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(2) WORKING MACHINE FOR CONSTRUCTION VEHICLES AND METHOD OF OPERATING SAME.

F
<@ A working machine for construction vehicles,
™ which is capable of being folded compactly when it
is at rest and being converied into operational con-
dition easily when it is to be operated, without requir-
o7ing any special apparatus; and a method of operat-
ming the same working machine. This working ma-
chine is provided with a boom divided into first and
second boom members, an arm connected pivotably
Qi to the front end portion of the second boom mem-
LWiber, a bucket connected pivotably to the front end
portion of the arm, and aplurality of hydraulic cyi-
inders for driving these elements. The first boom

member (12) is supported pivotably on one side of
the base end portion thereof on a predetermined
portion (13) of a chassis (10), and at a front end
portion (15) thereof on one side of the base end
portion of the second boom member (14). The first
boom member (12) is adapted to be turned verticalty
by a first boom cylinder (17) which is supported
pivotably at its base end portion on another pre-
determined portion (18) of the chassis, and at its
front end section on a predetermined portion (20) of
the front end section of the first boom member, the
posture of the second boom member with respect to

Xerox Copy Centre



EP 0 399 043 At

the first boom member being maintained by a re-
tainer means (A).
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DESCRIPTION

-

WORKING MACHINE FOR CONSTRUCTION VEHICLES
AND METHOD OF OPERATING THE SAME

Technical Field of the Invention

The present invention relates to a working machine
which comprises a boom, an arm and a bucket and which is
mounted on a construction vehicle, for example, a power
shovel, and to a method of operating the same; More
particularly, the present invention relates to a working
machine which is capable of being folded compactly when it
is at rest and being changed intc an operational position
easily when it is to be operated, without required any

special apparatus.

Background Art of the Invention

One example of the prier art of this type of working
machine is disclosed in Japanese Patent Laid-Open (RORAI)
No. 56-150235, |

The conventional working machine is, as shown in
Figs. 1 and 2, arranged such that the proximal end portion

of a first boom cylinder 3 is plvotably supported on a bell

L X

crank 4 that is pivotably supported on a chassis 1 through a

bracket 2, and the bell crank 4 is driven by a bell crank



EP 0 399 043 At

Ccylinder 5, thereby folding the working machine in a compact
form. In other words, in order to pivot the proximal end
poriion of the first boom cylinder 3 in such a manner that
no dead point will occur in the link mechanism, it ig
necessary to provide not only the bell crank 4 and the bell
crank cylinder 5 but also a hydraulic circﬁit.means,
including a valve and other elements, for controlling the
bell crank cylinder 5. Accordingly, the number of parts
increases and the structure becomes complicated, and the
production cost alsc rises. 1In addition, the operation of
the working machine also becomes complicated, and a failure
is likely to occur. Thus, the prior art involves various
problems.

It should be noted that the above-mentioned dead point
is a position of the 1link mechanism in which the pivot point
at which the first boom member and the distal end portion of
the first boom cylinder are connected pivotably to each ,
other, the pivot point at which the proximal end portion of
the first boom member is pivotably attached to the chassis
and the pivot point at which the proximal end portion of the
first boom cylinder ig pPivotably attached to the chassis
align with each other in a straight line during a pivoting
motion of the first boom cylinder. When this position
©ccurs, no hydraulic pressure from the first boom cylinder

acts to the outside. 1In other words, the first boom
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cylinder cannot function as a driving member. In this

application, the term "dead point™ is used in the sense of

the above.

Summary of the Invention

Tn view of the above-described circumstances, 1t is a
first object of the present invention to provide a working
machine for construction vehicles which has a relatively
simple arrangement with a reduced number of parts, in which
the dead point in éhe link_mechanism including the first
boom cylinder is positively utilized to pivot the proximal
end portion of the first boom cylinder without providing a
bell crank, a bell crank cylinder and a hydr;ulic-circuit‘
means for controlling the bell crank cylinder, thereby
lowering the production cost and making the working machine
unlikely to have a failure.

