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(54) DEVICE FOR REDUCING A SHOCK AT A STROKE END OF A 2-PIECE BOOM TYPE

CONSTRUCTION MACHINE

(57) A two-piece boom type construction machine
for securely reducing a shock at a stroke end of a first
boom cylinder at low cost, in which first and second
booms are put in a maximum derricking state when the
first boom cylinder is put in a longest state, while the
second boom cylinder in a shortest state, in which when
changed from a stored posture to an operating posture,
the second boom cylinder is retracted to a shortest state
when in operation from a longest state when stored, and
in which when in operation, the second boom cylinder is
held in the shortest state, the construction machine
comprises angle detecting means for detecting the
angle of the first boom, restricted flow rate setting
means having stored in advance therein a value repre-
senting a relationship between the angle of the first
boom and the maximum supplying flow rate of the first
boom cylinder such that the value becomes minimum
within a predetermined angle range including a stroke
end angle defined as the boom angle of the first boom
when the first and second booms are put in the maxi-
mum derricking state, while the value gradually
increases as it goes farther beyond the angle range,
and flow rate control means for limit-controlling the flow
rate of pressure oil to the first operating value in a direc-
tion in which the boom is raised in accordance with the
data stored in the restricted flow rate setting means.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a shovelling
machine having a plurality of booms, and in particular to
a technique for reducing the shock which occurs in a
shovelling machine having a two-piece boom when the
boom cylinder reaches stroke end.

BACKGROUND ART

[0002] Two-piece boom type power shovels have a
working mechanism consisting of two booms (first
boom, second boom), an arm and a bucket. Compared
with mono-boom type power shovels, they have a
number of advantages including:

+ the ability to fold the working mechanism (first and
second booms) compactly during free running,
transportation and parking;

* increased safety during running as a result of the
low center of gravity of the automotive body; and

+ improved field of vision in the forward direction
while running.

[0003] In an ordinary conventional two-piece boom
type power shovel the first boom cylinder, which drives
the first boom (the one which is linked to the automotive
body), is connected to the frame of the automotive body
and to the first boom. The second boom cylinder, which
drives the second boom (the one which is linked to the
first boom and to the arm), is connected to the first
boom and the second boom. In other words, each of the
cylinders in an ordinary conventional two-piece boom
type power shovel is connected to two adjoining working
mechanisms, each of which rotates and moves when
the corresponding cylinder is driven.

[0004] In Japanese Patent Application Laid-Open
No.6-136779, the applicants of the present application
proposed a technique for an entirely novel link structure
for the working mechanisms in a two-piece boom type
power shovel of this sort with normal link structure.
[0005] Figs. 9 and 10 illustrate a power shovel
equipped with this novel link structure. Fig. 9 shows it in
an operating posture with the booms in a maximum der-
ricking posture, while Fig. 10 shows it in a stored pos-
ture.

[0006] In Figs. 9 and 10, 1 is the first boom, 2 is the
first boom cylinder, 3 is the second boom, 4 is the sec-
ond boom cylinder, 5 is the arm, 6 is the arm cylinder, 7
is the bucket, 8 is the bucket cylinder, and 9 is the auto-
motive body.

[0007] In other words, in this link structure the first
boom cylinder 2 is linked to the automotive body 9 and
to the second boom 3, the second boom cylinder 4 is
linked to the second boom 3 and the first boom 1, and
the second boom 3 is driven by means of the first boom
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cylinder 2 and the second boom cylinder 4.

[0008] Reasons for linking the first boom cylinder 2 to
the automotive body 9 and to the second boom 3
include:

(1) The moment of the first boom 1 as a whole
around its rotational fulcrum a means that it is pos-
sible to secure a greater distance to the point of
application ¢ of the first boom cylinder 2 if it the first
boom cylinder is linked to the second boom 3 than
if it is linked to the first boom 1. This in turn means
that less force is required in order to rotate through
the same boom angle, and it is possible to
decrease the diameter of the first boom cylinder 2
while employing the same hydraulic source, thus
yielding advantages in terms of cost.

(2) The range of boom angles through which it is
capable of rotating is narrower if the first boom cyl-
inder 2 is linked to the first boom 1.

[0009] Now, as may be seen from Fig. 11, the first
boom cylinder 2 in the two-piece boom type power
shovel illustrated in Fig. 9 and elsewhere needs to have
its pedestal-side fulcrum b located further forward than
the rotational fulcrum a of the first boom 1 so as to avoid
interfering with the first boom 1 when it is in the stored
posture. Moreover, in order for the cylinder force to act
in the most effective manner, the point of application ¢
must be located further forward than the point of linkage
d between the first boom 1 and the second boom 3. (For
instance, point ¢ must be further forward than point d
along the second boom 3 when it is positioned horizon-
tally as in Fig. 11.) It should be added that the first boom
cylinder 2 as indicated by a broken line in Fig. 11 is
shown with its pedestal-side fulcrum b located close to
the rotational fulcrum a of the first boom 1, in which
case the first boom cylinder 2 would interfere with the
first boom 1 in the stored posture.

