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(2) SWING BRAKE CONTROL APPARATUS FOR A POWER SHOVEL.

@ A swing brake control apparatus for a power
shovel, which shifis a swing lever in the neutral
position even when a microprocessor for controlling
operation of a swing brake operation runs away so
that the swing brake can reliably be exerted and
which can stop an upper swing member at the
™ predetermined position without being affected by an
external force, such as gravity, during a minor swing-
L) ing operation on a slop. The swing brake control
@ apparatus has a swing lever signal generator (1) for
outputting a swing lever signal (a) when the swing
O lever is shifted from the swinging position to the
@ neutral position and a swing brake operation signal
generator (2) for receiving the swing lever signal to
Qoutput a swing brake operation signal (h) to the
n_swing brake operation unit (3).
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SPECIFICATION

TURNING BRAKE CONTROLLING SYSTEM
FOR USE IN POWER SHOVEL

TECHNICAL FIELD OF THE INVENTION

This invention relates to a turning brake controlling
system for use in a power shovel having an'excavating
implement mounted on the vehicle body thereof so that
it can be turned.

BACKGROUND TECHNIQUE OF THE INVENTION

A turning brake controlling system for applying
braking force on the upper turning body of a power
shovel is arranged to be actuated automatically to
apply braking force on the upper turning body when the
turning brake is actuated intentionally by the operator
of the power shovel and also .when the turning lever for
turning the upper turning body is shifted to its neutral
position in order to stop the turning of the upper
turning body. The turning brake means is usually
adapted to be actuated several seconds after the turning
lever is shifted from its "turning" position to its
"neutral" position, thereby preventing sudden stoppage
of the upper turning body.

Since the delay time for the turning brake; that is;
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the time which passes from the shifting of the turning
lever from its "turning" position to its "neutral"
position until the actuation of the turning brake
controlling system is predetermined, in the case 6f
turning operations of the shovel on a slope, if
positioning of the upper turning body in the turning
direction is made by turning it slowly, then the upper
turning body is turned during the delay time for the
turning brake under the influence of. gravity and
leakage of fluid from the hydraulic motor so that it is
difficult to stop it towards a target.

Further, in case the above-mentioned conventional
turning brake controlling system is controlled by means
of a microprocessor, if the microprocessor fails to
fulfill arithmetic function as programmed for some
cause such as noise or static eiectricity, etc., then the
binary ON-OFF control signal becomes unstable, or only
either ON output or OFF output can be developed. As a
result, the controlling function of the turning brake
controlling system is completely lost thus creating a
dangerous condition, so that the operator cannot help
stopping the operation.

SUMMARY OF THE INVENTION

The present invention has been made in view of the

above-mentioned circumstances, and has for its first
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object to provide a turning brake controlling system
for use in a power shovel arranged such that even when
a microprocessor for controlling the operation of a
turning brake actuator means malfunctions the turning
brake can be actuated several seconds after the turning
lever is shifted form its "turning" position to its
"neutral" position.

Further, the second object of the present invention
is to provide a turning brake controlling system for use
in a power shovel arranged such that when the turning
speed of the upper turning body becomes lower than a

predetermined value the turning brake can be actuated

"even if it occurs during the delay time for the turning

brake, thereby eliminating free movement or turning of
the upper turning body by the force of gravity, etc.
during the delay time for the turning brake, and
accurate positioning of the upper turning body can be
made in turning it slowly when the power shovel is on a
slope.

Further, the third object of the present invention
is to provide a turning brake controlling system for use
in a power shovel arranged such that the delay time for
the turning brake may be varied with the turning speed of
the upper turning body when the turning lever is shifted

from its turning position to its neutral position so that
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in case the turning speed is slow the delay time for the
turning brake is reduced, and in particular in case of
slow turning operations on a slope, when the turning lever
is shifted from its turning position to its neutral
position, the upper turning body is prevented from
turning freely under the influence of external forces such
as the force of gravity, etc..

