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Description

BACKGROUND OF THE INVENTION

(FIELD OF THE INVENTION)

[0001] The present invention relates to a control de-
vice for a hydraulic drive winch for controlling rotation of
a winch drum driven by a hydraulic motor.

(DESCRIPTION OF THE RELATED ART)

[0002] A conventional control device for a hydraulic
drive winch is shown in Japanese Patent Application
Laid-Open No. 63-35555 Publication. That is, in the
aforesaid device, a winch drum is provided with a clutch,
and both negative and positive brakes. These clutch and
brakes are on/off controlled according to the operating
conditions of drum drive and stop, and fee fall (free fall
of suspended load). For the free fall, the clutch, the pos-
itive brake and a control system for them are necessary.
This poses a problem that the device constitution be-
comes complicated, and the cost is high.

[0003] So, we have proposed a device for eliminating
the clutch and brakes for the free fall. This device is
shown in Japanese Patent Application Laid-Open No.
Hei 11-79679 Publication. By setting a motor to a small
capacity during the free fall operation, the winch drum
can be wound down and rotated at high speeds.
[0004] Incidentally, a hydraulic pump, which is a hy-
draulic source for a hydraulic motor, is not exclusively
used for a winch but is used in common as a hydraulic
source for a plurality of actuators. Therefore, the engine
speed is changed by the total of loads of the actuators.
The pump flow rate is changed by the change of the en-
gine speed. The motor flow rate is changed accordingly.
The motor flow rate is changed at a position of the same
control valve during the free fall operation. Therefore,
when the engine speed is risen, the motor speed ex-
ceeds the allowable speed so that there sometimes pos-
sibly occurs the situations such that the winding-down
speed is excessively high, and the random winding oc-
curs.

[0005] As the winding-down operating means for op-
erating the control valve on the winding-down side, the
present inventors have provided, separately from the
first winding-down operating means for normal winding-
down, the second winding-down operating means for
free fall operation. The second winding-down operating
means controls the passage flow rate of the control
valve so that the flow rate of the hydraulic motor does
not exceed the allowable flow rate at the minimum valve
of the motor capacity. The passage flow rate of the valve
(motor flow rate) is controlled by operating the control
valve by the second winding-down operating means
during the free fall operation.

[0006] Accordingly, the excessive rotation can be pre-
vented while keeping the motor flow rate properly.
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[0007] In this case, as the winding-down operating
means, there are two operating means, i.e., normal
winding-down and free fall operation. Therefore, in the
operation for continuously carrying out the winding-up
operation and the free fall operation, the operation be-
comes complicated.

[0008] Further, where the winch drum is wound down
and rotated at high speeds by setting the motor to a
small capacity during the free fall operation, the speed
when winding-down starts becomes quick as the load
of a hanging load increases. Where a rapid lever oper-
ation is carried out, a shock possibly occurs in the vehi-
cle body. Furthermore, when the initial speed is high,
the movement of a counter balance valve cannot follow
the hanging load, and hunting possibly occurs.

SUMMARY OF THE INVENTION

[0009] Itis afirst object of the presentinvention to pro-
vide a control device for a hydraulic drive winch capable
of preventing excessive speed of a motor caused by an
increase in engine speed during the free fall operation
and capable of using winding-down operating means for
normal winding-down operation and free fall operation
in common.

[0010] Itis a second object of the present invention to
provide a control device for a hydraulic drive winch oc-
curring no shock at the time of starting winding-down
because initial speed is low even where aload of a hang-
ing load is heavy and also capable of preventing occur-
rence of hunting.

[0011] The control device for a hydraulic drive winch
according to the present invention has the following fun-
damental constitution. That is, the control device com-
prises a winch drum, a variable capacity type hydraulic
motor for driving the winch drum, a hydraulic pump as
a hydraulic source, a control valve for controlling supply
and discharge of pressure oil to the hydraulic motor,
winding-up side for operating the control valve on the
winding-up operating means, motor capacity control
means for controlling capacity of the hydraulic motor,
and free fall instructing means for outputting free fall in-
structions. The motor capacity control means is operat-
ed on the basis of the free fall instructions from the free
fall instructing means to set the hydraulic motor to a
small capacity, in which state the winding-down operat-
ing means is operated whereby the winch drum is
wound down and rotated at high speeds to carry out the
free fall operation.

[0012] In this case, looseness of a rope and random
winding can be prevented.

[0013] Preferably, control valve controlling means is
provided in addition to the above-described fundamen-
tal constitution. The control valve controlling means con-
trols an opening degree of the control valve relative to
the operating amount of the winding-down operating
means to be smaller than that of the normal winding-
down operation without the free fall instructions so that
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at the time of the free fall operation, the supply flow rate
to the hydraulic motor is less than the allowable flow rate
of the hydraulic motor.

[0014] In this case, at the time of the free fall opera-
tion, an opening degree (passage flow rate) of the con-
trol valve with respect to the operating amount of the
winding-down operating means is throttled. Thereby,
the excessive speed of the motor at the time of the free
fall operation can be prevented. Accordingly, it is possi-
ble to prevent the random winding from occurrence.
[0015] Inthe control device for a hydraulic drive winch
according to the presentinvention, alternatively, the mo-
tor capacity control means in the above-described fun-
damental constitution may employ the following consti-
tution. In this motor capacity control means, the motor
capacity is increased on the high engine speed side ac-
cording to the engine speed for driving the hydraulic
pump, whereby at the time of the free fall operation, the
hydraulic motor speed is controlled to no more than the
allowable speed of the hydraulic motor.

[0016] Inthis case, the motor capacity increase as the
engine speed rises. Accordingly, it is possible to prevent
the excessive speed of the motor at the time of the free
fall operation.

[0017] The control device for a hydraulic drive winch
may comprise, in addition to the above-described fun-
damental constitution, free fall control means. The free
fall control means changes the capacity of the hydraulic
motor from a large capacity to a small capacity in pro-
portional to the operating amount of the winding-down
operating means.

[0018] In this case, when the free fall operation is se-
lected by the free fall instructing means, a tilting angle
of the variable capacity motor is controlled, for example.
Thereby, the capacity of the variable capacity motor is
set from a large capacity to a small capacity in propor-
tional to the winding-down operating amount. So, when
the winding-down operation is carried out using the op-
erating means which is common in operation to the free
fall operation, the initial speed of the free fall gets slow
since at the time of starting free fall operation, the ca-
pacity of the variable capacity motor is large. According-
ly, the free fall operation can be carried out safely.
[0019] Further, in a closed circuit, a control device for
a hydraulic winch to enable free fall operation has the
following constitutions:

[0020] A winch drum. A hydraulic motor for driving the
winch drum. A hydraulic pump as a hydraulic source for
the hydraulic motor, the hydraulic pump and the hydrau-
lic motor being connected by the closed circuit. Further,
a motor speed switching means for switching modes be-
tween a high speed rotation mode for winding-down ro-
tating the hydraulic motor at relatively high speeds and
a low speed rotation mode for winding-down rotating the
hydraulic motor at relatively low speeds. A winding-
down operation means for outputting a winding-down in-
struction signal. A pump control means for controlling a
discharge direction and a discharge flow rate of the hy-
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draulic pump. The pump control means is constituted so
that in the state that the motor speed switching means
is set to the high speed rotation mode and the winding-
down operation means is winding-down operated, when
a winding-down side holding pressure of the closed cir-
cuit is lowered to a level below a set value of winding-
down stop, the rotation of the hydraulic motor stops to
control the hydraulic pump in the direction of stopping
the winding-down operation.

