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(57)  The present invention relates to a link device
for a hydraulic excavator which facilitates horizontal dig-
ging by the hydraulic excavator. To this end, the device
comprises a power lever (19) having a first fulcrum rock-
ably connected to a boom (2) by means of a boom pin
(4), a second fulcrum rockably connected to a boom cyl-
inder (5) by means of a boom head pin (18), and a third
fulcrum to which an arm pin (20) is mounted; and a

LINK DEVICE FOR HYDRAULIC SHOVE

L

power rod (22) one end of which is connected to an arm
power pin (21) attached to an arm (7), and the other end
of which is connected to an arm pin (20). When the arm
(7) is rocked by extending and contracting an arm cylin-
der (10), the boom (2) is swung vertically in operatively
associated therewith, and the tip of a bucket (12) moves
on a straight line.

FIG. |
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Description

TECHNICAL FIELD

The present invention relates to a link device for a
hydraulic excavator, and more particularly, to a link
device for a hydraulic excavator which has a simple
structure and is capable of horizontal digging.

BACKGROUND ART

Hitherto, techniques shown in Fig. 4 have been
known as normal linkages for hydraulic excavators. To
an upper machinery 31 mounted on a lower machinery
30, a boom 2 is mounted vertically swingable by means
of a boom hoot pin 1. One end of a boom cylinder 5 is
connected to the upper machinery 31 by means of a
boom bottom pin 3, and the other end is connected to
the boom 2 by means of a boom head pin 18 so that the
boom cylinder 5 extends and contracts to swing verti-
cally the boom 2. An arm 7 is rockably mounted to the
tip of the boom 2 by means of an arm foot pin 6. One
end of an arm cylinder 10 is connected to the boom 2 by
means of an arm bottom pin 8, and the other end is con-
nected to a rear end of the arm 7 by means of an arm
head pin 9 so that the arm cylinder 10 extends and con-
tracts to rock the arm 7.

A bucket 12 is rockably mounted to the tip of the
arm 7 by means of a bucket foot pin 11. One end of a
bucket cylinder 17 is connected to the arm 7 by means
of a bucket bottom pin 16, and the other end is con-
nected to the bucket 12 through a bucket head pin 13, a
bucket link 14, and a bucket link pin 15. The bucket cyl-
inder 17 extends and contracts to rock the bucket 12.
When performing a digging work, the boom cylinder 5 is
extended and contracted to swing vertically the boom 2,
and a tooth 23 of the tip of the bucket 12 is brought into
abutment with a digging place. Next, the arm cylinder 10
is extended to draw the tip of the arm 7 so as to perform
digging. Then, the bucket cylinder 17 is extended to pull
up the bucket 12 toward the proximal side so as to dig
up earth and sand.

However, in the case of digging the ground surface
horizontally, when the tooth 23 of the bucket 12 is
brought into abutment with a horizontal ground surface
A-B, and the arm 7 is drawn, the tooth 23 moves like a
circular arc P-Q-R, and lowers from the ground surface
without moving horizontally. For this reason, it is
required to raise or lower the position of the arm foot pin
6 in accordance with rocking of the arm 7. That is, the
arm cylinder 10 and the boom cylinder 5 should be
operated simultaneously by a suitable amount so that
the tooth 23 moves horizontally, whereby flatness of the
digging surface becomes extremely uncertain, and an
operator's skill is required.

In order to solve the problem, as shown in Fig. 5, it
has been known that a leveling hydraulic cylinder 53 is
provided between the boom 2 and the arm 7 (refer to,
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for example, Japanese Examined Utility Model Publica-
tion No. 59-35659). An extrusion-side oil chamber and a
retract-side oil chamber of a piston rod 53a of the lev-
eling hydraulic cylinder 53 are in communication with an
extrusion-side oil chamber and a retract-side oil cham-
ber of a piston rod 5a of the boom cylinder 5 by means
of pipes 56 and 57, respectively. This allows the boom 2
to be raised and lowered in operatively associated with
the movement of the arm 7 so that the tip 23 of the
bucket 12 moves on a straight line.

However, the above arrangements suffer from a
problem in that the leveling hydraulic cylinder 53 and
pipes 56 and 57 are required, a structure becomes
complicated and the cost of manufacturing is high and
moreover, it is difficult to perform an accurate horizontal

digging.
DISCLOSURE OF THE INVENTION

The present invention has been made to solve the
drawbacks of the prior art, and its object is to provide
economically a link device for a hydraulic excavator
which has a simple structure and is capable of horizon-
tal digging.

