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@ HYDRAULIC DRIVING DEVICE OF CONSTRUCTION MACHINERY.

@ This invention relates to a hydraulic driving de-
vice of a travelling machine or working machine in
construction machinery such as a power shovel, a
shovel bulldozer, a bulldozer, and so forth. The de-
vice includes a hydraulic driving mechanism ac-
tuated by oil pressure, a means for supplying the oil
pressure to an oil pressure piping arrangement sys-
tem for this hydraulic driving mechanism and a
means for controlling this oil pressure supply means
and lowering the oil pressure supply speed in the oil
pressure piping arrangement system and based on
the oil pressure supply in a predetermined zone
after a dead zone in which the oil pressure rises.
Accordingly, while the delay of the operation of the
hydraulic driving mechanism is prevented, the shock

at the start and stop can be prevented.
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TECHNICAL FIELD

The present invention relates to hydraulically-
operated equipment such as fravelling equipment
and working equipment for use in construction ma-
chinery such as a power shovel, shoveldozer and
bulldozer. Among the working equipment are buck-
ets, tilting apparatus, slewing apparatus efc.

BACKGROUND ART

In one known type of hydraulically-operated
equipment such as travelling equipment and work-
ing equipment which are provided in the aforesaid
construction machines according to the needs of
various kinds of construction works including travel-
ling and working operations, hydraulic pressure for
actuating the hydraulic driving mechanism which is
driven by hydraulic pressure in the hydraulically-
operated equipment is supplied, at a constant sup-
plying rate, o the pipeline system of the hydraulic
driving mechanism, by means of hydraulic control-
ler valves, hydraulic pumps and similar devices. In
other words, the hydraulic driving mechanism is
driven by hydraulic pressure, the pressure being
supplied at such a constant supplying rate that it
rises and drops rectilinearly.

Such hydraulically-operated equipment, how-
ever, has the following disadvantages: since hy-
draulic pressure is supplied at a constant supplying
rate, when a high supplying rate is adopted, the
hydraulic driving mechanism driven by hydraulic
pressure abruptly starts or stops its operation im-
mediately after the dead zone period in which
hydraulic pressure starts to rise. As a result of this,
the mechanism receives a great shock at the time
of start-up and shut-down. On the other hand, when
the supplying rate is low, the operation of the
hydraulic driving mechanism driven by hydraulic
pressure becomes sluggish so that there occurs a
lag in the operation even though the mechanism
can be free from a shock at the time of its star-up
and shut-down.

This is a serious problem, particularly in the
use of hydraulically-operated equipment in which
more than two operation speed modes, e.g., a high
travelling-speed mode, and low ftravelling-speed
mode; and digging mode (i.e., normal speed mode)
and moderating mode (i.e., half speed mode) can
be selected. Because a great shock is caused at
the time of start-up and shut-down with one mode
whilst with the other mode, an operational lag oc-
curs.

It is therefore a prime object of the invention to
provide hydraulically-operated equipment for use in
construction machinery, which is capable of over-
coming the foregoing disadvantages by eliminating
a shock at the time of start-up and shut-down and
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preventing a lag in the operation.
DISCLOSURE OF INVENTION

In order to accomplish the above object, the
hydraulically-operated equipment according to the
invention comprises:

(a) a hydraulic driving mechanism actuated by
hydraulic pressure;

(b) hydraulic pressure supplying means for sup-
plying hydraulic pressure to a hydraulic pipeline
system for the hydraulic driving mechanism; and
(c) controlling means for controlling the hydrau-
lic pressure supplying means such that the sup-
plying rate at which hydraulic pressure is sup-
plied to the hydraulic pipeline system, the rate
being based on the supply of hydraulic pres-
sure, is decreased during a specified period
after a dead zone period in which hydraulic
pressure starts to rise.

In the above arrangement, the controlling
means may include a plurality of control modula-
tion patterns of the hydraulic pressure supplying
means for determining the supplying rate at which
hydraulic pressure is supplied to the hydraulic
pipeline system and may control the hydraulic
pressure supplying means according to one of the
control modulation patterns which has been se-
lected in compliance with an operation mode. The
hydraulic pressure supplying means may be a hy-
draulic controller valve and/or hydraulic pump.