[0021] In this case, it is possible to obtain a winding-
down automatic stopping action when in landing which
constitutes the condition of the free fall operation as well
as the high speed winding down. That is, the free fall
operation can be realized even in the closed circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

FIG. 1is a circuit constituent view showing Example
1 of the present invention;

FIG. 2is a view showing a relationship between pilot
pressure from a remote control valve and a stroke
of a control valve in Example 1;

FIG. 3 is a view showing a relationship between the
stroke of a control valve and a passage flow rate of
the valve in Example 1;

FIG. 4 is a view showing a relationship between en-
gine speed and pump flow rate in Example 1;

FIG. 5is a view showing a relationship between en-
gine speed and motor flow rate in Example 1;

FIG. 6 is a circuit constituent view showing Example
2 of the present invention;

FIG. 7 is a circuit constituent view showing Example
3 of the present invention;

FIG. 8 is a view showing a relationship between a
remote control valve operating amount and pilot
pressure in Example 3;

FIG. 9 is a view showing a relationship between re-
mote control valve pilot pressure and a stroke of a
control valve in Example 3;

FIG. 10 is a circuit constituent view showing Exam-
ple 4 of the present invention;

FIG. 11 is a circuit constituent view showing Exam-
ple 5 of the present invention;

FIG. 12 is a view showing a relationship between
engine speed (pump flow rate) and an input current
of an electromagnetic proportional reduction valve
in Example 5;

FIG. 13 is a view showing a relationship between
engine speed and motor capacity in Example 5;
FIG. 14 is a view showing a relationship between
engine speed and motor speed in Example 1;
FIG. 15 is a circuit constituent view showing Exam-
ple 6 of the present invention;

FIG. 16 is a graph showing a relationship between
pilot pressure and motor capacity in Example 6;
FIG. 17A is a graph showing a lever operating
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amount in Example 6, and FIG. 17B is a graph for
comparing winch drum speed and that of prior art;
FIG. 18 is a circuit constituent view showing Exam-
ple 7 of the present invention;

FIG. 19 is a circuit constituent view showing Exam-
ple 8 of the present invention;

FIG. 20 is a graph showing a relationship between
remote control pressure and relief pressure in Ex-
ample 8.

FIG. 21 is a circuit constituent view showing Exam-
ple 9 of the present invention;

FIG. 22 is a view showing the range in which a wind-
ing-down operation stops, the range being deter-
mined by the winding-down instruction pressure
and the winding-down side holding pressure in Ex-
ample 9;

FIG. 23 is a view showing a relationship between
the winding-down instruction pressure and the
pump discharge flow rate in Example 9;

FIG. 24 is a circuit constituent view showing Exam-
ple 10 of the present invention;

FIG. 25 is a circuit constituent view showing Exam-
ple 11 of the present invention; and

FIG. 26 is a circuit constituent view showing Exam-
ple 12 of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0023] The forms of embodiments of the present in-
vention will be described with reference to FIGS. 1 to 26.

(A\) First, a first form of embodiment will be described
hereinafter on the basis of Examples 1 to 5.

EXAMPLE 1 (See FIGS. 1 to 5)

[0024] Reference numeral 1 denotes a winch drum.
Arotational shaft 1a of the winch drum 1 is connected
directly or through a reduction unit to a hydraulic motor
2 for a winch of a variable capacity type. The winch drum
1 is rotated and driven by the motor 2.

[0025] Both winding-up and winding-down pipes 3, 4
constituting a driving circuit of the hydraulic motor 2 are
connected to a hydraulic pump 6 through a hydraulic pi-
lot switching type control valve 5 provided with three po-
sitions a, b and c, i.e., neutral, winding-up and winding-
down. Supply and discharge (drive, stop, and rotating
direction and speed at the time of drive) of pressure oil
to the motor is controlled by the control valve 5.

[0026] Reference numeral 7 denotes a winding-up
side remote control valve as winding-up operating
means for operating the control valve 5 on the winding-
up side. Reference numeral 8 denotes a winding-down
side remote control valve as winding-down operating
means for operating the control valve 5 on the winding-
down side at the time of power winding-down. Pilot pres-
sure according to the operating amount of both the re-
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mote control valves 7, 8 is fed to both pilot ports 5a, 5b
on the winding-up side and winding-down side of the
control valve 5.

[0027] The both the remote control valves 7, 8 on the
winding-up side and the winding-down side, normally,
are integrally formed and selectively operated by a sin-
gle lever.

[0028] Reference numeral 11 denotes a counter-bal-
ance valve as a brake valve for generating a hydraulic
brake force in the winding side pipe 3 at the time of pow-
er winding-down rotation. Reference character E de-
notes an engine for driving the hydraulic pump 6.
[0029] Motor capacity control means for controlling
capacity of the hydraulic motor 2 will be described.
[0030] Reference numeral 12 denotes a cylinder
(hereinafter referred to as a capacity regulating cylinder)
as a motor capacity regulating actuator for changing a
tilting angle of the hydraulic motor 2 to thereby change
the motor capacity. The hydraulic motor 2 is set to a
large capacity in a state that the cylinder 12 is contract-
ed, and set to a small capacity in a state that the cylinder
is extended.

[0031] An oil chamber 12a on the contracted side of
the capacity regulating cylinder 12 is connected to the
winding-up side pipe 3 through a cylinder control valve
(an actuator control valve) 13 of a hydraulic pilot switch-
ing type.

[0032] The cylinder control valve 13 has a large ca-
pacity position (a) and a small capacity position (b). At
the large capacity position (a), an oil chamber 12a on
the extended side of the cylinder is communicated with
a tank T so that the capacity regulating cylinder 12 is
contracted (the hydraulic motor 2 is set to a large ca-
pacity).

[0033] On the other hand, when the control valve 13
is switched to the small capacity position (b), oil in the
winding-up side pipe 3 is introduced into the oil chamber
12a on the extended side of the cylinder whereby the
cylinder 12 is extended (the hydraulic motor 2 is set to
a small capacity region).

[0034] A small capacity pilot port 13a of the cylinder
control valve 13 is connected to an output port of a free
fall valve (an electromagnetic switching valve) 15 as free
fall instruction means through a motor capacity switch-
ing line 14.

[0035] The free fall valve 15 is set to a non-operation
position (a) shown in FIG. 1 at the time of normal oper-
ation except the free fall operation. In this state, the cyl-
inder control valve 13 is maintained at a large capacity
position (a) shown.

[0036] When from that position, the free fall switch 16
is operated, the free fall valve 15 is switched to the op-
erating position (b). Thereby, oil pressure of a pilot hy-
draulic source Pp is supplied to the small capacity side
pilot port 13a of the cylinder control valve 13 so that the
control valve 13 is switched to a small capacity position
(b). Accordingly, the capacity regulating cylinder 12 is
operated to be extended, and the hydraulic motor 2 is
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set to a small capacity.

[0037] Onthe other hand, the large capacity side pilot
port 13b of the cylinder control valve 13 is connected to
the winding-up side pipe 3 by a winding-up side pres-
sure detecting line 17. When the pressure of the pipe 3
rises, the cylinder control valve 13 is operated with re-
spect to the large capacity position (a) side so that the
motor capacity increases.

[0038] In the following, the pump pressure control
means for setting pump pressure to a low level at the
time of free fall operation will be described.

[0039] Reference numeral 18 denotes a variable relief
valve as pump pressure setting means for setting pump
pressure. To a spring side pressure port of the relief
valve 18 are directly connected a pump pressure-
switching valve 19 of a hydraulic pilot type, and a pump
pressure setting valve 20. The pump pressure-switching
valve 19 is switched to a closed position (a) and an open
position (b), vice versa.

[0040] A pilotport 19a of the pump pressure-switching
valve 19 is connected to a pump pressure control line
21. The pump pressure control line 21 is connected to
an output port of the free fall valve 15.

[0041] Next, when the free fall valve 15 is set to an
operating position (b), oil pressure from the pilot hydrau-
lic source Pp is supplied to the pilot port 19a. Then, the
switching valve 19 is switched from the closed position
(a) to the open position (b).

[0042] Thereby, set pressure of the relief valve 18,
that is, pump pressure is set to a value determined by
set pressure of the pump pressure setting valve 20.
[0043] The pump pressure determined by the pump
pressure setting valve 20 is set to a value at which a
relationship between the pump pressure and the wind-
ing-down rotating force > drum rotating resistance is es-
tablished.

[0044] In the foregoing constitution, at the time of nor-
mal winding-up and winding-down operation, the free
fall valve 15 is set to a non-operation opposition (a).
[0045] In this state, the motor capacity and the pump
pressure are set to a large capacity and a high pressure,
respectively. The hydraulic motor 2 is driven at a speed
corresponding to the operating amount (stroke of the
control valve 5) of both winding-up side and winding-
down side remote control valves 7, 8, and normal wind-
ing-up and winding-down operation are carried out.
[0046] Then, when the free fall operation is carried
out, the free fall switch 16 is operated to switch the free
fall valve 15 to the operation position (b).

