit 2 and the tilt unit 3 correspond to the

hydraulic pressure control apparatuses according to the

1llustrated embodiment. That 1s, the hydraulic circuit 1

S
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includes two hydraulic pressure control apparatuses of the

1llustrated embodiment.

The units 2, 3, 4, other than the inlet unit 5, include

direction switch valves 13, 14, 15, respectively. Each of the

direction switch valves 13, 14, 15 controls operation of the

corresponding hydraulic actuator by adjusting supply and

P

drainage of hydraulic fluid to and from the actuator, to which

F

a prescribed port of the associated unit 2, 3, 4 is connected.

FEach direction switch valve 13, 14, 15 configures a spool

valve switched between two positions in correspondence with

movement of a spool. For example, the direction switch valve

13 1s switched between two positions, a first switch position
13 and a second switch position 13c, with respect to a
neutral position 1l3a. The direction switch valve 15 controls

p—

supply and drainage of the hydraulic fluid to and from the

hydraulic actuator (the 1lift cylinder 43) other than the
hydraulic actuators corresponding to the hydraulic pressure

control apparatuses 2, 3.

Further, the units 2, 3, 4 each include a load pressure

detection circuit 21, 23, 25 for detecting load pressure in

correspondence with operation of the associated direction

switch valves 13, 14, 15. Each of the load pressure detection
circuits 21, 23, 25 includes a check wvalve 22, 24, 26. The

load pressure detection circuit 21 of the attachment unit 2

has two load pressure detection circuit sections 2la, 21b
assoclated respectively with the two switch positions 13D,
13c. The load pressure detection circuit sections 2l1la, 21b
include check valve portions 22a, 22b, respectively.
Simllarly, the load pressure detection circuit 23 of the tilt
unlit 3 has two load pressure detection circuit sections 23a,
23b associated respectively with the two switch positions.

The load pressure detection circuit sections 23a, 23b include

check valve portions 24a, 24b, respectively.

6
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The hydraulic circuit 1 includes a common load pressure

detection circuit 27. The load pressure detection circuits

ﬁ

21, 23, 24 of the units 2, 3, 4 are connected to the common

load pressure detection circuit 27. The common load pressure

gy

detection circult 27 is defined in the housing of the inlet

unit 5.

Referring to Fig. 1, the pressure compensation valve 12

P

of the 1nlet unit 5 has a first pilot chamber 12a and a second

pilot chamber 12b. The first pilot chamber :

2a recelves the

pressure of the hydraulic fluid in a passage 28 into which the

hydraulic fluid flows from the supply system 8. The second

F

pilot chamber 12b receives the pressure of the hydraulic fluid

in the common load pressure detection circuit 27 into which

the hydraulic fluid flows from the load pressure detection

circults 21, 23, 25 through the corresponding direction switch

valves 13, 14, 15. The second pilot chamber 12b also receives

the urging force of a spring 1l2c. The pressure compensation

F

valve 12 controls the flow rate of the hydraulic fluid sent to

the supply system 8 in correspondence with the urging force

generated by the first pilot chamber 12a and the urging force

generated by the second pilot chamber 12b.

More specifically,

the pressure compensation valve 12 changes a communication

p—

state of the supply system 8 with respect to the discharge

system 9 1n correspondence with the urging

forces generated by

the first and second pilot chambers 12a, 12b. In this manner,

the pressure compensation valve 12 controls

F
pr—

the flow rate of

the hydraulic fluid sent to the direction switch wvalves 13,

14, 15 through the supply system 8. Therefore, i1f at least

F

one of the direction switch wvalves 13 to 15

1s operated and

load pressure is detected in at least one o:

- the load pressure

detection circuits 21, 23, 25, the urging force generated by

the second pilot chamber 12b i1ncreases. This causes the

pressure compensation valve 12 to operate to restrict the flow

7
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F

rate of the hydraulic fluid flowing from the supply system 8

to the discharge system 9. Accordingly, the hydraulic fluid

1s supplied to the operated direction switch valve reliably in

correspondence with the load generated by the corresponding

hydraulic actuator.