To achieve the above-mentioned objects, according to
the first aspect of the present invention, there is provided
a turning brake controlling system for use in an upper
turning body of a power shovel arranged to receive, as an

input thereof, a turning lever signal outputted by a

‘turning lever signal transmitter when the turning lever is

shifted from its turning position to its neutral position
and output a turning brake actuating siganl to a turning
brake actuator means, comprisiﬁg: a microprocessor for
outputting a tﬁrning brake actuating siganl to the turning
brake actuator means; a microprocessor minotoring means
for minotoring the operation of the microporcessor; a
hardware circuit connected in parallel with the micro-
processor and which fulfills a function corresponding to
the arithmetic function of the microprocessor; and a
switching circuit for switching output of the micro-
processor over to output of said hardware circuit in

accordance with the actuation of said microporcessor
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minitoring means.

To achieve the above-mentioned objects, according to
the second aspect of the present invention, there is
provided a turning brake controlling system for use in a
power shovel, characterized im that the microprocessor
and/or hardware circuit as described in the first aspect
includes a turning speed detector means adapted to detect
the turning speed of the upper turning body when the
turning lever is shifted from its turning position to its
neutral position and the subsequent speeds thereof and
output a turning speed signal corresponding to the thus

detected turning speed; and a turning brake signal

‘generator means adapted to receive, as inputs thereof, the

turning speed signal outputted by the turning speed
detector means and the turning lever signal outputted by
the turning lever signal transmitter and output a turning
brake signal to the turning brake actuator means.

To achieve the above-mentioned objects, according to
the third aspect of the present invention, there is
provided a turning brake controlling system for use in
a power shovel, characterized in that.the turning brake
signal generator means as described in the second aspect
is arranged to output a turning brake signal when the
turning speed signal becomes less than a preset value.

To achieve the above-mentioned objects, according to
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the fourth aspect of the present invention, there is
provided a turning brake controlling system for use in a
power shovel, characterized in that the turning brake
signal generator means as described in the second aspect
is arranged to output a turning brake signal in a delay
time which is preset in accordance with the value of the
turning speed signal.

The above-mentioned and other objects, aspects and
advantages of hte present invention will become apparent
to those skilled in the art by making reference to the
following description and the accompanying drawings in
which preferred embodiments incorporating the principles
of the present invention are shown by way of examples
only.

DETAILED DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram schematically showing
the principal parts of a first embodiment of the present
invention;

Fig. 2 is a block diagram schematically showing the
principal parts of a second embodiment of the present
invention;

Fig. 3 is a block diagram schemagically showing the
principal parts of a third embodiment of the present

invention; and

Figs. 4 and 5 are timing diagrams for the embodiments
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as shown in Figs. 2 and 3, respectively.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention will now be described below
by way of the first, second and third embodiments thereof
with reference to the accompanying drawings.

In the first place, the first embodiment of the
present invention will be described with reference to
Fig. 1.

In Fig. 1, reference numeral 1 denotes a turning
lever signal transmitter adapted to output or transmit
a turning lever signal a when a turning lever, not shown,
for operating the turning of an upper turning body (not
shown) of a power shovel is shifted to its neutral
position.

Reference numeral 2 denotes a power shovel turning
brake controlling system adapted to receive a turning
lever signal a and otuput or transmit a turning brake
actuating signal to a turning brake acéuator means 3.
This turning brake controlling system 2 includes a
microprocessor 21 adapted.to receive, as an input
thereof, a turning lever signal a, and a delay circuit 22
serving as a hardware circuit. This aelay circuit 22
fulfills a function which corresponds to the arithmetic
function of the microprocessor 21.

Reference numeral 23 denotes a watchdog which
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serves as a monitoring means for the microprocessor 21
and which receives, as an input thereof, a signal ¢
outputted by the microporcessor 21 which is either a
normal signal "1" or an abnormal signal "0". This micro-
processor 21 is adapted to be unreset when the signal d
outputted by the watchdog 23 is a normal signal "1", and
reset when the signal is an abnormal signal "0". Further,
the watchdog 23 is adapted to output a normal signal

"1" when the signal ¢ is a normal signal "1", and output
an abnormal signal "0" when the signal ¢ is an abnormal
signal.