It is another object of the present invention to
provide a method of operating a working machine, wherein the
operation is remarkably simplified by positively utilizing
the dead point in the link mechanism including the first
boom cylinder. |

To attain the first object, according to a first mode
of the present invention, there is provided a working
machine for construction vehicles having a boom that is

divided into first and second boom members, which are
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connected to a chassis in the mentioned order, an arm that
is pivotably cqnnected to the distal end portion of the
second boom member, one arm cylinder that i; pivotably
connected between the proximal end of the arm and a
predetermined position of the second boom member, a bucket
that is pivotably attached to the distal end of the arm, a
bucket cylinder that is pivotably connected between the
proximal end of the bucket and a predetermined position of
the arm, and a bucket retainer that is provided on the
forward end portign of the chassis, wherein the improvement
comprises: the first boom member which is vertically
pivotably supported at one side of the proximal end thereof
on a predetermined position of the chassis through a
bracket, the first boom member being pivotably connected at
the distal end thereof to one side of the proximal end of
the second boom member so that the second boom member is
pivotable vertically; a first boom cylinder which is
pivotably supported at the proximal end thereof on another
predetermined position of the chassis through another
bracket, and at the distal end thereof on the distal end of
the first boom member, to pivot the first boom member
vertically; and a retainer means which is connected between
the first and second boom members for maintaining the second
boom member in a raised position with respect to the first

boom member.
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According to a second mode of the present invention,
thete is provided a working machine according to the first
mode, wherein ﬁhe retainer means is a seconé boom cylinder
which is pivotably connected between the respective other
gides of the proximal end portions of the first and second
boom members.

According to a third mode of the present invention,
there is provided a working machine according to the first
mode, wherein the retainer means is a second boom cylinder
which is pivotablj connected between the respective-other
sides of the proximal end portions of the f£irst and second
boom members, and the first boom cylinder has a dead point
which is rearward of a position where the first boom
cylinder assumes an operational position so that when the
first boom cylinder reaches the dead point, the center of
gravity of the working machine is atra position which is
closer to the forward end of the chassis than the pivet
point at which the first side of the proximal end portion of
the first boom member is pivotably attached to the chassis.

According to a fourth mode of the present invention,
there is provided a working machine according tec the first
mode, wherein the retainer means is one or a plurality of
pin members which are inserted into a pin bore that is
formed in the other side of the distal end portion of the

first boom member and a pin bore that is formed in the other
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side of the proximal end portion of the second boom member,
wheh these two pin bores are aligned with each other.

To attain the second object of the present invention,
according to a £ifth mode of the present invention, there is
provided a method of operating the working machine according
to the third mode, wherein the first boom cylinder is caused
tc move beyond the dead point by making use of the hydraulic
pressure from each of the cylinders, and gravitational force
and inertia force, which act on the working machine.

To attain the second object, according to a sixth mode
of the present invention, there is provided a method of
operating the working machine according to the third or
fourth mode, wherein the first boom cylinder is caused to
move beyond the dead point by making use of the hydraulic
pressure from each of the cylinders, gravitational force and
inertia force, which act on the working machine, and
counterforce f£rom the bucket retainer.

According to a seventh mode of the present invention,
there is provided a method of operating the working machine
according to the Zifth mode, which comprises the steps of:
contracting the second boom cylinder to raise the second
boom member; expanding, after the second boom member has
been raised, the £irst boom cylinder to raise the first boom
member; bringing, after the first boom cylinder has reached

the vicinity of tke dead point, the first boom cylinder into
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a floating state and contracting the first boom cylinder,
thué enabling the wofking machine to be brought to an
operational poéition by pivoting force thatdis caused by
gravity and hydraulic pressure from the first boom cylinder
and maintained in the operational position by the operation
of the second boom cylinder; expanding, after completion of
work, the first boom cylindér and, at the same time,
contracting the second boom cylinder to move the first boom
member to near the dead point of the first boom cylinder;
bringing, after tﬁe first boom cylinder has reached the
vicinity of the dead point, the first boom cylinder into a
floating state or contracting the same so that the first
boom member is moved toward the rear end of the chassis
beyond the dead point of the first boom cylinder by the
gravitational force and inertia force, which act on the
working machine, and the working machine is held at a
predetermined rearward position of the chassis by the first
boom cylinder; and contracting the first boom cylinder and,
at the same time, expanding the second boom cylinder, to
fold the first and second boom members.

