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@ Hydrostatic drive system for civil engineering and construction machinery.

@ A hydraulic drive system (2) for civil engineering and
construction machinery in which at least first and second
hydraulic circuits (8 and 10) having at least first and second
hydraulic pumps (4 and 6), respectively, are provided for
driving a plurality of actuators such as left and right
travelling actuators (56 and 58}, a boom actuator {50) and an
arm actuator (52). The first circuit has in its first valve group
(16) a first travelling directional control valve (32) for one of
the left and right travelling actuators, a first boom directional
control valve (26) for the boom actuator and a first arm
directional control valve for the arm actuator (52}, the first
boom and arm valves being connected to the first pump in a
position upstream of the first travelling valve so as to be able
to receive a hydraulic fluid supply from the first pump by
taking priority over the first travelling valve. The second
circuit has in its second valve group {18) a second travelling
directional control valve (38) for the other of the left and right
travelling actuators and a second boom directional control
valve (44) for the boom actuator and/or a second arm
directional control valve (40) for the arm actuator, the second
travelling valve being connected to the second pump in a
position upstream of the second boom valve and/or the
second arm valve so as to be able to receive hydrauiic fluid
supply from the second pump by taking priority over the
second valves. A bypass circuit {62} having a bypass line (60}
extending between the second pump and the one travelling
actuator is arranged whereby a hydraulic fluid supply from

the second pump can be received by the first travelling valve
when at least one of the valves of the first group upstream of
the first travelling valve (32} which include the boom and arm
valves {26, 28) is actuated.

-

Croydon Printing Company Ltd.




C—

T e RN T T el

FIG. |




10

15

20

25

0059471
-1 -

 HYDROSTATIC DRIVE SYSTEM FOR CIVIL ENGINEERING
AND CONSTRUCTION MACHINERY -

BACKGROUND OF THE INVENTION

This invention relates to hydraulic drive systems
for civil engineering and construction machinery, and
more particularly it 1s concerned with a hydraulic drive
system suitable for use with civil enginering and construc-
tion machinery provided with a plurality of working
elements, such as hydraulic shovels.

Generally, a hydraulic shovel is provided with
a plurality of working elemets including a swing, left
and right travelling member;, a boom, an arm and a bucket
which are adapted to be driven by respective hydraulic
actuators such as a swing motor, left ant right ftravel-
ling motors, a boom cylinder, an arm cylinder and a
bucket cyliner of a hydraulic drive system. The hydraulic
drive system generally comprises at least two hydraulic
circuits each having a hydraulic pump mounted therein,
and a valve group comprising a plurality of directional
control valves for controlling the flow of hydraulilc
fluid supplied to the assoclated actuators from the
pump thereby to control the operation of the actuators.
Heretofore, it has been usual practice to provide the
directional control valves of each valve group with a
center bypass line and to connect these valves in parallel
with respect to the associated hydraulic pump.

The parallel connection of the directiohal
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control valves as aforesald enables the hydraulic circuits
to be simplified in construction and permits a plurality
of actuators to be simultaneously driven. However,

when a plurality of actugtors are simultaneously driven
for combined operations, difficulties are experienced
in effecting control accurately becuase actuator
operations would be mutually influenced by the working
pressure thereof. For example, when the hydraulic
shovel 1s travelling straightforwardly by actuating the
left and right travelling motors connected to the two
hydraulic pumps respectively, if an attempt 1s made to
actuate the swing motor, boom cylinder, arm cylinder or
bucket cylinder connected in parallel with one of the
travel motors, then the hydraulic shovel would travel

in zigzag fashion. Moreover, when an inordinately large
difference in working pressure between actuators per-
forming combined operations is caused due to varying
load conditions applied to the actuators, the hydraulic
fluid would flow only to the actuator of lower working
pressure and the other actuator or actuators would be
rendered inoperative.

To obviate the aforesald problems arising from
the parallel connection of the directional control valves,
proposals have been made recently to connect the plurality
of directional control valves of each hydraulic circuit
in tandem to ensure that each actuator in the circuit
operates independently. One example of such proposals

is described in US Patent Specification 4,112,821.
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The hydraulic drive system disclosed in this US
Patent Specification comprises a first hydraulic circuit
and a second hydraulic circuit connected together at
specific points therein through a first bypass line, a
second bypass line and a third bypass line, one of such
two circuits having specific points therein connected
together through a fourth bypass line. The system further
comprises a control valve and on-off wvalves assgéiated
with the first to third bypass lines and responsive to
actuation of the predetermined directional conﬁrol
valves. By +this constructional feature, the system aims
at enabling actuators to perform combined operations to
a certain extent and ensuring that the actuators operate
independently of one another by virtue of the tandem
connection of the directional control valves. However,
this hydraulic drive system can perform only a relatively
small number of types of combined operations and
consequently the system has had practical value only in
a relatively limited number of applications.

For example, in the second hydraulic circuit, the
boom directional control valve is connected in tandem
to the right travelling directional valve on the downstream
side of the latfter. This arrangement makes it impossible
to supply hydréulic fluid simultaneously to the right
travelling motor and the boom cylinder, so that it is
impossible to perform travelling and boom combined

operations.

The provision of the fourth bypass line enables
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hydraulic fluld to be simultaneously supplied to the left
travelling motor and the arm cylinder thereby to permit
travel and arm combined operations to be performed.
However, the left travelling motor and the arm cylinder
would be mutually influenced by the working pressures
thereof, so that when the left travelling motor has a
lower working pressure the arm would not operate. For
example, when the hydraulic shovel travels downhill,

the working pressure of the left travelling motor drops
and makes it impossible for the arm to operate simultane-
ously. Also, when the hydraulic shovel tries to escape
from the muddy ground, the operator of the hydraulic
shovel intends to drive the travelling members forwardly
by pulling the arm toward him. In such case, it would be
impossible for the hydraulic shovel to escape from the
muddy ground because of low working pressure of the
travelling motors. Also, when it is desired to raise

the arm while travelling after lifting an article with the
bucket, it would be impossible to attain the end of
raising the arm if the arm holding pressure is raised
above a certain level by the weight of the bucket.

