Europdisches Patentamt

0’ European Patent Office

Office européen des brevets

@ Publication number: 0 394 467
A1l

®@ EUROPEAN PATENT APPLICATION
published in accordance with Art.
158(3) EPC

@ Application number: 89910187.7
@ Date of filing: 19.09.89

International application number:
PCT/JP89/00949

International publication number:
WO 90/03471 (05.04.90 90/08)

® Int. 015 EO2F 3/34

@) Priority: 19.09.88 JP 232641/88

Date of publication of application:
31.10.90 Builetin 90/44

Designated Contracting States:
DE GB SE

@ Applicant: KABUSHIKI KAISHA KOMATSU
SEISAKUSHO
3-6, Akasaka 2-chome
Minato-ku Tokyo 107(JP)

Applicant: KOMATSU MEC CORPORATION
3-6, Akasaka 2-chome
Minato-ku, Tokyo 107(JP)

@ Inventor: MISUDA, Kenji Head Factory of

Komatsu Mec Corp.

9, Minamidai 1-chome Kawagoe-shi
Saitama-ken 350(JP)

Inventor: BANDO, Norihito Head Factory of
Komatsu Mec Corp.

9, Minamidai 1-chome Kawagoe-shi
Saitama-ken 350(JP)

Representative: Patentanwilte TER MEER -
MULLER - STEINMEISTER & PARTNER
Mauerkircherstrasse 45
D-8000 Miinchen 80(DE)

E@ OPERATION MACHINE LINK MECHANISM.

(D@ This invention relates to an operation machine
link mechanism which keeps a conventional Z bar
¢ linkage function, moves up and down a bucket under
©) 2 horizontal state without operating a tilt cylinder and
is mounted to a loading vehicle such as a loader
™ shovel. When a distance from a pivotal point (A)
between a bucket (3) and a lift arm (1) to a pivotal
L] point (B) between a lift arm (1) and a bell crank (5) is
(X) and a distance from the pivotal point (B) to a
pivotal point (O) between the lift arm (1) and a car

body (9) is (Y), the link mechanism is set 1o Y/X = «
and first and second triangles (AABC, AOBE) de-
fined by the lift arm (1) and the bell crank (5) on the
car body side and on the bucket side, respectively,
have mutually similar relationship with a third triangle
(AADC) defined by a tilt rod (6) and the bucket (3)
and a fourth triangle (AOFE) defined by the tilt
cylinder and the car body (9).
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SPECIFICATION

LINKAGE MECHANISM OF A WORK IMPLEMENT

Field of the Invention

The present invention relates to a linkage mechanism
of a work implement that is available in a loading vehicle
such as a shovel-loader or the like, and more particularly
to a linkage mechanism of a work implement in which
improvements are made in an attitude of a bucket
connected in a forwardly and backwardly tiltable manner
to a tip end of a lift arm whose base end is pivotably
supported from a vehicle body and which can rotate up and
down about the aforementioned pivotable support point.

Background of the Invention

In Fig. 1 is shown a side view of a work implement
in a heretofore known shovel-loader. In this figure, a
lift arm d pivotably supported at a pivotal support
section i of the lift arm on the side of a vehicle body
a in an upwardly and downwardly rotatable manner,
rotates upwards when a lift cylinder e extends, and a
bucket ¢ pivotably supported in a forwardly and backwardly
tiltable manner at a bucket pivotable support section
j at the tip end of the lift arm 4, is tilted backwardly

via a bellcrank f and a tilt rod h when a tilt cylinder
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is extended. Reference character b designates a tire.
The state of the backet shown at ¢ in this figure is a
state upon excavation of earth and sand, and a bucket
bottom surface k is nearly parallel to a ground surface
GL (horizontal). And, a vehible body connecting pivotable
support section of the tilt cylinder g is designated by
reference character %, a connecting pivotable support
section on the side of the bellcrank f by character m,
a connecting pivotable support section to the 1lift arm
d of the bellcrank f by character n, a connecting
pivotable support section between the bellcrank £ and the
tilt rod h by character p, 2 connecting pivotable support
section between the tilt rod h and the bucket ¢ by
character g, a connecting pivotable support section
on the side of the vehicle body of the lift cylinder e
by character x, and a connecting pivotable support section
on the side of the 1lift and d thereof by character s.
Thus, after excavation has been finished, a loading
work starts, and when the 1lift cylinder e and the tilt
cylinder g are extended in a desired manner, the bucket
becomes the state shown at ¢,-. If the centers of the
above-described respective pivotable support sections
when the bucket has moved from C to ¢, are represented
by movements of reference characters for simplicity of