[0047] When in that state, the winding-down side re-
mote control valve 8 is operated, the motor capacity and
the pump pressure are set to a small capacity and a low
pressure, respectively. Thereby, the hydraulic motor 2
is wound down and driven at high speeds to effect the
free fall operation.

[0048] At this time, an opening degree of the control
valve 5 is changed according to the operating amount
of the winding-down side remote control valve 8 to
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change the motor capacity. Therefore, the free fall
speed can be adjusted or stopped by the remote control
valve 8.

[0049] In the above-described manner, the motor ca-
pacity can be set to a small capacity to thereby wind
down and drive the hydraulic motor 2 at high speeds to
obtain the free fall function. Therefore, a clutch and a
positive brake for the free fall, and a control system
therefor are eliminated.

[0050] Further, since the pump pressure is set to low
pressure simultaneously, the motor speed will not be ex-
cessively high. Therefore, it is possible to carry out op-
eration near the original free fall, which is free from
looseness of a rope and random winding.

[0051] On the other hand, the hydraulic pump 6 is not
exclusively used for the hydraulic motor 2 for a winch,
as described above, but is used in common as the hy-
draulic source for one or more actuators not shown. Be-
cause of this, engine speed changes with variation of
the total load. The pump flow rate is changed by the
change of engine speed to change the motor flow rate.
Therefore, excessive speed of the motor 2 possibly oc-
curs.

[0052] A countermeasure on the above point will be
described below.

[0053] The winding-down side pilot port 5b of the con-
trol valve 5 is of a 2-port construction comprising a nor-
mal winding-down side port 5b1 having a relatively large
pressure receiving area, and a free fall side port 5b2
having a small pressure receiving area. Pilot pipes 10a,
10b derived from both the ports 5b1, 5b2 are connected
to a winding-down side pilot line 10 through a mode-
switching valve 22 of a hydraulic pilot type.

[0054] A pilot port 22a of the mode-switching valve 22
is connected to an output port of the free fall valve 15.
As shown in FIG. 1, when the free fall valve 15 is at a
non-operation position (a), the mode-switching valve 22
is set to a normal winding-down position (a).

[0055] When in this state, the winding-down side re-
mote control valve 8 is operated, pilot pressure is sup-
plied to the normal winding-down side port 5b1 in the
winding-down side pilot port 5b of the control valve 5. At
this time, the free fall side port 5b2 is communicated with
atank T.

[0056] Accordingly, in this state, the control valve 5
operates without receiving any restriction at the stroke
according to the operating amount (pilot pressure) of the
winding-down side remote control valve 8. Thereby, an
opening degree of the valve 5 is changed.

[0057] Next, when the free fall valve 15 is switched to
the operation position (b), the mode-switching valve 22
is switched to the free fall position (b). Thereby, pilot
pressure from the remote control valve 8 is supplied to
the free fall side port 5b2 in the winding-down side pilot
port 5b of the control valve 5. On the other hand, the
normal winding-down side port 5b is communicated with
the tank T.

[0058] In this state, a pressure receiving area of the
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free fall side port 5b2 is smaller than that of the normal
winding-down side port 5b1. Thereby, since the stroke
operating force to the winding-down side of the control
valve 5 is small, the valve stroke (opening degree) with
respect to the operating amount of the winding-down
side remote control valve 8 is smaller than that at the
time of normal winding-down operation.

[0059] Because of this, as shown in FIG. 2, a stroke
(maximum stroke = maximum opening degree) Ss of the
control valve 5 at the time of free fall operation with re-
spect to the maximum pilot pressure Pf is smaller than
a pulse stroke Sf at the time of normal winding-down
operation. Thereby, as shown in FIG. 3, the passage
flow rate (maximum passage flow rate = allowable flow
rate) Qs of the control valve 5 at the maximum valve
stroke Ss is smaller than the maximum passage flow
rate Qmax at the time of normal winding-down opera-
tion.

[0060] Further, as shownin FIG. 4, it is set so that the
allowable flow rate Qs is obtained at fixed low speed Ns
which is slightly higher than the minimum engine speed
Nmin in a relationship between engine speed (minimum
valve Nmin, maximum value Nmax) and pump flow rate
(minimum valve Qmin, maximum value Qmax).

[0061] Accordingly, as shownin FIG. 5, even if the en-
gine speed exceeds the low speed Ns, the motor flow
rate will not increase in excess of the allowable flow rate
Qs.

[0062] If setting is made as described above, at the
time of free fall operation, all the pump flow rate is fed
to the hydraulic motor 2 at the low engine speed (less
than Ns). On the other hand, in the high engine speed
region exceeding Ns, only the allowable flow rate Qs
which is a part of the pump flow rate is fed to the hydrau-
lic motor 2.

[0063] At this time, a flow rate control valve 23 is pro-
vided on the pump line as shown in FIG. 1 in order to
return surplus flow rate to the tank T.

[0064] According to this constitution, the motor flow
rate is suppressed within the allowable flow rate Qs ir-
respective of variation of engine speed. Therefore, there
is no possible occurrence that the hydraulic motor 2 ex-
ceeds the allowable speed resulting in excessive speed
state or random winding occurs due to the increase in
engine speed.

[0065] Moreover, the free fall operation can be carried
out by the operating means (remote control valve 8)
common to normal operation. Because of this, there is
no possible occurrence that the operation where the free
fall operation from the winding-up operation is continu-
ously carried out becomes complicated or an erroneous
operation is brought forth, as in the case where both the
operations are carried out by separate operating means.

EXAMPLE 2 (See FIG. 6)

[0066] In examples 2 to 8 described hereinafter, the
same constituent elements as those of example 1 are
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indicated by the same reference numerals, description
of which are omitted.

[0067] In example 2, the winding-up side pilot port 5a
is formed with an auxiliary port 5a1. Within the auxiliary
port 5a1, a stopper 24 is provided movably forward and
backward opposing to a spool 5c. At the time of free fall
operation (when switched to an operating position (b) of
the free fall valve 15), oil pressure of the pilot hydraulic
source Pp is supplied to the auxiliary port 5a1 in the
winding-up side pilot port 5a through a stopper hydraulic
line 25. Thereby, the stopper 24 is moved forward to-
ward the spool 5c (in a right direction in the figure) to
limit the stroke.

[0068] Also in this constitution, the operation and ef-
fect similar to that of example 1 can be obtained.

EXAMPLE 3 (See FIGS. 7 to 9)

[0069] In the present example, there is employed the
constitution that at the time of free fall operation, pilot
pressure supplied to the winding-down side pilot port 5b
of the control valve 5 is suppressed.

[0070] Thatis, the winding-down pilot line 10 is divid-
ed into a non-reduction pipeline 26 and a reduction pipe-
line 28. The non-reduction pipeline 26 causes pilot pres-
sure from the winding-down side remote control valve 8
to pass to the pilot port 5b without modification. On the
other hand, the reduction pipeline 28 reduces pilot pres-
sure by a reducing valve 27.

[0071] A hydraulic pilot type mode-switching valve 29
is provided between both the pipelines 26, 28 and the
pilot port 5b. Thereby, in the state that the switching
valve 29 is set to the normal winding-down position (a),
the non-reduction pipeline 26 is communicated with the
pilot port 5b. As shown by the solid line in FIG. 8, normal
pilot pressure (in the figure, Pf denotes the maximum
pilot pressure) corresponding to the operating amount
of the remote control valve 8.

[0072] On the other hand, when the free fall valve 15
is switched to the operating position (b), the mode-
switching valve 29 is switched to the free fall position
(b). Thereby, as shown by the phantom line in FIG. 8,
pilot pressure which is lower than that of the normal
winding-down operation (in the figure Ps denotes the
maximum pilot pressure at that time) is supplied to the
winding-down side port 5b of the control valve 5.
[0073] FIG. 9 shows a relationship between the pilot
pressure set in this embodiment and the control valve
stroke. The allowable flow rate (allowable speed) of the
motor 2 is obtained by the maximum stroke Ss obtained
by the maximum pilot pressure Ps at the time of free fall
operation.

[0074] Thereby, the motor speed at the time of free
fall operation is suppressed to a level not more than the
allowable speed, similar to the above examples 1 and
2. Thereby, the excessive speed of the hydraulic motor
2 is prevented.