Reference numeral 24 denotes an AND circuit which
receives, as an input thereof, a signal b outputted by
the microprocessor 21 and a signal d outputted by the
watchdog 23 and which is adapted to output a signal f that
becomes a normal signal "1" only when the signals b and d
are normal signals "1".

Reference numeral 25 denotes a NOR circuit which
receives at its input side the output signal d from the
watchdog 23 and an output signal e from the delay
circuit 22 and which is.adapted to output a signal g.

Reference numeral 26 denotes an 6R circuit which
receives, at its input side, output signals f and g from
AND ciréuit 24 and NOR circuit 25, respectively, and

which is adapted to transmit a signal h to the turning
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brake actuator means 3.

The operation of the first embodiment having the
above-mentioned configuration will be described below.

In case the microprocessor 21 is working normally,
if a turning levgr signal a whihc is generated by the
turning lever signal trnasmitter 1 and which is a neutral
position signal "1" is inputted to the input side of the
microprocessor 21, the microprocessor 21 will output a
signal ¢, which is a normal signal "1", to the watchdog
23. As a result, the watchdog 23 will also output a
signal d which is a normal signal "1", so that the
microprocessor 21 is not reset. Thus, the microprocessor
21 will output a signal b, which is representative of
the result of operation by the microprocessor, to one
input side of AND circuit 24. At that time, AND circuit
24 will receive at its another input side the output
signal d (which is a normal signal "1") from the
watchdog 23, so that AND circuit 24 will output a signal
£f which is representative of the result of operation by
the microprocessor 21.

Whilst, NOR circuit 25 will output a signal g which
is an abnormal signal "0", since the.output signal d from
the watchdog 23 is a normal signal "1". As a result,

OR circuit 26 will receive an output signal £ from the

AND circuit 24, i.e. the result of operation by the
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microprocessor 21 and output a signal h so that the
truning brake actuator means 3 will be controlled in
accordance with the result of operation by the micro-
processor 21.

Next, the operation of the controlling system when
the microprocessor 21 mulfunctions will be described.

Since the output signal ¢ from the micro-processor
2l is not a normal signal "1" when the microprocessor 21
malfunctions, the watchdog 23 will output a signal d
whcih is an abnormal signal "0". As a result, the

microprocessor 21 will be reset by the abnormal signal

d. At that time, since an abnormal signal "0" form the

watchdog 23 is input to one input side of AND circuit 24,
the latter will output.a signal £ which is an abnormal
signal "0". Fruther, a turning lever signal "a" is then
outputted by the turning lever signal transmitter 1. The
turning lever signal a is delayed several seconds by the
delay circuit 22 and is outputted by the latter as a
signal e. At that time, since the signal d, which is an
abnormal siganl "0", from the watchdog 23 is input to an
input side of NOR circuit 25, the latter will output or
transmit a signal g (which is an inverﬁed signal)
corresponds to the output siganl e from the delay circuit

22.

- 10 -
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At that time, since OR circuit 26 will receive, at
its one input side, a singal £, which is an abnormal
signal "0", form the AND circuit 24, the OR circuit 26
will invert the signal from the turning lever signal
transmitter 1 and output a signal h the transmission of
which is delayed by several seconds by teh delay
circuit 22. Thus, the turning brake actuator means 3
will be controlled in accordance with the inverted signal
h.

Subsequently, the second embodiment of the present
invention will be described with reference to Fgis. 2
and 4.

In Fig. 2, the components indicated by the same
reference numerals and reference symbols as those used in
Fig. 1 have the same functions, and therefore the
description thereof is omitted herein to avoid the
duplication of explanation.