In the hydraulic drive system of the aforesaid
construction, the boom directional control valve is
connected in tandem with the bucket directional valve on
the downstream side of the latter. This makes 1t impossible
to perform boom, arm and bucket simultaneous combined opera-
tions and swivelling, boom, arm and bucket simultaneous com-

bined. operations. Also, the arrangement whereby the boom

)

-~



10

15

20

25

0059471
-5 -

directional control valve 1s connected to the travelling
motor on the downstream side of the latter makes it
impossible to perform travelling, boom and arm simultaneous
combined operations and swivelling, travelling and boom
simultaneous combined operations.

Moevero, in the hydraulic drive system of the
aforesaid construction, the problem is additionally raised
that although swing and boom simultaneous combined opera-
tions can be performed independently of each other, relief
would occurs in the hydraulic circult during acceleration
of the swing because of its high inertia, so that the

system would have a high energy loss.

SUMMARY OF THE INVENTION

An object of this invention is to provide a
hydraulic drive system for civil engineering and construc-
tion machinery capable of performing travelling and boom
simultaneous combined operations and/or travelling and arm
simultaneous combined operations independently of each other.

Another object is to provide a hydraulic drive
system for civil engineering and construction machinery
capable of performing three simultaneous combined opera-
tions including boom, arm and bucket operations and four
combined operations including swing, boom, arm and bucket
operations.

Still another object is to provide a hydraulic
drive system for civil engineering and construction

machinery capable of performing three simultaneous combined
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operations including travelling, boom and arm operations
and another three simultaneous combined operations including
swing, travelling and boom operations.

Still another object is to provide a hydraulic
drive system for civil engineering and construction
machinery capable of avoiding the occurrence of relief
due to inertia of a swing when swing and boom simultaneous
combined operations are performed, thereby enabling effec-
tive utilization of energy to be achieved for raising
the boom.

A further object is to provide a hydraulic drive
system for civil engineering and construction machinery
enabling a plurality of actuators fo perform simultaneous
combined operations by actuating them in a variety of
combinations while allowing the combined operations to
be performed substantially independently of one another
to a certain degree.

To acoomplish the aforesaid objects, there is
provided according to the invention a hydraulic
drive system for civil engineering and construction
machinery comprising at least a first and second hydraulic
fluid circuits for driving a plurality of hydraulic
actuators, the first circuit including a first hydraulic
pump, and a first valve group having a plurality of
directional control valves for controlling flow of
hydraulic fluid from the first pump to the actuators
associated therewith, and the second circuit including a

second hydraulic pump, and a second valve group having
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a plurality of directional control valves for controlling
flow of hydraulic fluid from the second pump to the
actuators associlated therewith, the plurality of actuators
including at least left and right travelling actuators,

a boom actuator and an arm actuator, wherein: the first
valve group includes a first travelling directional

control valve for controlling flow of hydraulic fluid

to one of the left and right travelling actuators, a

first boom directional control valve for controlling
flow of hydraulic fluid to the boom actuator, and a

first arm directioconal control valve for controlling

flow of hydraulic fluid to the arm actuator, the first
boom and arm directional control valves being connected
to the first pump in a position upstream of the first
travelling directional control valve in the first circuit
s0 as to be able to receive a hydraulic fluid supply from
the first pump by taking priority over the first travel~
ling directional control valve; the second valve group
includes a second travelling directional control valve
for controlling flow of hydraulic fluid to the other

of the left and right travelling actuators and a second
boom directional control valve for controlling flow of
hydraulic fluid to the boom actuator and/or a second

arm directional control valve for controlling flow of
hydraulic fluid to the arm actuator, the second travelling
directional control valve being connected to the second
pump in a position upstream of the second boom and/or

arm directional control valves in the second circuit so
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as to be able to receive a hydraulic fluid supply from
the second pump by taking priority over the second boom
and/or arm directional control valves; and the system
further comprises a bypass circuit including a bypass
line extending between the second pump and the one
travelling actuator, said bypass circuit being effective
to allow a hydraulic fluid supply from the second pump
to be received by the first travelling actuator when

at least one of the directilonal control valves of the first
valve group upstream of the first travelling directional
control valve which include the boém and arm directional
control valves is actuated.

In a preferred embodiment of the invention, the
first valve group may further include a swing directional
control valve for controlling flow of hydraulic fluld
to a swing actuator, the swing directional control valve
being connected to the first pump in a position upstream
of the first arm and travelling directional control valves
in tﬂe first circuit so as to be able to receive a
hydraulic fluid supply from the first pump by taking
priority over the first arm and travelling directional
control valves, and the first boom directional control
valve 1s connected to the first pump through a bypass
line connected to the first circuit in a position upstream
of the swing directional control valve. The second valve
group may include a bucket directional control valve for
controlling flow of hydraulic fluid to the bucket actuator,

the bucket directional control valve being connected to a
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bypass line connected to the second circuit in a position
between the second travelling directional control valve
and the second arm directional control valve.

In another preferred embodiment, the system
may further comprise a third hydraulic circuit for
driving a swing actuator, the third circuit including a
third hydraulic pump and a swing directional control valve
for controlling flow of hydraulic fluid from the third
pump to the swing actuator, and the first arm directional
control valve is connected to the first pump through a
bypass line connected to the first circuit in a position
upstream of the first boom directional control valve. The
second valve group may further include a bucket directional
control valve for confrdlling flow of hydraulic fluid
to the bucket actuator, the bucket directional control
valve being connected to a bypass line connected to the
second circult in a position between the second travelling
directional control valve and the second boom directional
control valve.

In still another preferred embodiment, the
first travelling directional control valve may be connected
to the first pump through a bypass line connected to the
first circuit in a position upstream of the first boom
and arm directional control valves, the bypass line
having flow restricting means mounted therein. In case
the first valve group further includes a swing directional
control valve for controlling flow of hydraulic fluid

to the swing actuator, the swing directional control
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valve being connected to the first pump in a position
upstream of the first travelling directional control

valve in the first circuit so as to be able to receive

a hydraulic fluid supply from the first pump by taking
priority over the first travelling directional control
valve, the bypass line for the first travelling directional
control valve may be connected to the first circuit in a
position upstream of the swing directional control valve.
The first arm directional control valve may beyconnected

to a bypass line connected to the first circuit in a
position between the swing directional control valve

and the first boom directional control valve. The

first arm directional control valve may be further
connected to the first pump fthrough a bypass line connected
to the first circuit in a position upstream of the swing
directional control valve, the bypass line having flow

restricting means mounted therein.

