wO 20207119948 A1 |0 0000 KO0 00 O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

19) World Intellectual Propert <
O orgmivation > 0O 0 A
International Bureau / (10) International Publication Number
(43) International Publication Date WO 2020/119948 A1
18 June 2020 (18.06.2020) WIRPOIPCT
(51) International Patent Classification: 6748686 (JP). KIYASU, Koichi; c/o Caterpillar Japan
F15B 11/17 (2006.01) F15B 11/024 (2006.01) LLC., 1106-4 Shimizu, Uozumi-cho, Akashi-shi, Hyogo
E02F 9/22 (2006.01) 6748686 (JP).
(21) International Application Number: (74) Agent: BRP RENAUD & PARTNER MBB
PCT/EP2019/025455 RECHTSANWALTE PATENTANWALTE STEUER-

(22) International Filing Date: BERATER,; Koénigstraie 28, 70173 Stuttgart (DE).

12 December 2019 (12.12.2019)  (81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AOQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(26) Publication Language: English CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, KE, KG, KH, KN, KP, KR,

(25) Filing Language: English

(30) Priority Data:

2018-233211 13 December 2018 (13.12.2018) JP KW.KZ LA, LC. LK. LR. LS, LU, LY. MA. MD. ME. MG,
(71) Applicant: CATERPILLAR SARL [CH/CH]; Route de MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
Frontenex 76, 1208 Geneva (CH). PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
D , SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(72) Inventors: NAKAJIMA, Hideki; c/o Caterpillar Japan TT,. TZ. UA, UG, US, UZ. VC. VN. ZA, ZM. ZW.

LLC., 1106-4 Shimizu, Uozumi-cho, Akashi-shi, Hyogo

(54) Title: HYDRAULIC CONTROL CIRCUIT FOR A CONSTRUCTION MACHINE

33‘{? E /8 [3-34  48—[103—29 470 gp. o9
| ) 9a
v

|

§ [
! 8b ; b !
YL Eo | O
ST Ll i
a | ! 13 Y \
i |
- ! o . s
16e 1. |18 - 18¢
Y 391 i | {8y =
T 4 ¥ p
i et SN B g
16d : E . = N & i
g P T D SER1ge || 27
I
% e
i bod
; ; 186 i}
T ey | !
? 11 h& W ‘Q‘}Efyﬂgf f 28 ;
i e S N 19a ~*;‘/’:’,} 8¢ i § ;
Ve BRI R el | { A
i = H e i
! o 17d 198 !
- r%\v N%\M‘“x i e
f 35 T 19d ! % ]
i 15 ™~17b |15 E\\’?Qb | 16

L Ll é}««éi ﬁ}ﬁaz (446 r'}—~45

FIG. 2

(57) Abstract: [Problem to Be Solved] To make it possible to control supply, discharge, and recycled flow rates independently of each
other for the boom cylinder in a construction machine comprising first and second boom spool valves respectively connected to first and
second hydraulic pumps. [Solution] When the boom cylinder (8) is contracted, the first boom spool valve (16) is configured to control
the recycled flow rate from head side oil chamber (8A) to rod side oil chamber (8B), the second boom spool valve (17) is configured
to control the discharge flow rate from head side oil chamber (8A) to oil tank (15), and both first and second boom spool valves (16,
17) are configured not to supply pressure oil from, first and second hydraulic pumps (11, 12) to the boom cylinder (8).
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Description

HYDRAULIC CONTROL CIRCUIT FOR A CONSTRUCTION MACHINE

Field of the Invention

The present invention relates to a technical field of hydraulic control circuit

used in construction machines such as a hydraulic excavator.

Background Art

In general, some construction machines, such as a hydraulic excavator for
example, have a boom vertically movably supported by a body and are configured
to move the boom vertically with expansion and contraction operations of a boom
cylinder. As for hydraulic control circuit for these construction machines, first
and second hydraulic pumps are installed as hydraulic pressure supply sources for
multiple hydraulic actuators to be installed in these construction machines, and as
for hydraulic actuator, such as the boom cylinder mentioned above for example,
which needs a large flow rate corresponding to each work content, in order to
enable pressure oil supply from both first and second hydraulic pumps, a circuit
equipped with first and second spool valves connected to each of first and second
hydraulic pumps has been ever widely used for controlling oil supply and discharge
for hydraulic actuators (refer to Fig. 3 in PTL 1, for example).