[0010] In this manner, the first boom cylinder 2 in the
two-piece boom type power shovel illustrated in Fig. 9
and elsewhere suffers from restriction in its location as
a result of the abovementioned problems of interference
and the like, and it is impossible to secure a satisfactory
cylinder length in comparison with the conventional
mono-boom type.

[0011] Now, it is possible to consider attaching a
mechanical shock reducing device 10 as illustrated in
Fig. 12 to each of the working mechanism cylinders in
the two-piece boom type power shovel illustrated in Fig.
9 with a view to alleviating stroke-end shock in the work-
ing mechanisms.

[0012] However, the mechanical shock reducing
device 10 illustrated in Fig. 12 suffers from the defect of
reduced cylinder length occasioned by the fact that the
throttle mechanism 11 is fitted within the working mech-
anism cylinder, making it that much shorter.

[0013] In other words, this involves fitting the first
boom cylinder 2, in relation to which it has already been
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pointed out that it is impossible to secure a satisfactory
cylinder length in comparison with the conventional
mono-boom type, with the mechanical shock reducing
device 10. This is a factor in reducing length, the result
being that the range within which the boom is capable of
rotating becomes narrower.

[0014] Apart from the abovementioned mechanical
shock reducing device there is also an electronic type.
This electronic shock reducing device measures the
stroke length of the working mechanism cylinder of
which the shock is to be reduced. If the measurement
value is close to stroke end, it restricts the pressure oil
flow rate which activates the cylinder in the stroke-end
direction, thus reducing cylinder velocity.

[0015] Now, there are two methods of measuring cyl-
inder length. The direct method achieves this by attach-
ing a stroke sensor to the working mechanism cylinder.
The indirect method involves using an angle sensor to
measure the angle of the working mechanism activated
by the cylinder. The former requires the fitting of a
direct-action type potentiometer, encoder and other
devices to the cylinder, and is considerably more costly
than the latter. Thus, considerations of cost mean that it
is more effective to measure the angle of the working
mechanism with the aid of an angle sensor.

[0016] However, the two-piece boom type power
shovel illustrated in the abovementioned Figs. 9-11 has
a special link structure which renders it impossible to
determine unconditionally the first boom angle at stroke
end of the first boom cylinder 2.

[0017] Thatis to say, Fig. 13 illustrates two states: in
the first state (denoted by an unbroken line) the first
boom cylinder 2 is fixed at stroke end and the second
boom cylinder 4 is fully retracted, while in the second
state (denoted by a broken line) the axis u of the first
boom cylinder 2 intersects with the rotational fulcrum a
of the first boom 1. The angle (posture) of the first boom
1 when the first boom cylinder reaches stroke end cor-
responds to the state of extension or retraction of the
second boom cylinder 4, and varies within a range from
the position of the angle @ to that of the angle @'.
[0018] For this reason, the two-piece boom type
power shovel illustrated in the abovementioned Figs. 9-
11 does not admit of the conventional method of reduc-
ing shock in the first boom cylinder 2 by means of an
ordinary conventional electronic shock-reducing device
where an angle sensor is fitted on to the rotational ful-
crum a of the first boom to detect the first boom angle
and the shock of the first boom cylinder 2 is reduced by
activating the electronic shock-reducing device on the
basis of the detection value, and there have been calls
for an effective solution to this problem.

[0019] It is an object of the present invention, which
has been perfected in view of the foregoing circum-
stances, to provide a device for reducing stroke-end
shock in a two-piece boom type construction machine
which is cheap and effectively reduces shock at stroke
end of the first boom cylinder.
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DISCLOSURE OF THE INVENTION

[0020] The present invention is a device for reducing
a stroke-end shock in a two-piece boom type construc-
tion machine having a first boom which is attached to a
vehicle body in such a manner as to rotate freely, a sec-
ond boom which is attached to the first boom in such a
manner as to rotate freely, a first boom cylinder which
links the vehicle body and the second boom, a second
boom cylinder which links the second boom and the first
boom, a first operation valve which serves to operate
the first boom cylinder, a second operation valve which
serves to operate the second boom cylinder, first opera-
tion means which outputs a command signal to the first
operation valve and second operation means which out-
puts a command signal to the second operation valve,
wherein when the first boom cylinder is in a longest
state and the second boom cylinder is in a shortest
state, the first and second booms attain maximum der-
ricking state; when shifting from a stored posture to an
operating posture, the second boom cylinder is
retracted from a longest state during storage to a short-
est state during operation, and when operating, the sec-
ond boom cylinder is fixed in the shortest state,
characterized in that the device comprises: angle detec-
tion means which detects an angle of the first boom;
restricted flow rate setting means having stored in
advance therein a value of a relationship between the
angle of the first boom and a restricted oil flow rate of
the first boom cylinder such that the value becomes
minimum within a predetermined angle range including
a stroke end angle defined as the boom angle of the first
boom when the first and second booms are put in the
maximum derricking state, while the value gradually
increases as it goes farther beyond the angle range;
and flow rate control means which restricts and controls
the flow rate of pressure oil to the first operation valve in
a direction in which the boom is raised in accordance
with data stored in the restricted flow rate setting
means.