DESCRIPTION OF THE DRAWINGS

Fig. 1 is a circuit diagram of the hyraulic
drive system comprising a first embodiment of the
invention;

Flg. 2 is a circuit diagram of the hydraulic
drive system comprising a second embodiment of the
invention;

Fig. 3 is a circuit diagram of the hydraulic
drive system comprising a third émbodiment of the

invention;
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Fig. 4 is a circuit diagram of the hydraulic
drive system comprising a fourth embodiment of the
invention; and

Fig. 5 1s a circult diagram of the hdyraulic

drive system comprising a fifth embodiment of the

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In Fig. 1, a first embodiment of the hydraulic
drive system in conformity with the invention 1is generally
designated by the reference numeral 2 and comprises a first
hydraulic circuit 8 including a first hydraulic pump 4
and a second hydraulic circult 10 including a second
hydraulic pump 6. The pumps 4 and 6 are driven by prime
movers 12 and 14 respectively which may be the same one or
different ones.

The first hydraulic circuit 8 includes a first
valve group 16 comprising a swing directional control
valve 24, a first boom directional control valve 26, a
first arm directional control valve 28, a first bucket
directional control valve 30 and a left travelling direc-
tional control valve 32 and connected to the first hydraulic
pump 4 through a main line 20. In the first valve group
16, the valves 24, 26, 28, 30 and 32 are provided with
a center bypass line 21 passing therethrough in the indi-
cated order, the center bypass line 21 being connected

at one end to the main line 20 and at the other end to

a tank 36.
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The second hydraulic —circuilt 10 includes a
second valve group 18 comprising a right travelling
directional control valve 38, a second arm directional
control valve 40, a second bucket directional control
valve 42 and a second bucket directional control valve
4l and connected to the second hydraulic pump 6 through
a main line 22. In the second valve group, the valves
38, 40, 42 and U4 are provided with a center bypass line
23 passing therethrough in the i1indicated order, the
center bypass line 23 being connected at one end
to the main line 22 and at the other end to the tank 36.

In the first valve group 16, the swing direc-
tional control valve 24 has its inlet port connected to
the center bypass line 21 in a position on the uppermost
stream end thereof thereby to connect the valve 24 to
the pump 4, and the first boom directional control
valve 26 has its inlet port connected through a bypass
line 34 to the center bypass line 21 in a position upstream
of the valve 24 thereby to connect the valve 26 to the
pump 4 in parallel with the valve 24. The first arm
directional control valve 28, first bucket directional
control valve 30 and left travelling directional control
valve 32 has their inlet ports connected in the indicated
order to the center bypass line 21 in a position down-
stream of the valve 26. Thus it will be noted that the
valves 2U4 and 26 are adapted to be able to receive hydraulic
fluid supply from the pump 4 by taking priority over the

other valves of the group.

1)
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In the second valve group 18, the right travel-
ling directional control valve 38 has its inlet port
connected to the center bypass line 23 in a position on
the uppermost stream end of the center bypass line 23
thereby to connect the valve 38 to the pump 6. The second
arm directional control valve 40 has its inlet port
connected to the center bypass line 23 in a position
downstream of the valve 38. The second bucket directional
control valve 42 has its inlet port connected to the
center bypass line 23 through a bypass line 46 in a
position between the valves 38 and 40 thereby to connect
the valve 42 in parallel with the valve 40. The second
boom directional control valve U4l has its inlet port
connected to the center bypass line 23‘in a position on
the downmost stream end thereof. Thus 1t will be noted
that the valve 38 is arranged to be able to receive
hydraulic fluid supply from the pump 6 by taking priority
over the other valves of the group.

The swing directional control vélve 2L is
connected to a swing motor 48. The first boom directional
control valve 26 and second boom directional control
valve U4 are interlocked by a linkage B to operate
conjointly and both connected to a boom cylinder 50.

The first arm directional control valve 28 and second arm
directional control valve 40 are interlocked by a

linkage C to operate conjointly and both connected to an
arm cylinder 52. The first bucket directional control

valve 30 and second bucket directional control valve L2
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are interlocked by a linkage D to operate conjointly
and both connected to a bucket cylinder 54. The left
travelling directional control valve 32 is connected to
a left travelling motor 56, and the right travelling
directional control valve 38 is connected to a right
travelling motor 58.

Connecting the secoﬁd pump 6 to the left
travelling directional control valve 32 is a bypass circuit
62 having a bypass line 60 having an on-off valve 64
mounted therein. The on-off valve 64 which is normally
in a closed position is interlocked with valves 24, 26,
28 and 30 by linkages A-D so as %0 be brought to an
open position in response to actuation of each of the
valves 24, 26, 28 and 30, which are disposed in
positions upstream of the left travelling directional
control valve 32 in which they are able to receive
hydraulic fluid supply by taking priority o#er the
valve 32. The main lines 20 and 22 have mounted therein
relief valves 66 and 68 respectively.

Operation of the embodiment shown in Fig. 1
willl now be described.

(1) Travelling and Boom Operations

In the first valve group 16, since the first
boom directional control valve 26 1s located in an
upstream position in which it 1s able to receive a
hydraulic fluid supply by taking priority over the left
travelling directional control valve 32, hydraulic fluid

from the first pump U4 is all supplied to the boom
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cylinder 50 through the valve 26, thereby driving the boom.
In the second valve group 18, since the right travelling
directional control valve 38 is located in an upstream
position in which it 1s able to receive a hydraulic fluid
supply by taking priority over the second boom directio-
nal control valve 4l4, hydraulic fluid from the second
pump 6 1s supplied to the right travelling motor 38 through
the valve 38. At the same time, since the on-off valve 64
is brought to an open position by the linkage B in
response to actuation of the valve 26, hydraulic fluid
from the pump 6 is also supplied through the bypass line
60 and left travelling directional control valve 32 to
the left travelling motor 56. Thus the left and right
travelling motors 56 and 58 are driven by the hydraulic
fluid supply from the second pump 6, independently of the
operation of the boom cylinder 50.
(2) Travelling and Arm Operations

As 1s the case with the travelling and boom
combined operations, hyraulic fluid from the first
pump 4 is all supplied through the first arm directional
control valve 28 to the arm cylinder 52, and a hyraulic
fluid from the second pump 6 is supplied to the left and
right motors 56 and 58 through the left and right travel-
ling directional valves 32 and 38 respectively. Thus the
travelling operation and the arm operation can be performed
independently of each other.
(3) Travelling Operation and Swing or Bucket Operation