According to the invention, the hydraulic pres-
sure supplying rate at the hydraulic pipeline sys-
tem, namely, the rising and dropping rates of hy-
draulic pressure are decreased during a specified
period (represented by the period between | and Il
in Fig. 2) in the operating zone period, the speci-
fied period succeeding the dead zone period in
which hydraulic pressure starts to rise. In other
words, the motion of the hydraulic driving mecha-
nism is made sluggish by decreasing the hydraulic
pressure supplying rate in the specified period in
which great momentum is imparted to the hydraulic
driving mechanism. On the other hand, the motion
of the hydraulic driving mechanism is made fast by
maintaining the hydraulic pressure supplying rate
fo be high in the dead zone period and the operat-
ing zone period excluding the above specified pe-
riod. During those periods, great momentum is not
imparted to the hydraulic driving mechanism. The
above arrangement makes it possible to prevent
such an undesirable situation that the working state
of the hydraulic driving mechanism is abruptly
changed. Therefore, the entire operation of the
hydraulic driving mechanism is carried out so
smoothly that a shock which may occur at the time
of start-up and shut-down is prevented. Further, a
delay in the operation can be positively avoided
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since the operation of the hydraulic driving mecha-
nism is kept at a high speed in the dead zone
period and in the operating zone period excluding
the specified period. In the case the equipment has
more than two operation modes having different
operation speeds, such an unfavourable situation
that there occurs a shock with one mode at the
time of start-up and shut-down whilst an operational
lag occurs with the other mode will no longer
happen.

BRIEF DESCRIPTION OF DRAWINGS

Figs. 1 and 2 illustrate a preferable embodi-
ment of hydraulically-operated equipment for con-
struction machinery according to the invention. Fig.
1 is a block diagram of a hydraulic system and Fig.
2 graphically shows control modulation patterns.

BEST MODE FOR CARRYING OUT THE INVEN-
TION

Reference is now made to the drawings for
explaining an embodiment of hydraulically-operated
equipment for construction machinery according fo
the invention.

A construction machine with crawler belts
which moves back and forth and slews freely such
as a power shovel, for example, is provided with
working equipment such as a bucket, filting appara-
tus or slewing apparatus which is hydraulically-
operated equipment. Such working equipment has
a hydraulic system as shown in Fig. 1.

In Fig. 1, an operation signal generated accord-
ing to the operating conditions of a control lever 1
consisting of an electric lever is supplied to a
controller 2. The above operating conditions are,
concretely, rapid operation (represented by the
dashed line a in Fig. 2), normal operation (the
dashed line b), slow operation (the dashed line c)
and reverse operation (the dashed line z). Those
operations are carried out at control speeds in the
range from the minimum value "0" to the maxi-
mum value "full stroke" and will be described later
in detail. The controller 2 is also provided with set
mode signals from an automatic mode setting sec-
tion 3 and a manual mode-change-over switch 4.
The set mode signals are each based on one of
operation modes such as an digging mode,
moderating mode etc., the operation mode being
specified by the automatic mode setting section 3
or the manual mode-change-over switch 4. The
automatic mode setting section 3 is for automati-
cally selecting one operation mode according fo
operational requirements for the construction ma-
chine and particularly the working equipment. The
manual mode-change-over switch 4 is operated by
the operator to select one of the above operation

10

15

20

25

30

35

40

45

50

55

modes in accordance with the working state of the
machine. In accordance with the operation signal
from the control lever 1 and the set mode signals
from the automatic mode setting section 3 and the
manual mode-change-over switch 4, the controller
2 controls the rate at which hydraulic pressure is
supplied to the hydraulic pipeline system of a
hydraulic driving system 5 provided in a bucket,
tilting apparatus or slewing apparatus, by selecting
one of preset control modulation patterns (in this
embodiment, three patterns are preset). More spe-
cifically, the pumping rate of a hydraulic pump 7
actuated by a travel engine 6 for driving the con-
struction machine to travel back and forth and slew
and the spool drive of a hydraulic controller valve 8
for determining the flow path and flow rate of
hydraulic oil pressurised by the hydraulic pump 7
are increased or decreased whereby the controller
2 controls the hydraulic pressure supplying rate
according to selected one of the control modulation
patterns.