[0075] The specific operation for preventing the ex-
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cessive speed of the motor according to the present em-
bodiment will be now described. The pilot pressure is
introduced into the free fall side port having a small pres-
sure receiving area in the winding-down side pilot port
of the control valve, whereby the stroke of the control
valve is suppressed to throttle its opening degree. Fur-
ther, the pilot pressure is introduced into the auxiliary
port of the winding-down side pilot port and the stopper
is actuated, whereby the stroke of the control valve is
suppressed to throttle its opening degree. Further, the
pilot pressure from the winding-down operating means
(remote control valve) is reduced and is introduced into
the pilot port of the control valve, whereby the stroke of
the control valve is suppressed to throttle its opening
degree.

[0076] Furthermore, according to example 3, adjust-
ment and change of the motor allowable flow rate can
be done easy by setting the reduction valve 27.

EXAMPLE 4 (See FIG. 10)

[0077] An electromagnetic proportional type-reducing
valve 31 controlled by a controller is provided in the
winding-down side pilot line 10.

[0078] The control valve 30 will not output a signal
when the free fall switch 16 is turned off (at the time of
normal winding-down operation). In this state, the re-
ducing valve 31 is set to high pressure.

[0079] On the other hand, when the free fall switch 16
is turned on (at the time of free fall operation) the reduc-
ing valve 31 is set to low pressure by a signal from the
controller 30.

[0080] Thereby, the maximum stroke of the control
valve 5 is controlled to Ss in FIG. 9 to prevent the ex-
cessive rotation of the motor 2.

EXAMPLE 5 (See FIGS. 11 to 14)

[0081] Inexamples 1 to 4, there is employed the con-
stitution that at the time of free fall operation, the stroke
toward the winding-down side of the control valve is con-
trolled to thereby control the motor flow rate. On the oth-
er hand, the present embodiment employs the constitu-
tion that when the engine speed rises during the free fall
operation, the motor capacity is increased to limit the
motor rotation.

[0082] That is, an electromagnetic proportional type-
reducing valve 32 is provided in a motor capacity switch-
ing line 14 for switching the motor capacity. Thereby, the
reducing valve 32 is controlled by the controller 33.
[0083] The controller 33 changes an output current
according to the engine speed detected by a speed sen-
sor 34. As shown in FIG. 12, at not more than the engine
speed (hereinafter referred to as the allowable engine
speed) at which flow rate Qs corresponding to the motor
allowable speed at the time of small capacity of the mo-
tor is discharged, full current | max is output. At the en-
gine speed region in excess of the former, it is set so
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that an output current is reduced in inverse proportion
to the engine speed.

[0084] Accordingly, at the time of free fall operation,
when the engine speed is not more than the allowable
speed Ns, oil pressure of the pilot hydraulic source Pp
is output by the cylinder control valve 13 from the reduc-
ing valve 32 without modification, and the control valve
13 is set to the small capacity position (b). Therefore,
the capacity regulating cylinder 12 is extended. There-
by, the hydraulic motor 2 is set to the small capacity q
min.

[0085] On the other hand, when the engine speed ex-
ceeds the allowable speed Ns, an input current of the
reducing valve 32 is reduced in accordance with the set-
ting of FIG. 12. Thereby, the secondary pressure (input
pressure of the cylinder control valve 13) lowers. Ac-
cordingly, the cylinder control valve 13 is operated to-
ward the large capacity position (a) so that the motor
capacity increases as shown in FIG. 13.

[0086] Thereby, as shown in FIG. 14, even if the en-
gine speed increases to the allowable speed Ns or more
to increase the motor inflow flow rate, the motor speed
does not exceed the allowable speed Ms.

(B) Next, a second form of embodiment of this invention
will be described hereinafter on the basis of examples

6 to 8.

EXAMPLE 6 (See FIGS. 15 to 17)

[0087] In the FIG. 15 constitution, the winding-down
initial speed is reduced at the start time of free fall op-
eration, and the winding-down speed can be accelerat-
ed according to the operating amount.

[0088] In the figure, remote control pressure Pi of the
winding-down side remote control valve (operating
means) 8 is detected by a pressure sensor 40. A signal
output from the pressure sensor 40 is given to a control-
ler 41. A selecting switch (free fall instruction means) 42
is connected to the controller 41. The selecting switch
42 is provided with a normal operating button 42a for
carrying out normal winding-up and winding-down, and
a free fall operating button 42b. When the free fall oper-
ating button 42b is depressed, a free fall instruction is
given to the controller 41. Thereby, the controller 41 sets
capacity of the hydraulic motor 2 by preset motor capac-
ity characteristics.

[0089] FIG. 16 shows the motor capacity characteris-
tics (a relationship between remote control pressure Pi
and a motor capacity Mq) set when the free fall instruc-
tions are output. As shown in the figure, The motor ca-
pacity characteristics M is large when the remote control
pressure Piis small. On the other hand, it is small as the
remote control pressure Pi increases.

[0090] More specifically, when at the start time of free
fall operation, the remote control pressure Pi is small,
the controller 41 causes the secondary pressure of a
reducing valve 43 (input pressure of the cylinder control



13 EP 1172 325 A2 14

valve 13) to lower. Thereby, the cylinder control valve
13 is operated toward the large capacity position (a).
Thereby, the motor capacity is set to a large level.
[0091] Further, when the free fall instructions is out-
put, the controller 41 causes the free fall valve 15a from
position (a) to position (b). Thereby, variable remote
control pressure Pi in place of fixed pressure Pc is sup-
plied to the pilot oil passage 44.

[0092] The remote control pressure Pi is introducing
into a set pressure control valve 45 and a holding pres-
sure control valve 46 separately.

[0093] The set pressure control valve 45 has a switch-
ing position switched from communication to cutoff (in
the figure, shown by switching positions a to ¢ conven-
iently). In the state that the winding-down side remote
control valve 8 is not operated when the free fall valve
15 is switched to the position (b), the set pressure con-
trol valve 45 is at the position (a). When the winding-
down lever 8a is operated, the position is switched from
the position (b) to position (c).

[0094] As the set pressure control valve 45 is
switched from the position (b) to position (c), the pres-
sure control valve 18 is changed in set pressure from
minimum to maximum. Accordingly, the winding-down
pressure (pressure of the winding-down side pipeline 4)
changed from minimum to maximum.

[0095] On the other hand, the holding pressure con-
trol valve 46 is switched to the communication position
by the remote control pressure Pi when the free fall op-
eration is selected.

[0096] As described above, where the remote control
pressure Piis small, that is, when the operating lever 8a
starts to be operated in the free fall operation, the motor
capacity Mq is made large and the winding-down pres-
sure is made low. In this case, since immediately after
the start of free fall operation, the motor capacity Mq is
large, much oil is required for the drive of the hydraulic
motor 2 whereby the initial speed is slow. As a result,
even at the heavy load, the shock generated immedi-
ately after the start of free fall winding-down is extremely
small. Moreover, it is designed so that the winding-down
speed at the time of free fall becomes quick in proportion
to the operating amount of the operating lever 8a. There-
fore, the state can be shifted to the stationary operating
state in a stable manner. Accordingly, operation in con-
formity with an operator's can be carried out.

[0097] The controller 41, the free fall valve 15, the set
pressure control valve 45 and the pressure control valve
18 function as free fall operation control means.
[0098] FIG. 17A shows the change of the lever-oper-
ating amount. FIG. 17B shows the state when the winch
drum 1 starts to move.

[0099] Pressure of the winding-down side oil path 4 is
risen by operation of the lever, and the rotations of the
winch drum 1 starts. Where the motor capacity | set to
be small when the winding-down starts, the speed of the
winch drum 1 rapidly increases (See N1 in FIG. 17).
Thereby, the shock possibly occurs depending on the
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state of a hanging load. However, in the present exam-
ple, an increase in speed of the winch drum 1 is gentle.
Therefore, the state can be shifted to the stationary op-
erating state without being attended by the shock (See
N2 in FIG. 17B).

EXAMPLE 7 (See FIG. 18)

[0100] In the present example, the control valve 5 is
switched by either remote control pressure Pi from the
winding-down side remote control valve 8 or pilot pres-
sure Pj from a pilot pressure supply valve (control valve
switching means) provided separately from the winding-
down side remote control valve 8.