Next, the hydraulic pressure control apparatus of the
1llustrated embodiment will be explained regarding the
attachment unit 2 (the hydraulic pressure control apparatus

e

2), by way of example. Fig. 2 is a cross-sectional view

showing the hydraulic pressure control apparatus 2 held in a
state corresponding to the neutral position 13a (see Fig. 1).
As shown 1n the drawing, the hydraulic pressure control
apparatus 2 1ncludes a housing 31, the direction switch valve
13, the load pressure detection circuits sections 2la, 21b,

and the check valve portions 22a, 22b.

'}

The housing 31 includes different passages, including a

supply passage 32 for supplying hydraulic fluid, a discharge

passage 33 for discharging the fluid to the tank T, and an

actuator passage 34 communicating with the attachment cylinder

41. The supply passage 32 forms a part of the supply system 8

pr—

and the discharge passage 33 forms a part of the discharge

system 9. The discharge passage 33 includes a first discharge

passage section 33a and a second discharge passage section

33b. Each of the supply passage 32 and the discharge passage

33 communicates with a spool bore 36 through a corresponding

communication passage. The actuator passage 34 includes a

first actuator passage section 34a and a second actuator

passage section 34b. Each of the first and second actuator

passage sections 34a, 34b communicates with a corresponding

gr—
—

one of fluid chambers (not shown) defined in the attachment

cylinder 41, which is formed as the double-acting cylinder.

The direction switch valve 13 includes a spool 35 and

8
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the spool bore 36 defined in the housing 31. The spool 35 is

movably received in the spool bore 36. The spool bore 36 is

defined in such a manner that the supply passage 32, the
discharge passage 33, and the actuator passage 34 (the

actuator passage sections 34a, 34b) communicate with one

another. As shown in Fig. 3, the spool 35 includes a first

land portion 3b5a and a second land portion 35b each having a

relatively small diameter with respect to the remaining

F

portion of the spool 35. Further, a plurality of notches 35c,

3o5d, 35e, and 35f are defined in the spool 35 for adjusting

communication timings, which will be described later.

Referring to Fig. 2, the load pressure detection circuit
21 detects load pressure when the actuator passage 34 is
connected to the supply passage 32. As has been described,

the load pressure detection circuilt 21 has the load pressure

detection cilrcuit section 2la corresponding to the first

swlitch position 13b (see Fig. 1) and the load pressure

detection circuit section 21b corresponding to the second

P

switch position 13c (Fig. 1). Each of the load pressure

detection cilrcuit sections 2la, 21b is a machined through hole

defined in the housing 31 and communicates with the spool bore

36. The through holes defining the load pressure detection

circult sections 2la, 21b (hereinafter, referred to also as

“through holes 21la, 21b”) and the spool bore 36 are located on

b

a common plane (a plane corresponding to the cross—-section o:

Fig. 2).

Passages 39a, 39b communicate with the through holes

2la, 21b, respectively, extending perpendicular to the through
holes 21a, 21b. The through holes 2la, 21lb communicate with

F

the common load pressure detection circuit 27 of the inlet

3

unit 5 through the corresponding passages 39a, 39b. Each of

the passages 3%9a, 39b communicates with the corresponding

through hole 21a, 21b at a position downstream from the

9
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associlated check valve portion 22a, 22b. Further, the load

p

pressure detection circuit section 23a of the tilt unit 3 and

the load pressure detection circuit 25 of the 1ift unit 4

communicate with the passage 39a (see Fig. 1). Likewise, the

load pressure detection circuit section 23b of the tilt unit 3

communicates with the passage 39b (see Fig. 1).