Like the travelling and boom or arm operations,
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the travelling and swing or bucket operations can be per-
formed independently of each other.
(4) Swing‘and Boom Operations

The first boom directional control valve 26 is
connected in parallel with the swing directional control
valve 24 through the bypass line 34, so that hydraulic
fluid from the first hydraulic pump 4 is supplied to the
swing motor 48 and boom cylinder 50. Hydraulic flﬁid from
the second hydraulic pump 6 is supplied to the boom
cylinder 50 through the second boom directional céntrol
valve U4, The swing having high inertia, the swing
motor 48 tends to have a high working pressure when
a swing acceleration operation is performed. However,
the majority of the hydraulic fluid supplied from tﬁe
pump 4 is sent through the bypass line 34 to the boom
cylinder 50, so that the working pressure of the swing
motor 48 during acéeleration operation is kept to the
level of the working pressure of the boom cylinder 50.
Thus the power can be effectively utilized for performing
a boom operation. If the swing directional control
valve 24 were connected in such a manner that it is
able to receive a hydraulic fluid supply by taking priority
o&er the boom directional control valve 26, the swing
motor 48 would have its working pressure greatly raised
in performing a swing acceleration operation and render
the relief valve 66 operative, thereby causing a loss
of power, a reduction in efficiency and an unsatisfactory

upward movement of the boom. In the embodiment shown in

19
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Fig. 1, the presence of the bypass line 34 makes 1t
impossible to render the swing and boom operations fully
independent of each other. However, since the relief
valve 66 can be kept inoperative during swing acceleration
operation and no loss of power occurs, the boom can be
raised to a desired high level with a high degree of
efficiency. |
When i1t is desired to perform swing and boom
operations fully indendently of each other, one has only
to provide a construction enabling the boom operation
lever to operate in two stages in such a manner that the
second boom directional control valve U4} oﬁly operates in
the first stage while the two boom directional
control valves 26 and 44 both operate in the second
stage. In this way, the swing operation can be performed
fully independently of the boom operation by operation
in the first stage.
(5) Swing Operation and Arm or Bucket Operation
Hydraulic fluid from the first pump 4 is all
supplied to the swing motor 48 by actuation of the
swing directional control valve 24. Hydraulic fluid
from the second pump 6 is all supplied to the arm
cylinder 52 by actuation of the arm directional control
valve 40. Thus the swing and arm operations can be
performed independently of each other. Likewise, the

swing and bucket operations can be performed independently

of each other.
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(6) Three Operations of Boom, Arm and Bucket

Hydraulic fluid from the first pump 4 is
supplied to the boom cylinder 50 through the boom direc-
tional control valve 26. Since the second bucket direc-
tional control valve 42 is connected in parallel with
the second arm directional control valve U0 through the
bypass line 46, hydraulic fluid from the second pump 6
is supplied to the arm cylinder 52 and bucket cylinder
54 through the valves 40 and 42 respectively. This makes
boom, arm and bucket operations performed simultaneously.
(7) Four Operations of Swing, Boom, Arm and Bucket

Hydraulic fluid from the first pump 4 is
supplied to the swing motor 48 and boom cylinder 50
through the swing directional control valve 24 and
the bypass line 34 and first boom directional control
valve 26, respectively. Hydraulic fluid from the second
pump 6 is supplied to the arm cylinder 52 and bucket
cylinder 54 through the second boom directional control
valve U0 and the bypass line U6 and second bucket direc-
tional control valve U2, respectively. Thus the swing,
boom, arm and bucket operations can be performed simul-
taneously.

Fig. 2 shows a second embodiment of the hydraulic
drive system in confermity with the invention. In the
figure, like reference characters designate parts similar
to those shown in Fig. 1. The hydraulic drive system
is generally designated by the reference numeral 70 and

comprises a first hydraulid circuit 72 including a first
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valve group 73 in which the first boom directional control
valve 26 is connected to the center bypass line 21 in a
position downstream of the swing directional control
valve 24. That is, the valves 24, 26, 28, 30 and 32 are
connected together in tandem in the indicated order so as
to be able to receive a hydraulic fluid supply from the
hydraulic pump 4 by taking priority in such an order.

The system 70 also comprises a second hydraulic circuilt
T4 including a secénd valve group 75 in which the second
boom directional control valve 44 is, like the second
bucket directional control valve 42, connected to the

pump 6 through a bypass line 76 connected to the center

bypass line 23 in a position between the right travelling

directional control valve 38 and the second arm directional

control valve 40.

In the second embodiment shown in Fig. 2, the
combined operations (1)-(7) that have been performed in
the first embodiment shown in Fig. 1 can be performed
substantially in like manner except that in the combined
operations of swing and boom, it is impossible to avoid
the occurrence of relief due to inertia of the swing.
Instead, in the second embodiment, the combined operations
of swing and boom can be performed fully independently
of each other without actuating the operation lever in two
stages as in the first embodiment.

A third embodiment of the hydraulic drive
system in conformity with the invention will be described

by referring to Fig. 3 in which the hydraulic drive system
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generally designated by the reference numeral 80 comprises
parts similar to those shown in Fig. 1 designated by
like reference characters.

The hydraulic drive system 80 comprises a first
hydraulic circuit 2 including the first hydraulic pump
4, and second hydraulic circuit 84 including the second
hydraulic pump 6. The pumps 4 and 6 are driven by the
pfime movers 12 and 1l respectively which may be the same
one or different ones. As in the first embodiment,
the first circuit 82 includes a first valve group 83
comprising the swing directional control valve 2L, first
boom directional control valve 26, first arm directional
control valve 28, first bucket directional control valve
30 and left travelling directional control valve 32 and
connected to the pump 4 through the main line 20.
In the first valve group 83, the valves 24, 26, 28, 30
and 32 are provided with the center bypass line 21 passing
therethrough in the indicated order, the denter bypass
line 21 being connected at one end to the main line 20
and at the other end to the tank 36. As in the first
embodiment, the second circuit 84 includes a second valve
group 85 comprising the right directional control valve 38,
second boom directional control valve 4L, second bucket
directional control valve U2 and second arm directional
control valve 40 and connected to the pump 6 through the
main line 22. In the second valve group 85, the valves 38,
44, 42 and 40 are provided with the center bypass line 23

passing therethrough in the indicated order, the bypass

14
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line 23 being connected at one end to the main line 22
and at the other end to the tank 36.