When the operator specifies a setting which
allows the operation modes to be selectively
changed by the manual mode-change-over switch
4, the controller 2 processes the set mode signal
sent from the manual mode-change-over switch 4
in preference to the set mode signal from the
automatic mode setting section 3.

Now there will be given an explanation on the
relationship between the operation modes to be
selected by the automatic mode setting section 3
or the manual mode-change-over switch 4 and the
three control modulation patterns installed in the
controller 2 whilst making reference to Fig. 2. The
continuous lines A, B and Z represent the three
types of control modulation patterns.

As shown in Fig. 2, except for the dead zone
period (the initial period) in which hydraulic pres-
sure starts to rise and the latter operating zone
period (the closing period) during which great mo-
mentum is not imparted to the hydraulic driving
mechanism 5, each of the control modulation pat-
terns A, B and Z achieves satisfactory operational
effects after the rise of hydraulic pressure. In the
former operating zone period (the middle period
from | to Il) during which great momentum is im-
parted to the hydraulic driving mechanism 5, this
period being at the middle of the stroke and ac-
counting for about 30% of it in this embodiment,
the hydraulic pressure supplying rate is set less
than those of the other periods. In short, in the
former operating zone period during which great
momentum is imparted to the hydraulic driving
mechanism 5, the movement of the hydraulic driv-
ing mechanism 5 is restrained thereby preventing a
shock caused at the time of start-up and shut-
down. On the other hand, in the dead zone period
and the latter operating zone period during which
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the hydraulic driving mechanism 5 is not subject to
great momentum, the hydraulic pressure supplying
rate is not decreased but maintained to be high so
that an operational lag is prevented. Decreasing the
hydraulic pressure supplying rate in the former
operating zone period can prevent not only a shock
but also cavitation which may be caused in the
hydraulic pipeline system by the hydraulic pump 7.

The controller 2 selects, in the following man-
ner, one of the control modulation patterns A, B
and Z in accordance with the operation mode
specified by the automatic mode setting section 3
or the manual mode-change-over switch 4.

Taking working equipment for a power shovel
for instance, with the digging mode, the control
modulation pattern B is selected so that no great
shock will occur and the operation will be carried
out in a smooth and gentle manner in the course of
heavy digging operation. With the moderating
mode on the other hand, the control modulation
pattern A is selected so that there will occur no
operational lag. Regarding travelling equipment,
when the high travelling-speed mode is set, the
control modulation pattern B causing less shocks is
selected to reduce the influence of inertia, and
when the low fravelling-speed mode is selected,
the control modulation pattern A causing no oper-
ational lag is selected. When the control lever 1 is
reversely operated such that the control speed
drops from a "full stroke" value to "0", the control
modulation pattern Z is always selected regardless
of the operation mode that has been set or speci-
fied.

Referring to Fig. 2, the control operation of the
hydraulic pressure supplying rate will be explained
in connection with the relationship between the
control modulation patterns A, B and Z to be se-
lected and the operating conditions of the control
lever 1.

In Fig. 2, the dashed line a represents the rapid
operating condition in which the control lever 1 is
operated such that the speed at which hydraulic
pressure is conirolled increases from its minimum
value (i.e., "0") to its maximum value (i.e., "full
stroke" value) in an instant, thereby instantaneously
increasing the hydraulic pressure supplying rate.
The dashed line ¢ represents the slow operating
condition in which the control lever 1 is operated
such that the control speed increases slowly from
"0" to the "full stroke" value, thereby gradually
increasing the hydraulic pressure supplying rate.
The dashed line b represents the normal operating
condition in which the control speed is intermediate
between those of the rapid operating condition and
the slow operating condition. The dashed line z
represents the reverse operating condition in which
the control speed decreases with a profile similar
to that of the rapid operating condition when it is
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inverted. In the rapid operating condition repre-
sented by the dashed line a, the normal operating
condition represented by the dashed line b and the
reverse operating condition represented by the
dashed line z, if hydraulic pressure is supplied at a
constant supplying rate as indicated by the respec-
tive straight dashed lines a, b and z, a shock will
inevitably occur at the time of the start-up and
shut-down of the hydraulic driving mechanism 5.
The shock is considerably great especially in the
rapid and reverse operating conditions since the
control speed of the control lever 1 instantaneously
reaches the "full stroke" value or "0".

