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6 DEVICE FOR REMOTE CONTROL OF HYDRAULIC CRANES.

&) A device for remote control of a hydraulic crane which
includes a hydraulic pump, a plurality of fiuid actuators for
hoisting a boom tilting cylinder, a boom telescopic cylin-
der, a hoisting motor and a turning motor or the like con-
nected in parallel via oil passages to hydraulic oil supply
and exhaust circuits connected to a hydraulic oil tank,
operation selecting solenoid valves connected to the oil
passage, a proportional solenoid relief valve provided in
the oil passage for bypassing the exhaust side of the pump
to the tank for controlling the exhaust side hydraulic oil
from the hydrauilic pump in a crane body and automotive
body side, respectively, operation selecting switches for
the respective operation selecting solenoids and a poten-
tiometer for controlling the proportional solenoid relief
valve in an operation terminal unit, wherein the solenoids
of the solenoid vaives are electrically connected via cables
to the switches and potentiometer. In order to control the
crane hoisting speed, the conventional relief valve hereto-
fore provided at the exhaust side of the hydraulic pump
as a hydraulic oil source is constructed of the proportional
solenoid relief valve instead of the conventional flow con-
trol valve to thereby control the hydraulic oil and accord-
ingly the operating oil pressure at the exhaust side of the
pump. This controls the operating speed of the fluid actua-
tor for hoisting to thereby enable an economical and

smooth hoisting operation as well as its remote speed
control.
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Technical Field

This invention relates to a wired-type

remote-control device for a hydraulic crane.

Background Art

Generally speaking, when selection of crane
operations of a mobile hydraulic crane is remotely
controlled, e.g., to effect such operations as luffing,
extension and retraction of the boom, lifting and
lowering of a load, and swivel motion of the boom, it
is necessary to remotely controi the velocity of the
crane motion, because if the velocity control function
is not provided, there is a risk of crane upset caused
by sway of the load, thereby crane upset is very
dangerous. Accordingly, a remote-control device
without velocity control function can be applied only
to light load operations, such as oﬁerations with
small working radii or operations with lightweight

loads.

Two methods have been proposed heretofore
for controlling the velocity of crane motion: namely,

a method by controlling the accelerator of an automobile -
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engine by an electric motor, which engine drives

a hydraulic pump for supplying hydraulic oil to hydraulic
actuators, such as a derrick cylinder, a boom telescoping
cylinder, a winch motor, and a swiveling motor; and.
another method by controlling the flo& rate of hydraulic
oil with a flow control valve disposed in a hydraulic
control circuit for controlling the afofesaid hydraulic

actuators.

However, the first method has a shortcoming
in that the response in velocity éontrol is slow and
that it is difficult to stop a suspended load exactly
at a desired location. The second method has an advantage
in that its operation is smqoth and its fesponse time
is free from delay, but the second méthod has shortcomings
in that a proportional electromagnetic flow control |
valve to be used for controlling the flow rate has
a complicated construction an&.costly énd that the oil
pressure rises even during low-spéed running to the
set pressure of a relief valve normally provided in 7
the hydraulic controlrcircuit; e.g., to 145 kg/cmz, S0
that a high load is continuously applied td a hydraulic
puﬁp under normal operation, resulting in an increased
temperature of the hydraulic o0il and an increased

noise from the engine and the hydraulic circuit.



-3 | 0015296

Disclosure of Invention

An object of the present invention is to
provide a remote-control device for a hydréulic crane
with an excellent velocity control function and free

from the aforesaid shortcomings.

The present inventor has confirmed from both
theoretical and empirical aspects the fact that velocity
contrql through pressure control_provides a better
velocity control system than other conventional systems,
in contrast to a géneral common sense in the past
among specialists of hydraulic technique that a pressure
control system for regulating the velocity of crane
~motion is undesirable because it may‘cause instability
in control. The present invention was accomplished
‘based on the confirmation of such fact, and the present
~invention makes it possible to effect smooth velocity
control at a low cost by using a proportional electro-
magnetic relief valve in controlling the velbcity of

c¢rane motion.