In the first valve group 83, the swing directio-
nal control valve 24 has its inlet port connected to the
center bypass line 21 in a position on the uppermost
stream end thereof thereby to connect the valve 24 to the
pump 4, and the first boom directional control valve 26
has its inlet port connected to the center bypass line
21 through a bypass line 86 in a position upstream of the
valve 24 thereby to connect the valve 26 to the pump U
in parallel with the valve 24. The first arm directional
control valve 28 has its inlet port connected through a
bypass line 88 to the center bypass line 21 in a position
between the valves 24 and 26 thereby to connect the valve
28 in parallel with the valve 26. The inlet port of the
first arm directional control valve 28 is also connected
through a'bypass line 90 to the center bypass line 21 in
a position upstream of the valve 24 thereby to connect
the valve 28 to the pump 4, and a restrictor 92 is mounted
in the bypass 1line 90. The first bucket directional
control valve 30 has its inlet port connected to the
center bypass line 21 in a position downstream of the valve
28 and to the center bypass line 21 in a position downstream
of the valve 28 and to the center bypass line 21 through
a bypass line 94 in a position upstream of the valve 24
thereby to connect the valve 30 to the pump 4, and a
restrictor 96 is mounted in the bypass line 94. The left

travelling directional control valve 32 has its inlet port
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connected to the center bypass line 21 in a position
downstream of the valve 30 and to the center bypass line
21 in a position upstream of the valve 24 through a bypass
line 98 thereby to connect the valve 32 to the pump 4, and
a restrictor 100 is mounted in the bypass line 98.

In the second valve group 85, the right travel-
ling directional control valve 38 has its inlet port
connected to the center bypass line 23 in a position at
the uppermost stream end thereof thereby to connect the
valve 38 to the pump 6 so as to be able to receive a
hyraulic fluid supply from the pump 6 by taking priority
over the other valves in the group. The second boom
directional control valve 44 has its inlet port connected
to the center bypass line 23 in a position downstream of
the valve 38. The second bucket directional control valve
42 has its inlet port connected through a bypass line
102 to the center bypass line 23 in a position between the
valves 38 and 4l thereby-to connect the valve 42 in paral-
lel with the valve 44, The second arm directional control
valve 40 has its inlet port connected to the center
bypass line 23 in a position at the downmost stream end of
the center bypass line 23.

The swing directional control valve 24 is
connected to the swing motor 48. The first boom direc-
tional valve 26 and second boom directional control valve
44 are interlocked by the linkage B and both connected
to the boom cylinder 50. The first arm directional control

valve 28 and second arm directional control valve 40 are
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interlocked by the linkage C and both connected to the
arm cylinder 52. The first bucket directional control
valve 30 and second bucket directional control valve 42
are interlocked by the linkage D and both connected to
the bucket cylinder 54. The left travelling directional
contrél valve 32 1s connected to the left travelling
motor 56. The right travelling directional control
valve 38 1s connected to the right travelling motor 58.

Connecting the second pump 6 and the left
travelling directional control valve 32 i1s a bypass
circuit 106 including a bypass line 10l connected at
one end to the inlet port of the right travelling direc-
tional control valve 38 and at the other end to the inlet
port of the left travelling directional control valve 30.
Mounted in the bypass line 104 is the on-off valve 64
which, although normally closed, is brought to an open
position by the linkages A-D in response to actuation of
each of the valves 24, 26, 28 and 30 upstream of the
left travelling directional control valve 32.

Operation of the third embodiment shown in
Fig. 3 of the aforesaid construction will now be
described.
(1) Travelling and Boom Operations

In the first valve group 83, since the boom
directional control valve 26 is located in an upstream
position of the left travelling directional control
valve 32 in the center bypass line 21 and the bypass

line 98 for the valve 32 mounts the restrictor 98, the




10

15

20

25

0059471
- o4 .

majority of hydraulic fluid from the pump 4 is supplied
to the boom cylinder through the valve 26, thereby
driving the boom. In the second valve group 85,

since the right travelling directional control valve 38
is located on the upstream side of the boom direc-
tional control valve 44 so as to be able to recelve a
hydraulic fluid supply by taking priority thereover,
hydraulic fluid from the pump 6 is supplied to the right
travelling motor 58 through the valve 38. With the on-off
valve 64 being moved to its open position by the linkage
B interlocked with the boom directional control valve 26,
hydraulic fluid from the pump 6 is also supplied through
the bypass line 104 and the left travelling directional
control valve 32 to the left travelling mot&r 56. Thus
the left and right travelling:motors 56 and 58 are
essentially driven by hydraulic fluild supply from the .
pump 6. A small portion of hydraulic fluid from the
hydraulic pump 4 flows through the bypass line 98

and restrictor 100 to the left directilional control

vavle 32. By restricting the flow of hydraulic

fluid through the restrictor 100 in such a manner that a

pressure high enough or higher than 1s necessary to raise

the boom is obtained, it is possible to allow the travelling

and boom operations to be performed highly independently
of each other. Moreover, when the valve 26 1is actuated
to raise the boom during travelling operation, the
bypass line 98 and restrictor 100 function to prevent

all the amount of hydraulic fluid from the pump 4 from
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being cut off by the valve 26, and therefore it is
possible to eliminate large fluctuations in travelling

speed and reduce a shock upon actuation of the valve 26,

and also it is possible to minimize reduction in travelling

speed after the actuation of the valve 26.
(2) Travelling and Arm Operations
As in the travelling and boom combined
operations, the majority of hydraulic fluid from the pump
4 is supplied to the arm cylinder 52 through the arm
directional control valve 28, and hydraulic fluid from
the pump 6 is supplied through the left and right
travelling directional control valve 32 and 38 to the
left and right motors 56 and 58 respectively. The
provision of the restrictor 100 to the bypass line 98
enables the travelling and arm operations to be
performed highly independently of each other. Also,
the provision of the bypass line 98 and restrictor 100
can prevent occurrence of sudden fluctuations in the
travelling speed and thus reduce a shock and moreover
minimize reduction in travélling speed when the valve
28 is actuated during travelling operation.
(3) Travelling Operation and Swing or Bucket Operation
As In the travelling and arm combined opera-
tions, the travelling and swing or bucket .operations can
be performed highly independently of each other and a
shock and a reduction in travelling speed can be
minimized when a swing or bucket operation 1s performed

during travelling operation.
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(4) Swing and Boom Operations