[0021] By establishing as the stroke-end angle the
boom angle of the first boom when the first and second
booms assume maximum derricking state, this inven-
tion allows the pressure oil flow rate in the direction of
boom up to be reduced in proportion to the degree of
closeness to this stroke-end angle.

[0022] Moreover, the present invention is a device for
reducing a stroke-end shock in a two-piece boom type
construction machine having a first boom which is
attached to a vehicle body in such a manner as to rotate
freely, a second boom which is attached to the first
boom in such a manner as to rotate freely, a first boom
cylinder which links the vehicle body and the second
boom, a second boom cylinder which links the second
boom and the first boom, a first operation valve which
serves to operate the first boom cylinder, a second
operation valve which serves to operate the second
boom cylinder, first operating means which outputs a
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command signal to the first operation valve and second
operating means which outputs a command signal to
the second operation valve, characterized in that the
device comprises: first boom angle detecting means
which detects an angle of the first boom; second boom
angle detecting means which detects an angle of the
second boom; stroke-end angle setting means which
stores in advance a relationship between the first boom
angle at which the first boom cylinder reaches a stroke
end, and the second boom angle; restricted flow rate
setting means having stored in advance therein a value
of a relationship between the angle of the first boom and
a restricted oil flow rate of the first boom cylinder, for
each of a plurality of reference angles defined as a plu-
rality of first boom angles at which the first boom cylin-
der reaches the stroke end, such that the value
becomes minimum within a predetermined angle range
including the reference angle, while the value gradually
increases as it goes farther beyond the angle range;
calculation selecting means which assigns values
detected by the second boom angle detecting means to
the predetermined relationships of the stroke-end angle
setting means so as to calculate the first boom angle
which is the stroke-end angle corresponding to the
detection values, and selects a predetermined relation-
ship of the restricted flow rate setting means which cor-
responds to the calculated first boom angle; and flow
rate control means which restricts and controls the flow
rate of pressure oil to the first operation valve in a direc-
tion in which the boom is raised in accordance with the
selected predetermined relationship.

[0023] By detecting the first boom angle a and the
second boom angle B, and reducing stroke-end shock in
accordance with the results of detecting these two
angles, this invention allows the stroke-end shock of the
first boom cylinder 2 to be reduced effectively even in
conditions where the second boom cylinder 4 is
extended or retracted at will.

[0024] Furthermore, the present invention is a device
for reducing a stroke-end shock in a two-piece boom
type construction machine having a first boom which is
attached to a vehicle body in such a manner as to rotate
freely, a second boom which is attached to the first
boom in such a manner as to rotate freely, a first boom
cylinder which links the vehicle body and the second
boom, a second boom cylinder which links the second
boom and the first boom, a first operation valve which
serves to operate the first boom cylinder, a second
operation valve which serves to operate the second
boom cylinder, first operating means which outputs a
command signal to the first operation valve and second
operating means which outputs a command signal to
the second operation valve, characterized in that the
device comprises: first boom angle detecting means
which detects an angle of the first boom; second boom
angle detecting means which detects an angle of the
second boom; stroke-end angle setting means which
stores in advance a relationship between the first boom
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angle at which the first boom cylinder reaches a stroke
end, and the second boom angle; restricted flow rate
setting means having stored in advance therein a value
of arelationship between the angle of the first boom and
a restricted oil flow rate of the first boom cylinder such
that the value becomes minimum within a predeter-
mined angle range including a reference angle defined
as one first boom angle at which the first boom cylinder
reaches the stroke end, while the value gradually
increases as it goes farther beyond the angle range;
correction calculating means which assigns a value
detected by the second boom angle detecting means to
the predetermined relationship of the stroke-end angle
setting means so as to calculate the first boom angle,
which is the stroke-end angle corresponding to the
detection value, and corrects predetermined data of the
restricted flow rate setting means in accordance with
the calculated first boom angle; and flow rate control
means which restricts and controls the flow rate of pres-
sure oil to the first operation valve in a direction in which
the boom is raised in accordance with the corrected
result of the correction calculating means.