To fulfil the aforesaid object, a remote-control
device of hydraulic crane is characterized in that the
side of crane body and vehicle body is provided with
a hydraulic control circuit connected to a hydraulic

punp and a hydraulic 0il reservoir, hydraulic actuators
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connectéd in parallel to said hydraulic control circuit
through hydraulic lines, operation-selecting solenoid
valves inserted in said lines, and é proportional
solénoid relief valve disposed in a line bypassing

a discharge side of said hydratlic pump to said reservoir
so as to controi oil pressure at said discharge side,
said hydraulic actuators including a derrick cylinder,rr
a boom telescoping cylinder, a winch motoi, a swiveling
motor, or the 1ike; wherein an operating terminal
equipment is provided with crane operation-selecting
switches for each of said operation-selecting solenoid.
valves and a potentiometer for controlling said'proporj
tional solenoid relief valve; and that solenoids of
said solenoid valves are electricélly connected to

said switches and said potentiometer by cables, respectively.

Brief Description of Drawings

Fig. 1 is a hydraulic circuit diagram of
a remote-control device according to the present

invention;

Fig. 2 is a schematic sectional view of
a proportional solenoid relief valve to be used in the

hydraulic circuit of Fig. 1;

Fig. 3 is an electric control circuit diagram
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of the remote-control device;

Fig. 4 is a plan view of an operating terminal

equipment;.

Fig. 5 is a sectional view taken along the

line V-V of Fig. 4;

Fig. 6 .is a graph showing the relatiomnship
between the o0il pressure at pump discharge outlet and

the swivel spéed; and

Fig. 7 is a graph showing the relationship
between the o0il pressure at pump discharge outlet and

wind up speed.

Best Mode of Carrying Out the Invention

The invention will be now described by

referring to the drawings.

Referring to Fig. 1 illustréting the fundamental
construction of the hydraulic circuit'of a remote-control
device according to the present invention, a hydraulic
pumprl_ is driven by the engine of a crane vehicle,

a hydraulic o0il reservoir 2 is mounted on the crane
vehicle, a hydraulic o0il feed line 3 is connected to
the discharge side of the hydraulic pump 1, and a hydraulic

0il return line 4 is to drain the hydraulic oil to the
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reservoir 2. A derrick cylinder 5, a winch motor 6,

a boom telescoping cylinder 7, and a swiveling motor §
are connected in parallel to therhydraulic oil feed
and return lines 3 and 4, through operation-Sélecting
solenoid valves 9, 10, 11 and 12 and lines 15a, 15b,
16a, 16b, 17a, 17b, 18a and 18b. The operation-selecting"
solenoid valves 9, 10, 11 and 12 have solenoids 9a,

9b, 10a, 10b, 11a, 11b, 12a and 12b..

A return bypass line 19 is provided so as to
bypass the discharge side of the hydraulic’pump 1l in
the aforesaid hydraulic circuit to the hydraulic oil
reservoir 2, and a proportional solenoid relief valve

20 is disposed on the bypass line 19.

Fig. 2 shows an example of the structure of
tHe proportional solenoid relief valve 20. 1In the
proportional solenoid relief wvalve shown iﬁ Fig. 2,
~ a main valve casing 21 has a valve bore defining
hollow space 22 therein, and a main spool 23 is slidablf
fitted in the hollow space 22 so as fo be movable in
the longitudinal axial direction thereof. A land 24
- provided on the main spool 23 defines a pressure
chamber 25 in the hollow space 22, and this chamber 25
has a port 26 communicating with the hydraulic oil
feed line 3 at the discharge side of the hydraulic