As in the first embodiment shown in Fig. 1,
actuation of the relief valve 66 due to inertia of the
swing can be avoided and the energy of the hydraulic
pump U4 can be effectively utilized to raise the boom.
Also, by actuating the boom operation lever in two stages
when necessary, it 1s possible to perform the swing
and boom operations highly independently of each other.
(5) Swing Operation and Arm or Bucket Operation

The provision of the restrictor 92 to the
bypass line 90 permits the majority of hydraulic fluid
from the pump 4 to be supplied through the swing direc-
tional control valve 24 to the sﬁing motor U48. Hydraulic
fluid from the pump 6 is supplied through the second
arm directional control valve 40 to the arm cylinder
52. By restricting the flow of hydraulic fluid through
the restrictor 92 in such a manner that a pressure high
enough to drive the swing can be obtained, it is pos-~
sible to permit the swing and arm operations to be
performed highly independently of each other.

Also, the provision of the bypass line 90 and
restrictor 92 allows hydraulic fluid from the pump 4 to
flow in part, when inertia of the swing raises the working
pressure of the swing motor 48 during swing acceleration,
to the arm cylinder 52 through the bypass line 90 and
restrictor 92. Thus, as in the swing and boom combined
operations, it is possible to keep the relief valve 66

from being actuated by inertia of the swing and to
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effectively utilize the energy of the pump 4 to raise
the arm. When the two operations need be performed
completely independently of each other, one has only
to actuate the arm operation lever in two stages as in
the swing and boom combined operations in such a manner
that the second arm directional control valve 40 is only
actuated in the first stage while the two arm directional
control valves 28 and 40 are actuated in the second
stage. Thus when the arm operation lever is actuated in
the first stage, the swing and arm operations can be
performed completely independently of each other. When
the swing operation is performed simultaneously as the
bucket 6peration, the two operations can be performed
in the same manner as the swing and arm combined
operations.
(6) Three Operationé of Boom, Arm and Bucket

The majority of hydrualic fluid from the pump
4 1s supplied to the boom cylinder 50 through the first
boom directional control valve 26 and to the arm cylinder
52 through the bypass line 88 and first arm directional
control valve 28, and a small portion of the hydraulic
fluid is supplied to the bucket cylinder through the
bypass line 94 and first bucket directional control
valve 30. Hydraulic fluid froﬁ the pump 6 is supplied
to the boom cylinder 50 through the second boom direc-
tional control vavle 44 and to the bucket cylinder 54
through the bypass line 102 and second bucket directional

control valve 42. Thus boom, arm and bucket combined



10

15

20

25

0059471
- 28 -

operations can be obtailned.
(7) Four Operations of Swing, Boom, Arm and Bucket

Hydraulic fluid from the pump 4 is supplied
to the swing motor 48 through the swing directional
control valve 24, to the boom cylinder 50 through
the bypass line 86 and first boom directional control
valve 26, to the arm cylinder 52 through the bypass
line 90 and first arm directional control valve 28,
and to the bucket cylinder 54 through the bypass line
94 and first bucket directional control valve 30.
Hydraulic fluid from the pump 6 is supplied to the boom
cylinder 50 through the second boom directional control
valve 44, and to the bucket cylinder 54 through the
bypass line 102 and second bucket directional control
valve 42. Thus swing, boom, arm and bucket operations
can be obtained.
(8) Other Operations

The provision of the bypass line 88 enables
travelling, boom, and arm combined .operations to be
performed. Also, the provision of the bypass lines 86
and 92 enables swing, travelling and boom combined
operations and swing, travelling and arm combined
operations respectively to be performed. Particularly,
the provision of the bypass line 104 enables left side
travelling to be performed while performing swing
operation. The combination of the bypass line 98 and
throttle 100 has the effect of avoiding the occurrence

of relief during swing acceleration when performing the
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swing and travellling combined operations.

Fig. 4 shows a fourth embodiment of the
hydraullc drive system in conformity with the invention,
in which parts similar to those shown in Pigs., 1 and 3
are designated by like reference characters.

In thls emboldment, the hydraullc drive system
1s generally designated by the reference numeral 110
and comprises a first hydraulic circuit 112 and a )
second hydraulic circuit 114. The first circuit 112
comprises a first valve groove 116 in which the afrange-
ment of the elements is substantially similar to that of
the embodiment shown in Fig. 3 except that the bucket
directional control valve of low importance is not
mounted, that the arm directional control valve 28 has
its inlet port cbnnected to the center bypass line 21,
not a bypass line, in a position downstream of the
bucket directional control valve 26 by attaching
importance to the operation of the latter, and that no
bypass circuit i1s mounted between the left travelling
directional control valve 32 and second pump 6.

The second circuit 114 comprises a second
valve group 118 in which the arrangement of the elements
is substantially similar to that of the embodiment
shown in PFig. 3. |

The system 110 further comprises an auxiliary
left travelling directional control valve 120 inter-
locked with the left travelling directional control valve

32 but constituting a separate entity therefrom, and
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a bypass circult 124 including a bypass line 122
connecting the valve 120 to the second pump 6. The
on-off valve 64 mounted in thé bypass circuit 124 is
interlocked with the valves 24, 26 and 28 upstream of
the left travelling directional control valve 32 in
the center bypass line 21 by the linkages A, B and C,
and 1s brought to an open position in response to
actuation of each of the valves 24, 26 and 28. Like
the other directional control valves, the auxiliary
left travelling directional control valve 120 may be
in the form of a six port valve. By using the valve 120
of this construction, the need to form the valve body
with a connecting port for connecting the bypass 1line
122 to the left travelling directional control valve 32
can be eliminated.

In this embodiment, the arm directional
control valve 28 has its inlet port connected to the
center bypass line 21 in a position downstream of the
boom directional control valve 26 as aforesaid. Owing
to this arrangement, hyraulic fluid flows into the arm
cylinder 52 through the throttle 92 and thus the opera-
tion of the arm may be slightly reduced in speed in
combined operations involving the boom and arm. In other
respects, the performance of the system is substantially
similar to that of the embodiment shown in Fig. 3.