[0025] By detecting the first boom angle « and the
second boom angle B, this invention also allows the
stroke-end shock of the first boom cylinder 2 to be
reduced in accordance with the results of detecting
these two angles.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

Fig. 1 is a block diagram illustrating a first embodi-
ment of the present invention;

Fig. 2 is a diagram illustrating an example of valve
structure to replace the EPC valve of the embodi-
ment illustrated in Fig. 1;

Fig. 3 is a diagram illustrating a modified example of
the first embodiment;

Fig. 4 is a diagram illustrating the mode of rotation
of the first and second booms;

Fig. 5 is a diagram illustrating the pattern of
restricted oil flow rate to the first boom cylinder in
the first embodiment;

Fig. 6 is a block diagram illustrating a second
embodiment of the present invention;

Fig. 7 is a diagram illustrating the relationship
between the angle of the second-boom and the
stroke-end angle of the first boom in the second
embodiment;

Fig. 8 is a diagram illustrating the pattern of
restricted oil flow rate to the first boom cylinder in
the second embodiment;

Fig. 9 is a diagram illustrating the operating posture
of a two-piece boom type power shovel to which the
present invention has been applied;

Fig. 10 is a diagram illustrating the stored posture of
a two-piece boom type power shovel to which the
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present invention has been applied;

Fig. 11 is a diagram explaining restrictions in the
cylinder link structure of a two-piece boom type
power shovel to which the present invention has
been applied;

Fig. 12 is a diagram illustrating a conventional
device for reducing mechanical shock; and

Fig. 13 is a diagram illustrating the mode of rotation
of the first and second booms.

BEST MODE FOR CARRYING OUT THE INVENTION

[0027] There follow, with reference to the drawings,
descriptions of several embodiments of the present
invention.

[0028] In the embodiments which follow, the present
invention has been applied to a two-piece boom type
power shovel of the sort illustrated in Figs. 9-11.

Embodiment 1

[0029] In the present first embodiment an angle sen-
sor is attached to the rotational fulcrum a of the first
boom 1, and stroke-end shock in the first boom cylinder
is reduced in accordance solely with the output of this
single angle sensor.

[0030] It is a prerequisite for implementing the present
first embodiment that the operator execute the following
operations.

[0031] That is to say, the first boom cylinder 2 is oper-
ated with the aid of an operating lever, and the second
boom cylinder 4 with the aid of an operating pedal. In
the stored posture illustrated in Fig. 4, the first boom cyl-
inder 2 assumes a fairly short state while the second
boom cylinder 4 assumes a longest state (cf. Fig. 5).
Further, in the operating posture illustrated in Fig. 4 (the
operating posture when the boom assumes the maxi-
mum derricking posture, which corresponds to the state
of the boom angle @ in Fig. 13), the first boom cylinder
2 assumes a longest state while the second boom cylin-
der 4 assumes a shortest state (cf. Fig. 5). Meanwhile,
in the operational range the second boom cylinder 4 is
fixed in a shortest state, and the first boom cylinder 2
alone is altered at will.

[0032] Consequently, in the present embodiment,
transition from the stored posture to the operating pos-
ture is achieved by ensuring that the operator imple-
ments operations in such a manner as fully to retract the
second boom cylinder from its longest state during stor-
age to a shortest state at start of operation (state in
which the first boom 1 assumes its maximum derricking
posture). In other words, it is a precondition that this
operation be implemented.

[0033] Now, as will be seen from Fig. 13, the angle of
the first boom when the first boom cylinder 2 reaches
the up-side stroke end with the second boom cylinder 4
assuming a shortest state, ie the operating posture, is
©. Consequently, Embodiment 1 is configured in such a
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manner as to reduce stroke-end shock in the first boom
cylinder 2 by decreasing the oil flow rate to the bottom
side of the first boom cylinder 2 when the angle of the
first boom approaches ®.

[0034] Fig. 1 illustrates an example of the structure of
the drive control system required for the implementation
of Embodiment 1, a first boom angle sensor 20 being
attached to the rotational fulcrum a of the first boom 1 in
order to detect the first boom angle « (cf. Fig. 4).
[0035] A first boom operating valve 21 drives the first
boom cylinder 2, extending and retracting it. A boom
operating lever 22 drives the first boom cylinder 2,
extending and retracting it. A PPC valve 23 feeds pilot
pressure oil to the up-side pilot port 21a of the first
boom operating valve 21 when the boom operating lever
22 is operated on the up side, and to the down-side pilot
port 21b of the first boom operating valve 21 when the
boom operating lever 22 is operated on the down side.
The oil passage from the PPC valve 23 to the up-side
pilot port 21a is provided with a boom up pressure
switch 24, which detects execution of the boom up oper-
ation by the boom operating lever 22. Similarly, the oil
passage from the PPC valve 23 to the down-side pilot
port 21b is provided with a boom down pressure switch
25, which detects execution of the boom down opera-
tion by the boom operating lever 22. Detection signals
from these pressure switches 24, 25 are output to a
computing element 26.