pump 1 and a drain port 27 to be connected to the
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reservoir 2. A spring 28 acts on the main spool 23 in
such a manner that a valve operating -end 29 of_the
main spool 23 is normally seated at a main valve seat
30 at the drain port 27. An orifice 31 extends through
the land 24 in the longitudinal axial direction of the
spool 23, so that the pressure chamber 25 communicates
with an upper chamber 32. The upper chamber 32 is
connected to one end of a pilot line 33, the opposite
eﬁd of which line 33 is connected to a pilot valve 34
at a port 35 thereof. The pilot valve 34 has a drain
port 36 for communicating a valve chamber 37 of the
pilot valve 34 with the hydraulic oil reservoir 2, and
a pilot spool 38 slidably fitted in the valve chamber 37.
An actuating rod 39 is secured to the pilot spool 38
at one end thereof, while the opposite end of the
actuating rod 39 is provided with a solenoid coil 40
movably held in the magnetic field of a coil magnet
41, so that the pilot spool 38 is urged against a valve
seat 42 by a force proportional to an electric current

flowing through the coil 40.

The function of contfolling the discHarge
0oil pressure of the hydraulic pump 1 and accordingly
the oil pressurerin the hydraulic oiléfeed line 3 by
the proportional solenoid relief wvalve of fhe aforesaid

construction will now be described. The oil pressure
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in_the hydraulic o0il feed line 3 as produced by the
hy&raulic pump 1 is applied to the pilot spool 38 in
the pilot valve 34 through the port726, the pressure
chamber 25, the orifice 31, and the upper chamber 32
of the main valve casing 21, the pilot line 33, and
the port 35. As long as the force acting on the pilot
spool 38 due to the o0il pressure from the hydraulic
oil feed line 3 isrsmaller than the aforesaid force
urging the pilot spool 38 to the valve seat 42, the:
pilot spool 38 is kept as seated on the wvalve seat 42,
so that the pressure in the upper chamber 32 due to
the hydraulic o0il coming through thé orifice 31 balances
the pressure in the pressure chamber 25. As a result,
the main spool 32 is lightly urged against the main
valve seat 30 by the elasticity of the spring 28, and
the flow of the hydraulic oil from the pressure chamber
25 to the reservoir 2 is inhibited. Thus, the continuously
rotatingrhydraulic pump 1 causes its discharge pressure
and accordingly the oil pressure in the hydraulic oil

feed line 3 to keep rising.

As a result of the aforesaid rising of the -
oil pressure in the hydraulic oil feed line 3, when
the o0il pressure acting on the pilot spool 38 through
the pilot line 33 surpasses the aforesaid pressure

generated by the electric current in the coil 40 for.
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urging the pilot spool 38 against the valve seat 42,
that o0il pressure pushes the pilot spool 38 so as to
move away from the vaive seat 42. Thus, the oil
pressure is released to the hydraulic oil reservoir 2
through the port 36, resulting in a reduction of the
pressure in the upper chamber 32 of the main valve
casing 21, so that the main spool 23 is pushed up by
the o0il pressure in the pressure chamber 25 for causing
the main spool 23 to move away from the main valve
seat 30 and to open the port 27 toward the hydraulic
oil reservoir 2. Whereby, an oil pressure which is
proportional to the electric current flowing through
the solenoid coil 40 can be maintained at the hydraulic

oil feed line 3.

As described above, when the-electric current
flowing through the solenoid céil 40 increases successively
from zero, the o0il pressure in the hydraulic oil feed
line 3 can be sﬁccessively increased. Besides, when
the electric current flowing throﬁgh the soleﬁoid coil
40 is controlled at a desired value, the oil pressure
at the discharge outlet port of the pump 1 can be
controlled at a desired level which is proportional to

the aforesaid electric current in the solenoid coil.

In carrying out the present invention, the

construction of the proportional solenoid relief valve
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1is not restricted to the aforesaid éonstruction, but
a suitable electric oil pressure proportional control

-valve of conventional construction can be also used.