Now, the spool valve mentioned above to be installed in conventional
hydraulic control circuit for construction machine is configured to conduct a
direction change-over control for changing over hydraulic oil supply/discharge
direction for hydraulic actuator, a supply flow control for controlling supply flow
rate from hydraulic pump to hydraulic actuator, and a discharge flow control for
controlling discharge flow rate from hydraulic actuator to hydraulic pump
simultaneously, so an opening areas for oil supply and oil discharge are uniquely
determined according to a moved position of the spool valve. Furthermore, when

recycling drain oil from one oil chamber in hydraulic actuator to another in order
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to reduce fuel consumption and when the spool valve mentioned above is to be
used to control recycled flow rate as well, an opening area for oil recycle will be
uniquely determined according to the moved position of the spool wvalve.
Therefore, a relationship among a supply flow rate, discharge flow rate, and further
recycled flow rate cannot be changed according to the content of various works,
such as a stand-alone work to drive a boom cylinder alone, compound work to
drive other hydraulic actuator as well, light load work, and heavy load work, for
example, impeding an improvement of efficiency and operability. However,
moving the boom vertically is a highly frequent manipulation in construction
machine including hydraulic excavator and is often operated in combination with
other hydraulic actuator, so it is required to improve efficiency and operability of
the manipulation.

Therefore, it is disclosed in the PTL 1 that a control valve 1s installed for
controlling pressure oil amount to be supplied to the first and second spool valves
at upstream side of first and second spool valves controlling oil supply and
discharge for hydraulic actuator. In this case, the control valve enables to change
pressure oil supply amount to be supplied from first and second spool valves to
hydraulic actuator according to the work content and others by changing pressure
oil amount to be supplied to first and second spool valves even if the moved
position of spool valve is a same.

Meanwhile, some technique controls supply and discharge flow rates for
the hydraulic actuator with each valve individually by providing a flow control
valve for controlling the supply flow rate from the hydraulic pump to the hydraulic
actuator and a direction change-over valve arranged at a downstream side of the
flow control valve for changing over a supply/discharge direction of hydraulic oil
to the hydraulic actuator and controlling the discharge flow rate from the hydraulic

actuator (refer to PTL 2, for example).
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PTL 1: Patent No. 5778086

PTL 2: Japanese Unexamined Patent Application Publication No. 2017-
20604

Summary of Invention

[Problem to Be Solved by the Invention]

However, in the PTL 1, a supply valve passage (second internal passage),
which is installed in the spool valve in order to supply pressure oil to the hydraulic
actuator, is configured to change the flow rate according to the spool position and
a control unit for controlling a control valve is configured to satisfy opening areas
of control valve and spool valve are the same extent as the opening of conventional
spool. That is, since the control valve and spool valve mstalled in series with each
other are configured to control the supply flow rate respectively separately when
supplying delivery oil from hydraulic pump to hydraulic actuator, the control is
complicated and it is hard to control the flow rate accurately.

Meanwhile, in PTL 2, since the flow control valve only controls the supply
flow rate to the hydraulic actuator and a direction control valve does not control
the supply flow rate, so this configuration will not cause a same problem as that of
PTL 1. However a configuration of the PTL 2, first and second hydraulic pumps
are installed as a hydraulic supply source for the boom cylinder, only one spool
valve (direction change-over valve) is installed for the boom cylinder, and the
delivery oil from first and second hydraulic pumps is merged after controlling the
flow rate with a flow control valve and then supplied to the spool valve.
Therefore, there are problems that the conventional circuit mentioned above, ie.,
a circuit equipped with first and second spool valves connected to each of first and
second hydraulic pumps for controlling oil supply/discharge of the boom cylinder,
cannot be used as is, a new spool valve may be required in accordance with total
flow rate from first and second hydraulic pumps, and a valve unit with a new circuit

configuration needs to be manufactured, thereby causing higher cost.
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In addition, as for a recycled flow control mentioned above, it has been
requested to control the flow rate independently of supply/discharge flow controls
by using the spool valve without using dedicated recycle valve separately; these

are challenges to be solved by this invention.

[Means for Solving the Problem]

The present invention is created to solve these challenges; the invention of
claim 1 is a hydraulic control circuit for a construction machine, comprising: a
boom being vertically movably supported by a body and moving vertically in
dependence upon extension and contraction operations of a boom cylinder; first
and second hydraulic pumps as hydraulic supply source; and first and second boom
spool valves being connected respectively to the first and second hydraulic pumps
and controlling oil supply and discharge for the boom cylinder; wherein, when the
boom cylinder is contracted, the first boom spool valve is configured to control
recycled flow rate from a head side oil chamber of boom cylinder to a rod side oil
chamber, the second boom spool valve is configured to control discharge flow rate
from the head side oil chamber of the boom cylinder to an oil tank; and when the
boom cylinder is contracted, both first and second boom spool valves are
configured not to supply pressure oil from first and second hydraulic pumps to the
boom cylinder.

The invention of claim 2 is the hydraulic control circuit for a construction
machine of claim 1, wherein, when the boom cylinder is extended, first boom spool
valve is configured to control a supply flow rate from first hydraulic pump to a
head oil chamber of boom cylinder and a discharge flow rate from a rod side oil
chamber to an oil tank, and second boom spool valve is configured to control the
supply flow rate from second hydraulic pump to the head side oil chamber of boom
cylinder.

The invention of claim 3 is the hydraulic control circuit for a construction
machine of claim 1 or 2, providing a means to determine whether it is a body lift-

up operation for lifting up a part of the body based on a pressure in the head side
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valve 1s configured to control the supply flow rate from first hydraulic pump to the
rod side oil chamber of boom cylinder when it is determined a body hft-up
operation by the determination means.