According to an eighth mode of thé present invention,
there is provided a method of operating the working machine
according to the-sixth mode, which comprises the steps of:
bringing the second boom cylinder into a floating state and

expanding the first boom cylinder to raise the first boom
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member to near the dead point of the first boom cylinder;
expanding and contracting, after the first boom cylinder has
reached the vicinity of the dead point, the bucket cylinder
to ensure the retaining of the bucket by the bucket retainer
and, at the same time, expanding the arm cylinder with kthe
first and second boom cylinders being brought into a
floating state; further raising the first boom cylinder
beyond the dead point by making use of the counterforce from
the bucket retainer, hydraunlic pressures from the bucket
cylinder anq the arm §ylinder, or gravitational force and
inertia force, which act on the working machine, thereby
bringing the working machine to an operational position;
expanding and contracting, after completion of work, the
bucket cylinder to retain the bucket on the bucket retainer,
and expanding the first boom cylinder and contracting the
arm cylinder, with the second boom cylinder being brought
into a floating state, to move the first boom member to near
the dead point of the first boom cylinder; and gradually
bringing, after the first boom member has passed the dead
point of the first becom cylinder by the gravitational or
lnertia force acting on the working machine, the first and
second boom cylinders into a floating state, or contracting
the first boom cylinder and expanding the second boom
cylinder, to fold the first and second boom members by

making use of the gravity of the working machine.

.
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According to a ninth mode of the present invention,
thefe is provid;d a method of operating the working machine
according to the sixth mode, which comprises the steps of:
expanding the first boom cylinder to raise the first boom
member to near the dead pecint of the first boom cylinder;
expanding and contracting, after the first boom cylinder has
reached the vicinity of the dead point, the bucket cylinder
to ensure the retaining of the bucket by the bucket
retainer, and bringing the first boom‘cylinder into a
floating state ana, at the same time, expanding the arm
cylinder; further raising the first boom cylinder beyond. the
dead point and tilting the first boom member toward the
forward end of the chassis by making use of the counterforce
from the bucket retainer, hydraulic pregsures from the
cylinders, or gravitational force and inertia force, which
act on the working machine; expanding and contracting the
arm cylinder to align a pin_bore that is formed in the other
side of the distal end portion of the first boom member and
a pin bore that is formed in the other side of the proximal
end portion of the second boom member; inserting, after the
two pin bores have been aligned with each other, one or a
plurality of f£ixing pins into the pin bores to maintain an
operational position of the working machine; actuating,
after completion of work, all the cylinders to retain the

bucket on the bucket retainer; finely expanding and
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contracting, after the bucket has been retained, the first
booﬁ cylinder to remove the fixing pins; expanding, after
the fixing éins have been removed, the first boom cylinder
and the bucket cylinder while retaining the bucket on the
bucket retainer by expanding the arm cylinder, to move the
first boom member to near the dead point of the first boom
cylinder; and gradually bringing, after the first boom
member has passed the dead point of the first boom cylinder
by the graviational or inertia force acting'dn the working
machine, the firs£ boom cylinder into a floating state to
fold the first and second boom members by making use-of the
gravity of the working machine.

It should be noted that the above-described "floating
state”™ of a cylinder is a state wherein no hydraulic
pressure acts on the cylinder, which occurs when each of the
ports at the rcd and bottom sides of the cylinder is
communicated with a tank, for‘example. In the present
application, this term is used in the sense of the above in
the following description.

The above and other objects, modes and advantages of
the present invention will become apparent to those skilled
in the art from the following description of preferred
embodiments whick are conformable to the principle of the
present invention, taken in conjunction with the

accompanying drawings.
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Brief Description of the Drawings

Figs. 1 and 2 show a prior art, Fig. ldbeing a
schematic side view of a power shovel which is equipped with
a conventional working machine, and Fig. 2 being a view that
is employed to explain an operation of the conventional
working machine that is shown in Fig. 1;

Fig. 3 is a schematic side view of a construction
vehicle which is eguipped with a working machine as being a
first embodiment of the preéent invention;

Fig. 4 is a diagram showing a hydraulic control circuit
which relates to hydraulic cylinders for driving the-working
machine according to the present invention;

Figs. 5 to 8 are views which are employed to explain an
operation of the working machine that is shown in Fig. 3;

Fig. 9 is a fragmentary schematic view of a‘working
machine as being a second embodiment of the present
invention;

Figs. 10 and 11 are views which are employed to explain
another operation of the working machine that is shown in
Fig. 33

Fig. 12 is a schematic side view of a construction
vehicle which is equipped with a working machine as being a

third embodiment of the present invention; and

Figs. 13 and 14 are views which are employed to explain

an operation of the working machine that is shown in

11



EP 0 398 043 A1

Fig. 12,

Detailed Descriptions of Preferred Embodiments

The present invention will be described below in more
detail in conjunction with Figs. 3 to 14 in the accompanying
drawings. »