Fig. 3 illustrates an electric circuit for
controlling the aforesaid operation-selecting solenoid
valves 9, 10, 11 and 12 and the proportional solenoid
relief valve 20, wherein 43 represenfs a crane body |
side and automobile body side control circuit and 44
represents an operating terminal equipment1 A power
sburce 45 can be an automobile battery moﬁnted on
a crane body, and crane operation;selecting switches
46, 47, 48 and 49 control electric currents to solenoids
9a, 9b, 10a, 10b, 1la, 11b, 12a and 12b of the operation;
selecting solenoid valves 9, 10, 11 and 12. A transistor
50 controls the value of electric current to the |
proportional solenoid relief valve 26, and a multi-core |
cable 52 is for electric connection between the crane
body and automobile body side circuit 43 and the
operating terminal equipment 44. The cable 52 is
pfeferably a chloroprene sheathed cabtyre cable, and
its length can be suitably determined so as to be
convenient for the crane operation, for instance,

a five to ten meter cable section will be sufficient

for most cases.

A potentiometer 51 in the aforesaid electric
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control circuit comprises a coil of resistive wire,
and the voltage of the power source 45 is applied
across the resistive wire coil, and a desired voltage
is produced at a brush by moving the brush along the
resistive wire. Thevvoltage at the brush is applied
to a base electrode of the transistor 50, so that

a large current proportionate to the base voltage,
i.e., the brush voltage of the potentiometer, is
delivered from an emitter electrode of the tramsistor.
In the illustrated example, the transistor is assumed
to act as a current amplifier with a voltage amplification
value 1. Thus, the o0il pressure at the discharge
outlet of the hydraulic pump 1 can be regulated and
set at a value which is proportionate to the output
Qoltage from the transistor (thé electric current is
pfoportionate to the voltage in this case) by the

proportional solenoid relief valve.

Therefore, the oil pressure at the discharge
outlet of the pump can be'adjusted at an arbitrary -‘
value by operating the brush position of the potentiométer,
thereby the velocity of motions of various crane parts

can be adjusted at an arbitrary value.

Figs. 4 and 5 show an example of the operating
terminal equipment, which equipment comprises a handle

portion 53, a switch board 54, and a potentiometer
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housing 55, and the four crane operation-selecting
switches 46, 47, 48 and 49 corresponding to the four
kinds of crane operations are dispésed on -the switch
board 54 along a rectilinear line. The potentiometer
51 located in the housing 55 has a rotary shaft 56
carrying a pinion 57 secured thereto, and a sectof
gear 58 meshing the pinion 57 is secured to a shaft 59.
A.velocity-coﬁtrol trigger 60 has one end thereof
secured to the shaft 59 and the opposite end projecting
below the handle portion 53, so that when the triggef
60 is pulled against the elasticity of a spring 61,
the sector gear 58 is turﬁed so as to’fotate the
potentiométer 51. The current amplifying transistor
50 is disposed in the housing 55 and electrically
connected to the sliding contact of the potentiometer
51. The cabtyre cable 52 is inserted through the
handle portion 53, so as to connect the operating
terminal equipment 43 to the crane body and vehicle

body side electric circuit 44 as described above.

With the remote-control device of the aforesaid
construction, an operator working at a location remote
from the crane body and vehicle body at first makes
a crane operation ready to start, such asrupward
rising or downward depending on the boom, lifting or

lowering a load, telescoping or retracting of the
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boom, or clockwise or counterclockwise swivel motion,
by holding the operating terminal equipment 43 in hand
and selectively actuating the operation-selecting
switch 46, 47, 48 or 49, and then the pressure of the
hydraulic operating oil is raised by actuating the
trigger 60 in such a manner that the pressure of the
hydraulic oil is controlled in response to the upward
or downward condition of the boom, presence or absence
or magnitude of a load, and the extending and retracting
condition of the boom, whereby the velocity of the |

crane operation can be controlled.

