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(57)  This invention provides with a boom structure
(1) comprising a first straight portion (2a), a curvilinear
portion (2b) positioned contiguously to the first straight
portion, and a second straight portion (2¢) positioned
contiguously to the curvilinear portion in a direction of

FIG.1A

the boom, characterized in that a tubular member (9a,
9b) forms one or more of corners (8a-8d) of a generally
rectangular cross-section in the curvilinear portion (2b),
wherein the tubular member (9a,9b) has a closed cross-
section, whereby capable of improving the fatigue
strength of the boom and attain a reduction of its weight.
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Description

BACKGROUND OF THE INVENTION

(FIELD OF THE INVENTION)

[0001] This invention relates to a boom structure of a
construction machine and a method for manufacturing
the same.

(DESCRIPTION OF THE RELATED ART)

[0002] A boom and an arm as working attachment of
a construction machine are required to obtain sufficient
strength since only one side of them supports them. In
a case that the attachment is mounted on a machine
body in such a way that it projects in front of the machine
body, in view of weight balance between the attachment
and the machine body, it is important to reduce weight
of the attachment, especially to reduce weight of the
boom which is the heaviest among working attach-
ments.

[0003] An upper plate, a lower plate, and two side
plates which form four sides of the boom constitute the
boom. In a cross-section of the boom, welding ends of
the plates one another forms four corners.

[0004] On excavating, a bending moment is given to
the boom, whereby a bending deformation arises in a
direction of make the boom extend a bending portion of
the boom straightforward. In the welding ends at the cor-
ners, a high stress works on in a direction orthogonal to
a welding line extending in a longitudinal direction of the
boom. In this case, strength of a welded portion there
becomes much less than that of a base metal. Accord-
ingly, since, on repeated excavations, repeated stress
works on the boom, it leads to a problem that fatigue
duration of the welding portion limits a total duration of
the boom. Itis necessary to ensure sufficient fatigue du-
ration of the welding portion in the corners even if the
base metal has the duration to spare. In this regard,
measures for thickening boom-constituting plates for re-
inforcement or using partition walls such as a stiffener
had to be taken. However, it results in an increase of a
total weight of the boom.

[0005] As a boom in Japanese Patent Application
Laid-open publication No. Hei 11-200397 needs large
reinforcing plates, it is difficult to successfully combine
a weight saving with an increase in strength. As a boom
in Japanese Utility Model Application Laid-open publi-
cation No. Hei 4-57542 is formed by welding a front
block to a rear block wherein a welded joint portion of
two blocks form a bending portion with a shape of "A" ,
it is not sufficient in a strength of the joint portion.

SUMMARY OF THE INVENTION

[0006] The presentinvention has an object to provide
a boom structure of a construction machine capable of
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improving the fatigue strength of the boom and attain a
reduction of its weight, and a method for manufacturing
the same.

[0007] A basic technical concept of the present inven-
tion resides in a boom structure having a curvilinear por-
tion in a longitudinal direction thereof wherein welded
portions are located at positions away from corners of
a generally rectangular section in the curvilinear portion
to prevent the welded portions from limiting the life of
the entire boom and which has a weight reducing and
reinforcing function.

[0008] A boom structure of a construction machine of
the present invention comprising a boom having a cur-
vilinear portion which bends in a longitudinal direction
of the boom. In the boom structure, a tubular member
which forms one or more of corners of a generally rec-
tangular cross-section in the curvilinear portion, wherein
the tubular member has a closed cross-section. With re-
gard to the cross-section (hereinafter referred to as sec-
tion) in the curvilinear portion, a generally rectangular
section is permissible while, namely, it is not limited to
a rectangular section exactly.

[0009] According to the present invention, in the cur-
vilinear portion wherein a fatigue strength of corners in
the generally rectangular section comes into question,
there is used the tubular member having a closed sec-
tion to form the corners, so that welded portions can be
positioned away from the corners and it is possible to
ensure a required strength of base metal of the boom at
the corners where a high stress is developed. Conse-
quently, it is possible to improve the fatigue strength of
the corners. Moreover, an outline portion of the tubular
member not constituting outline of the section is posi-
tioned inside the section, thus functioning as a reinforc-
ing member. As a result, it is possible to attain more re-
duction of its weight in comparison with thickening
boom-constituting plates for reinforcement or using par-
tition walls.