According to the present invention, there is pro-
vided a link device for a hydraulic excavator having a
boom mounted vertically swingable to a chassis by
means of a boom foot pin and rocked by a boom cylin-
der one end of which is mounted to the chassis through
a boom cylinder bottom pin, an arm rockably mounted
to the tip of the boom by means of an arm foot pin and
rocked by an arm cylinder, and a bucket rockably
mounted to the tip of the arm by means of a bucket foot
pin and rocked by a bucket cylinder, the device compris-

ing:

a power lever having a first fulcrum rockably con-
nected to the boom by means of a boom pin, a sec-
ond fulcrum rockably connected to the boom
cylinder by means of a boom head pin, and a third
fulcrum to which an arm pin is mounted; and

a power rod one end of which is connected to an
arm power pin attached to the arm, and the other
end of which is connected to the arm pin.

In addition, the boom pin, the boom head pin, and
the boom bottom pin may preferably be located on a
straight line in a state where the tip of a tooth of the
bucket is located on an intersection of a vertical line
passing through the arm foot pin and the ground sur-
face. In addition, a straight line connecting the boom pin
and the arm pin may preferably be substantially parallel
to a straight line connecting the arm foot pin and the am
power pin. Further, a straight line connecting the boom
pin and the arm foot pin may preferably be substantially
parallel to a straight line connecting the arm pin and the
arm power pin.

In addition, the ratio r1/r2 may preferably be sub-



3 EP 0 818 581 A1 4

stantially equal to the ratio L1/L2 when a vertical dis-
tance between a straight line connecting the boom pin
and the boom bottom pin and the boom foot pin is taken
as r1, a distance between the boom pin and the boom
head pin is taken as r2, a vertical distance between the
boom foot pin and a vertical line passing through the
arm foot pin is taken as L1, and a distance between the
intersection and the arm foot pin is taken as L2 in a state
where the tip of the tooth of the bucket is located on the
intersection of the vertical line passing through the arm
foot pin and the ground surface. Incidentally, a range in
which r2 is smaller than (r1 x L2/L1) is more preferable
within the range in which the ratio r1/2 is substantially
equal to the ratio L1/L2.

In addition, the boom pin, the boom head pin, and
the boom bottom pin may be located on a straight line in
a state where the tip of the tooth of the bucket is located
on the intersection of the vertical line passing through
the arm foot pin and the ground surface, and, when the
arm is operated toward the front of the chassis from the
state of being located on the straight line while exten-
sion and contraction of the bucket cylinder being held
fixed, a distance r2 between the boom pin and the boom
head pin may preferably be set so that the tip of the
tooth moves substantially on a straight line. Further,
when linear digging is not performed, the power rod may
be removed, and the power lever may be locked so as
not to rock around the boom pin.

According to the described arrangements, when
the tooth of the bucket is brought into the digging place
to rock the arm in the digging direction with the boom
cylinder locked, the arm rotates counterclockwise
around the arm foot pin, so that the power lever rotates
counterclockwise around the boom pin through the
power rod. At this time, since the boom cylinder does
not extend and contract, the boom will be raised and the
tooth of the bucket ascends by that amount, so that the
tooth of the bucket moves linearly. More exactly, the
tooth of the bucket moves substantially on a straight line
with a tendency to slightly rise at an intermediate sec-
tion.

In addition, when the device is constructed so that
the boom pin, etc. are located on a straight line, by fur-
ther operating the arm in the digging direction from a
state where the tip of the tooth is located on the inter-
section, the power lever rotates counterclockwise
around the boom pin through the power rod. Since the
boom cylinder does not extend and contract at this time,
the boom will be lowered and the tooth of the bucket
descends by the amount, so that the tooth of the bucket
moves linearly. Further, if the straight line connecting
the boom pin and the arm pin is substantially parallel to
the straight line connecting the arm foot pin and the arm
power pin, or if the straight line connecting the boom pin
and arm foot pin is substantially parallel to the straight
line connecting the arm pin and the arm power pin, the
tooth of the bucket can move more linearly.

If the ratio r1/r2 of the distance r1 to the distance r2
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is substantially equal to the ratio L1/L2 of the distance
L1 to the distance L2, the tooth moves substantially lin-
early. Incidentally, when the distance r2 is slightly
shorter thanr1 x L2/L1, the error can be minimized. Fur-
ther, by setting the distance r2 so that the tip of the tooth
of the bucket moves substantially on a straight line with
the extension and contraction of the bucket cylinder
fixed, a linear leveling operation can be performed even
in a extruding operation of the am. In addition, when the
linear digging is not performed, the power rod is
removed and the power lever is fixed to the boom,
whereby the device can be used as a normal hydraulic
excavator.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a side view of a hydraulic excavator show-
ing a construction of a first embodiment of a link
device according to the present invention;

Fig. 2 is a side view of the hydraulic excavator for
explaining a relative size of each part when an arm
of Fig. 1 is made perpendicular;

Fig. 3 is a side view of the hydraulic excavator
showing a construction of a second embodiment of
the link device according to the present invention;
Fig. 4 is a side view of a hydraulic excavator com-
prising a normal linkage according to a prior art;
and

Fig. 5is a side view of a hydraulic excavator accord-
ing to another prior art.