If the control modulation pattern A is selected
on the basis of a selected operation mode when
the control lever 1 is in the rapid operating con-
dition indicated by the dashed line a, the hydraulic
pressure supplying rate will be controlled in com-
pliance with the control modulation pattern A. If the
control modulation pattern A is selected when the
control lever 1 is in the normal operating condition
or slow operating condition indicated by the
dashed lines b and ¢ respectively, the hydraulic
pressure supplying rate will continue to be con-
trolled in compliance with the pattern of the respec-
tive operating conditions. This arrangement enables
the operational lag of the hydraulic driving mecha-
nism 5 and the occurrence of a shock to be pre-
vented at least in the rapid operating condition.

If the control modulation pattern B is selected
when the control lever 1 is in the rapid operating
condition or normal operation condition indicated
by the dashed lines a and b respectively, the
supplying rate will be controlled in compliance with
the control modulation pattern B. If the control
modulation pattern B is selected when the control
lever 1 is in the slow operating condition indicated
by the dashed line c, the supplying rate will con-
tinue to be controlled in compliance with the pat-
tern of the slow operating condition. With the above
arrangement, the operational lag of the hydraulic
driving mechanism 5 and the occurrence of a
shock can be prevented both in the rapid and
normal operating conditions.

Similarly, if the control modulation pattern Z is
selected when the control lever 1 is in the reverse
operating condition represented by the dashed line
z, the hydraulic pressure supplying rate will be
controlled in compliance with the control modula-
tion pattern Z so that the operational lag and the
occurrence of a shock can be prevented.

In the above embodiment, the rate at which
hydraulic pressure is supplied to the hydraulic
pipeline system is decreased in a specified period
after the dead zone period in which hydraulic pres-
sure starts to rise, according to the preset control
modulation patterns A, B and Z, however the inven-
tion is not necessarily limited fo this arrangement.
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For example, the supplying rate may be decreased

in a specified period under the calculation directly
from the respective patterns of the operating con-
ditions of the control lever 1 whereby an oper-
ational lag and the occurrence of a shock are 5
prevented.

INDUSTRIAL APPLICABILITY

The arrangement disclosed in the invention is 10
capable of preventing a shock which may occur at
the time of the start-up and shut-down of the hy-
draulic driving mechanism as well as an operational
lag, and therefore it is most suitably applied not
only to working equipment for construction machin- 15
ery such as a bucket, tilting apparatus, slewing
apparatus but also to travelling equipment for con-
struction machinery.

Claims 20

1. Hydraulically-operated equipment for construc-
tion machinery comprising:

(a) a hydraulic driving mechanism actuated
by hydraulic pressure; 25
(b) hydraulic pressure supplying means for
supplying hydraulic pressure to a hydraulic
pipeline system for the hydraulic driving
mechanism; and
(c) controlling means for controlling the hy- 30
draulic pressure supplying means such that
the supplying rate at which hydraulic pres-
sure is supplied to the hydraulic pipeline
system, the rate being based on the supply
of hydraulic pressure, is decreased in a 35
specified period after a dead zone period in
which hydraulic pressure starts to rise.

2. The hydraulically-operated equipment for con-
struction machinery as claimed in Claim 1, 40
wherein said controlling means includes a plu-
rality of control modulation patterns of the hy-
draulic pressure supplying means for deter-
mining the supplying rate at which hydraulic
pressure is supplied to the hydraulic pipeline 45
system and controls the hydraulic pressure
supplying means according to one of the con-
trol modulation patterns which has been se-
lected in compliance with an operation mode.

50

3. The hydraulically-operated equipment for con-
struction machinery as claimed in Claim 1 or 2,
wherein said hydraulic pressure supplying
means is a hydraulic controller valve and/or
hydraulic pump. 55
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