[0010] Another boom structure of a construction ma-
chine of the present invention is permissible as follows.
Namely, it comprises a boom having a hollow section.
The boom has a curvilinear portion which bends in a lon-
gitudinal direction of the boom and being formed by
welding of plural boom members. Corners of a generally
rectangular section in the curvilinear portion are formed
by bent portions of the boom members. Additionally, a
reinforcing member is fixed to each of the boom mem-
bers so as to form a closed section conjointly with one
or more of the corners of the generally rectangular sec-
tion.

[0011] In this case, since welded portions such as
welded boom members can be positioned away from
the corners, it is also possible to improve the fatigue
strength of the boom and attain the reduction of its
weight.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Figs. 1A and 1B disclose a boom structure accord-
ing to a first embodiment of the present invention,
Fig. 1A is a side view of the same, and Fig.1B is a
schematic sectional view in a part of A-A of Fig.1A
as seen in a direction of arrows;

Figs. 2A-2E are views disclosing a method of man-
ufacturing the boom structure of the first embodi-
ment;

Figs. 3A-3G are views disclosing a section of each
boom structure in modifications of the first embod-
iment;

Figs. 4A and 4B are views disclosing modifications
of the first embodiment related to positions of tubu-
lar members disposed in the longitudinal direction
of the boom;

Fig. 5 is a side view of a construction machine pro-
vided with the boom structure having a generally
rectangular section;

Figs. 6A and 6B disclose a boom structure accord-
ing to a second embodiment of the present inven-
tion, Fig. 6A is a side view of the same, and Fig.6B
is a schematic sectional view in a part of B-B of Fig.
6A as seen in a direction of arrows;

Figs. 7A-7D are views disclosing a section of each
boom structure in modifications of the second em-
bodiment;

Figs. 8A-8D are views disclosing a section of each
boom structure in another modifications of the sec-
ond embodiment;

Figs. 9A-9C are views disclosing a section of each
boom structure in further another modifications of
the second embodiment;

Figs. 10A and 10B are views disclosing modifica-
tions of the second embodiment related to arranged
positions of reinforcing members in the longitudinal
direction of the boom;

Figs. 11A and 11B disclose a boom structure ac-
cording to a third embodiment of the present inven-
tion, Fig. 11A is a side view of the same, and Fig.
11B is a schematic sectional view in a part of C-C
of Fig.11A as seen in a direction of arrows; and
Figs. 12A-12D are section views of each boom
structure in modifications of the third embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0013] Boom structures according to a first to a third
embodiment of the present invention will be described
hereinunder with reference to the accompanying draw-
ings. It is to be understood that the following embodi-
ments are for explanation and the present invention is
not limited thereto.
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[First Embodiment]

[0014] Figs. 1A and 1B illustrate a boom structure 1
according to a first embodiment of the present invention,
of which Fig. 1A is a side view thereof and Fig. 1B is a
schematic sectional view as seen in the arrowed direc-
tion A-A in Fig. 1A. The boom structure 1 is used in a
boom 103 of a hydraulic excavator 100 shown in Fig. 5
which is a kind of a construction machine.

[0015] In the hydraulic excavator 100, an upper rotat-
ing body 102 is mounted rotatably on a lower travel body
101. Attachments such as boom 103, arm 104, and
bucket 105 attached to the upper rotating body 102 are
operated to perform an excavating work, etc. The boom
103, arm 104, and bucket 105 are driven by boom cyl-
inders 106, an arm cylinder 107, and a bucket cylinder
108, respectively.

[0016] As shown in Fig. 1A, the boom structure 1 is
provided in its longitudinal direction with a first straight
portion 2a, a curvilinear portion 2b contiguous to the first
straight portion 2a, and a second straight portion 2c con-
tiguous to the curvilinear portion 2b, and is elbowed or
formed in a shape of "A." The boom structure 1 has a
generally rectangular section.