The invention of claim 4 is the hydraulic control circuit for a construction
machine of any of claims 1 to 3, comprising first and second bypass valves
respectively controlling a flow rate of first and second bypass oil passages for

feeding delivery oil of first and second hydraulic pumps to oil tank.

[Effects of the Invention]

According to the invention of claim 1, recycle and discharge flow rates for
the boom cylinder can be controlled independently of each other by using first and
second boom spool valves when the boom cylinder is contracted, and in addition,
pressure oil supply from first and second hydraulic pumps to the boom cylinder is
no longer needed, thereby contributing high efficiency, improvement of operability,
and cost suppression.

According to the invention of claim 2, when the boom cylinder is
contracted, supply/discharge flow rates for the boom cylinder can be controlled
independently of each other by using first and second boom spool valves.

According to the invention of claim 3, the body lift-up operation can be
performed smoothly, and in addition, the supply flow rate to the boom cylinder can
be controlled independently when lifting up the body.

According to the invention of claim 4, the delivery flow rate of first and

second hydraulic pumps can be controlled accurately.

Brief Description of the Drawings

Fig. 1 is a side view of a hydraulic excavator.
Fig. 2 is a hydraulic control circuit illustrating a first embodiment.
Fig. 3 is a drawing illustrating opening characteristics of first and second

boom spool valves according to the first embodiment; Fig. 3A illustrates the
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opening characteristics of first boom spool valve at lowering side operation
position; Fig. 3B illustrates the opening characteristics of first boom spool valve at
raising side operation position; Fig. 3C illustrates the opening characteristics of
second boom spool valve at lowering side operation position; and Fig. 3D
illustrates the opening characteristics of second boom spool valve at raising side
operation position.

Fig. 4 is a drawing illustrating opening characteristics of first and second
stick spool valves according to the first embodiment; Fig. 4A illustrates the opening
characteristics of first stick spool valve at in-side operation position; Fig. 4B
illustrates the opening characteristics of first stick spool valve at out-side operation
position; Fig. 4C illustrates the opening characteristics of second stick spool valve
at in-side operation position; and Fig. 4D illustrates the opening characteristics of
second stick spool valve at out-side operation position.

Fig. 5 is a block diagram illustrating input/output of control unit according
to the first embodiment.

Fig. 6 is a drawing illustrating incorporated state of a poppet valve
according to the first embodiment.

Fig. 7 is a hydraulic control circuit illustrating a second embodiment.

Fig. 8 is a drawing illustrating opening characteristics of first boom spool
valve according to second embodiment; Fig. 8A illustrates its opening
characteristics at lowering side operation position; and Fig. 8B illustrates its

opening characteristics at raising side operation position.

Description of Embodiment

Now, an explanation is provided below about embodiments of the present
invention based on drawings.

First of all, an explanation about first embodiment of the present invention
is provided based on Figs. 1 to 6; Fig. 1 is a drawing illustrating hydraulic excavator
1 as an example of construction machine according to this invention, wherein the

hydraulic excavator 1 is composed of a crawler type lower traveling body 2, an
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upper swiveling body 3 swivelably supported on the lower traveling body 2, a front
working machine 4 mounted on the upper swiveling body 3, and others; and
furthermore, the front working machine 4 is composed of a boom 5 whose base
end part is supported vertically swingably by upper swiveling body 3, a stick 6
longitudinally swingably supported at an end part of the boom 5, a bucket 7
swivelably mounted at an end part of the stick 6, and others; wherein the hydraulic
excavator 1 is provided with various hydraulic actuators, such as a boom cylinder
8, stick cylinder 9, and bucket cylinder 10 for swinging the boom §, stick 6, and
bucket 7 respectively; left and right traveling motors (not shown) for moving the
lower traveling body 2; a swiveling motor (not shown) for swiveling the upper
swiveling body 3. Note that the constitution of hydraulic excavator 1 is similar
to those according to second and third embodiments mentioned later and Fig. 1 is
common to first to third embodiments. Also, in description below, a swing of
stick 6 bringing the end part of stick close to the body is assumed to be stick-in (in-
side swing) and the swing of stick 6 moving the end part of stick away from the
body is assumed to be stick-out (out-side swing).