As shown in Fig. 2, the check valve portion 22a is

arranged 1n the load pressure detection circuit section 21a,
or the through hole 2la. The check valve portion 22b is
arranged 1n the load pressure detection circuit section 21b,
or the through hole 21b. The check valve portion 22a includes

a valve seat 37a and a valve body (a ball) 38a. The valve

seat 37a 1s formed by a stepped portion defined in the wall of

the through hole 2la. The valve body 38a is received in the
through hole Zla. Similarly, the check valve portion 22b
includes a valve seat 37b and a valve body (a ball) 38b. The

valve seat 37b is formed by a stepped portion defined in the

wall of the through hole 21b. The valve body 38b is received
in the through hole 21b.

P

The operation of the hydraulic pressure control

apparatus 2, which is configured as above-described, will

hereafter be explained. The direction switch valve 13 is

switched from the neutral position 13a of Fig. 2 to the first

switch position 13b (Fig. 1) through movement of the spool 35

pr—

in a direction indicated by arrow a of Fig. 2. More

specifically, after the spool 35 starts to move, communication

between the first actuator passage section 34a and the load

pressure detection circuit section 2la is first permitted
through the notch 35e (see Figs. 2 and 3). The load pressure
1s thus detected 1n the load pressure detection circuit

section 2la. The direction switch valve 13 is provided with a

rotation stopper for restricting circumferential rotation of

the spool 35 in the spool bore 36. This reliably permits

10
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communication between the first actuator passage section 34a

and the load pressure detection circuit section 2la through

the notch 35e, 1n correspondence with the movement of the

spool 35. As the spool 35 further moves, connection between

the supply passage 32 and the first actuator passage section

34a 1s permitted first through the notch 35c¢c and then through

the first land portion 35a. The direction switch valve 13 is

thus completely switched to the first switch position 13b at

which the hydraulic fluid is supplied to one of the fluid

chambers defined in the attachment cylinder 41. When the

direction swilitch valve 13 is held at the first switch position

13b, communication between the first actuator passage section

34a and the load pressure detection circuit section 21la is

malntained through the first land portion 35a. Therefore, the

hydraulic fluid is introduced into the common load pressure

detection circuit 27 through the check valve portion 22a and

the passage 39a, thus applying the urging force to the second

pilot chamber 12Zb of the pressure compensation valve 12.

Further, with the direction switch wvalve 13 held at the first

switch position 13b, communication between the second actuator
passage section 34b and the second discharge passage section

33b 1s permitted through the second land portion 35b. The

hydraulic fluild 1is thus discharged from the other one of the

fluid chambers in the attachment cylinder 41 to the discharge

system 9.

The direction switch valve 13 is switched from the

F

neutral position 13a of Fig. 2 to the second switch position

13c (see Fig. 1) through movement of the spool 35 in a

direction indicated by arrow b in Fig. 2. More specifically,

after the spool 35 starts to move, communication between the
second actuator passage section 34b and the load pressure

detection circuit section 21b is permitted through the notch

35f (see Figs. 2 and 3). The load pressure is thus detected

in the load pressure detection circuit section 21b. As the

11
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spool 35 further moves, communication between the supply

passage 32 and the second actuator passage section 34b is

permitted first through the notch 35d and then through the

second land portion 35b. In this manner, the direction switch

valve 13 1s completely switched to the second switch position

13c at which the hydraulic fluid is supplied to the attachment

cylinder 41. When the direction switch wvalve 13 is held at

the second switch position 13c¢, communication between the
second actuator passage section 34b and the load pressure

detection circuit section 21b is maintained through the second

land portion 35b. Therefore, the hydraulic fluid is
introduced into the common load pressure detection circuit 27

through the check valve portion 2Zb and the passage 39b, thus

P

applying the urging force to the second pilot chamber 12b of

the pressure compensation valve 12. Further, with the

direction switch valve 13 held at the second switch position

13c, communication between the first actuator passage section

34a and the first discharge passage section 33a is permitted

through the first land portion 35a. The hydraulic fluid is

thus discharged from the attachment cylinder 41 to the

discharge system 9.