[0017] An arm connector 3 for supporting an arm (not
shown) (e.g., arm 104 in Fig. 5) rotatably is attached to
a front end of the first straight portion 2a. That is, the
first straight portion 2a is positioned on the front end side
to which the arm is attached. On an upper side (the "A"
shaped protruding side) of the curvilinear portion 2b,
there is provided a bracket 4 for the mounting of an arm
cylinder (not shown) (e.g., arm cylinder 107 in Fig. 5).
On both side faces of the curvilinear portion 2b are pro-
vided boss portions 5 to which are pivotedly mounted
front ends of boom cylinders (not shown) (e.g., boom
cylinders 106 in Fig. 5). At an end of the second straight
portion 2c is provided a body connector 6 which is piv-
otedly connected to a construction machine body (not
shown) (e.g., upper rotating body 102 in Fig. 5). That is,
the second straight portion 2c¢ is positioned on the side
where it is supported by the construction machine body.
[0018] A section (A-A section) of the straight portion
2b has a generally rectangular section (hereinafter also
referred to simply as "section" ), as shown in Fig. 1B.
Four upper and lower corners 8a~8d (hereinafter also
referred to as "corners 8" ) of this section are formed
using pipes 9a and 9b as tubular member having a
closed section. More specifically, one pipe 9a is dis-
posed at an upper position of this section and one pipe
9b is disposed at a lower position of the same section,
(each pipe will be referred to hereinafter also as "pipe
9"). An outline of each pipe 9 partially defines two cor-
ners (corners 8a and 8b, or corners 8c and 8d).

[0019] The pipes 9 which form the corners 8 are dis-
posed up and down of this section throughout all of the
first straight portion 2a, curvilinear portion 2b and sec-
ond straight portion 2c (see Fig. 1A). The pipes 9 are
formed with flat portions 10 (10a~d) and 11 (11a~d) ex-
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tending in the longitudinal direction of the boom. More
specifically, the pipe 9a is formed with an upper surface
10a, side faces 10b and 10c, and a lower surface 10d.
Likewise, the pipe 9b is formed with an upper surface
11a, side faces 11b and 11c, and a lower surface 11d.
The upper surface 10a, side faces 10b, 10c, 11b, 11c,
and the lower surface 11d, which constitute a part of the
outline of the pipes 9, also serve as a part of the section.
[0020] A part of the outline of the generally rectangu-
lar section can be constituted by the flat portions of the
pipes and a boom structure of such a section can be
manufactured easily by using the pipe portions located
at the corners. In case of forming the section by bonding
the pipes with other members, the other portions may
be connected to the flat portions. In this case, the con-
nection can be done easily.

[0021] As the pipes there are used seamless steel
pipes or deformed pipes obtained by deforming electro-
seamed steel pipes. In this case, pipes having a closed
section can be disposed easily at the corners of the gen-
erally rectangular section.

[0022] This section is formed by external portions
(10a~c and 11b~d) of the pipes 9 and members 12 weld-
ed to the pipes 9. The members 12 as welded member
are each formed in the shape of a flat plate extending
in the longitudinal direction of the boom. That is, each
member 12 has a flat plate portion 12a or 12b extending
longitudinally of the boom. Ends 12c~12f of the flat plate
portions 12a and 12b which ends extend longitudinally
of the boom are welded so as to overlap bent portions
13 other than the corners 8 in the external portions of
the pipes 9 which extend substantially along the external
form of the section. In the bent portions 13 are formed
stepped portions 13a to 13d which are depressed in-
wards of the pipes 9. Ends 12c~f of the flat plate portions
12a and 12b are welded to the stepped portions 13a~d.
[0023] According to the boom structure 1, the pipes 9
having a closed section are used at the corners in the
curvilinear portion 2b in which the fatigue strength of the
corners 8 in the generally rectangular section comes in-
to question. Therefore, the welded portions can be dis-
posed at positions spaced away from the corners 8. That
is, the bent portions 13 spaced away from the corners
8 and the ends (12c~f) of the flat plate portions 12 can
be mutually welded, whereby the strength required of
the base metal can be ensured at the corners 8 which
undergo a high stress. Therefore, the fatigue strength
of the boom can be improved without being limited by
that of the corners 8. In the outline or the external por-
tions of the pipes 9, the portions not constituting the ex-
ternal form of the section, i.e., the lower surface 10d of
the pipe 9a and the upper surface 11a of the pipe 9b,
are positioned inside the section. Accordingly, the sur-
faces 10d and 11a function as reinforcing members,
making it possible to prevent deformation of the section.
According to the boom structure 1, the fatigue strength
of the corners 8 is improved, so by using a thin-walled
pipe material it is possible to make the total weight of
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the boom structure lighter than in the prior art and en-
sure a fatigue strength equal to or higher than in the prior
art. Thus, in comparison with thickening the boom-con-
stituting plates for reinforcement or using partition walls
or the like, it is possible to attain the reduction in weight
of the boom.