In Fig. 3, which shows a first embodiment of the
present invention, reference numeral 10 denotes a chassis,
which is ptovided with a mounting bracket 1l1. The proximal
end portion of a first boom member 12 is vertically
pivotably attached toc the mounting bracket 11 throuth a pin
member 13. The proximal portion of a second boom member 14
is attached vertically pivotably to the distal end portion.
of the first boom member 12 through a pin member 15. To the
chasslis 10 are secured brackets 16 which are located at the
left and right sides, respectively, of the first boom member
12. The proximal end portion of a first boom cylinder 17 is
connected to these brackets 16 through a pin member 18, and
@ piston rod 19 of the first boom cylinder 17 is connected
to the upper portion of the first boom member 12 through a
pin member 20,

A Dbracket 21 1is provided at the rear side of the
proximal portion of the first boom member 12. The proximal
end portion of a second boom cylinder 22, which serves as a

retainer zmeans "A" for the second boom member 14, is

12
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connected to the bracket 21 through a pin member 23, and a
piston rod 24 of the second boom cylinder 22 is connected to
the.prcximal end portion of the second boom member 14
through a pin member 25.

An arm 26 is vertically pivotably‘attached at the lower
side of its proximal portion to the distal -end portion of
the second boom member* 14 through a pin member 27. A
bracket 28 is provided on the proximal porticn of the second
boom member l14. The proximal end portion of an arm cylinder
29 is connected to the bracket 28 through a pin member 30,
and a piston rod 31 of the arm cylinder 29 is connecﬁed to
the proximai end portion of the arm 26 through a pin member
32. '

A bucket 33'is pivotably attached to the distal end
portion of the arm 26 through a pin member 34. One end
portion of a link 36 is—connected to a rear bracket 35 of
the bucket 33, and one end portion of a link 37 1s connected
to the distal end portion of the arm 26. A -bracket 38 is
provided on tﬂe proximal portion of the arm 26. The
proximal end portion of a bucket cylinder 39 is connected to
the bracket 38 through a pin member 40, and a piston rod 41
of the bucket cylinder 39 is connected to the joint of the
other end portions of the links 36 and 37 through a pin

member 42.

It should be noted that an element which is denoted by

13
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reference numeral 43 at the lower side of the forward end
portion of the chassis is a bucket retainer for retaining
the.bucket 33 when the working machine is folded.

. Fig. 4 shows a hydraulic control circuit which relates
to the hydraulic cylinders for driving the working machine
of the present invention. Since this hydraulic control
circuit is the same as the one which has heretofore
generally been employed to operate this type of working
machine, detailed description thereof is omitted.

An operation of the working machine that is shown in
Fig. 3 will next be explained in conjunction with Fig. 3 and
Figs. 5 to 8, which illustrate in combination an operation
of the working machine.

Fig. 3 is a side view of the working machine that is
folded compactly in such a condition that the first boom
cylinder 17 is pivoted t$ a position below the pivot point
13 at which the proximal end portion of the first bocm
member 12 is pivotably attached to the chassis 10, and with
the second boom cvlinder 22 being expanded and the arm
cylinder 29 being contracted so that the second boom member
14 and the arm 26 are substantially parallel to each other,
the bucket 33 is retained by the bucket retainer 43 on the
chassis 10 by the operation of a bucket actuating apparatus.

When the worxing machine that is in a folded position

such as that shewn In Fig. 3 is to be unfoclded into an

14
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operational position, the second boom cylinder 22 is
contracted to raise each of the elements of the working
machine which are closer to the distal end of the machine
: thah the second boom member 14, as shown in FPig. 5.

Subsequently, the first boom cylinder 17 ié expanded.
In consequeﬁce, the first boom member 12 rises in such a
manner as to plvot upwardly, and the center of gravity G of
the working machine alsc moves forwardly. However, since
the ratio of the pivoting force'applied.to the first boom
member 12 to the thrust from the first boom cylinder 17
decreases, the hydraulic pressure in the first boom.éylinde:
12 rises to reach a set relief pressure, so that the
pivoting of the first boom member 12 is suspended. At this
time, however, the second boom cylinder 22 is actuated so
that the center of dgravity G of the working machine moves to
a position which is forward of the pivot point 13 at which
the proximal end portion of the first boom member 12 is
pivotably attached to the chassis 10.