explanation, they are indicated by s * S5 i~ il'
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m>m, >0, P>Py, 947 gy and k > k.
Then, if the 1lift and d is further rotated upwards
by operating the lift cylinder e and the bucket pivotable
support section j is raised up to the highest position
J,+ the bucket comes to a position ¢,, and the
respective pivotable support sections would come
respectively to the positions designated by the same
characters but having a suffix 27(for instance, m > m,).
Under this condition, if the tilt cylinder g is contracted
in order to forwardly tilt the bucket, the respective
pivotable support sections would come respectively to the
positions designated by the same characters but having
a suffix 3 (for instance, m, > Mg, but the positions of
the sections n,, s, and j, would not change), and the
bucket takes the state shown at C3-
This linkage mechanism in the prior art shown in Fig.
1 is a linkage generally called "Z-bar linkage", in
which when the bucket takes the state shown at ¢ in Fié.
1, if the tilt cylinder g is extended, the bucket bottom
surface k would rotate in the direction shown by an
arrow K, and at this time a hydraulic pressure in the
bottom side pressure receiving chamber gb of the tilt
cylinder g acts, and therefore, this linkage is that
generally used in a loading vehicle which necessitates a

large excavation force.
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Though this linkage is desighed so as to maintain a
backwardly tilted state (designed for reducing tilt
angle variations under a tilted state) so that loaded
articles may not spill out even if the 1lift arm is
rotated up and donw with the bucket held backwardly
tilted (the state shown at ¢y in Fig. 1) because it is
mainly used for loading of earth and sand, it does not
have a structure for eliminating tilt angle variations
under a horizontal state of the bucket.

More particularly, one example of the operation when
the bucket is held in parallel to the ground surface
(held horizontal) as shown at ¢ in Fig. 1 and the
1ift arm 4 is rotated upwards with the length of the
tilt cylinder g at that time (the distance between % and
m in that figure) maintained, is shown by a dash-line R
in Fig. 4, in which at a certain instance at tilt angle
& with respect to the ground of the bucket bottom surface
k changes by about 20°.

Consequently, in order to maintain a horizontal
state of the bucket, upon rotating the 1lift arm the
operation of extending and/or contracting the tilt
cylinder is necessitated, and thus there was a dis-
advantage that the operation is troublesome and also a
maneuverability was poor.

Summary of the Invention
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The present invention has been worked out in view
of the above-described circumstance of the art, and one
object of the invention is to provide a linkage mechanism
of a work implement which preserves the functions of the
Z-bar linkage in the prior art, and yet which can
vertically move a bucket while maintaining it at a
horizontal state without operating a tilt cylinder.

In order to achieve the above-mentioned object,
according to one feature of the present invention,
there is provided a linkage mechanism of a work implement
in a loading vehicle such as a shovel-loader or the like,
including a lift arm having one end pivotably supported
from a vehicle body and the other end extended forwards
and adapted to be rotated up and down in the vertical
direction about the pivotable support point on one side,
a forwardly and backwardly tiltable bucket having a
lower portion of its rear surface pivotably supported
from the front end portion of the above-mentioned 1ift.
arm, a bellcrank having its nearly middle portion in
the lengthwise direction pivotably supported from the
above-mentioned 1ift arm, a tilt rod pivotably connected
between the lower side end portion of the aforementioned
bellcrank and an upper portion of the rear surface of
the above-mentioned bucket, and a tilt cylinder pivotably

connected between the aforementioned vehicle body and the
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other end portion of the above-mentioned bellcrank to be
operated for tilting the above-mentioned bucket;
characterized in that in the case where the distance from
the pivotable support point between the aforementioned
bucket and the above-described 1ift arm to the pivotable
support point between the aforementioned lift arm and

the above-described bellcrank is represented by X, and
the distance from the pivotable support point between the
aforementioned 1lift arm and the above-mentioned bellcrank
to the pivotable support point between the aforementioned
lift arm and the above-described vehicle body is
represented by Y, a ratio between these distances X and

Y is set at « (Y/X = o), and that a triangle formed by
connecting the pivotable support point of the afore-
mentioned lift arm from the vehicle body, the pivotable
support point of the aforementioned bellcrank from the
lift arm and the pivotable support point of the afore-
mentioned tilt cylinder from the bellcrank and a

triangle formed by connecting the pivotable support

point of the aforementioned bellcrank from the 1lift arm,
the pivotable support point of the aforementioned lift
from the bucket and the pivotable support point of the
aforementioned tilt rod from the bellcrank, as well as

a triangle formed by connecting the pivotable support

point of the aforementioned 1lift arm from the vehicle
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body, the pivotable support point of the aforementioned

tilt cylinder from the bellcrank and the pivotable support

point of the aforementioned tilt cylinder from the
vehicle body, and a triangle formed by connecting the
pivotable support point of the aforementioned lift arm
from the vehicle body, the pivotable support point of
the aforementioned tilt rod from the bellcrank and the
pivotable support point of the aforementioned tilt rod
from the bucket, are respectively in a mutually similar

figure relation.