Fig. 5 shows a fifth embodiment of the hydraulic
drive system in conformity with the invention, in which

parts similar to those shown in Figs. 1 and 3 are

R
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designated by the reference numeral 130 and comprises

a first hydraulic circuit 132 and a second hydraulic
circuit 134 including the first and second hydraulic
pumps 4 and 6 respectively. The first hydraulic circuit
132 further includes a first valve group 136 in which
the arrangement of the elements is substantially s;milar
to that of the embodiment shown in Fig. 3 ekcept that no
swing directional control valve is mounted and that no
restrictor is mounted in the bypass line 94 for the bucket
directional control valve 30. The second hydraulic
circuit 132 includes a second valve group 138 in which
the arrangement of the elements 1s substantially similar
to that of the embodiment shown in Pig. 3. In a bypass
circuit lﬁO connecting the left travelling directional
control valve 32 to the second pump 6, the on-off valve
64 is interlocked with the valves 26, 28 and 30 upstfeam
of the left travelling directional control valve 32

in the center bypass line 21 by the linkages B, C and D,
and is brought to an open positfion in response to
actuation of each of the valves 26, 28 and 30.

The hydraulic drive system 130 shown in Fig. 5
further comprises a third hydraulic circuit 144 including
a third hydraulic pump 142, in which the swing directional
control valve 24 is connected to receive a hydraulic
fluid supply from the pump 142 through a main line 146,
The pump 142 is driven by a prime mover 148 which may
be the same one as or different ones from the prime

movers 12 and 14. A relief valve 150 is mounted in the
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main line 146.

It will be understood that all the combined
operations described as being performed in the third
embodiment can also be performed substantially in like
manner in this embodiment. 1In this embodiment, the
swing operation can be performed completely independently
of the operations of other actuators.

In all the embodiment shown and described
hereinabove, the directional control valves 24-32
and 38-44 are shown as being manually operated.
However, the invention is not limited to this specific
type of valves and valves of the hydraulic type
controlled by pilot pressure sighals, valves of the
electric type controlled by electrical signals, %aives
of the mechanical type controlled by mechanical dis-
placement signals and any other sultable valves of the
known type may be used. |

The bypass circuits 62, 106, 124 and 140 mount
the on-off valve 64. However, this is not essential
and the on-off valves 64 may be dispensed with and the
bypass lines 60, 104 and 122 may be kept open at all
times. When this is the case, the left and right
travelling motors 56 and 58 would be communicated with
each other during travelling operation with no other
operations being performed. Thus if a difference is
produced in working pressure between them, a larger
guantity of hydraulic pressure fluid would flow to the

motor of lower working pressure, thereby preventing the
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left and right travelling operations being performed
independently of each other.

The on-off valve 64, second boom directional
control valve 44, second arm directional control valve
40 and second bucket directional control valve 42 have
been described as being interlocked by the linkages
A, B, C and D. However, the invention is not limited
té this specific arrangement of the valves and the
valves may be actuated independently by separate
éperation levers.

In the embodiments shown in Figs. 1, 2, 3
and 5, the bucket directional control valve 42 of the
secdnd valve groups 18, 75, 85 and 138 may be dispensed
with because this valve is low in importance.

In the embodiments shown in Figs. 1-5, either
the boom directional control valve 44 or the arm
directional control valve 40 of the second valve groups
18, 75, 85, 118 and 138 may be dispensed with. In the
embodiments shown in Figs. 1-5, the bucket directional
control valve 42 of the second valve group may be located
upstream of the right travelling directional control
valve 49 in the center bypass line when there is no
need to perform combined operations including bucket
and travelling operations.

The emboidment shown in Fig. 1 may be modified
in such a manner that an auxiliary left travelling
directional control valve may be provided in addition

to the left travelling directional - -control valve 32
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as shown in Fig. 4 and a bypass circuit may connect
such auxiliary left travelling directional control
valve to the second pump.

Also the embodiment shown in Fig. 1 may be
modified in a manner to have a third hydraulic circuilt
exclusively for the swing directional control valve as.

is the case with the embodiment shown in Fig. 5.
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WHAT IS CLAIMED IS:

1. A hydraulic drive sysﬁem for civil engineering
and constructlion machinery comprising at least a first
and second hydraulic circuits for driving a plurality

of hydraulic actuators, said first circuit including a

first hydraulic pump, and a first valve group having a

plurality of directional control valves for controlling

flow of hydraulic fluid from the first pump to the
actuators associated therewith, and‘said second circuit
including a second hydraulic pump, and a second valve
group having a plurality of directional control valves
for controlling flow of hydraulic fluid from the second
pump to the actuators assoéiated therewith, said
plﬁrality of actuators including at least left and right
travelling actuators, a boom actuator and an arm actuator,
wherein:

sald first valve group includes a first
travelling directional control valve for controlling
flow of hydraulic fluld to one of the left and right
travelling actuators, a'first boom directional control
valve for controlling flow of hydraulic fluid to the
boom actuator, and a first arm directional control
valve for controlling flow of hydraulic fluid to the arm
actuator, saild first boom and arm directional control
valves being connected to the first pump in a position
upstream of the first travelling directional control valve
in the first circuit so as to be able to receive a

hydraulic fluid supply from the first pump by taking
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priority over the first travelling directional control
valve;
said second valve éroup includes a second
travelling directional control valve for controlling
flow of hydréulic fluid to the other of the left and

right travelling actuators and a second boom directional

~control valve for controlling flow of hydraulic fluid

to the boom actuator and/or a second arm directional
control valve for controlling flow of hydraulic fluid
to the arm actuator, said second travelling directional
control valve being connected to the second pump in a
position upstream of the second boom and/or arm direc-
tional control valves in the second circuit so as to
be able to receive a hydraulic fluid supply from the
second pump by taking priority over the second boém
and/or arm directional control valves; and

the system furthér comprises a bypass circuit
including a bypass line extending between the second
pump and the one travelling actuator, said bypass
circuit being effective to allow a hydraulic fluid supply
from the second pump to be received by the first
travelling actuator when at least one of the direc-
tional control valves of the first valve group upstream
of the first travelling directional control valve which
include the boom and arm directional-control valves is
actuated.
2. A hydraulic drive system as claimed in claim 1,