It should be noted that, if the center of gravity G of
the working machine has already moved to a position which is
forward of the pivot point 13 before the hydraulic pressure
in the first boom cylinder 17 reaches the set relief
pressure, the second boom cylinder 22 need not be actuated.

It is also possible to move the center of gravity G of

the working machine to a position which is forward of the

15
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pivot point 13 by making use of the inertia force acting on
the working mackine while the pivoting force applied to the
£first boom member 12 is sufficiently large relative to the
thrust from the first boom cylinder 17.

if, ig the above~described state, the f£irst boom
cylinder 17 is brought into a floating state, the working
machine further pivots forwardly by gravity, as shown in
Fig. 6, and consequently the first boom cylinder 17 passes
the pivot point 13. Thereafter, thé working ﬁachine assumes
an operational pﬁsition, as shown in Fig. 7, so that it is
possible to perZorm work by an operation which is similar to
that in the prior art.

The following is a description of an-operation that is
conducted to fold the working machine which is in an
operational position. If the first boom cylinder 17 is
expanded and the second boom cylinder 22 is contracted when
the working machine is in the operational position that is
shown in Pig. 7, the section of the working machine that is
closer to the distal end than the second boom member 14
rises, and the Zirst boom member 12 pivots rearwardly, so
that the center of gravity G of the working machine moves
rearwardly and its position approaches that shown in Fig. 6.

However, a3 the first boom cylinder 17 comes closer to
the pivot point 13, the ratio of the pivoting force applied

to the first Scom member to the thrust from the first boom

1lé
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cylinder 17 decreases. Accordingly, the hydraulic pressure
inlthe £irst boom cylinder rapidly rises to reach the set
relief pressure, thus causing the pivoting of the first boom
member 12 to be suspended. At this time, however, the
second boom cylinder 22 is contracted so that the center of
gravity G of the working machine moves to a position which
is rearward of the pivot point 13, as shown in Fig. 8.

Tt should be noted that, 1f the center of gravity G of
the working machine has already moved to a position which is
rearwvard of the pivot point 13 before the hydraulic pressure
in the first boom cylinder 17 reaches the set relief
pressure, the second boom cylinder 22 need not be
contracted.

Tt is also possible to move the center of gravity G of
the working machine to a positlon which 1s rerward of the
pivot point 13 by making use of the inertia force acting on
the working machine while the pivoting force applied to the
first boom member 14 is sufficiently large relative to the
thrust from the first boom cylinder 17.

1f, in the above-described state, the first boom
cylinder 17 is brought into a floating state, the working
machine pivots rearwardly by gravity and consequently the
first boom cylinder 17 passes the pivot point 13, resulting
in the working machine assuming a position such as that

shown in Fig. 3.

17
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Thereafter, the working machine can be brought into the
folded position.that is shown in Fig. 3 by the operation
that has been described at the beginning of this embodiment.

Fig. 9 shows a second embodiment of the present
invention. In this embodiment, the point 20 at which the
piston rod 19 of the f£irst boom cylinder 17 is pivotably
attached to the first boom member 12 is om the pin member 15
that connects together the first boom member 12 and the
second boom member 14. The:other arrangements and operation
of this embodiment are the same as those of the first
embodiment of the present invention, and the method of
operating the second embodiment is also the same as that for
the first embodiment. Detailed description thereof is |
therefore omitted.

Figs. 10 and 11 are views which are employed to explain
another method of operating the above-—described first
embodiment.

In the second operating method, when the working
machine is changed from a folded position to an operational
position, or vice versa, counterforce from the bucket
retainer 43 is also utilized in addition to the hydraulic
pressure from each cylinder and the inertia force resulting
from the gravity that acts on the working machine, while
ensuring the retaining of the bucket by the bucket retainer

43.

18
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A3 has been described above, the first boom cylinder l%
in‘;he present invention has "dead point in, the link
mechanism", which will be explained below. That is, the
 pivot point 20 at which the first boom member 12 and the
distal end_portion of the first boom cylinder 17 are
connected pivotably to each other, the pivot point 13 at
which one side of the proximal end portion of the first boom
member 12 is pivotably attached to the chassis 10 and the
pivot point 18 at which the proximal end portion of the
first boom cylinéer 17 is pivotably attached to the chassis
lo'align with each other in a straight line C during a
pivoting motion of the first boom cylinder 17. The position
B on the straight line C of the pivot point 20 at which the
distal end portion of the first boom cylinder 17 is
pivotally attached is called the dead point of the first
boom cylinder 17.