BEST MODE FOR CARRYING OUT THE INVENTION

The preferred embodiments of a link device for a
hydraulic excavator according to the present invention
will be described in detail with reference to the attached
drawings.

Referring to Fig. 1, to an upper machinery 31
mounted on a lower machinery 30, a boom 2 is mounted
vertically swingable by means of a boom hoot pin 1. A
first fulcrum of a triangular power lever 19 having three
fulcrums is rockably mounted near the center of a boom
2 by means of a boom pin 4. One end of a boom cylin-
der 5 is connected to the upper machinery 31 by means
of a boom bottom pin 3, and the other end is connected
to a second fulcrum of the power lever 19 by means of a
boom head pin 18.

An arm 7 is rockably mounted to the tip of the boom
2 by means of an am foot pin 6. The rear end of the arm
7 is connected to an arm cylinder 10 by means of an
arm head pin 9 so that the arm 7 is rocked by extension
and contraction of the arm cylinder 10. A bucket 12 is
rockably mounted to the tip of the arm 7 by means of a
bucket foot pin 11. One end of a bucket cylinder 17 is
connected to the arm 7 by means of a bucket bottom pin
16, and the other end is connected to the bucket 12
through a bucket head pin 13, a bucket link 14, and a
bucket link pin 15. The bucket 12 is rocked by the exten-



5 EP 0 818 581 A1 6

sion and contraction of the bucket cylinder 17.

One end of a power rod 22 is connected to a third
fulcrum of the power lever 19 by means of an arm pin
20, and the other end is connected to the arm 7 by
means of an arm power pin 21, and by extending and
contracting the boom cylinder 5, the boom 2 is swung
vertically. A straight line connecting the boom pin 4 and
the arm pin 20 is substantially parallel to a straight line
connecting the arm foot pin 6 and the arm power pin 21,
and a straight line connecting the boom pin 4 and the
arm foot pin 6 is substantially parallel to a straight line
connecting the arm pin 20 and the arm power pin 21.
That is, the boom pin 4, the arm foot pin 6, the arm
power pin 21, and the arm pin 20 form substantially a
parallelogram.

Referring to Fig. 2, when the tip of the tooth 23 of
the bucket 12 is brought into coincidence with an inter-
section C of a vertical line passing through the arm foot
pin 6 and the ground surface A-B, the boom pin 4, the
boom head pin 18, and the boom bottom pin 3 are
located on a straight line. In this state, a distance
between the boom foot pin 1 and a straight line connect-
ing the boom pin 4 and the boom bottom pin 3 is taken
asr1, adistance between the boom pin 4 and the boom
head pin 18 is taken as r2, a distance between the
boom foot pin 1 and the vertical line passing through the
arm foot pin 6 is taken as L1, and a distance between
the arm foot pin 6 and the tip of the tooth 23 is taken as
L2. The relation between them is such that the ratio
r1/r2 is substantially the same as the ratio L1/L2, and is
rather that r2 is slightly smaller than r1 x L2/L1.

When digging the ground horizontally, as shown in
Fig. 1, the arm cylinder 10 is contracted to project the
arm 7 toward the front, and the tip of the tooth 23 of the
bucket 12 is brought into abutment with the ground sur-
face A-B. Next, the arm cylinder 10 is extended to draw
the arm 7 to the proximal side. The arm 7, as shown in
Fig. 2, rocks the power lever 19 through the power rod
22 while being in a vertical position so as to raise the
boom 2. When the tooth 23 passes point C, the boom 2
is lowered again. At this time, since the dimensional
proportion of each part is in the relation as described
above, the tip of the tooth 23 slightly tends to move con-
vexly, but moves substantially in horizontal along the
ground surface A-B. That is, an operator can easily per-
form horizontal digging by only operating the arm cylin-
der 10.

Fig. 3 illustrates a construction of a second embod-
iment of the link device. An intermediate fulcrum of a
power lever 19a having three fulcrums is rockably
mounted to a boom 2 by means of a boom pin 4a. A
lower fulcrum of the power lever 19a is connected to a
head section of a boom cylinder 5 by means of a boom
head pin 18a. The upper fulcrum of the power lever 19a
is connected to one end of a power rod 22a by means of
an arm pin 20a. The other end of the power rod 22a is
connected to the rear end of an arm 7 by means of an
arm power pin 21a. The other portions are the same as
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those of the first embodiment.