[0024] Next, with reference to Figs. 2A to 2E, the fol-
lowing description is now provided about a method for
fabricating the boom structure 1. Fig. 2A is a sectional
view of a circular pipe 14 such as a seamless steep pipe
or an electroseamed steel pipe, which is a constituent
of each pipe 9. The circular pipe 14 is deformed into a
deformed pipe by passing it among profile rolls. Fig. 2B
shows a positional relation between a pipe section and
profile rolls 15 (15a~d) in the course of passing the cir-
cular pipe 14 among the profile rolls 15 to form a de-
formed pipe 9 (corresponding to each pipe 9 in Fig. 1B).
To be more specific, rolls 15ato 15d each having a rotary
shaft indicated with a dot-dash line in the figure are ar-
ranged on four sides, constituting profile rolls 15. The
rolls (15a~d) constitute one roll set, which set is ar-
ranged in plural stands (plural sets) in series (perpen-
dicularly to the paper surface). While being pass suc-
cessively among the plural stands of profile rolls 15, the
circular pipe 14 is deformed little by little into the de-
formed pipe 9. In this way, there is obtained such a de-
formed pipe 9 (pipe 9a or 9b) as shown in Fig. 2C. By
forming a concave in a roll barrel, like the roll 154, it is
possible to form bent portions (stepped portions 13a~d).
[0025] As examples of methods for forming the de-
formed pipe 9 from the circular pipe 14 there are men-
tioned ext-rolling (extrolling) method, roll forming meth-
od, and draw bench method. In the ext-rolling method,
the circular pipe is deformed while being pushed in be-
tween profile rolls. In the roll forming method, the circular
pipe is deformed with a downstream stand of profile rolls
while being sent out with an upstream stand of profile
rolls. In the draw bench method, a mouth portion is
formed at a front end of the circular pipe and drawing is
carried out between profile rolls while pulling the mouth
portion. In forming the deformed pipe 9 from the circular
pipe 14 in accordance with any of those methods, the
angle in the passing direction of the circular pipe 14 (de-
formed pipe 9) is changed to form a curvilinear portion
partially in the longitudinal direction of the deformed
pipe. In forming the deformed pipe 9, a core may be in-
serted into the circular pipe 14 (deformed pipe 9) to ef-
fect the forming work more precisely by both profile rolls
(dies) and the core (plug).

[0026] Once such deformed pipe 9 as shown in Fig.
2C is obtained, pipes 9a and 9b as the pipe 9 are dis-
posed up and down, respectively, as shown in Fig. 2D.
Next, members 12 having flat plate portions (12a, 12b)
are disposed at both side positions, followed by welding
(joining in the directions indicated with arrows in the fig-
ure) to form a generally rectangular section. That is,
ends 12c~f are welded to stepped portions 13a~d. At
this time, the deformed pipes 9 are each disposed such
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that the curvilinear portion formed in the longitudinal di-
rection thereof is positioned in at least one of the upper
and lower corners in the section (in the boom structure
1 there are arranged pipes 9 at both upper and lower
corners 8). As a result there is formed the boom struc-
ture 1 having such a generally rectangular section as
shown in Fig. 2E and comprising, in the longitudinal di-
rection thereof, a first straight portion 2a, a curvilinear
portion 2b contiguous to the first straight portion 2a, and
a second straight portion 2¢ contiguous to the curvilinear
portion 2b, as shown in Fig. 1A. An arm is attached to
the first straight portion 2a. The curvilinear portion 2b
includes the curvilinear portion as bent portion of the de-
formed pipe 9. The second straight portion 2c is sup-
ported on the construction machine body side. There-
fore, as shown in Fig. 2E, the welded portions 16a~d
can be arranged at positions away from the corners 8
(8a~d). Thus, in this boom structure 1, a required
strength of the base metal can be ensured at the corners
8 which undergoes a high stress.

[0027] Next, a description will be given below about
modifications of the first embodiment.