Fig. 6 is a graph showing the reltionship
between the oil pressure kg/cm? at the outlet of the
pump as indicated on the abscissa and the swiveling
speed r.p.m. as indicated'on the ordinate, which
relationship was obtained by plotting data collected
from experiments under various operating conditions.
The curve (A) is for the boom retracted at a 75° slope
with no load, the curve (B) is for the boom retracted
at a horizontal position with no 1oad; the curve (C)
is for the boom extended at a horizontal position with
no load, and the curve (D) is for the boom extended at
a horizontal position with a 500 kg load. Fig. 7 is
a graph showing the relationship between the o0il

pressure kg/cm? at the discharge outlet of the pump as
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indicated on the abscissa and lifting speed in r.p.m.
(with four wires) as indicated on the ordinate, which
relationship was obtained by plottingrdata collected
from experiments with suspended loads of 0 ton (WO0),
0.2 ton (W1), 0.5 ton (W2), 1.0 ton (W3) and 1.5 ton
(W4). The dash-dot lines M and H show boundaries of
unstable zones of oil pressure controi due to a minimum
oil pressure and an excessively large flow rate,

respectively.

Industrial Applicability

According to the présent invention, the
operating velocity of hydraulic actuators for operating
a crane is controlled by regulating the oil pressure
at the discharge side of a hydréulic pump, i.e;, the
pressure of hydraulic oil, by using a proportional
solenoid relief valve, so that the operation is smooth
and there is no time delay. Besides, as-compared with
a case of using arproportional solenoid flow rate
control valve, the control valve has a simpler construc-
tion and less expensive. With tﬁe pressure control-
system of the present invention, the crane can be
operated at a lowest possible oil pressure for each
velocity for the entire velocity range from a low

velocity to a high velocity, so that no wasteful load
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is applied to the hydraulic pump for saving energy
consumption at an engine and the noise level of the

engine and the hydraulic circuit can be minimized.
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Claim

1. A remote-control device for hydraulic crame

comprising, a.hydraulic oil reservoir; a hydraulic
pump connected to said hydraulic o0il reservoir; a hydraulic
0il feed-return circuit connected to said hydraulic
pump and said hydraulic oil reservoir; a derrick
cylinder, a boom telescoping cylinder, a winch motor,
and a swivel motor, éaid cylinders and said motors
being connected in parallel to said hydraulic oil
feed-return circuit through operation-selecting solenoid
valves; a proportional solenoid relief valve connecting
to a discharge side of said hydraulic pump to said
hydraulic oil reservoir so as to shunt said hydraﬁlic
pump; and an operating terminal equipment related to

a crane body, said operating terminal equipment having
operation-selecting switches eiectrically connected to
said oﬁeration-selecting solenoid valvés, respectively,
and a potentiometer electrically connected to said
proportional solenoid relief valve, whereby control
velocity of different parts of the hydraulic crane is
controlled by selectively actuating different crane
parts inclusive of said derrick cylinder, said boom
telescoping cylinder, said winch motor, and said_
swivel motor, thereby regulating flow of-the hydraulic

0oil with said proportional solenoid relief wvalve.
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(amended)

2. A device as defined in claim 1, wherein the
device is characterized in that said operation-selecting
solenoid yalve has a.main valve casing, and a main
pool is slidably fitted in a valve bore of said main
va1§e casing, said main pool having a land dividing
said valve bore into a pressure chamber and a pilot
pressure chamber, said pressure chamber having a'port
connected to the discharge side of said hydraulic
pump and an exhaust port connected to said hydraulic
oil reservoir, said main pool being biased so as to
normally close said exhaust port by a valve actuating
end thereof, said pilot pressure chamber being connected
to said hydraulic oil' reservoir through. a pilot
valve, said pilot valve being so formed as to close
a valve opening thereof by an actuating rod connected
to a movable coil operatively related to a magnet,
said movable coil being connected to said poten-
tiometer so as to receive an output current therefroﬁ,
said actuating rod being acted by a valve closing
force which is proportionate to said output current

from said potentiometer.
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(amended) R

3. A device as defined in claim 1, wherein the
device is characterized in that said operating terminal
equipment is provided with a handle portion, a switch
board extending upwardly from forward end of the
handle portion substantially at right angles thereto,
and a potentiometer housing disposed at a 1ower.
portion of said forward end of the handle portion,
said switch board having said operation-sglecting
switches disposed thereon along a rectilinear line,
said potentiometer housing journaling a velocity-control
"trigger so as to be able to rotate said potentiometer
and to project a part of the ttigger below said

handle portion.
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