The advantages of the present invention as featured
above are as follows.

That is, since upon rotation of the lift arm,
vertical movement at a horizontal attitude of the bucket
becomes possible without extension nor contraction of
the tilt cylinder while preserving the characteristic
of the Z-bar linkage such that a hydraulic pressure in
a bottom side pressure receiving chamber of a tilt
cylinder is utilized upon excavation and that shock upon
removal of earth with the boom held at a high position
can be reduced, improvements in a versatility and a
maneuvability can be realized.

The above-mentioned and other objects, features and
advantages of the present invention will become apparent

for those skilled in the art from the following
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description in which a preferred embodiment conformable
to a principle of the present invention is disclosed as
a practical example and the explanation taken in
conjunction with the accompanying drawings.

Brief Description of the Drawings

Fig. 1 is a schematic side view for explaining
operations relating to a work implement in a shovel-

loader in the prior art;

Fig. 2 is a schematic side view showing one preferred

embodiment of the present invention;
Fig. 3 is a diagrammatic view for explaining ope-

rations of the preferred embodiment illustrated in Fig.

2;

Fig. 4 is a diagram comparatively showing bucket tilt

angle with respect to the ground in the preferred
embodiment of the present invention and in the example

of the prior art.

Detailed Description of the Preferred Embodiment

In the following, one preferred embodiment of the
present invention will be explained with reference to
Figs. 2 to 4 in the accompanying drawings.

Fig. 2 shows a side view of a work implement in a
shovel-loader according to the present invention. In
this figure, a lift arm 1 pivotably supported at a lift

arm pivotable support portion O on the vehicle body side
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(in the following explanation and in Figs. 3 and 4, for
the purpose of simplicity, for a pivotable support
portion and for its center is used a same reference
symbol like in Fig. 2) in a vertically rotatable manner,
would rotate upwards when a lift cylinder 2 extends, and
a bucket 3 pivotably supported at a bucket pivotably
support portion A at the tip end of the lift arm 1 in a
forwardly and backwardly tiltable manner would be tilted
backwards via a bellcrank 5 and a tilt rod 6 when a tilt
cylinder 4 extends.

Reference numeral 7 designates a tire. Under the
state of the bucket 3 shown by solid lines in Fig. 2, a
bucket bottom surface 8 is parallel to the ground surface
GL (horizontal). And a vertical body side connecting
pivotable support portion of the tilt cylinder 4 1is
represented by reference character F, a bellcrank side
connecting pivotable support portion thereof is represented
by reference character E, a connecting pivotable suppor£
portion of the bellcrank 5 to the lift arm 1 is repre-
setned by reference character B, a connecting pivotable
support portion between the bellcrank 5 and the tilt rod
6 is represented by reference character C, and a connecting
pivotable support portion between the tilt rod 6 and the
bucket 3 is represented by reference character D.

In addition, in the case where the distance from a



10

15

290

25

EP 0 394 467 A1l -

pivotable coupling portion A between the 1lift arm 1 and
the bucket 3 to a pivotable coupling portion B between the
1lift arm 1 and the bellcrank 5 is represented by reference
character X and the distance from the pivotable coupling
portion B between the 1lift arm 1 and the bellcrank 5 to a
pivotable coupling portion O between a vehicle body 9 and
the 1lift arm 1 is reprgsented by reference character Y,
the ratio between these distances X and Y is set to be
equal to « (¥/X = o), and so that the triangles formed

on the side of the vehicle body 9 and on the side of the
bucket 3 with respect to the pivotable coupling portion

B between the bellcrank 5 and the lift arm 1 may become
similar figures to each other, the following relations

are established:

AABC o AOBE (similar figure ratio a)

AADC @2 AOFE (similar figure ratio a)

Next, explaining the operation, assuming now that the
bucket 3 is placed with the bucket bottom surface 8 puf
on the ground surface GL as shown by solid lines in Fig.
2, then even if the lift arm 1 is rotated upwards without
operating the tilt cylinder 4, the relations of AABC o»
AOBE and AADC ¢2 AOFE would be always established.