[0028] Figs. 3A to 3G each illustrate a section (corre-
sponding to the section as seen in the arrowed direction
A-Ain Fig. 1A) in a curvilinear portion of a boom struc-
ture. A generally rectangular section is formed by a part
of an external pipe portion and members welded to the
pipe. This section can take various shapes as illustrated
in Figs. 3A to 3G.

[0029] Inaboom structure 21 shown in Fig. 3A, a sec-
tion is formed by two pipes 31 and 32 each having a
rectangular section and two flat plate members 33 and
34 (flat plate portions 33 and 34). Ends (33a, 33b, 34a,
34b) of the flat plate members 33 and 34 are welded so
as to overlap bent portions (31a, 31b, 32a, 32b) which
are different from corners 35a~d of sections of the pipes
31 and 32. In a boom structure 22 shown in Fig. 3B, a
pipe 36 having a rectangular section is disposed on an
upper side of a generally rectangular section and a
member 37 having a "=" -shaped or horseshoe or U-
shaped section is welded thereto to form the generally
rectangular section. That is, upper corners 38a and 38b
in this section are formed by the pipe 36. On the other
hand, lower corners 38c and 38d are formed by the
member 37. Ends 37c¢ and 37d of flat plate portions 37a
and 37b which form both side faces of the member 37
are welded so as to overlap bent portions 36a and 36b
which are different from the corners 38a and 38b in the
generally rectangular section of the pipe 36.

[0030] Inaboom structure 23 shown in Fig. 3C, pipes
39 (39a to 39d) each having a triangular section are dis-
posed at four corners respectively of a section of the
boom structure. The pipes 39 and flat plate members
41 (41a~d) are welded together to form a generally rec-
tangular section. Corners 40a~d are formed by the pipes
39. Bent portions 42a~h different from the corners
40a~d of the pipes 39 are welded so as to overlap ends
43a~h of the flat plate members 41. By thus disposing
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the pipes 39 at the four corners respectively of the sec-
tion, it is possible to ensure a required strength of the
base metal at the corners 40a~d. Besides, the corners
40a~d can be reinforced by the portions of the pipe 39
which portions do not constitute the external form of the
generally rectangular section.

[0031] In boom structures 24 and 25 shown in Figs.
3D and 3E, like the boom structures 1, 21 and 22, each
of them is made up of two pipes 44 or 47 disposed up
and down and two flat plate members 45 or 48 which
constitute both side faces of a generally rectangular sec-
tion. External portions of the pipes 44 or 47 which por-
tions are positioned inside the generally rectangular
section are formed with recesses 46 or 49 which are de-
pressed inwards of the pipes 44 or 47. This corre-
sponds, in Fig. 1B, to the pipes 9a and 9b plus recesses
formed respectively in the lower surface 10d of the pipe
9a and the upper surface 11a of the pipe 9b, the recess-
es being depressed inwards of the pipes 9a and 9b. The
recesses 46 and 49 are formed in the shapes of an arch
and a trapezoid, respectively. The recesses 46 or 49 can
also improve the strength against bending in the width
direction of the boom structure and the strength in a tor-
sional direction of the boom structure.

[0032] A boom structure 26 shown in Fig. 3F corre-
sponds to a modification of the boom structure shown
in Fig. 3C, in which the bent portions 42a~h are formed
with stepped portions respectively and ends 43a~h are
welded to the stepped portions. By forming such
stepped portions, itis possible to improve the weldability
even in the boom structure having pipes at four corners
respectively of its section. Ends of the flat plate mem-
bers which constitute a generally rectangular section
can be welded fittingly to the stepped portions which are
depressed inwards of the pipes, so that the welding can
be done easily. Besides, since it is possible to carry out
the welding stably, it is easy to ensure a sufficient bond-
ing strength of the welded portions.

[0033] A boom structure 27 shown in Fig. 3G corre-
sponds to a modification of the boom structure shown
in Fig. 3A, in which the corners 35a~d are formed with
slant portions. Thus, the sectional shape is not always
limited to one having right-angled corners, but there also
may be adopted such a shape as the corners being
formed with slant or round portions.

[0034] Referring now to Figs. 4A and 4B, there are
illustrated modifications related to pipe positions dis-
posed in the longitudinal direction of the boom.