wherein said bypass circuit includes an on-off valve
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connected in said bypass line, said on-off valve being
normally disposed 1n a closed position and adapted to be
brought to an open position conjointly with actuation
of at least one of the directional cont?ol valves of
sald first valve group upstream of said first travelling
directional control valve.
3. A hydraulic drive system as claimed in claim
1l or 2, wheréin said bypass line connects said second
pump to said first travelling directional control valve.
by, A hydraulic drive system as claimed in claim
1l or 2,_wherein said bypass circuiﬁ'includes a third
travelling directional control valve connected in said
bypass line and interlocked with said second travelling
directional control valve. e
5. A hydraulic drive system as claimed in claim 1,
wherein said second boom and/or arm directional control
valves are interlocked with said first boom and arm
directional control valves.
6. A hydraulic drive system as claimed in claim
T in which said plurality of actuators further includes
a swing actuator, whrein sald first valve group further
includes a swing directional control valve for controlling
flow of hydraulic fluid to said swing actuator, said
swing directional control valve being connected to said
first pump in a position upstream of said first arm
and travelling directional control valves in Zaid first
circult so as to be able to receive a hydraulic fluid

supply from the first pump by taking priority over the
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first arm ana travelling directional control valves,
and said first boom directional control valve being
connected to the first pump through a second bypass
line connected to the first circuit in a position upstream

of said swing directional control valve.

7. A hydraulic drive system as claimed in claim

1l or 6 in which said plurality of actuators further
includes a bucket actuator, wherein said second valve
group further includes a bucket directional control
valve for controlling flow of hydraulic fluid to said
bucket actuator, said bucket directional control valve
being connected to a third bypass line connected to the
second circuilt in a position between the second travelling
directional control valve and the second arm directional
control valve.

8. A hydraulic drive system as claimed in claim

-1 in which said plurality of actuators further includes

a swing actuator and a bucket actuator, wherein said
first valve group further includes a swing directional
control valve for controlling flow of hydraulic fluid
to said swing directional control valve, said swing
directional control valve being connected to the first
pump.in a position upstream of saild first boom and arm
directional control valves in the first circuit so as
to be able to receive a hydraulic fluid supply from the
first pump by taking priority over the first boom and
arm directional control valves, and said second valve

group further includes a bucket directional control
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val?e for controlling flow of hydraulic fluid to said
bucket actuator, sald second boom and bucket directional
control valves being connected fo fourth and fifth bypass
lines, respectively, which are connected to the second
circuit in a position between the second travelling
directional control valve and second arm directidnal
control valve.
9. A hydraulic drive system as claimed in claim 1
in which said plurality of actuétors further includes
a swing actuator, wherein said system further comprises
a third hydraulic circuit for driving said swing
actuator, said third circuit including a third hydraulic
pump and a swing directional control valve for control-
ling flow pf hydraulic fluid to said swing aétautor
from said third pump, and said first arm directional
control valve is connected to the first pump through a
sixth bypass line connected to the first circuit in a
position ﬁpstream of the first boom directional control
valve.
10. A hydraulic drive system as claimed in claim 9
in which said plurality of actuators further includes
a bucket actuator, wherein saild second valve group further
includes a bucket directional control valve for controlling
flow of hydraulic fluid to said bucket actuator, said
bucket directional control valve being connected to a
seventh bypass line connected to the second circuit in a
posltion between the second travelling directional control

valve and the second boom directional control valve.
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11. A hydraulic drive system as claimed in claim 1,

wherein said first .travelling directional control valve

is connected to the first pump through an eighth bypass

line connected to the first circuit 1n a position upstream

of the first boom and arm directional control valves,
said eighth bypass line having flow restricting means
mounted therein. |

12. A hydraulic drive system as claimed in claim 11
in which said plurality of actuators further includes a
swing actuator, wherein sald first valve group further
includes a swing directional control valve for control-
ling flow of hydraulic fluid to said swing actuator,
said swing directional control valve being connectgd

to the first pump in a position upstream of the first
travelling directional control valve in the first
circult so as to be able to receive a hydraulic fluid
supply from the first pump by taking priority over the
first travelling directional control valve, said eighth
bypass line being connected to the first circuit in a
position upstream of the swing directional control
valve.

13. A hydraulic drive system as claimed in claim
12, wherein said first boom directional control valve is
connected to the first pump through a ninth bypass line
connected to the first circuit in a position upstream
of the swing directional control valve.

14, A hydraulic drive system as claimed in claim

12, wherein said first arm directional control valve is



10

15

20

25

0059471
-7 -

connected to a tenth bypass line connected to the first
circuit in a position between the swing directional
control valve and the first boom directional control
valve,
15. A hydraulic drive system as claimed in claim
13, wherein said first arm directional control valve is
connected to an eleventh bypass line coﬁnected.to the
first circuit in a position between the swing directional
control valve and the first boom directional control
valve.
16. A hydraulic drive system as claimed in claim
12, wherein said first arm directional control valve is
connected to the first pump through a twelfth bypass
line connected to the first circult in a position upstream
of the swing directional control valve, said twelfth
bypass line having flow restricting means mounted therein.
17. A hydraulic drive system as claimed in claim 13,
wherein said first arm directional control valve is
connected to the first pump through a thirteenth bypass
line connected to the first circuit in a position upstream
of the swing directidnal control valve, said thirteenth
bypass line having flow restricting means mounted therein.
18. A hydraulic drive system as claimed in any one
of claims 14-17 in which said plurality of actuators
further includes a bucket actuator, wherein said second
valve group further includes a bucket directional
control valve for controlling flow of hydraulic fluid

to said bucket actuator, said bucket directional control
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valve being connected to a fourteenth bypass line connected
to the second circult in a position between the second.
travelling directional control valve and the second boom
directional control valve.

19. A hydrualic drive system as claimed in claim
11 in which said plurality of actuators further includes
a swing actuator, wherein said system further comprises
a third hydraulic fluild circuilt for driving sald swing
actuator, said third circuilt including a third hydraulic
pump and a swing directional control valve for control-
ling flow of hydraulic fluid from the third pump to the
swing actuator, and said first arm directional control
valve 1is connected to the first pump through a fifteenth
bypass llne connected to the first circuit in a position
upstream of the first boom directional control valve.
20. A hydraulic drive system as claimed in claim
19 in'which said plurality of actuators further includes
a bucket actuator, wherein said second valve group further
includes a bucket directional control valve for control-
ling flow of hydraulic fluid to said bucket actuator,
sald bucket directional control valve Being connected

to a sixteenth bypass line connected to the second
circuit in a position between the second travelling
directional control valve and the second boom direc-

tional control valve.
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