Tt should be noted that the border line beyond which
the center of gravity G of the working machine moves
forwardly of the chassis 10 to 2 position which is forward
of the pivot point 13, at which the proximal end portion of
the first boom member 12 is pivotally'attached to the
chassis 10, in the above-described first operating method of
the first embodiment is, needless to say, equivalent to the
dead point B.

The operating method that is shown in Figs. 10 and 11

19
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is as follows:
(1) From the folded position to near the dgad point B:

' With the second boom cylinder 22 being brought into a
floating state, the first boom cylinder l7ris expanded to
raise the first boom member 12 to near the dead point B of
the first.ﬁbom cylinder 17.

(2) From near the dead point B to an operational position:
The distal end portion of the bucket 33 is retained on
the bucket retainer 43 by expanding and contracting the
bucket cylinder 39, and at the same time as the first and
second boom cylinders 17 and 22 are brought into a floating
state, the arm cylinder 29 is expanded to cause the first
boom member to further rise beyond the dead ?oint. Thus,
the working machine assumes an operational position.
(3) From the operational position to near the dead point B:
| The distal end portion of the bucket 33 is retained on
the bucket retairer 43 by expanding and contracting the
bucket cylinder 39, and with the second boom cylinder 22
being brought into a floating state, the first boom cylinder
17 is expanded and, at the same time, the arm cylinder 29 is
contracted to lower the first boom member 12 to near the
dead pdint.
(4) From near the dead point B to the folded position:
After the Zirst boom member 12 has lowered to near the

dead point B, all thae cylinders are gradually brought intsc a

20
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floating state, or the second boom cylinder 22 is brought
into a floating state and the first boom cylinder 17 is
con£racted, thereby enabling the working machine to return
to the folded position by gravity or by a.éombination.ot the
gravity and the hydraulic pressure from the £irst boom
cylinder l%.

A third embodiment of the working machine -according to
the p:esent invention is shown in Fig. 12. Unlike the first
and second embodiments in which the second boom cylinder 22
is employed as a ?osition retaining means A for the second
boom member 14, the third embodiment employs as a pésition
retaining means A for the second boom member 14 one or a
plurality of f£ixing pins 45 which are inserted into a pin
bore 25a that is bored in the other side of the distal end
portion of the first boom member 12 and a pin bore 44 that
is bored in the other side of the proximal end portion of
the second boom member l4a, when these pin bores 23a and 44
align with each other. .

A method of operating the third embodiment will be
explained below in conjunction with Figs. 12 to 14.

{1) From the folded position toc near the dead peint B:
The first boom cylinder 17 is expanded to raise the first

boom member 12 to near the dead point.
(2) From the dead point B to an cperational position:

The bucket cylinder 33 is expanded and contracted to

21
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retain the distal end portion of the bucket 33 on the bucket
retgine: 43, and while doing so, the first boom cylinder 17
is brought into a floating state and, at the same time, the
arm cylinder 29 is expanded to cause the first boocm member
12 to furtber rise beyond the dead point B.

(3) Retaining of the position of the second boom member 14:

The pin bore 25a that is bored in the second side of
the distal end portion of the first boom member 12 and the
pin bore 44 that is provided in the.second side of the
proximal end portion of the second boom member 14 are
aligned with each other by finely actuating the firét boom
cylinder 17, and the fixing pin(s) 45 is inserted into the
two pin bores aligned with each other by a manual operation.
Thus, the position of the second boom member 14 is
maintained by the first boom member 12 that i1s held by the
first boom cylinder 17.

{(4) Cancellation of the retaining of the position of the

second boom membef 14:

After the distal end portion of the bucket 33 has been
retained on the bucket retainer 43 by expanding and
contracting all the hydraulic cylinders, the fixing pin(2)
45 1is loosened by finely éctuating the first boom cylinder
17 and then removed by a manual operation. Thus, the first
boom member 17 and the second boom member 14 become

plvotable relative to each other.
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(5) From the operational position to near the dead point B:

The ‘first boom cylinder 17 and the»bucget:cylindo: 39
are expanded and the arm cylinder 29 is also expanded to
retain the distal end portion of the.buckeﬁ.33 on. the bucket
retainer 43 and pivot the £irst boom member 12 to near the
dead point.B.