In Fig. 2, reference numeral 20 denotes a turning

brake controlling system arranged in the dame configuration

as those of this sort of conventional controlling systems
and adapted, when a turning lever (not shown) is shifted
from it turning position to its neutral position,

to receive a turning lever signal a transmitted by the
turning lever signal transmitter 1 and output or

transmit a turning brake actuating signal to the turning

- 11 -
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brake actuator means 3.

Referencg numeral 5 denotes a F/V converter adapted
to receive, as an input thereof, a pulse signal i from a
truning speed sensor 4 which picks up the rotation of a
truning motor (not shown) for turning the upper turning
body of a power shovel, not shown, and convert the pulse
signal i into a voltage corresponding to the frequency
thereof so as to output a variable voltage signal jJ.
Reference numeral 6 denotes a reference voltage source
or generator means adapted to generate a reference
voltage signal v for defining the minimum turning speed
of the upper turning body.

The turning brake controlling system 20 in the
second embodiment comprises a turning brake signal
transmitter 201 adapted to receive a turning lever signal
a which is outputted by the turning lever sigﬁéi'tfans—
mitter 1 and output a turning brake signal b a pre=
determined time after the turning lever is shifted from
its turning position to its neutral position; a
comparator 202 adapted to receive, as inputs thereof, the

variable voltage signal i from the above-mentioned F/V

converter 5 and the reference signal voltage signal v from

the reference voltage generator means 6, compare these
signals and output a comparison signal k, a NAND circuit

203 adapted to receive, as inputs thereof; the comparison

- 12 -
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signal k and the’ turning lever signal a; and an AND
circuit 204 adapted to receive, as inputs thereof, a NAND
signal & from NAND circuit 203 and the turning brake
signal b from the aforementioned turnign brake siénal
transmitter 201, and output an AND signal h (turning
brake actuating signal) to the turning brake actuator
means 3 in accordance with the signals £ and b.

Next, the operation of the second embodiment having
the above-mentioned configuration will be described.

The turning lever signal a2 transmitted by the
turning lever signal transmitter 1 is a binary signal.
which is either "0" or "1". Since the signal a is "0O"
when the upper turning body of a power shovel, not shown,
is turning, NAND circuit 203 will output a normal signal
"1l" as a NAND signal &, irrespective of the nature of the
comparison signal k from the comparator 202. Whilst, at
that time, since the turning lever signal a is an abnormal
signal "0", the turning brake signal b transmitted by the
turning brake signal transmitter 201 will become a normal
signal "1" which is a brake release signal. Thus, the
NAND circuit 204 will receive the turning brake signal
b and the NAND signal &, both of'which are "1" and
output a turning brake actuating signal h, which is a
turning brake release signal "1l", to the turning brake

actuator means 3.

- 13 -
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In the next place, the operation of this turning
brake controlling system when the turning brake is
actuated will be described with reference to the timing
diagram as shown in Fig. 3.

When the turning lever signal a is changed from "0"

to "1"; that is; when the turning lever, not shown, is

shifted from its turning position to its neutral

position, the voltage signal ] from the F/V converter 5
will reduce in accordance with a reduction in the turning
speed of the upper turning body. When the signal bl
becomes less than the reference voltage signal v from the

reference voltage generator means 6 a time t. after the

2
turning lever signal a has changed, the comparison
signal k from the comparator 202 is changed from "0" to
"1". The time t, at that time is preset irrespective of
a delay time t, for the turning brake signal b from the
turning brake signal transmitter 201.

When the comparison signal k becomes "1", both the
signals a and k which are inputted to NAND circuit 203
become "1", so that the NAND signal L becomes "0", and
hence the AND signal h from AND circuit 204 becomes "0O"
thereby rendering the turning brake aetuator means 3
operative.

When the turning lever signal a is changed from "1"

to "0", the turning brake signal b, the NAND signal i,

- 14 -
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and the AND signal h are changed from "0" to "1" at the
same time, thereby releasing the turning brake.