When oil is supplied into head side oil chamber 8a and discharged from rod
side oil chamber 8b, the boom cylinder 8 is configured to extend and the boom 5
is configured to rise; meanwhile, when the oil is supplied into the rod side oil
chamber 8b and discharged from the head side oil chamber 8a, the boom 5 is
configured to lower. When the oil is supplied into the head side oil chamber 9a
and discharged from the rod side oil chamber 9b, the stick cylinder 9 is configured
to extend and the stick 6 is configured to swing toward in-side; meanwhile, when
oil is supplied into the rod side oil chamber 9b and discharged from the head side
oil chamber 9a, the stick cylinder 9 is configured to contract and the stick 6 is
configured to swing toward out-side; now based on Fig. 2, an explanation is
provided about oil feed/discharge control for these boom cylinder 8 and stick
cylinder 9; in Fig. 2, reference numbers 11, 12 denote first and second hydraulic

pumps as hydraulic supply source for various hydraulic actuators installed on the
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hydraulic excavator 1 mentioned above, reference numbers 13, 14 denote first and
second oil passages through which delivery oil is supplied from first and second
hydraulic pumps 11, 12, reference number 15 denotes an oil tank, reference
numbers 16, 17 denote first and second boom spool valves for controlling oil
supply and discharge for the boom cylinder 8, reference numbers 18, 19 denote
first and second stick spool valves for controlling oil supply and discharge for the
stick cylinder 9; the first boom spool valve 16 and first stick spool valve 18 are
connected to the first pump oil passage 13, and the second boom spool valve 17
and second stick spool valve 19 are connected to the second pump oil passage 14
respectively. Furthermore, at an upstream side of the first stick spool valve 18§, a
poppet valve 20 mentioned later is disposed, which controls the supply flow rate
from first hydraulic pump 11 to first stick spool valve 18.

In addition, since the boom cylinder 8§ and stick cylinder 9 are hydraulic
actuator which requires large flow rate, the first and second boom spool valves 16,
17 and the first and second stick spool valves 18, 19 are installed so that pressure
oil can be supplied from both the first and second hydraulic pumps 11, 12. Also,
in the Fig. 2, reference numbers 21, 22 denote a left travel spool valve and bucket
spool valve both connected to first pump oil passage 13, reference numbers 23, 24
denote a right travel spool valve and rotation spool valve both connected to second
pump oil passage 14, wherein these spool valves 21 to 24 change over between
neutral and operation position according to operations of corresponding
manipulator to control oil supply and discharge for corresponding hydraulic
actuator (left travel motor, bucket cylinder 10, right travel motor, and rotation
motor); but detailed description about these spool valves 21 to 24 is omitted.

Also in Fig. 2, reference numbers 25, 26 denote first and second bypass
valves; the first bypass valve 25 controls a flow rate of first center bypass oil
passage 27 passing through center bypass passages 21a, 16a, 22a, and 18a in order,
which are formed by spool valves 21, 16, 22, and 18 and connected to first pump

oil passage 13, and leading to first hydraulic pump 11 and oil tank 15, and the
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second bypass valve 26 controls a flow rate of second center bypass oil passage 28
passing through center bypass passages 23a, 24a, 17a, and 19a in order, which are
formed by spool valves 23, 24, 17, and 19 and connected to second pump oil
passage 14, and leading to second hydraulic pump 12 and the oil tank 15. In this
case, the center bypass passages 21a, 16a, 22a, 18a, 23a, 24a, 17a, and 19a formed
by the spool valves 21, 16, 22, 18, 23, 24, 17, and 19 have roughly a certain opening
area regardless of change-over position or spool's displaced amount of spool valves
21,16,22,18,23,24, 17, and 19, and in addition, the first and second bypass valves
25, 26 are configured to control increase or decrease of the flow rate of first and
second center bypass oil passages 27, 28, 1.e. bypass flow rate feeding from first
and second hydraulic pumps 11, 12, to oil tank 15, by controlling increase or
decrease of opening area based on control signal output by control unit 30
mentioned later to first and second bypass valve solenoid valves 49, 50.  As the
bypass flow rate is controlled to be increased or decreased by the first and second
bypass valves 25, 26, the delivery flow rate from first and second hydraulic pumps
11, 12 is controlled to be increased or decreased, and thus, the delivery flow rate
from first and second hydraulic pumps 11, 12 can be supplied to spool valves 21,
16, 22, 18, 23, 24, 17, and 19 in just proportion.

In addition, according to this embodiment, as first and second bypass oil
passages of this invention, first and second center bypass oil passages are provided
passing through each spool's center bypass passage, at its lowermost stream, first
and second bypass valves are disposed, but at uppermost stream of these spools,
first and second bypass oil passages can be provided for feeding the oil from first
and second hydraulic pumps to the oil tank and first and second bypass valves can
be disposed in the first and second bypass oil passages. Inthis case, center bypass
passage formed on each spool valve can be abolished.

Next, an explanation is provided in detail about oil supply and discharge

control for the boom cylinder 8.