As has been described, i1n the hydraulic pressure control

apparatus 2 of the 1llustrated embodiment, the load pressure

detection circult sections 21la, 21lb, each of which detects
load pressure, are provided in correspondence with the switch

positions 13b, 13c, as the through holes communicating with

the spool bore 36. Accordingly, a simply configured load

pressure detection circuit is easily provided for each of the

switch positions 13b, 13c. Further, the simple configuration

of each load pressure detection circuit section 2l1la, 21b makes

1t easy to arrange the corresponding check valve portion 22a,
22b 1n the load pressure detection circuit section 2la, 21b.

Accordingly, the hydraulic pressure control apparatus 2

reduces the space occupied by the load pressure detection

12
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circuit 21 by simplifying the configuration of the load

pressure detection circuit 21, and decreases the size of the

housing 31 in which the load pressure detection circuit 21 is

received. The hydraulic pressure control apparatus 3 has the

same advantages as those of the hydraulic pressure control

apparatus 2.

Further, in the hydraulic pressure control apparatus 2,

the spool bore 36 and the through holes 2la, 21b, which define

the load pressure detection circuit 21, are located on the

—

same plane. This reduces the height of the housing 31 and the

housing 31 becomes compact. The housing 31 is thus further

reduced in size. Also, 1f the hydraulic pressure control

apparatuses 2, 3 are arranged continuously for forming the

hydraulic circuit 1, like the illustrated embodiment, the

hydraulic circuit 1 is reduced in size since the height of

each hydraulic pressure control apparatus 2, 3 is relatively

small.

In the hydraulic pressure control apparatus 2, the check

valve 22 includes the valve seat 37a, 37b and the valve body

38a, 38b. The valve seat 37a, 37b is defined as a part of the

P

wall of the corresponding through hole forming the load

pressure detection circuit 21. The valve body 38a, 38b is

B

received in the through hole. That is, the configuration o1

the check valve 22, which is arranged in the load pressure

detection circuit 21, is relatively simple. This further

reduces the space in the housing 31 occupied by the load
pressure detection circuit 21 in which the check valve 22 is

arranged. Also, the load pressure detection circuit 21 and

the check valve 22 are efficiently installed in the housing

31. The housing 31 thus may be further reduced in size.

The hydraulic circuit 1 of the illustrated embodiment

pr—v

has the same advantages as those of the hydraulic pressure

13
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control apparatus 2. DMore specifically, the hydraulic circuit

1 has the hydraulic pressure contro: apparatuses 2, 3 having

the corresponding direction switch valves 13, 14 switched

petween two positions. The hydraulic circuit 1 also has the

-

direction switch valve 15 dji:

ferent than the direction switch

valves 13, 14. The size of the hydraulic circuit 1 as a whole

thus becomes relatively small. In other words, the hydraulic
circuit 1 includes the hydraulic pressure control apparatuses

2, 3 having the corresponding direction switch valves 13, 14

for controlling the associated double-acting cylinders, or the

assoclated hydraulic actuators. The hydraulic circuit 1

further includes the direction switch valve 15 for controlling

the single acting cylinder, or the hydraulic actuator. The

H

configuration of the hydraulic circuit 1 reduces the size o

the hydraulic circuit 1.

In the 1llustrated embodiment, since each of the

hydraulic pressure control apparatuses 2, 3 is reduced in
size, the hydraulic circuit 1 . as a whole is greatly reduced in
size. Further, the load pressure detection circuits 21, 23,

25> each having the check wvalve 22, 24, 26 are merged into the

single common load pressure detection circuit 27, forming a

relatively simple circuitry. This prevents a backflow of the

hydraulic fluid and thus maximizes the load pressure detected

in the load pressure detection circuits 21, 23, 25. Further,

for merging the load pressure detection circuits 21, 23, 25

into the common load pressure detection circuit 27, the load
pressure detection circuits 21, 23, 25 are simply connected to
the common load pressure detection circuit 27. This results

in a relatively simple circuitry that includes the load

pressure detection circuits 21, 23, 25, in terms of the

hydraullic circuit 1 as a whole. The hydraulic circuit 1 is

further reduced 1n size.