(6) From near the dead point B to the folded positiony

After the firﬁt.boom member 12 has pivoted (lowered) €0
near thé dead point B, all the cylinders are gradually
brought into a floating state, or the first boom cylinder 17
js contracted, thereby enabling the workiﬁg-machine'to
return to the folded positioﬁ,by gravity or a combination of
the gravity and the hydraulic pressure from the f£irst boom
cylinder.

The foregoing description is only i{llustrative of
preferred embodiments of the present invention, and the
scope of the present invention is not limitative thereto.
Numeous changes and modifications could readily be concelved
by those skilled in the art without departing from the scope

of the present invention.
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WHAT IS CLAIMED IS:
1. A working machine for construction veh}cles having a
booﬁ théi is divided into first and second boom members,
which are connected to a chassis in the mentioned order, an
arm that is pivotably connected to the distal end portion of
said secona bocm member, one arm cylinder that is pivotably
connected between the proximal end of said arm and a
predetermined position of said second boom member, a bucket
that is pivotably attached to the distal end of said arm, a
bucket cylinder éhat is pivotably connected between the
proximal end of said bucket and a predetermined position of
said arm, ané a bucket retainer that is provided on the
forward end portion of said chassis, wherein the improvement
comprises: said first boom member which is vertically
pivotably supported at one side of the proximal end thereof
on a predeternined position of said chassis through a
bracket, said f£irst boom member being pivotably connected at
the distal end thereof to one side of the proximal end of -
said second boom member so that said second boom member is
pivotable vertically; a £irst boom cylinder which is
pivotably supported at the proximal end thereof on another
predetermined position of said chassis through another
bracket, and at the distal end thereof on the distal end of
said first bcom member, to pivot said first boom member

vertically; and a retainer means which is connected between
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said first and second boom members for maintaining said
seéond boom member in a raised position with respect to said
first boom member.

2. A working machine according to Claim 1, wherein said
retainer means is a second boom cylinder which is pivotably
connected betﬁeen the respective other sides of the proximal
end portions of said first and second boom members.

3. A working machine according to Claim 1, wherein said
retainer means is A second boom cylinder which is piyotably
connected betweeh the respective other sides of the proximal
end portions of said first and second boom members, and- said
first boom cylinder has a dead point which is rearward of a
position where said first boom cylinder assumes an
operational position so that when said first boom cylinder
reaches the dead point, the center of gravity of said
working machine is at a position which is closer to the
forward end of said chassis than the pivot point at which
the first side of the proximal end portion of said first
boom member i1s pivotably attached to said chassis.

4, A working machine according to Claim 1, wherein saig
retainer means is one or a plurality of pin members which
are inserted into a pin bore that is formed in the other
side of the distal end portion of said first boom member and
a pin bore that is formed in the other side of the proximal

end portion of said second boom member, when these two pin
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bores are aligned with each other.

5. A working machine according to Claim 1, wherein the
distal end portion of said first boom cylinder is pivotably
connected to a joint of the distal end portion of said first
boom member and the first side of the proximal end portion
of said second boom member.

6. A method of operating the working machine according to
Claim 3, wherein said first boom cylinder 1s caused to move
beyond the dead point by making use of the hydraulic
pressure from each of said cylinders, and gravitational
force and inertia force, which act on said working machine.
7. A'method of operating the working machine according to
Claim 3, wherein said first boom cylinder is caused to move
beyond the dead point by making use of the hydraulic
pressure from each of said cylinders, gravitational force
and inertia force, which act on said working maéhine, and
counterforce from said bucket retainer.

8. A method of operating the working machine according to
Claim 4, wherein sa:d first boom cylinder is caused to move
beyond the dead point by making use of the hydraulic
pressure from eack cf said cylinders, gravitational force
and inertia force, which act on said working machine, and
counterforce from said bucket retainer.