WO 2020/119948 PCT/EP2019/025455

10

15

20

25

-10-

First of all, the first boom spool valve 16 is a three position change-over
valve having pilot ports 16b, 16¢ at lowering (contracted) and raising (extended)
sides, wherein, when a pilot pressure is not input into both pilot ports 16b, 16¢, the
valve is positioned at neutral position N, where pressure oil is not supplied to nor
discharged from the boom cylinder 8, but when the pilot pressure is input into the
lowering side pilot port 16b, the valve switches to a lowering side operation
position V to open a recycle valve passage 16d for supplying the discharge oil from
head side oil chamber 8a of boom cylinder 8 to rod side oil chamber 8b. Also,
the first boom spool valve 16 is configured, when the pilot pressure is input into
raising side pilot port 16¢, to switch to raising side operation position W and open
head side supply valve passage 16e for supplying the delivery oil from first
hydraulic pump 11 to head side oil chamber 8a of boom cylinder 8 and open rod
side discharge valve passage 16f for feeding the discharge oil from the rod side oil
chamber 8b of boom cylinder 8 to the oil tank 15. Note that, in the recycle valve
passage 16d, a check valve to block an oil flow from rod side oil chamber 8b to
head side oil chamber 8a.

Also, the second boom spool valve 17 is the three position change-over
valve having pilot ports 17b, 17¢ at lowering (contracted) and raising (extended)
sides, wherein, when the pilot pressure is not input into both pilot ports 17b, 17c,
the valvel7 is positioned at neutral position N, where the pressure oil is not
supplied to nor discharged from the boom cylinder 8, but when the pilot pressure
is input into the lowering side pilot port 17b, the valve 17 switches to the lowering
side operation position V to open a head side discharge valve passage 17d for
feeding the discharge oil from head side oil chamber 8a of boom cylinder 8 to oil
tank 15. Also, the second boom spool valve 17 is configured, when the pilot
pressure is input into raising side pilot port 17¢, to switch to the raising side
operation position W and open the head side supply valve passage 17¢ for
supplying the delivery oil from second hydraulic pump 12 to head side oil chamber

8a of boom cylinder 8.
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Furthermore, in the Fig. 2, reference numbers 31, 32 denote first and second
lowering side solenoid valves for outputting the pilot pressures to the lowering side
pilot ports 16b, 17b for the first and second boom spool valves 16, 17, reference
numbers 33, 34 denote first and second raising side solenoid valves for outputting
the pilot pressure to raising side pilot ports 16¢c, 17c, wherein these first and second
lowering and raising side solenoid valves 31 to 34 start to output the pilot pressure
corresponding to the control signal based on the control signal from the control
unit 30 mentioned later. Then, the spool of first and second boom spool valves
16, 17 is changed by the pilot pressure to be output from first and second lowering
and raising side solenoid valves 31 to 34 to lowering and raising side pilot ports
16b, 17b, 16¢, and 17c¢ of first and second boom spool valves 16, 17, so that the
valves 16, 17 switch to the lowering and raising side operation positions V, W; in
this case, a spool's displaced amount is controlled to be increased or decreased
according to increase or decrease of pilot pressure.

Here, Fig. 3 illustrates the opening characteristics of recycle valve passage
16d of the first boom spool valve 16 at lowering side operation position V, the head
side supply valve passage 16e and rod side discharge valve passage 16f at raising
side operation position W, and the head side discharge valve passage 17d of the
second boom spool valve 17 at lowering side operation position V and head side
supply valve passage 17e at raising side operation position W; as shown in the Fig.
3, the opening area of these valve passages 16d, 16e, 16f, 17d, and 17e¢ is set to be
large as the spool's displaced amount becomes large.  As the opening area of valve
passages 16d, 16e, 16f, 17d, and 17e increases or decreases in coordination with
spool's displacement, the recycled flow rate from head side oil chamber 8a of boom
cylinder 8 to rod side oil chamber 8b, the supply flow rate from first hydraulic
pump 11 to head side oil chamber 8a, the discharge flow rate from rod side oil
chamber 8b to oil tank 15, the discharge flow rate from head side oil chamber 8a
to oil tank 15, and the supply flow rate from second hydraulic pump 12 to head

side oil chamber 8a are controlled to be increased or decreased.
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That is to say, when first and second boom spool valves 16, 17 are located
at lowering side operation position V, the recycle valve passage 16d of first boom
spool valve 16 controls the recycled flow rate from head side oil chamber 8a to rod
side oil chamber 8b and the head side discharge valve passage 17d of second boom
spool valve 17 controls the discharge flow rate from head side oil chamber 8a to
oil tank 15. Meanwhile, when first and second boom spool valves 16, 17 are
located at raising side operation position W, the head side supply valve passage 16e
and rod side discharge valve passage 16f of first boom spool valve 16 control the
supply flow rate from first hydraulic pump 11 to head side oil chamber 8a and the
discharge flow rate from rod side oil chamber 8b to oil tank 15, and also, the head
side supply valve passage 17e of second boom spool valve 17 controls the supply
flow rate from second hydraulic pump 12 to head side oil chamber 8a.