A straight line connecting the arm pin 20a and the
boom pin 4a is substantially parallel to a straight line
connecting the am power pin 21a and the arm foot pin
6, and a straight line connecting the arm power pin 21a
and the arm pin 20a is substantially parallel to a straight
line connecting the arm foot pin 6 and the boom pin 4a.
That is, the arm pin 20a, the arm power pin 21a, the arm
foot pin 6, and the boom pin 4a form substantially a par-
allelogram. The operation is the same as that of the first
embodiment.

According to the arrangements of the present
invention as described above in detail,

(1) The dimensional configuration of the link device
is set so that an error with a liner digging is mini-
mized by a simple structure, so that the cost is
reduced. In addition, a horizontal digging with high
accuracy and a linear digging of a normal plane can
be performed only by operating the arm (that is, an
arm operating valve), so that reduction in fatigue of
the operator, and an improvement in operability can
be achieved;

(2) According to a heavy digging, the boom tends to
rise due to a tooth reaction force, so that pressure
is generated on the side of the boom cylinder rod
against this. This allows the arm to be pulled in a
digging direction through the power lever and the
power link, so that arm digging force increases; and
(3) When the linear digging is not performed, the
power rod is removed, and the power lever is fixed
to the boom, whereby the device can be used as a
normal hydraulic excavator.

INDUSTRIAL APPLICABILITY

The present invention is useful as a link device for a
hydraulic excavator which can perform a horizontal dig-
ging and a linear digging of a normal plane with high
accuracy by a simple work of operating an arm only,
offer reduction in fatigue of an operator and an improve-
ment in operability, and increase arm digging force.

Claims

1. A link device for a hydraulic excavator having a
boom (2) mounted vertically swingable to a chassis
by means of a boom foot pin (1) and rocked by a
boom cylinder (5) one end of which is mounted to
the chassis through a boom cylinder bottom pin (3),
an arm (7) rockably mounted to the tip of said boom
(2) by means of an arm foot pin (6) and rocked by
an arm cylinder (10), and a bucket (12) rockably
mounted to the tip of said arm (7) by means of a
bucket foot pin (11) and rocked by a bucket cylinder
(17), said device comprising:

a power lever (19) having a first fulcrum rocka-
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bly connected to said boom (2) by means of a
boom pin (4), a second fulcrum rockably con-
nected to said boom cylinder (5) by means of a
boom head pin (18), and a third fulcrum to
which an arm pin (20) is mounted; and

a power rod (22) one end of which is connected
to an arm power pin (21) attached to said arm
(7), and the other end of which is connected to
said arm pin (20).

A link device for a hydraulic excavator according to
claim 1, wherein said boom pin (4), said boom head
pin (18), and said boom bottom pin (3) are located
on a straight line in a state where the tip of a tooth
(23) of said bucket (12) is located on an intersection
(C) of a vertical line passing through said arm foot
pin (6) and the ground surface.

A link device for a hydraulic excavator according to
claim 1, wherein a straight line connecting said
boom pin (4) and said am pin (20) is substantially
parallel to a straight line connecting said arm foot
pin (6) and said arm power pin (21).

A link device for a hydraulic excavator according to
claim 1, wherein a straight line connecting said
boom pin (4) and said arm foot pin (6) is substan-
tially parallel to a straight line connecting said arm
pin (20) and said arm power pin (21).

A link device for a hydraulic excavator according to
claim 1, wherein the ratio r1/r2 is substantially equal
to the ratio L1/L2 when a vertical distance between
a straight line connecting said boom pin (4) and
said boom bottom pin (3) and said boom foot pin (1)
is taken as r1, a distance between said boom pin
(4) and said boom head pin (18) is taken as r2, a
vertical distance between said boom foot pin (1)
and a vertical line passing through said arm foot pin
(6) is taken as L1, and a distance between said
intersection (C) and said arm foot pin (6) is taken as
L2 in a state where the tip of the tooth (23) of said
bucket (12) is located on the intersection (C) of the
vertical line passing through said arm foot pin (6)
and the ground surface.

A link device for a hydraulic excavator according to
claim 1, wherein said boom pin (4), said boom head
pin (18), and said boom bottom pin (3) are located
on a straight line in a state where the tip of the tooth
(23) of said bucket (12) is located on the intersec-
tion (C) of the vertical line passing through said arm
foot pin (6) and the ground surface, and wherein,
when said arm (7) is operated toward the front of
the chassis from said state of being located on the
straight line while extension and contraction of said
bucket cylinder (17) being held fixed, a distance r2
between said boom pin (4) and said boom head pin

10

15

20

25

30

35

40

45

50

55

(18) is set so that the tip of said tooth (23) moves
substantially on a straight line.

A link device for a hydraulic excavator according to
claim 1, wherein, when linear digging is not per-
formed, said power rod (22) is removed, and said
power lever (19) is locked so as not to rock around
said boom pin (4).
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