[0036] The oil passage from the PPC valve 23 to the
up-side pilot port 21a is provided with an EPC valve 27,
which in response to commands from the computing
element 26 feeds pilot pressure oil to the up-side pilot
port 21a of the first boom operating valve 21, acting in
such a manner as to restrict the pressure oil flow rate on
the up side to the first boom cylinder 2.

[0037] Meanwhile, a second boom operating valve 28
drives the second boom cylinder 4, extending and
retracting it. This second boom operating valve 28 is
operated by an operating pedal 29. In other words, pilot
oil pressure corresponding to the angle of depression of
the operating pedal 29 is fed by means of a PPC valve
30 to the second boom operating valve 28, allowing the
second boom cylinder 4 to extend and retract.

[0038] There follows a detailed description of the com-
puting element 26. As is illustrated in Fig. 5, a restricted
oil flow rate pattern for the first boom cylinder 2 is stored
in advance within the computing element 26, which out-
puts flow rate restriction signals to the EPC valve 27 in
accordance with this restricted oil flow rate pattern.
[0039] In other words, the vertical axis in Fig. 5 repre-
sents the restricted oil flow rate (maximum flow rate) of
the first boom cylinder 2, while the horizontal axis repre-
sents the angle a of the first boom. The position of the
angle ® corresponds to the position of the operating
posture (stroke-end position of the first boom cylinder 2
when the second boom cylinder 4 is in a shortest state)
in Fig. 4.

[0040] Thatis to say, in the pattern shown in Fig. 5 the
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restricted oil flow rate value Q is at its minimum Q3 at a
prescribed angle range of approximately ® (02 < o <
03). Moreover, if the first boom angle is in the opera-
tional range, ie a < ®, the normal operational restricted
oil flow rate value Q1 is the restriction value when a <
01, the restricted oil flow rate value Q deceasing gradu-
ally as the boom angle o increases when 61 < o < 62.
[0041] Furthermore, if the first boom angle is in the
storage range, ie o > @, the restricted oil flow rate value
Q is made to be Q2 (Q3 < Q2 < Q1) when 64 < a <
stored posture, and the restricted oil flow rate value Q is
decreased gradually as the boom angle o decreases
when 63 < o < 04.

[0042] The reason for ensuring that there is a reason-
ably high restricted flow rate value Q2 when ¢ > 04 is as
follows.

[0043] When the working mechanism moves from the
stored posture to the operating posture, the first boom
cylinder 2 moves towards the stroke end, as when lifting
the second boom 3 in the operational range. Thus, set-
ting the restricted oil flow rate value Q in the vicinity of
the minimum value Q3 when 63 < « < stored posture
would serve to slow the working mechanism down dur-
ing transition from the stored posture to the operating
posture. This would create problems, and the machine
would cease to move when the engine is idling.

[0044] Thus, by ensuring a reasonably high restricted
flow rate value Q2 when « > 04, the present embodi-
ment makes it possible to move swiftly from the stored
posture to the operating posture.

[0045] When the computing element 26 in Fig. 1
detects a boom up operation as a result of a signal from
the boom up pressure switch 24, it reads from the
restricted oil flow rate pattern illustrated in Fig. 5 the
restricted oil flow rate value Q corresponding to the
detection signal o from the first boom angle sensor 20.
Once read, the signal is output to the EPC valve 27,
thus serving to reduce stroke-end shock in the first
boom cylinder 2 while the second boom 3 is being lifted.
[0046] Fig. 2 illustrates an on/off valve 31 and throttle
valve 32 which are used instead of the EPC valve 27 of
Fig. 1. In this case, the duty of the on/off command sig-
nal output from the computing element 26 to the on/off
valve 31 is controlled so as to restrict the flow rate in
accordance with patterns such as those illustrated in
Fig. 5.

[0047] Fig. 3 illustrates a modified example of the first
embodiment. In this case, the boom operating lever 22
of Fig. 1 is replaced by an electrical lever 33, the lever
signal of which is input directly into the computing ele-
ment 26.

Embodiment 2

[0048] In the present second embodiment an angle
sensor 20 is attached to the rotational fulcrum a of the
first boom 1, and an angle sensor 41 is attached to the
rotational fulcrum d of the second boom 3 (cf. Fig. 4), so
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that stroke-end shock in the first boom cylinder is
reduced in accordance with the detection output of
these two angle sensors 20, 41.