In contrast, as shown in Fig. 5, the control unit 30 is configured to be input
signals from boom actuator, stick manipulator, operation detection means 36 for
detecting each operation of various manipulators including manipulators for other
hydraulic actuators installed on the hydraulic excavator 1 (according to this
embodiment, the right/left traveling motors, bucket cylinder 10, swiveling motor),
first and second pump pressure sensors 37, 38 for respectively detecting delivery
pressure from first and second hydraulic pumps 11, 12, head side/rod side boom
pressure sensors 39, 40 for respectively detecting pressure in head/rod side oil
chambers 8a, 8b of boom cylinder 8, head side/rod side stick pressure sensors 41,
42 for detecting pressure in head/rod side oil chambers 9a, 9b of stick cylinder 9,
various pressure detection sensors for other hydraulic actuators (not shown, but
pressure sensors for respectively detecting pressure in head/rod side oil chambers
of bucket cylinder 10, for example), engine controller 43, and others, and based on
these input signals, output control signals to first and second lowering/rising side
solenoid valves 31 to 34 for outputting pilot pressure to the first and second boom
spool valves 16, 17, first and second in-side/out-side solenoid valves 45 to 48

mentioned later for outputting pilot pressure to first and second stick spool valves
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18, 19, poppet valve solenoid valve 29 for outputting pilot pressure to poppet valve
20, various solenoid valves (not shown) for outputting pilot pressure to spool
valves for other hydraulic actuators (in this embodiment, left travel spool valve 21,
bucket spool valve 22, right travel spool valve 23, and swiveling spool valve 24),
first bypass valve solenoid valve 49 for outputting pilot pressure to the first bypass
valve 25, and second bypass valve solenoid valve 50 for outputting pilot pressure
to second bypass valve 26.

Then, an explanation is provided about a control of first and second boom
spool valves 16, 17 conducted by the control unit 30; when a signal of boom
lowering operation is input from operation detection means 36, the control unit 30
outputs the control signal to first and second lowering side solenoid valves 31, 32.
Thus, the pilot pressure is input into the lowering side pilot ports 16b, 17b of first
and second boom spool valves 16, 17 to switch both first and second boom spool
valves 16, 17 to lowering side operation position V. Then, as mentioned above,
the first boom spool valve 16 at the lowering side operation position V controls the
recycled flow rate from head side oil chamber 8a of boom cylinder 8 to rod side
oil chamber 8b and the second boom spool valve 17 at the lowering side operation
position V controls the discharge flow rate from head side oil chamber 8a to oil
tank 15. Thus, the oil is discharged from head side oil chamber 8a and supplied
into rod side oil chamber 8b to contract the boom cylinder 8 and lower the boom
5; here, based on the various signals (signal and others from the operation detection
means 36 and various pressure sensors 37 to 42) input into the control unit 30, the
control unit 30 calculates the recycle and discharge flow rates required to the boom
cylinder 8 and outputs respective control signals to first and second lowering side
solenoid valves 31, 32 in order to control them independently of each other.
These independent controls of recycle and discharge flow rates are enabled since
the first boom spool valve 16 controls only the recycled flow rate during lowering
operation of boom 5 (contraction of boom cylinder 8) and the second boom spool

valve 17 controls only the discharge flow rate.
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Here, when the boom 5 is lowering, both first and second boom spool
valves 16, 17 are configured not to supply the delivery oil from first and second
hydraulic pumps 11, 12 to rod side oil chamber 8b of boom cylinder 8. That is
because, during lowering operation of boom 5 (contraction of boom cylinder 8), a
discharge amount from head side oil chamber 8a of boom cylinder 8 is remarkably
large compared with a supply amount to rod side oil chamber 8b (about twice, for
example) based on the relationship of piston's pressured area, in addition, the head
side oil chamber 8a is highly pressured as whole weight of front working machine
4 is applied, and therefore, recycle oil from head side oil chamber 8a is enough for
the oil supply to rod side oil chamber 8b. Then, during the lowering of boom 3,
first and second hydraulic pumps 11, 12 can be configured not to supply the
delivery oil to boom cylinder 8§, contributing to energy saving.

Meanwhile, when a signal of boom raising operation is mput from
operation detection means 36, the control unit 30 outputs the control signal for
outputting pilot pressure to first and second raising side solenoid valves 33, 34.
Thus, the pilot pressure is input into raising side pilot ports 16c, 17c of first and
second boom spool valves 16, 17 to switch both first and second boom spool valves
16, 17 to raising side operation position W. Then, as mentioned above, the first
boom spool valve 16 at the raising side operation position W controls the supply
flow rate from first hydraulic pump 11 to head side oil chamber 8a and the
discharge flow rate from rod side oil chamber 8b to oil tank 15, and the second
boom spool valve 17 at the raising side operation position W controls the supply
flow rate from second hydraulic pump 12 to head side oil chamber 8a. Thus, the
oil is supplied into head side oil chamber 8a and discharged from rod side oil
chamber 8b to extend the boom cylinder 8 and raise the boom 5; here, based on the
various signals (signal and others from operation detection means 36 and various
pressure sensors 37 to 42, and engine controller 43) input into the control unit 30,
the control unit 30 calculates the supply and discharge flow rates required to the

boom cylinder 8 and outputs the control signal to each of first and second raising
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side solenoid valves 33, 34 in order to control them independently. These
independent controls of supply and discharge flow rates are enabled since the first
boom spool valve 16 controls the supply and discharge flow rates from first
hydraulic pump 11 during raising operation of boom 5 (extension of boom cylinder
8) and the second boom spool valve 17 controls the supply flow rate from second
hydraulic pump 12.