[0101] Here, Pj>Pi. Reference numeral 51 denotes a
shuttle valve for selecting a high level of the remote con-
trol pressure Pi and the pilot pressure Pj.

[0102] When a free fall operating button 42b of the
mode switch 42 is depressed, the controller 41 switches
the pilot pressure supply valve 50 from a position (a) to
aposition (b). Then, when the pilot pressure Pj is derived
from the pilot pressure supply valve 50, the shuttle valve
51 selects a high level of the pilot pressure Pj and the
remote control pressure Pi. Next, the pilot pressure Pj
is given to the pilot port 5b of the control valve 5 due to
Pj>Pi. Thereby, the control valve 5 is switched to the
winding-down position (c) in preference to the operation
of the winding-down side remote control valve 8.
[0103] In this case, the control valve 5 can be quickly
switched to the winding-down position without waiting
the remote control pressure Pi from the winding-down
side remote control valve 8 at the time of the free fall
operation. Accordingly, the time from the start of wind-
ing-down to the maximum speed. Thereby, acceleration
can be promoted.

[0104] It will be appreciated that where the free fall
mode is not selected, the pilot pressure Pj is not derived.
Thereby, the remote control pressure Pi derived from
the winding-down side remote control valve 8 is intro-
duced into the pilot port 5b of the control valve 5. There-
by, the winding-up and winding-down operation can be
done at normal speeds.

EXAMPLE 8 (See FIGS. 19 and 20)

[0105] In the present example, a relief valve 55 pro-
vided on the bypass oil passage 4a is directly controlled
by the controller 41.

[0106] The relief pressure characteristics for chang-
ing the relief pressure of the electromagnetic relief valve
55 from low pressure to high pressure in a predeter-
mined pattern according to the lever stroke (remote con-
trol pressure Pi) of the operating lever 8a is stored in
advance in a memory. Thereby, a relief pressure is read
out of the memory according to the remote control pres-
sure Pi detected by the pressure sensor 40. Thereby, a
relief pressure signal is given to the electromagnetic re-
lief valve 55.
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[0107] FIG. 20 shows the above-described relief pres-
sure characteristics. A relief pressure P1 is constant
when the remote control pressure Pi is from PO to PA.
As the remote control pressure increases from PA to PB,
the relief pressure P1 increases from P1 to P2.

[0108] According the above constitution, the relief
pressure characteristics can be suitably set. Further-
more, there is an advantage that the speed responsive-
ness is high, and the operation feeling is excellent.
[0109] As described above, in the first embodiment,
the stroke of the control valve can be suppressed to con-
tract an opening degree thereof by the following means:

(1) In the free fall operation, the pilot pressure is in-
troduced into the free fall side port having a small
pressure receiving area in the winding-down side
pilot port of the control valve.

(2) In the free fall operation, the pilot pressure is in-
troduced into an auxiliary port of the winding-down
side pilot port to actuate a stopper.

(3) In the free fall operation, the pilot pressure from
the winding-down operating means (remote control
valve) is reduced and introduced into the pilot port
of the control valve.

[0110] Since the motor capacity is increased accord-
ing to the rise of the engine, the excessive speed of the
motor in the free fall operation can be prevented. There-
by, the random winding can be prevented from occur-
rence.

[0111] Moreover, the free fall operation can be carried
out by the same operating means (remote control valve)
common to the normal operation. Therefore, the contin-
uous operation particularly where the free fall operation
is continuously carried out from the winding-up opera-
tion as in the case where both the operations are carried
out by separate operating means is not complicated or
erroneous operation is possibly brought forth.

[0112] The second embodiment has the following ef-
fects. That is, when the free fall operation is selected by
the free fall instruction means, the tilting angle of the
variable capacity type hydraulic motor is controlled.
Thereby, the capacity of the hydraulic motor is set to a
small capacity from a large capacity in proportional to
the winding-down operating amount. Thus, the winding-
down operation is carried out using the operating means
common in operation to the free fall operation. Since the
capacity of the hydraulic motor is large at the time of
starting the free fall operation, the initial speed of the
free fall is slow. Thereby, the free fall operation can be
carried out safely.

[0113] At the time of starting the winding-down oper-
ation, the pressure of the winding-down side oil passage
is set to be low. Therefore, even if the hanging load is
large, no shock occurs when the winding-down starts.
[0114] The winding-down side oil passage is risen in
pressure in proportional to the operating amount of the
operating means. Therefore, increasing and decreasing
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of the hook falling speed can be done according to the
operating amount. For example, if the winding-down op-
erating amountis increased in the state that the capacity
of the variable capacity type hydraulic motor is set to be
small, the free falling can be done at high speeds.
[0115] Further, when the free fall operation is started,
the control valve switching means independently
switches the control valve to the winding-down side.
Thereby, the time required from the start of free falling
to the maximum winding-down speed in the state that
the hanging load is applied is shortened. Accordingly,
the responsiveness can be enhanced.

(C) In the following, a third form of embodiment of the
invention will be described hereinafter on the basis of
the following Examples 9 to 12. This example relates to
a control device for a hydraulic winch to enable the free
fall operation in a closed circuit.

EXAMPLE 9 (See FIGS. 21 to 23)

[0116] In FIG. 21, reference numeral 101 denotes a
hydraulic motor of a variable capacity type for driving a
winch drum not shown. Both pipelines 102, 103 on the
winding-up side and winding-down side, respectively, of
the motor 101 are directly connected to both discharge
ports of a hydraulic pump 104 of a variable capacity type
and a 2-directional discharge type. Thereby, a motor
closed circuit A is constituted. The discharge direction
and the discharge flow rate of the hydraulic pump 104
are controlled to control the rotational directions (wind-
ing-up and winding-down) and the rotational speed of
the hydraulic motor 101.

[0117] The constitution of a pump control means for
controlling the pump 104 will be described below.
[0118] A tilting cylinder 105 for operating the tilting of
the pump 104 on either the winding-up side or the wind-
ing-down side is connected to a hydraulic source 106
for the cylinder 105 and a tank T through a cylinder con-
trol valve 107 which is a hydraulic pilot type servo valve.
The control valve 107 and the tilting cylinder 105 are
controlled by pressure (remote control pressure) from
both remote control valves 109, 110 on the winding-up
side and winding-down side operated by a lever 108.
[0119] Thatis, when the lever 108 is operated on the
winding-up side on the right-hand in the figure or on the
winding-down side on the left-hand in the figure, the re-
mote control pressure corresponding to the lever oper-
ating amount from the remote control valve 109 on the
winding-up side or the remote control valve 110 on the
winding-down side is output. The cylinder control valve
107 is switched from a neutral position x to a winding-
up position y on the right-hand in the figure or a winding-
down position z on the left-hand in the figure.

[0120] Oil pressure corresponding to the remote con-
trol valve operating amount are fed to either an oil cham-
ber 105a on the winding-up side of the tilting cylinder
105 at the winding-up position y or an oil chamber 105b
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on the winding-down side thereof at the winding-down
position z, respectively. Thereby, the cylinder 105 is driv-
en on the winding-up side or the winding-down side to
change the tilting. Oil corresponding to the tilting is fed
to the pipeline 102 on the winding-up side or the pipeline
103 on the winding-down side to rotate the motor 101.
[0121] Out of both tilting control circuits 111, 112 on
the winding-up side and the winding-down side for con-
necting the tilting cylinder 105 and the cylinder control
valve 107, tilting control circuit 112 on the winding-down
side is provided with a hydraulic pilot-type switching
valve 113.

[0122] The switching valve 113 has a winding-down
stop position a for communicating the oil chamber 105b
on the winding-down side of the tilting cylinder 105 with
the tank T, and a winding-down position b for feeding oil
from the hydraulic source 106 to the oil chamber 105.
At the same time, the switching valve 113 has, as a pilot
port for receiving pilot pressure, a first pilot port 114 for
introducing pressure (holding pressure on the winding-
down side) P1 of the pipe line 103 on the winding-down
side, and a second pilot port 115 for introducing remote
control pressure (winding-down instruction pressure)
P2 by operation the remote control valve 110 on the
winding-down side.