[0035] In each of boom structures 28 and 29 which
are shown in side views in Figs. 4A and 4B, respectively,
pipes 51 (51a, 51b) or 52 (52a, 52b) are disposed up
and down of a generally rectangular section. Portions
common to Figs. 1A and 1B are denoted by the same
reference numerals.

[0036] In the boom structure 28 shown in Fig. 4A, a
pipe 51a disposed on the upper side of the section ex-
tends over an area from a curvilinear portion 2b to a sec-
ond straight portion 2c. On the other hand, a pipe 51b



9 EP 1 387 012 A2 10

disposed on the lower side of the section extends from
the curvilinear portion 2b to a first straight portion 2a. An
arm cylinder for actuating an arm is disposed above the
generally rectangular section at a position between the
curvilinear portion 2b and the arm mounted on a front
end side of the boom, while boom cylinders for actuating
the boom are disposed below the generally rectangular
section at a position between the curvilinear portion 2b
and the construction machine body on the boom support
side (see Fig. 5). According to this arrangement, when
a load is imposed on the boom, high stresses are apt to
occur respectively on the upper side of the sectionin the
area from the curvilinear portion 2b to the second
straight portion 2c and on the lower side of the section
in the area from the curvilinear portion 2b to the first
straight portion 2a. In the boom structure 28, therefore,
the pipes 51 can be disposed efficiently at the portions
where high stresses are developed. Besides, it is pos-
sible to reduce the weight of the boom.

[0037] Inthe boom structure 29 shown in Fig. 4B, the
upper and lower pipes 52a and 52b in the section are
both disposed in only the curvilinear portion 2b. By thus
disposing the pipes 52 in the curvilinear portion 2b
where the highest stress is developed, it is possible to
improve the fatigue strength of the boom and reduce the
weight thereof.

[Second Embodiment]

[0038] Reference will now be made to a boom struc-
ture 60 according to a second embodiment of the
present invention. Fig. 6A is a side view of the boom
structure 60 and Fig. 6B schematically illustrates a sec-
tion thereof as seen in the arrowed direction B-B. As to
portions overlapping the first embodiment in explana-
tion, explanations thereof will be omitted accordingly.
[0039] The boom structure 60, which is generally rec-
tangular in section (see Fig. 6B), has a first straight por-
tion 61a, a curvilinear portion 61b and a second straight
portion 61c in its longitudinal direction and is formed in
the shape of "A." The boom structure 60 is further pro-
vided with an arm connector 63, a bracket 64, a boss
portion 65 and a body connector 66.

[0040] Members 67 (67a~d) are arranged so as to
give a generally rectangular section (as seen in the ar-
rowed direction B-B). As members (corresponding to all
of the members 67 in the boom structure 60) which form
four upper and lower corners 68 (68a~d) of the section,
there are used L-shaped members 67 (67a~d) having a
generally L-shaped section. The members 67a~d are
welded together by butt welding to form the section. That
is, the corners 68 are formed by bent portions of the L-
shaped members 67. Ends of the L-shaped members
67 which extend in the longitudinal direction of the boom
are welded together by butt welding to form welded por-
tions 69 (69a~d).

[0041] As shown in Fig. 6B, flat plate-like reinforcing
members 70 (70a~d) are disposed inside the section.
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The reinforcing members 70 are bridgewise mounted so
as to form closed sections conjointly with the corners
68. That is, the reinforcing members 70 are provided in
an opposed relation to the corners 68 and both ends of
each reinforcing member 70 extending in the longitudi-
nal direction of the boom are welded to the inside of the
section. As indicated with dotted lines in Fig. 6A, the re-
inforcing members 70 are arranged up and down of the
generally rectangular section throughout all of the first
straight portion 61a, curvilinear portion 61b and second
straight portion 61c in the longitudinal direction of the
boom. In at least the curvilinear portion 61b in the lon-
gitudinal direction of the boom, the reinforcing members
70 are bridgewise mounted so as to form closed sec-
tions conjointly with the corners 68 located at least one
of upper and lower sides of the section.