Note that, as for first boom spool valve 16 during raising of boom 5, the
relationship between the opening areas of head side supply valve passage 16e and
rod side discharge valve passage 16f is uniquely decided with a spool displaced
amount; the supply/discharge flow rates for boom cylinder 8 can be controlled
independently of each other by controlling the increase and decrease of opening
area of head side supply valve passage 17e, which is connected to second boom
spool valve 17 that controls the supply flow rate only, so that total supply flow rate
from first and second boom spool valves (first and second hydraulic pumps 11, 12)
16, 17 will be the supply flow rate required by boom cylinder 8.

Next, an explanation is provided in detail about oil supply and discharge
control for the stick cylinder 9.

First, the poppet valve 20 has a check function, is capable of metering, and
is provided at an upstream side of first stick spool valve 18, i.e. at a supply oil
passage from first hydraulic pump 11 to first stick spool valve 18. Also, the
poppet valve 20 is started by pilot pressure output from the poppet valve solenoid
valve 29 based on the control signal output by the control unit 30 to the poppet
valve solenoid valve 29 to control the supply flow rate from first hydraulic pump
11 to first stick spool valve 18. The supply flow rate of first hydraulic pump 11
supplied from poppet valve 20 to first stick spool valve 18 is, as mentioned later,
configured to be supplied as-is to stick cylinder 9 without being increased or
decreased by the first stick spool valve 18.

Also, the first stick spool valve 18 is the three position change-over valve

having in-side (extended side) and out-side (contracted side) pilot ports 18b, 18c;
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wherein, when the pilot pressure is not input into both pilot ports 18b, 18c, the
valve 18 is positioned at neutral position N, where the pressure oil is not supplied
to nor discharged from the stick cylinder 9, but when the pilot pressure is input into
m-side pilot port 18b, the valve 18 switches to an in-side operation position X to
open the head side supply valve passage 18d for supplying the delivery oil from
first hydraulic pump 11 supplied through poppet valve 20 to head side oil chamber
9a of'stick cylinder 9 and open recycle valve passage 18e for supplying the delivery
oil from the rod side oil chamber 9b to head side oil chamber 9a. Also, the first
stick spool valve 18 is configured, when the pilot pressure is input into out-side
pilot port 18c, to switch to out-side operation position Y and open rod side supply
valve passage 18f for supplying the delivery oil from first hydraulic pump 11
supplied through the poppet valve 20 to rod side oil chamber 9b and open head
side discharge valve passage 18g for feeding delivery oil from head side oil
chamber 9a to oil tank 15; as mentioned later, the head side supply valve passage
18d and rod side supply valve passage 18f are configured to supply the supply flow
rate as-is from poppet valve 20 to stick cylinder 9 without increasing or decreasing
the flow rate. Note that, in the recycle valve passage 18e, a check valve to block
the oil flow from head side oil chamber 9a to rod side oil chamber 9b.

Also, the second stick spool valve 19 is the three position change-over
valve having in-side (extended side) and out-side (contracted side) pilot ports 19b,
19¢; wherein, when the pilot pressure is not input into both pilot ports 19b, 19c,
the valve 19 is positioned at neutral position N, where the pressure oil is not
supplied to nor discharged from stick cylinder 9, but when the pilot pressure is
input into in-side pilot port 19b, the valve 19 switches to the in-side operation
position X to open the head side supply valve passage 19d for supplying the
delivery oil from second hydraulic pump 12 to head side oil chamber 9a of stick
cylinder 9 and open rod side discharge valve passage 19e for feeding the discharge
oil from rod side oil chamber 9b to o1l tank 15.  Also, the second stick spool valve

19 is configured, when the pilot pressure is input into out-side pilot port 19¢, to
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switch to out-side operation position Y and open rod side supply valve passage 19f
for supplying delivery oil from second hydraulic pump 12 to rod side oil chamber
9b and open head side discharge valve passage 19g for feeding the discharge oil
from head side oil chamber 9a to oil tank 15.

Here, as an allocation structure of poppet valve 20 is shown in Fig. 6, the
poppet valve 20 is, in a valve block where first and second stick spool valves 18,
19 are incorporated, incorporated in a pump port connected to first hydraulic pump
11 for supplying the delivery oil from first hydraulic pump 11 to first stick spool
valve 18. Also, in Fig. 6, a reference number 35 denotes the check valve
incorporated in the pump port connected to second hydraulic pump 12 for
supplying the delivery oil from second hydraulic pump 12 to second stick spool
valve 19; wherein the check valve 35 is configured to block a backflow from
second stick spool valve 19 to second hydraulic pump 12. That is to say, in the
pump port in the valve block where spool valves such as first and second stick
spool valves 18, 19 are incorporated, in general, the check valve such as the check
valve 35 mentioned above is incorporated to block the backflow from spool valve
to hydraulic pump; according to this embodiment, in place of this check valve, a
pocket valve 20 having a check function and being capable of metering is
configured to be incorporated in the pump port; thus, there is no need to ensure a
space for the poppet valve 20 separately and it is easy to dispose the poppet valve
20 there.