[0123] On both the pilot ports 114, 115 are provided
pistons 116, 117 as a pressure receiving part operated
by receiving the pilot pressure so that the pistons move
together. The total pressure of a winding-down side
holding pressure P1 and a winding-down instruction
pressure P2 exerting on both the pistons 116, 117 can
switch the switching-valve 113.

[0124] With respect to pressure receiving areas of
both the pistons 116, 117, the pressure receiving area
for the first piston 16, which receives relatively high pres-
sure (the winding-down side holding pressure P1) is set
to be small, and that for the second piston 17, which
receives relatively low pressure (the winding-down in-
struction pressure P2) is set to be large.

[0125] Reference numeral 118 denotes a spring re-
sisting to the pilot pressure.

[0126] The constitution of a motor speed switching
means for setting the capacity of the motor 101 to a
small value at the time of the free fall operation to rise
the motor speed will be described below.

[0127] Reference numeral 119 denotes a capacity-
regulating cylinder for changing the motor capacity by
changing the tilting of the motor 101. The motor 101 is
set to a large capacity in the state that the cylinder 119
is contracted, while being set to a small capacity in the
state that the cylinder is expanded.

[0128] An expanded side oil chamber 119a of the ca-
pacity-regulating cylinder 119 is connected to the wind-
ing-up side pipeline 102 and the tank T through a hy-
draulic pilot switching type capacity control valve 120.

[0129] The capacity control valve 120 has a large ca-
pacity position x and a small capacity position y. At the
large capacity position x, the expanded side oil chamber
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119a is communicated with the tank T so that the capac-
ity regulating cylinder 119 contracts (the motor 101 is
set to a large capacity).

[0130] On the other hand, when the control valve 120
is switched to the small capacity position y, oil of the
winding-up side pipeline 102 is introduced into the ex-
panded side oil chamber 119a. Thereby, the cylinder 119
expands (the motor 101 is set to a small capacity area).
[0131] A small capacity pilot port 120a of the capacity
control valve 120 is connected to an output port of a free
fall valve (an electromagnetic switching valve) 122 con-
stituting a mode switching means through a motor ca-
pacity switching line 121.

[0132] The free fall valve 122 is set to a non-operating
position x in the figure at the time of normal operation
(at the time of winding-up and normal winding-down). In
this state, the capacity control valve 120 is held ata large
capacity position x shown.

[0133] When, from this state, a free fall switch 123
constituting the mode switching means is turned on, the
free fall valve 122 is switched to an operating position
y. Oil pressure of a pilot hydraulic source 124 is supplied
to the small capacity pilot port 120a of the capacity con-
trol valve 120 so that the control valve 120 is switched
to a small capacity position vy.

[0134] Thereby, the capacity-regulating cylinder 119
is operated to be expanded, and the motor 101 is set to
a small capacity.

[0135] Next, the operation of this device will be de-
scribed.

[0136] At the time of winding-up operation and at the
time of normal winding-down operation, the free fall
valve 122 is set to the non-operating position x, and the
motor capacity is set to a large capacity.

[0137] Inthis condition, the motor 101 is rotated at the
speed (lower than that at the time of free fall operation)
corresponding to the operating amount, by the action of
the cylinder control valve 107 and the tilting cylinder 105
on the basis of the operation of both the remote control
valves 109, 110 on the winding-up side or winding-down
side, and the winding-up operation or the normal wind-
ing-down operation is carried out.

[0138] On the other hand, at the time of free fall op-
eration, the free fall valve 122 is set to the operating po-
sition y, and the motor capacity is set to a small capacity.
Because of this, the winding-down operation at the high
speed is enabled.

[0139] Atthe time of free fall operation, the total pres-
sure of the winding-down side holding pressure P1 and
the winding-down instruction pressure P2 is applied as
a pilot pressure to the switching valve 113, as described
above. When the total pressure reaches a set valve at
which winding-down starts, the position is switched to
the winding-down position b.

[0140] This point will be described in detail.

Fk: Return spring force of a the spring 118 at the
time of cracking at which the switching valve 113 is
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switched to the winding-down position b

A1: Pressure receiving area of the first piston 116
P1: Winding-down side holding pressure

A2: Pressure receiving area of the second piston
117

P2: Winding-down instruction pressure

When the switching valve 113 is switched to the winding-
down position b, this state is expressed by the relation-
ship of the following equation (1):

Fk=A1-P1+A2-P2 (1)

Whereby, in order that the switching valve 113 be stayed
at the winding-down stop position a, the following equa-
tion (2) need be fulfilled:

Fk>A1-P1+A2- P2 )

When the equation (2) is modified, the following equa-
tion (3) is obtained:

Fk < (-A2 - P2 + Fk )/ A1 3)

This equation (3) represents the diagonal area of FIG.
22.

[0141] That is, when the coordinate represented by
the winding-down side holding pressure P1 and the
winding-down instruction pressure P2 is within the diag-
onal area of the graph of FIG. 22, the switching valve
113 is at the winding-down stop position a. Even if the
cylinder side control valve 107 should be switched to the
winding-down position z by the operation of the winding-
down side remote control valve 110, the pump 104 as-
sumes a neutral (tilting 0) state. Accordingly, the dis-
charge flow amount of oil from the pump 104 is 0, and
the motor 101 is not rotated.

[0142] When the operating amount of the winding-
down side remote control valve 110 increases so that
the coordinate represented by the winding-down side
holding pressure P1 and the winding-down instruction
pressure P2 is outside of the diagonal area of the graph
as in point X in FIG. 22, the switching valve 113 is
switched to the winding-down position b. Thereby, the
winding-down side tilting of the pump 104 is set to the
value corresponding to the operating amount of the re-
mote control valve so that the motor 101 takes winding-
down rotation at the high speed, and the free fall oper-
ation is carried out.

[0143] In order to stop the rotation of the motor 101
when the coordinate of pressure is at point X of FIG. 22
during the free fall operation, it is necessary to move the
pressure coordinate from the point X into the diagonal
area. This movement of the coordinate is carried out
when at least one of the winding-down side holding
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pressure P1 and the winding-down instruction pressure
P2 reduces.

[0144] Inthe present device, when the load is landed,
the winding-down side holding pressure P1 lowers to a
value 0 or a value near 0. Paying attention thereto, the
switching characteristic of the switching valve 113 is set
so that when the winding-down side holding pressure
P1 lowers to a value less than a certain value (pressure
at the time of landing), the switching valve 113 is
switched to the winding-down stop position a.

[0145] Thereby, even if the remote control valve 110
should be subjected to the winding-down operation at
the time of landing, the free fall operation is automati-
cally stopped.

[0146] In the closed circuit constitution, the free fall
operation provided with two functions, that is, the high-
speed winding-down rotation and the winding-down
stop at the time of landing becoming enabled.

[0147] Further, as shown in FIG. 23, the pump tilting
(pump discharge flow rate) changes corresponding to
the operating amount (the winding-down instruction
pressure P2) of the remote control valve 110. Therefore,
the free fall speed can be suitably controlled outside the
diagonal area of FIG. 22 by operation of the lever.
[0148] In this case, the pressure receiving areas of
both the pistons 116, 117 of the switching valves 113 are
set to be small on the first piston 116 side and to be large
on the second piston 117 side. Therefore, the change in
speed with respect to the change of the winding-down
instruction pressure P2 becomes large, and the speed
controllability caused by the lever operation is improved.
[0149] Since, when the total value of the winding-
down holding pressure and the winding-down instruc-
tion pressure caused by the winding-down operation
reaches the set value for the winding-down start, the
free fall operation is started and the winding-down
speed changes corresponding to the winding-down in-
struction pressure, the free fall speed can be freely con-
trolled by an operator. Therefore, the operatability at the
time of free fall operation is improved.

[0150] In the present embodiment, a hydraulic pilot
type-switching valve is used as a switching valve. Since
the whole hydraulic control becomes enabled, equip-
ment for electric control (a controller or a pressure de-
tection means) is unnecessary as compared with a case
using an electro-magnetic switching valve. Accordingly,
the circuit can be constituted merely by hydraulic equip-
ment.