Further, in case the turning speed of the upper
turning body is high; that is to say; the voltage”signal
J from the F/V converter is high, and when the turning

lever is shifted to its neutral position, a time t., which

3
passes until the voltage singal j becomes less than the
reference voltage signal v will become longer than the
delay time tl for the turning brake signal b, as shown
on the right side in Fig. 4. 1In this case, the time
which passes from the shifting of the turning lever to
its neutral position until the turning brake is actuated

will become longer than the above-mentioned delay time

tl'
Further, if the turning brake signal b from the
truning brake signal transmitter 201 becomes "0" before

the NAND signal % becomes "0", then the AND signal h

becomes "0" thereby rendering the turning brake operative.

As mentioned hereinabove, when the turning lever is
shifted from its turning position to its neutral position
and the turning speed of the upper turning body becomes
less than a preset value, the turning'brake is actuated
even if it occurs wihtin the delay time for the turning

brake.

Next, the third embodiment of the present invention

- 15 -
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will be described with reference to Figs. 3 and 5.
Further, in this third embodiment, the same components

as those of the second embodiments as shown in Fig. 2 are
indicated by the same reference numerals and reference
symbols, the description of them is omitted to avoid

the duplication of explanation.

In Fig. 3, reference numeral 30 dentoes a turning
brake controlling system which is similar to the system -
20 as shown in Fig. 2. The turning brake controlling
system 30 includes an integrator 301 adapted to
integrate a turnign lever signal 2 which is outputted by
a turning lever signal transmitter 1; a sample holding
circuit 302 adapted, when it receives the turning lever
signal a; that is to say; the moment the turning lever
is shifted from its turning position to its neutral
position, to hold a voltage signal J which is outputted by
a F/V converter 5 in accordance with the turning speed of
the upper turning body at that time; a comparator 303
adapted to receive, as inputs thereof, a sample hold
signal m which is outputted by the sample holding circuit
302 and a turning brake signal b' which is outputted by
the integrator 301, compare these signals and output a
comparison signal n; and a NAND circuit 304 adapted to
receive, as inputs thereof, the turning lever signal a

and the comparison signal n and output a turning brake

- 16 -
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actuating signal h to a turning brake actuator means 3
in accordance with the signals a and n.
In the above-mentioned configuration, since_the
turning lever signal a which is outputted when the upper
turning body is turning is "0", NAND circuit 304 will

output a turning brake release éignal, which is "1"
irrespective of the comprarison signal n from the
comparator 302, to the turning brake actuator means 3.

Next, the operation of the system when the turning
brake is actuated will be described with reference to the
timing diagram as shown in Fig. 5.

When the turning lever signal a is changed from "0O"
to "1"; that is to say; a turning lever, not shown, is
shifted from its turning position to its neutral
position, the output of the integrator 301; that is to
say; an integration signal b' will gradually change
with time from "0" to "1". At that time, the sample
holding circuit 302 will hold an output of the F/V
converter when the turning lever signal a is changed from
"0" to "1"; that is; a voltage which is proportional to
the turning speed of the upper turning body when the
turning lever is shifted from its turﬁing position to
its neutral position, and output a sample hold signal m
accordingly. The comparator 303 serves to compare always

the integration signal b' with the sample hold signal m,

- 17 -
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and output a comparison signal n which is "1", when the
output of the integration signal b' is increased and
exceeds the voltage held by the sample holding circuit
302 a time ty after the turning lever signal a is
changed from "0" to "1". Since the turnign lever

signal a is "1", the NAND signal h becomes "0" when the
comparison signal n has become "1", and as a result, the
turning lever actuator means 3 is renderedloperative.

As mentioned hereinabove, the turning brake
actuator means is actuated after a delay time which
corresponds to the turning speed of the upper turning body
when the turning lever is shifted from its turning

position to its neutral position.