Accordingly, the bucket 3 would rotate while holding
the above-mentioned attitude with respect to the line of

the ground surface GL, and the bucket would be always held

- 10 -
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horizontal.

Now this will be

Under the condition-where the bucket is disposed and

proved with reference to Fig. 3.

held in parallel to the ground surface (horizontal),

AAlBlCl o AOBlEl

AAlDlCl w2 AOFEl

Now, imagining the case where the

rotated upwards
then the relations of:
AAZBZC2 =LOB2E2

are always valid.

(without operating the

(similar figure ratio a)

(similar figure ratio a).

tilt cylinder),

Therefore, BA,B,C, & BOB,E, )
Hence AC, = L OE QD
' 272 " w2
=35 = 10GF
On the other hand, A,D, =AD; =3 OF E))
and D.C, = D,C, = % FE, = = FE O
272 11 a1 w2 e

are always valid.

From @, @ and
From @ and @,

Also, £C,B.E =

27272

@ and @ show

position, two similar

AA_D.,C., < AOEF

CD’ 27272 2 Tt

quadrilateral A

©

2C,B,Dy 2

guadrilateral OEZBZF .o

B = constant .o

Q @

that at any arbitrary lift arm

quadrilaterals are jointed at a

point B with a constant angle B formed therebetween.

- 11 -

1ift arm has been
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Accordingly, a relative angle between a pair of

corresponding edges of the two similar quadrilaterals,

for instance,

AD and OF
is always constant (B8) without depending upon the
position of the 1lift arm.

OF is a segment fixed to the vehicle.

Therefore, AD has a constant angle with respect to
the vehicle without depending upon a rotary angle of
the 1lift arm. Accordingly, the bucket keeps its
horizontal attitude even if the position of the lift arm
changes.

Also, a bucket tilt angle 6 with respect to the
ground of the bucket bottom surface 11 when the lift
arm 4 is rotated up and down in this preferred embodiment,
is shown by a straight line L in Fig. 4. As will be
obvious from this figure, while the anglé in the
linkage mechanism in the prior art changes by about 20;
at the maximum as shown by a curve R, it is seen that in
the linkage mechanism according to the present invention,

a perfectly horizontal operation is effected as shown by

the straight line L.

- 12 -



10

15

20

EP 0 394 467 A1

Claims
(1) A linkage mechanism of a work inplement in a loading
vehicle such as a shovel-loader or the like, including a
1ift arm having one end pivotably supported from a vehicle
body and the other end extended forwards and adapted to
be rotated up and down in the vertical direction about the
pivotable support point on one side, a forwardly and
backwardly tiltable bucket having a lower portion of its
rear surface pivotably supported from the front end
portion of said lift arm, a bellcrank having its nearly
middle portion in the lengthwise direction pivotably
supported from said 1ift arm, a tilt arm pivotably
connected between the lower side end portion of said
bellcrank and an upper portion of the rear surface of
said bucket, and a tilt cylinder pivotably connected
between said vehicle body and the other end portion of
said bellcrank to be operated for tilting said bucket;
characterized in that in the case where the distance ffom
the pivotable support point between said bucket and said
1ift arm to the pivotable support point between said 1lift
arm and said bellcrank is represented by X, and the
distance from the pivotable support point between said
1ift arm and said bellcrank to the pivotable support
point between said lift arm and said vehicle body is

represented by Y, a ratio between these distances X and

- 13 -
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Y is set at o (¥Y/X = o), and that a first triangle formed
by connecting the pivotable support of said lift arm from
the vehicle body, the pivotable support point of said
bellcrank from the 1lift arm and the pivotable support
point of said tilt cylinder from the bellcrank and a
second triangle formed by connecting the pivotable
support point of said 1lift arm from the bucket and the
pivotable support point of said tilt rod from the bell
crank, as well as a third triangle formed by connecting
the pivotable support point of said 1lift arm from the
vehicle body, the pivotable support point of said tilt
cylinder form the bellcrank and the pivotable support
point of said tilt cylinder from the vehicle body, and
a fourth triangle formed by connecting the pivotable
support point of said lift arm from the vehicle body,
the pivotable support point of said tilt rod from the
bellcrank and the pivotable support point of said tilt
rod from the bucket, are respectively in a mutually
similar figure relation.

(2) A linkage mechanism of a work implement as claimed
in claim (1), characterized in that the similar figure
ratios of the respective pairs of said fixed and second

triangles and said third and fourth triangles are a.

- 14 -
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