ﬁ

Although the embodiment of the present invention has
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peen explained so far, the invention is not restricted to the

1llustrated embodiment. It is to be understood that the

invention may be embodied in various other modified forms

wilithout departing from the scope of the invention. For

example, the present invention may be embodied as the

followlng modifications.

(1) The present invention is not limited to the

application to the hydraulic circuit of the illustrated

empbodiment, which includes a number of units. That is, as

long as the hydraulic circuit includes at least one hydraulic

pressure control apparatus of the illustrated embodiment, a

number of hydraulic pressure control apparatuses or different

direction switch valves may be provided in the hydraulic

circult, as needed.

(2) In the i1llustrated embodiment, when the direction

switch valve is switched to a different position, load

pressure detection in the load pressure detection circuit is

started before communication between the supply passage and
the actuator passage 1s permitted. However, the present

invention is not limited to this. That is, the points in time

for starting the load pressure detection or permitting the

communication between the supply passage and the actuator

passage may be changed (the point in time for starting the

load pressure detection may coincide with the point in time

for permitting the communication between the supply passage

and the actuator passage).

(3) The structures for connecting the through holes to

the common load pressure detection circuit and the

s

configuration of each check valve are not limited to the

correspondlng structures or configuration of the illustrated

embodiment but may be modified in various other forms.

13
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CLAIMS

1. A hydraulic pressure control apparatus comprlsing:

a direction switch valve for controlling supply
and drainage of a hydraulic fluid to and from a
hyvdraulic actuator, the dilirection switch valve
being formed by a spool valve switched between at

least two switch positions in correspondence with

=

movement of a spool;

a housing including a supply passage for supplylng
the hydraulic fluid, a discharge passage for
discharging the hydraulic fluid, an actuator
passage connected to the hydraulic actuator, and a
spool bore in which the spool 1s movably received,
the spool bore being connected to the supply

passage, the discharge passage, and the actuator

passage;

a load pressure detection circult including load
pressure detection circuit sections, the load
pressure detection cilircult sections each
corresponding to one of the switch positions, each
of the load pressure detection circult sections
detecting a load pressure when the actuator
passage 1s connected to the supply passage, the

load pressure detection cilrcuit sections

communicating with the spool bore; and

check valves each arranged i1n one of the load

pressure detection circuilt sections,

wherein each of the load pressure detection circuit
sections 1s defined by a through hole provided in the

housing, each of the check valves being provided in one

of the through holes,
16
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and whereln each of the check valves 1ncludes a valve
seat and a valve body, the valve seat being formed as a

portion of a wall of the through hole defining the

F

corresponding one of the load pressure detection

circuit sections, the valve body being received in the

through hole.

2. The apparatus according to Claim 1, wherein the spool

bore 1s located on the same plane as the through holes

defining the load pressure detection circuit sections.

3. The apparatus according to Claim 1 or 2, wherein the

actuator passage 1ncludes a first actuator passage
section and a second actuator passage section defined

in the housing, and wherein the at least two switch

positions 1nclude a first switch position at which the
supply passage 1s connected to the first actuator
passage section and a second switch position at which

the supply passage 1s connected to the second actuator

passage section.
4. A hydraulic circult comprising:

at least one hydraulic pressure control apparatus

according to any one of Claims 1 to 3; and

an additional direction switch valve for

controlling an additional hydraulic actuator.

5. A hydraulic circulit comprising:

a plurality of hydraulic pressure control

apparatuses according to any one of Claims 1 to 3;

and

a common load pressure detection circuit, the
common load pressure detecting circuit being

connected to every one of the locad pressure

17
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detection circuilt sections provided 1n the

hydraullic pressure control apparatuses.

18
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