[0049] Fig. 6 illustrates an example of the structure of
the drive control system required for the implementation
of Embodiment 2, a second boom angle sensor 41
being added to Embodiment 1, the computing element
26 of which is replaced by a computing element 40. All
other structural elements are the same as in Embodi-
ment 1, and will not be described again here.

[0050] As inthe previous embodiment, the first boom
angle sensor 20 is attached to the rotational fulcrum a of
the first boom 1 in order to detect the first boom angle o
(cf. Fig. 4).

[0051] The second boom angle sensor 41 is attached
to the rotational fulcrum d of the second boom 3 in order
to detect the second boom angle B (cf. Fig. 4).

[0052] As will be seen again from Fig. 13, the angle
(posture) of the first boom 1 in the present two-piece
boom type power shovel when the first boom cylinder 2
reaches stroke end varies in a range between the posi-
tion of the angle ® and that of the angle @' in response
state of extension or retraction of the second boom cyl-
inder 4.

[0053] Now, let the second boom angle B be labelled
¢ when the first boom angle « is ®, and ¢’ when the first
boom angle o is ®', as is shown in Fig. 13. In other
words, the first boom angle « in the operating posture
when the first boom cylinder 2 is in a longest state and
the second boom cylinder is in a shortest state is ®, and
the second boom angle at that time is ¢. Meanwhile, the
first boom angle o when the first boom cylinder 2 is in a
longest state and its axis u intersects the fulcrum a of
thefirstboom 1 is @', and the second boom angle at that
time is ¢".

[0054] Thus, within this range of angles (@ <a < @', ¢
<B <¢), the boom angles a, p assume an unconditional
relationship as illustrated in Fig. 7. In other words, pro-
vided that the relationship shown in Fig. 7 is established
in advance for each actual machine, it is possible to uti-
lize this relationship to determine the stroke-end angle &
of the first boom cylinder 2 in accordance with the value
of the angle p when the second boom 3 is in the range
d<B<LY.

[0055] The relationship between the stroke-end angle
6 and the second boom angle B as illustrated in Fig. 7 is
set and stored in advance within the computing element
40 of Fig. 6.

[0056] As is illustrated in Fig. 8, a restricted oil flow
rate pattern for the first boom cylinder 2 is stored in
advance within the computing element 40 of Fig. 6. The
computing element 26 outputs flow rate restriction sig-
nals to the EPC valve 27 in accordance with this
restricted oil flow rate pattern.

[0057] In other words, as Fig. 8 shows, a plurality of
patterns of the sort illustrated in Fig. 5 but transposed
parallelly forward in a horizontal direction within the
angle range ® < o < @' is stored in a restricted oil flow
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rate pattern memory in the computing element 40. A
pattern corresponding to the stroke-end angle 8 (® <& <
@) of the first boom cylinder determined in accordance
with the angle p of the second boom 3 is selected from
among this plurality of patterns and used to restrict and
control the flow rate.

[0058] When the computing element 40 in Fig. 6
detects a boom up operation as a result of a signal from
the boom up pressure switch 24, it takes the detection
signal o from the first boom angle sensor 20 and the
detection signal g from the second boom angle sensor
41, and calculates the stroke-end angle & (0< 8< @) of
the first boom cylinder 2 corresponding to the current
angle p of the second boom on the basis of the angle
relationships illustrated in Fig. 7.

[0059] Next, the computing element 40 selects from
among the plurality of patterns illustrated in Fig. 8 the
one which corresponds to the calculated stroke-end
angle 8, and outputs to the EPC valve 27 a restricted
flow rate value signal corresponding to the detection
signal o of the first boom angle sensor 20 in the
selected pattern. This serves to reduce stroke-end
shock in the first boom cylinder 2 while the second
boom 3 is being lifted.

[0060] It should be added that when B < ¢', ie when the
second boom angle B is between the stored posture
(posture when the second boom cylinder 4 is in a long-
est state) and the state at ¢, the pattern which is
adopted from among the plurality of patterns illustrated
in Fig. 8 is the one for when the stroke-end angle & is @'
[0061] By ensuring a reasonably high restricted flow
rate value Q2 when o > 64 (64) as may be seen in Fig.
8, the present second embodiment also makes it possi-
ble to move swiftly from the stored posture to the oper-
ating posture.

[0062] Thus, in the present second embodiment the
first boom angle o« and second boom angle B are
detected, and stroke-end shock in the first boom cylin-
der is reduced in accordance with the results detected
for these two angles. In this manner it is possible effec-
tively to reduce stroke-end shock in the first boom cylin-
der 2 even in conditions where the second boom
cylinder 4 is extended or retracted at will.