- 18 -
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WHAT IS CLAIMED IS:

1. A turning brake controlling system for use in an
upper turning body of a power shovel arranged to receive,
as an input thereof, a turning lever signal outputted by
a turning lever signal transmitter when the turning lever
is shifted from tis turning position to its neutral
position and output a turning brake actuating signal to a
turning brake actuator means, comprising: a micro-
processor for transmitting a turning brake acfuating
signal to the turning brake actuator means; a micro-

processor monitoring means for monitoring the operation

of the microprocessor; a hardware circuit connected in

péraliéi QithTtﬁe microproceséor anarwhiéhxéﬁiffiis a
function corresponding to the arithmetic function of

the microprocessor; and a switching circuit for
switching output of the microprocessor over-to:outfput of
said hardware circuit in accordance with the ééiagéion
of said microprocessor monitoring means.

2. A turning brake controlling system for use in a
power shovel as claimed in claim 1, characterized in
that said microprocessor and/or hardware circuit includes
a turning speed detector means adapted to detect the
turning speed of the upper turnign body when the

turning lever is shifted from its turning position to
its neutral position and the subsequent speeds thereof

and output a turning speed signal corresponding to the
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thus detected turning speed; and a turning brake'signal
generator means adapted to receive, as inputs thereof, the
turning speed signal outputted by the turning speed
detector means and the turning lever signal outpuéted by
the turning lever signal transmitter and output a turning
brake.signal to the turning brake actuator means.

3. A turning brake controlling system for use in a

power shovel, characterized in that siad turning brake
signal generator means is arranged to output a turning
brake signal when said turning speed signal becomes less
than a preset value.

4. A turning brake controlling system for use in a

power shovel as claimed in claim 2, characterizéd in

that said turning brake signal generator means is arranged
to output a turning brake signal in a delay time which is
presetn in accordance with the value of said turning
speed signal.

5. A turning brake controlling system for use in a power
shovel as claim in claim 3, characterized in that said
turning speed detector means includes a turning speed
sensor adapted to detect the turning speed of the upper
turning body of the power shovel and 6utput a turning
speed signal corresponding to the detected turning

speed, and a F/V converter adapted to receive the

turning speed signal from the sensor and convert it into

- 20 -
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a voltage signal to be outputted thereby; said tﬁrning
brake signal generator means includes a turning brake
signal transmitter adapted to receive the runing lever
signal outputted by the turning lever signal transmitter
and oﬁtput a turning brake signal a preset time after the
turning lever is shifted from its turning position to its
neutral position, a reference voltage generator means
adapted to generate a reference voltage signal for
defining the minimum turning speed of said upper turning
body, a comparator adapted to receive, as inputs. thereof,
the voltage signal from said F/V converter and said
reference voltage signal, compare these voltage signals
and output a comparison signal, a NAND circuit adapted to
receive, as inputs thereof, the comparison signal and
said turning lever signal and output a NAND signal, and
an AND circuit adapted to receive, as inputs thereof, the
NAND signal and the turning brake signal from said
turning brake signal transmitter and output an AND signal
which corresponds to these signals to said turning brake
actuator means.

6. A turning brake controlling system for use in a power
shovel as claimed in claim 4, characterized in that said
turning speed detector means includes a turning speed

sensor adapted to detect the turning speed of the upper

- 21 -
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turning body of the power shovel and output a tufning
speed signal corresponding to the detected turning speed,
and a F/V converter adapted to receive the turning speed
signal from the sensor and convert it into a voltage
signél to’be outputted thereby; and said turning brake
signal generator means includes an integrator adapted to
integrate the turning lever signal outputted by the
turning lever signal transmitter and output an
integration signal, a sample holding circuit adapted to
receive, as an input thereof, the turning lever signal
the moment said turning le&er is shifted from its turning
position to its neutral position and hold the voltage
signal from the F/V converter which is outputted in
accordance with the turning speed of the upper turning
body at that time, a comparator adapted to receive, as
inputs thereof, the sample hold signal outputted by

the sample holding circuit and the integration signal
outputted by said integrator, comparé them and output a
comparison signal, and a NAND circuit adapted to receive,
as inputs thereéf, said turning lever signal and said
comparison signal and output a NAND signal which
corresponds to these signals to said turnign brake

actuator means.

- 22 -
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