[0151] In this case, in the switching valve, it is set so
that the pressure receiving area of the first port into
which is introduced high winding-down side holding
pressure is small, and the pressure receiving area of the
second port into which is introduced low winding-down
instruction pressure is large, and therefore, the winding-
down speed control corresponding to the winding-down
operating amount can be easily carried out. Further,
since the spring force resisting to the winding-down side
holding pressure can be weakened, the switching valve
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can be constituted compact.

EXAMPLE 10 (See FIG. 24)

[0152] With respect to EXAMPLE 10, those different
from EXAMPLE 9 will be mainly explained.

[0153] EXAMPLE 9 employs the constitution in which
when the winding-down side holding pressure P1 as-
sumes a value less than a set value at the time of wind-
ing-down, the switching valve 113 is always switched to
the winding-down stop position a and the winding-down
operation automatically stops. On the other hand, the
present example employs the constitution in which by
switching the mode, even if the winding-down side hold-
ing pressure P1 lowers to a value less than a set value,
the winding-down operation can be continued.

[0154] That is, there is provided an electro-magnetic
switching control valve 126 between a second pilot port
115 of a switching valve 113, a winding-down side re-
mote control valve 110 and a pilot hydraulic source 124.
Further, there are provided a controller 127 for control-
ling the control valve 126, a pressure gage 128 for de-
tecting a wining-down instruction pressure P2 to input it
into the controller 127, and a mode switching switch 129
as a mode switching means for switching a winding-
down mode between an automatic stop mode for auto-
matically stopping the wining-down operation and a nor-
mal mode not to effect automatic stop.

[0155] The switching control valve 126 has a first po-
sition x for feeding the winding-down instruction pres-
sure P2 to the second pilot port 115 by the operation of
the winding-down side remote control valve 110, and a
second position y for feeding pressure of the pilot hy-
draulic source 124 directly to the port 115 without de-
creasing the pressure.

[0156] The switching control valve 126 is set to the
first position x shown when the mode switching switch
129 is turned off. In this state, when the winding-down
side holding pressure P1 lowers to a value less than a
set value as described in EXAMPLE 9, the winding-
down operation automatically stops.

[0157] On the other hand, when the mode-switching
switch 129 is turned on, the switching control valve 126
is switched to the second position y by a signal from the
controller 127. In this state, pressure from the hydraulic
source 124 is supplied to the second pilot port 115 of
the switching valve 113. Therefore, the switching valve
113 is held at the winding-down position b irrespective
of the change in magnitude of the winding-down side
holding pressure P1.

[0158] Accordingly, even if the load is landed, the
winding-down operation can be continued correspond-
ing to the winding-down operating amount as long as
the winding-down operation is carried out.

[0159] Such an operating mode as described can be
used where for example, in the work in which a crushing
rod is free fallen to crush rocks in water, winding-down
operation is continued to crush them positively for a

10

15

20

25

30

35

40

45

50

55

12

fixed time even after the crushing rod arrives at the
rocks.

[0160] The winding-down operation can be continued
irrespective of the change in magnitude of the winding-
down side holding pressure, as necessary.

EXAMPLE 11 (See FIG. 25)

[0161] In the present example, an electromagnetic
switching type switching valve 130 is used in place of
the hydraulic pilot-type switching valve 113 in EXAM-
PLES 9 and 10. The switching valve 130 is controlled
by a signal from a controller 131.

[0162] Into the controller 131 is input the winding-
down side holding pressure P1 by a pressure gage 132,
and the winding-down instruction pressure P2 by a pres-
sure gage 133. When the total pressure of both the pres-
sures P1, P2 reaches a value above a set value, a
switching signal is output from the controller 131 to the
switching valve 130 so that the switching valve 130 is
switched to the winding-down position b. When the
winding-down side holding pressure P1 lowers to a val-
ue less than a set value, a switching signal form the con-
troller 131 stops so that the switching valve 130 returns
to the winding-down stop position a.

[0163] According to this constitution, a general elec-
tromagnetic valve can be used as compared with a case
using the special switching valve 113 provided with both
the first and second pilot ports 114, 115 as in EXAM-
PLES 9, 10. Therefore, the cost of parts is low, and the
constitution of a device can be simplified.

[0164] Further, since the switching instruction of the
switching valve 130 is carried out by the controller 131,
the switching characteristic of the switching valve 130
can be freely selected in a wide range.

[0165] Since the electromagnetic switching valve is
used as a switching valve, the switching valve can be
controlled directly by an electric signal. Since the gen-
eral valve can be used as compared with a case using
a hydraulic switching valve provided with a special pilot
port, the cost of parts is low, and the constitution of a
device can be simplified.

[0166] Further, since the switching instruction of the
switching valve is carried out by a controller, the switch-
ing characteristic of the switching valve 130 can be free-
ly selected in a wide range.

EXAMPLE 12 (See FIG. 26)

[0167] In the above-described examples, there em-
ploys the constitution in which the tilting cylinder 105 is
controlled indirectly through the cylinder control valve
107 by the remote control valves 109, 110, whereas in
the present example, the cylinder control valve 107 is
omitted, and remote control pressure from the remote
control valves 109, 110 is fed directly (via the switching
valve 113 on the winding-down side) to the tilting cylin-
der 105. Thereby, the tilting cylinder 105 is controlled



23 EP 1172 325 A2 24

directly by the operation of the remote control valves
109, 110.

[0168] Also in this case, basically the same operation
and effect as the EXAMPLES 9 to 11 can be obtained.
[0169] Incidentally, while in the above-described ex-
amples, there employs the constitution in which the mo-
tor capacity is changed in magnitude to switch the motor
speed to high or low speeds, it is noted that other motor
speed changing means can be used. For example, a
speed change mechanism is provided between the mo-
tor 101 and the winch drum, and a means for switching
the mechanism to the high-speed side or the low speed
side can be used.
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Claims

1. A control device for a hydraulic drive winch, com-
prising:

a winch drum;

a variable capacity type hydraulic motor for
driving said winch drum;

a hydraulic pump as a hydraulic source for said
hydraulic motor;

a control valve for controlling a supply and a
discharge of pressure oil to said hydraulic mo-
tor;

winding-up operating means for operating said
control valve to a winding-up side;
winding-down operating means for operating
said control valve to a winding-down side;
motor capacity control means for controlling a
capacity of said hydraulic motor; and

free fall instruction means for outputting free fall
instructions, wherein said motor capacity con-
trol means is actuated by free fall instructions
from said free fall instruction means to set said
hydraulic motor to a small capacity, in which
state, said winding-down operating means is
operated to thereby rotate said winch drum at
high speeds to effect free fall operation.

2. A control device for a hydraulic drive winch, com-
prising:

a winch drum;

a variable capacity type hydraulic motor for
driving said winch drum;

a hydraulic pump as a hydraulic source for said
hydraulic motor;

a control valve for controlling a supply and a
discharge of pressure oil to said hydraulic mo-
tor;

winding-up operating means for operating said
control valve to a winding-up side;
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winding-down operating means for operating
said control valve to a winding-down side;
motor capacity control means for controlling a
capacity of said hydraulic motor;

free fall instruction means for outputting free fall
instructions, wherein said motor capacity con-
trol means is actuated by free fall instructions
from said free fall instruction means to set said
hydraulic motor to a small capacity, in which
state, said winding-down operating means is
operated to thereby rotate said winch drum at
high speeds to effect free fall operation; and
control valve control means, an opening degree
of said control valve relative to an operating
amount of said winding-down operating means
being controlled to be smaller than that of nor-
mal winding-down operation where no free fall
instructions is present, wherein in said free fall
operation, a flow rate supplied to said hydraulic
motor is not more than an allowable flow rate
of said hydraulic motor.

The control device for a hydraulic drive winch ac-
cording to claim 2, wherein said control valve is of
a hydraulic pilot type provided with pilot ports for
both the winding-up side and the winding-down
side, respectively, and said winding-down operating
means comprises a remote control valve.

The control device for a hydraulic drive winch ac-
cording to claim 3, wherein said control valve con-
trol means comprising:

(i) a winding-down side pilot port of said control
valve, said winding-down side pilot port having
anormal winding-down side port with a relative-
ly large pressure receiving area and a free fall
side port with a relatively small pressure receiv-
ing area; and

(i) a pilot pressure switching valve, said pilot
pressure switching valve introducing a pilot
pressure from said winding-down operating
means into said normal winding-down side port
in case of normal winding-down operation, and
introducing it into said free fall side port in case
of free fall operation.