[0063] Furthermore, as may be seen from Fig. 8, the
abovementioned second embodiment provides a plural-
ity of restricted oil flow rate patterns in accordance with
the stroke-end angle 8. However, it is also possible to
provide a single restricted oil flow rate pattern corre-
sponding to a single stroke-end angle as illustrated in
Fig. 5, and to determine the restricted oil flow rate pat-
tern which matches the actual stroke-end angle & by
correcting this single pattern (simply transposing the
pattern parallelly in a horizontal direction) in accordance
with the actual stroke-end angle 6 as obtained from the
angle relationships illustrated in Fig. 7.

[0064] That is to say, suppose a restricted oil flow rate
pattern was provided as illustrated in Fig. 5, where the
stroke-end angle of the first boom cylinder is ®. Sup-
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pose also that the second boom angle p obtained from
the second boom angle sensor 41 while the device was
working was ¢'. The computing element 40 calculates
the stroke-end angle & (= ®@') corresponding to this sec-
ond boom angle ¢' from the relationships illustrated in
Fig. 7. It then determines the difference A® (= @' - ©)
between the calculated stroke-end angle ®' and the
stroke-end angle @ (fixed value), and by correcting the
restricted oil flow rate pattern illustrated in Fig. 5 (trans-
posing it parallelly in a horizontal direction) by a value
determined in advance in accordance with this deviation
A®, determines the restricted oil flow rate pattern corre-
sponding to the stroke-end angle @'.

[0065] In the above embodiments the upward opera-
tion of the second boom 3 has been detected with the
aid of the pressure switch 24, but this may also be
effected at will by other means. For instance, the angle
o of the first boom 1 may be monitored and the upward
operation of the second boom 3 detected on the basis of
the monitored values. In this manner it is possible to
reduce stroke-end shock in the first boom cylinder by
allowing the EPC valve 27 to work at such time as the
first boom angle o attains a predetermined angle in
boom up operational state.

INDUSTRIAL APPLICABILITY

[0066] As has been explained above, the present
invention makes it possible even in a construction
machine with a two-piece boom structure to reduce
stroke-end shock in the first boom cylinder effectively
and cheaply with the aid of even a single angle sensor
by making the boom angle of the first boom when the
first and second booms are in maximum derricking state
the stroke-end angle.

[0067] Moreover, by ensuring to a certain degree the
flow restriction value on the second boom up side when
the operational mechanism is in the stored posture
range, it facilitates the transition from the stored posture
to the operating posture, thus improving operational effi-
ciency.

[0068] Furthermore, by detecting the first and second
boom angles and reducing stroke-end shock in the first
boom cylinder in accordance with the results detected
for these two angles, the present invention makes it pos-
sible effectively to reduce stroke-end shock in the first
boom cylinder even in conditions where the second
boom cylinder is extended or retracted at will.

Claims

1. A device for reducing a stroke-end shock in a two-
piece boom type construction machine having a
first boom which is attached to a vehicle body in
such a manner as to rotate freely, a second boom
which is attached to the first boom in such a manner
as to rotate freely, a first boom cylinder which links
the vehicle body and the second boom, a second
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boom cylinder which links the second boom and the
first boom, a first operation valve which serves to
operate the first boom cylinder, a second operation
valve which serves to operate the second boom cyl-
inder, first operation means which outputs a com-
mand signal to the first operation valve and second
operation means which outputs a command signal
to the second operation valve, wherein when the
first boom cylinder is in a longest state and the sec-
ond boom cylinder is in a shortest state, the first
and second booms attain a maximum derricking
state; when shifting from a stored posture to an
operating posture, the second boom cylinder is
retracted from a longest state during storage to a
shortest state during operation, and when operat-
ing, the second boom cylinder is fixed in the short-
est state, characterized in that the device
comprises:

angle detection means which detects an angle
of the first boom;

restricted flow rate setting means having stored
in advance therein a value of a relationship
between the angle of the first boom and a
restricted oil flow rate of the first boom cylinder
such that the value becomes minimum within a
predetermined angle range including a stroke
end angle defined as the boom angle of the first
boom when the first and second booms are put
in the maximum derricking state, while the
value gradually increases as it goes farther
beyond the angle range; and

flow rate control means which restricts and
controls the flow rate of pressure oil to the first
operation valve in a direction in which the boom
is raised in accordance with data stored in the
restricted flow rate setting means.

The device for reducing stroke-end shock in a two-
piece boom type construction machine according to
Claim 1, characterized in that the relationship of the
restricted oil flow rate in the first boom cylinder to
the angle of the first boom is set with the aid of the
restricted flow rate setting means in such a manner
that, in a range from the first boom angle corre-
sponding to the stored posture to a prescribed first
angle between the first boom angle corresponding
to the stored posture and the stroke-end angle, a
prescribed flow rate restriction value is adopted
which is smaller than a maximum feed flow rate set
during operation and greater than a minimum value
thereof.