S. A method of cperating the working machine according to

Claim 6, which comprises the steps of: contracting said
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second boom cylinder to raise said second boom member;
expanding, after said second boom member has been raised,
said fiist boom cylinder to raise said first boom member;
bringing, after said first boom cylinder has reached the
vicinity of the dead pbint, said first boom cylinder into a
flocating state and contracting said first boom cylinder,
thus enabling said working machine to be brought to an
operational position by pivoting force that is caused by
gravity and hydraulic éressure from said first boom cylinder
and maintained iﬂ the operational position by the oﬁeration
of said second boom cylinder; expanding, after completion of
work, said first boom cylinder and, at the same time,
contracting said second boom cylinder to move said first
boom member to near the dead point of said first boom
cylinder; bringing, after said first boom cylinder has
reached the vicinity of the dead point, said first boom
cylinder into a floating state so that said first boom
member is moved toward the rear end of said chassis beyond
the dead point of said first boom cylinder by the
gravitational force and inertia force, which act on said
working machine, and said working machine is held at a
predetermined rearward position of said chassis by said
first boom cylinder; and contracting said first boom
cylinder and, at the same tinme, expanding said second boom

cylinder, to fold said first and second boom members.
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10. A method of operating the working machine according to
Claim 7, which comprises the steps of: bringing said second
boom cylinder into a floating state and expanding said first
boom cylinder to raise said first boom member to near the
dead point of said first “oom cylinder; expanding and
contracting, after said first boom cylinder has reached the
vicinity of the dead point, said bucket cylinder to ensure
the retaining of said bucket by said bucket retainer and, at
the same time, expanding said arm cylinder with said first
and second boom cylinders being brought into a floating
state; further raising said first boom cylinder beyond the
dead point by making use of the counterforce from said '
bucket retainer, hydraulic pressures from said bucket
cylinder and said arm cylinder, and gravitational force and
inertia force, which act on said working machine, thereby
bringing said working machine to an operational position;
expanding and contracting, after completion of work, said
bucket cylinder to retain said bucket on said bucket
retainer, and expanding said first boom cylinder and
contracting said arm cylinder, with said second boom
cylinder being brought into a floating state, to move said
first boom member to near the dead point of said first boom
cylinder; and gradually bringing, after said first boom
member has passed the dead point of said f£irst boom cylinder

by the gravitaticnal or inertia force acting on said working
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machine, said first and second boom cylinders into a
fléating state to fold said first and second boom members by
making use of. the gravity of said working machine.

1l. A method of operating the working machine according to
Claim 8, which comprises the steps ofs ekpanding said first
boom cylinder to raise said first boom member to near the
dead point of gaid firs+ boom cylinder; expanding and
contracting, atter said first boom cylinder has:reached.tﬂe
vicinity of the dead point, said bucket cylinder to ensure
the retaining of said bucket by said bucket retainer, and
bringing said first boom cylinder into a floating state énd,
at the same time, expanding said arm cylinder; further
raising said first boom -cylinder beyond the dead point and
tilting said first boom member toward the forward end of
said chassis by méking use of the counterforce from said
bucket retainer, hydraulic pressures from said bucket
cylinder and said boom cylinder, and gravitational force and
inertia force, which act on said working machine; expanding
and contracting said arm cylinder to align a pin bore that
is formed in the other side of the distal end portion of
said first boom memﬁer and a pin bore that is formed in the
other side of the proximal end portion of said second boom
member; inserting, after said two pin bores have been
aligned with each other, one or a plurality of fixing pins

into said pin bores to maintain an operational position of
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said working machine; actuating, after completion of work,
all said cylinders to retain said bucket on said bucket
retéiner; finely expanding and contracting, after saigd
bucket has been retained, said first boom cylinder to remove
sald fixing pins; expanding, after said fixing pins have
been removed, said first boom cylinder and-said bucket
cyiindec while retaining said bucket on said bucket retainer
by expanding said arm cylinder, to move said first boom
member to near the dead point of said first boom cylinder;
and gradually bringing, after said first boom member has
passed the dead point of gaid first boom cylinder by the
graviational or inertia force acting on said working
machine, said first boom cylinder into a floating state to
fold said first and second boom members by making use of the
gravity of said working machine.

12. A method of cperating the working machine according to
Claim 10, wherein, after said first boom member has passed
the dead point of said first boom cylinder by the
gravitational Zorce acting on said working machine, said
second boom cylinder is brought into a floating state and
first boom cylinder isg contracted to fold said first and
second boom mezbers by making use of the gravitational force
acting on said working machine.

13. A method of orerating the working machine according to

Claim 11, whereir, after said first boom member has passed

30



R ¥ . *eq - ‘e

* aa-

EP 0 399 043 Al

the dead point of said first boom cylinder by the
graviational force acting on said working machine, said
-fiéét b;om cylinder is contracted to fold said first ang
second boom members by making use of the gravitational force

acting on said working machine.
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