Furthermore, in the Fig. 2, reference numbers 45, 46 denote first and second
in-side solenoid valves for outputting pilot pressures to the in-side pilot ports 18b,
19b of first and second stick spool valves 18, 19, reference numbers 47, 48 denote
first and second out-side solenoid valves for outputting pilot pressure to out-side
pilot ports 18¢, 19¢; wherein these first and second in-side/out-side solenoid valves
45 to 48 start to output pilot pressure corresponding to the control signal based on
the control signal from the control unit 30. Then, the pilot pressure output from

first and second in-side/out-side solenoid valves 45 to 48 to the in-side and out-
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side pilot ports 18b, 19b, 18¢c, 19¢ of first and second stick spool valves 18, 19
displace each spool of first and second stick spool valves 18, 19, so that the valves
18, 19 switch to in-side and out-side operation positions X, Y; in this case, each
spool's displaced amount 1s controlled to be increased or decreased according to a
change of pilot pressure.

Here, Fig. 4 illustrates the opening characteristics of head side supply valve
passage 18d and recycle valve passage 18e at in-side operation position X of the
first stick spool valve 18, rod side supply valve passage 18fand head side discharge
valve passage 18g at out-side operation position Y, head side supply valve passage
19d and rod side discharge valve passage 19¢ at in-side operation position X of
second stick spool valve 19, and rod side supply valve passage 19f and head side
discharge valve passage 19g at out-side operation position Y; as shown in the Fig.
4, in the head side and rod side supply valve passages 18d, 18fand rod side supply
valve passage 18f of the first stick spool valve 18, the opening area is set to become
maximum just when the spool displaces from the neutral position N, i.e. even when
the spool's displaced amount is small. Thus, the first stick spool valve 18 is
configured to supply the supply flow rate as-is from first hydraulic pump 11
supplied through poppet valve 20 to the head side and rod side oil chambers 9a, 9b
of stick cylinder 9 without increasing or decreasing the flow rate. That is, the
supply flow rate from the first hydraulic pump 11 to the stick cylinder 9 is not
controlled at first stick spool valve 18, and the supply flow rate controlled at the
poppet valve 20 is supplied as-is to the stick cylinder 9.

Meanwhile, the opening area of recycle valve passage 18e of first stick
spool valve 18 and head side discharge valve passage 18g, head side supply valve
passage 19d of second stick spool valve 19, rod side discharge valve passage 19¢,
rod side supply valve passage 19f, and head side discharge valve passage 19g is
configured to become larger as the spool's displaced amount gets large. As the
opening area of valve passages 18e, 18g, 19d, 19¢, 191, and 19g increases or

decreases in coordination with the spool's displacement, the recycled flow rate
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from rod side oil chamber 9b of stick cylinder 9 to head side oil chamber 9a, the
discharge flow rate from head side oil chamber 9a to oil tank 15, the supply flow
rate from second hydraulic pump 12 to head side oil chamber 9a, the discharge
flow rate from rod side oil chamber 9b to oil tank 15, the supply flow rate from
second hydraulic pump 12 to rod side oil chamber 9b, and the discharge flow rate
from head side oil chamber 9a to oil tank 15 are controlled to be increased or
decreased.

That is to say, when first and second stick spool valves 18, 19 are positioned
at in-side operation position X, the supply flow rate from first hydraulic pump 11
to head side oil chamber 9a is controlled with the poppet valve 20, the recycled
flow rate from rod side oil chamber 9b to head side oil chamber 9a is controlled
with recycle valve passage 18e of first stick spool valve 18, and the supply flow
rate from second hydraulic pump 12 to head side oil chamber 9a and the discharge
flow rate from rod side oil chamber 9b to oil tank 15 are controlled with head side
supply valve passage 19d and rod side discharge valve passage 19e of second stick
spool valve 19. Meanwhile, when first and second stick spool valves 18, 19 are
positioned at out-side operation position Y, the supply flow rate from first hydraulic
pump 11 to rod side oil chamber 9b is controlled with poppet valve 20, the
discharge flow rate from head side oil chamber 9a to oil tank 15 is controlled with
head side discharge valve passage 18¢ of first stick spool valve 18, and the supply
flow rate from second hydraulic pump 12 to rod side oil chamber 9b and the
discharge flow rate from head side oil chamber 9a to oil tank 15 are controlled with
rod side supply valve passage 19f of second stick spool valve 19 and head side
discharge valve passage 19g.

Thereafter, an explanation 1s provided about a control of poppet valve 20
and first and second stick spool valves 18, 19 conducted by the control unit 30;
when a stick-in sign