A device for reducing stroke-end shock in a two-
piece boom type construction machine having a
first boom which is attached to a vehicle body in
such a manner as to rotate freely, a second boom
which is attached to the first boom in such a manner
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as to rotate freely, a first boom cylinder which links
the vehicle body and the second boom, a second
boom cylinder which links the second boom and the
first boom, a first operation valve which serves to
operate the first boom cylinder, a second operation
valve which serves to operate the second boom cyl-
inder, first operating means which outputs a com-
mand signal to the first operation valve and second
operating means which outputs a command signal
to the second operation valve, characterized in that
the device comprises:

first boom angle detecting means which
detects an angle of the first boom;

second boom angle detecting means which
detects an angle of the second boom;
stroke-end angle setting means which stores in
advance a relationship between the first boom
angle at which the first boom cylinder reaches
a stroke end, and the second boom angle;
restricted flow rate setting means having stored
in advance therein a value of a relationship
between the angle of the first boom and a
restricted oil flow rate of the first boom cylinder,
for each of a plurality of reference angles
defined as a plurality of first boom angles at
which the first boom cylinder reaches the
stroke end, such that the value becomes mini-
mum within a predetermined angle range
including the reference angle, while the value
gradually increases as it goes farther beyond
the angle range;

calculation selecting means which assigns val-
ues detected by the second boom angle
detecting means to the predetermined relation-
ships of the stroke-end angle setting means so
as to calculate the first boom angle which is the
stroke-end angle corresponding to the detec-
tion values, and selects a predetermined rela-
tionship of the restricted flow rate setting
means which corresponds to the calculated
first boom angle; and

flow rate control means which restricts and
controls the flow rate of pressure oil to the first
operation valve in a direction in which the boom
is raised in accordance with the selected pre-
determined relationship.

4. The device for reducing stroke-end shock in a two-

piece boom type construction machine according to
Claim 3, characterized in that the relationship of the
restricted oil flow rate in the first boom cylinder to
the first boom angle is set for each of the reference
angles with the aid of the restricted flow rate setting
means in such a manner that in a range from the
first boom angle corresponding to the stored pos-
ture to a prescribed first angle between the first
boom angle corresponding to the stored posture
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and the stroke-end angle a prescribed flow rate
restriction value is adopted which is smaller than a
maximum feed flow rate set during operation and
greater than the minimum value thereof.

A device for reducing stroke-end shock in a two-
piece boom type construction machine having a
first boom which is attached to a vehicle body in
such a manner as to rotate freely, a second boom
which is attached to the first boom in such a manner
as to rotate freely, a first boom cylinder which links
the vehicle body and the second boom, a second
boom cylinder which links the second boom and the
first boom, a first operation valve which serves to
operate the first boom cylinder, a second operation
valve which serves to operate the second boom cyl-
inder, first operating means which outputs a com-
mand signal to the first operation valve and second
operating means which outputs a command signal
to the second operation valve, characterized in that
the device comprises:

first boom angle detecting means which
detects an angle of the first boom;

second boom angle detecting means which
detects an angle of the second boom;
stroke-end angle setting means which stores in
advance a relationship between the first boom
angle at which the first boom cylinder reaches
a stroke end, and the second boom angle;
restricted flow rate setting means having stored
in advance therein a value of a relationship
between the angle of the first boom and a
restricted oil flow rate of the first boom cylinder
such that the value becomes minimum within a
predetermined angle range including a refer-
ence angle defined as one first boom angle at
which the first boom cylinder reaches the
stroke end, while the value gradually increases
as it goes farther beyond the angle range;
correction calculating means which assigns a
value detected by the second boom angle
detecting means to the predetermined relation-
ship of the stroke-end angle setting means so
as to calculate the first boom angle, which is
the stroke-end angle corresponding to the
detection value, and corrects predetermined
data of the restricted flow rate setting means in
accordance with the calculated first boom
angle; and

flow rate control means which restricts and
controls the flow rate of pressure oil to the first
operation valve in a direction in which the boom
is raised in accordance with the corrected
result of the correction calculating means.

6. The device for reducing stroke-end shock in a two-

piece boom type construction machine according to
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Claim 5, characterized in that the relationship of the
restricted oil flow rate in the first boom cylinder to
the angle of the first boom is set with the aid of the
restricted flow rate setting means in such a manner
that, in a range from the first boom angle corre-
sponding to the stored posture to a prescribed first
angle between the first boom angle corresponding
to the stored posture and the stroke-end angle, a
prescribed flow rate restriction value is adopted
which is smaller than a maximum feed flow rate set
during operation and greater than a minimum value
thereof.
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