The control device for a hydraulic drive winch ac-
cording to claim 3, wherein said control valve con-
trol means comprises an auxiliary port provided in
a winding-up side pilot port, a pilot pressure being
supplied to said auxiliary port at the time of free fall
operation; and

said auxiliary port has a stopper for controlling
a stroke to the winding-down side of said control
valve when the pilot pressure is introduced.

The control device for a hydraulic drive winch ac-
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cording to claim 3, wherein said control valve con-
trol means comprises pilot pressure switching
means, said pilot pressure switching means reduc-
ing the pilot pressure from said winding-down oper-
ating means more than that of the normal winding-
down operation at the time of free fall operation to
introduce it into the pilot port of said control valve.

The control device for a hydraulic drive winch ac-
cording to claim 3, further comprising:

a reducing valve provided in the winding-down
side pilot port of said control valve, said reduc-
ing valve being setto a high pressure atthe time
of normal winding-down operation, and setto a
low pressure at the time of free fall operation.

A control device for a hydraulic drive winch, com-
prising:

a winch drum;

a variable capacity type hydraulic motor for
driving said winch drum;

a hydraulic pump as a hydraulic source for said
hydraulic motor;

a control valve for controlling a supply and a
discharge of pressure oil to said hydraulic mo-
tor;

winding-up operating means for operating said
control valve to a winding-up side;
winding-down operating means for operating
said control valve to a winding-down side;
motor capacity control means for controlling a
capacity of said hydraulic motor, said motor ca-
pacity control means increasing a motor capac-
ity according to an engine speed for driving said
hydraulic pump on a high engine speed side to
thereby control the speed of said hydraulic mo-
tor to not more than an allowable speed of said
hydraulic motor at the time of free fall operation;
and

free fall instruction means for outputting free fall
instructions, wherein said motor capacity con-
trol means is actuated by free fall instructions
from said free fall instruction means to set said
hydraulic motor to a small capacity, in which
state, said winding-down operating means is
operated to thereby rotate said winch drum at
high speeds to effect free fall operation.

9. The control device for a hydraulic drive winch ac-

cording to claim 8, wherein said motor capacity con-
trol means comprises:

a motor capacity regulating actuator for chang-
ing a capacity of said hydraulic motor;

a hydraulic pilot type actuator control valve for
operating said actuator;
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a pilot pressure control valve for controlling a
pilot pressure introduced into said actuator
control valve; and

a controller for controlling said pilot pressure
control valve according to the engine speed.

A control device for a hydraulic drive winch, com-
prising:

a winch drum;

a variable capacity type hydraulic motor for
driving said winch drum;

a hydraulic pump as a hydraulic source for said
hydraulic motor;

a control valve for controlling a supply and a
discharge of pressure oil to said hydraulic mo-
tor;

winding-up operating means for operating said
control valve to a winding-up side;
winding-down operating means for operating
said control valve to a winding-down side;
motor capacity control means for controlling a
capacity of said hydraulic motor;

free fall instruction means for outputting free fall
instructions; and

free fall control means, said free fall control
means changing the capacity of said hydraulic
motor from a large capacity to a small capacity
in proportional to an operating amount of said
winding-down operating means.

The control device for a hydraulic drive winch ac-
cording to claim 10, wherein said free fall control
means is designed so that a pressure of winding-
down side oil passage leading to said hydraulic mo-
tor from said control valve in proportional to the op-
erating amount of said winding-down operating
means.

The control device for a hydraulic drive winch ac-
cording to claim 10, further comprising:

control valve switching means switching said
control valve to the winding-down side in pref-
erence to a switching operation from said wind-
ing-down operating means when a free fall op-
eration is selected.

The control device for a hydraulic drive winch ac-
cording to claim 10, further comprising:

a relief valve provided on a bypass oil passage
connecting a winding-up pipeline to a winding-
down pipeline, a relief pressure of said relief
valve being changed in proportional to a oper-
ating amount of said winding-down operating
means.
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14. A control device for a hydraulic drive winch, com-
prising:

a winch drum;

a hydraulic motor for driving said winch drum;
a hydraulic pump as a hydraulic source for said
hydraulic motor, said hydraulic pump and said
hydraulic motor being connected by a closed
circuit;

motor speed switching means for switching
said hydraulic motor to a high speed rotation
mode for winding-down at a relatively high
speed or a low speed rotation mode for wind-
ing-down at a relatively low speed;
winding-down operating means for outputting a
winding-down instruction signal of a winding-
down operation; and

pump control means for controlling a discharge
direction and a discharge flow rate of said hy-
draulic pump, said pump control means being
constituted so as to control said hydraulic pump
in a direction in which the winding-down oper-
ation stops with the result that the rotating of
said hydraulic motor stops when winding-down
side holding pressure of said closed circuit low-
ers to a value less than a set value of the wind-
ing-down stop in a state that said motor speed
switching means is set to a high speed rotation
mode and said winding-down operating means
is subjected to the winding-down operation.

15. The control device for a hydraulic drive winch ac-
cording to claim 14, wherein

said hydraulic pump comprises a variable ca-
pacity type hydraulic pump; and

said pump control means has a winding-down
side tilting control circuit for controlling the tilt-
ing on the winding-down side of said hydraulic

pump.

16. The control device for a hydraulic drive winch ac-
cording to claim 15, further comprising:

a switching valve provided in said winding-
down side tilting control circuit, said switching
valve having a winding-down position in which
said hydraulic motor takes winding-down rota-
tion and a winding-down stop position in which
winding-down rotation of said hydraulic motor
stops, and being switched from said winding-
down position to said winding-down stop posi-
tion when winding-down side holding pressure
lowers to a value less than a set value.

17. The control device for a hydraulic drive winch ac-
cording to claim 16, wherein
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said switching valve is set to a winding-down
position when a total value of the winding-down
side holding pressure and the winding-down in-
struction pressure caused by winding-down op-
eration of the winding-down operating means
reaches a set value for start of winding-down,
said switching valve controlling the winding-
down rotational speed corresponding to said
winding-down instruction pressure.

The control device for a hydraulic drive winch ac-
cording to claim 16, wherein

said switching valve comprises a hydraulic pilot
type switching valve.

The control device for a hydraulic drive winch ac-
cording to claim 18, wherein

the winding-down side holding pressure and
the winding-down instruction pressure caused
by the winding-down operation of the winding-
down operating means are introduced, as a pi-
lot pressure in a direction of setting said switch-
ing valve to a winding-down position, into a hy-
draulic pilot port of said switching valve.

The control device for a hydraulic drive winch ac-
cording to claim 19, wherein

the pilot port of said switching valve is divided
into a first port into which the winding-down side
holding pressure is introduced, and a second
port into which the winding-down instruction
pressure is introduced, and a pressure receiv-
ing area of said first port is set to be smaller
than that of said second port.

The control device for a hydraulic drive winch ac-
cording to claim 16, wherein

said switching valve comprises an electromag-
netic switching valve.

The control device for a hydraulic drive winch ac-
cording to claim 22, further comprising:

a controller for outputting a switching signal to
a winding-down stop position to said switching
valve when said winding-down side holding
pressure lowers to a value less than a set value.

The control device for a hydraulic drive winch ac-
cording to claim 22, wherein

said controller is constituted so that to said
switching valve,

(a) is output a switching signal when the total
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value of the winding-down side holding pres-
sure and the winding-down instruction pressure
reaches a set value for start of winding-down,
and

(b) is output a signal in a direction that the wind-
ing-down rotational speed changes in response
to the winding-down instruction pressure.

24. The control device for a hydraulic drive winch ac-

cording to any one of claims 14 to 23, further com-
prising:

mode switching means for switching a winding-
down mode between an automatic stop mode
and a normal mode.

25. The control device for a hydraulic drive winch ac-

cording to claim 24, wherein
said pump control means

(a) stops the winding-down operation when the
winding-down side holding pressure lowers to
a value less than a set value of winding-down
stop, in the state that said mode switching
means is set to the automatic stop mode, and
(b) controls the hydraulic pump in a direction
that the winding -down operation is carried out
irrespective of the value of the winding-down
side holding pressure, in the state that said
mode switching means is set to the normal
mode.
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