[0042] In this structure, the four corners are formed
by the bent portions of the members arranged therein,
so that the butt-welded portions of the members which
constitute the section can be positioned away from the
corners, whereby it is possible to ensure a required
strength of the base metal at the corners which undergo
a high stress. Further, in the curvilinear portion where
fatigue strength comes into question, there are arranged
reinforcing members so as to form closed sections in at
least one of the upper and lower corners of the section.
Therefore, it is possible to increase the second moment
of area of the boom structure 60 and improve the fatigue
strength. The fatigue strength of the corners 68 is thus
improved, so, by using the L-shaped members 67 which
are thin-walled, it is possible to make the total weight of
the boom member lighter than in the prior art and ensure
a fatigue strength equal to or higher than that in the prior
art. That is, in comparison with thickening the boom-
constituting plates for reinforcement or using partition
walls or the like, it is possible to ensure a sufficient fa-
tigue strength with less material and attain the reduction
of weight.

[0043] Description is now directed to modifications of
the second embodiment. The following modifications
(Figs. 7A~9C) are each illustrated by a section (corre-
sponding to the section as seen in the arrowed direction
B-B in Fig. 6A) in a curvilinear portion of a boom struc-
ture. As in the boom structure 60, a reinforcing member
is bridgewise mounted so as to form a closed section
conjointly with a corner in a generally rectangular sec-
tion.

[0044] In each of the modifications illustrated in Figs.
7A to 7D, each corner of a generally rectangular section
is formed using an L-shaped member as one of boom
members. In a boom structure 71 shown in Fig. 7A, the
section is formed by four L-shaped members 72
(72a~d). Since each corner is formed by a bent portion
of an L-shaped member, butt-welded portions of the L-
shaped member can be positioned away from the corner
and hence a required strength of the base metal can be
ensured at each corner which undergoes a high stress.
[0045] Atonly positions opposed to upper corners 73a
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and 73b out of corners 73 (73a~d), there are bridgewise
mounted reinforcing members 74 (74a, b) to form closed
sections conjointly with the upper corners. Thus, partic-
ularly when the strength of the upper corners in the sec-
tion comes into question, reinforcing members may be
disposed preferentially at positions close to the upper
corners. By thus arranging reinforcing members effi-
ciently, it is possible to attain both improvement of fa-
tigue strength and reduction of weight at a time.
[0046] In each of boom structures 75 and 76 shown
in Figs. 7B and 7C, reinforcing members 79 (79a~d) or
80 (80a~d) are disposed in an opposed relation to four
corners of a generally rectangular section which is
formed by L-shaped members 77 (77a~d) or 78
(78a~d). In the boom structure 75, there are used rein-
forcing members 79 each having an arcuate section. In
the boom structure 76, there are used reinforcing mem-
bers 80 each having stepped portions formed at both
ends thereof extending longitudinally of the boom.
[0047] Inaboom 81 shown in Fig. 7D, there are used
L-shaped members 83 (83a~d) as members which form
corners 82 (82a~d), and, at positions opposed to the
corners 82, there are bridgewise mounted flat plate-like
reinforcing members 84 (84a~d). Between the L-shaped
members 83 (between 83a and 83c and also between
83b and 83d), there are disposed side plates 85 (85a,
b) which are thinner than the members 83. As both side
plates not requiring so high fatigue strength as the cor-
ners 82, there are used thinner side plates than the cor-
ner members, whereby it is possible to attain the reduc-
tion of weight.

[0048] In each of modifications shown in Figs. 8A to
8D, members having a generally = -shaped section are
used as corner-forming members out of plural members
which define a generally rectangular section. In a boom
structure 86 shown in Fig. 8A, the section is formed by
butt welding of = -shaped members 87 (87a, b). At po-
sitions opposed to corners 89 (89a~d), there are bridge-
wise mounted reinforcing members 88 (88a~d) so as to
form closed sections conjointly with the corners 89.
[0049] In each of boom structures 90 and 91 shown
in Figs. 8B and 8C, a generally rectangular section is
formed by butt welding of = -shaped members 92 (92a,
b) or 93 (93a, b). Since corners of the generally rectan-
gular section are formed by bent portions of the=.
-shaped members, the butt-welded portions of the same
members can be located at positions away from the cor-
ners, so that a required strength of the base metal can
be ensured at corners which undergo a high stress.
[0050] In the boom structure 90, corner reinforcing
members 94 (94a, b) for reinforcing the corners are dis-
posed at only positions opposed to upper corners. In the
boom structure 91, reinforcing members 95 (95a~d)
having an arcuate section are used as members for re-
inforcing four corners. As in the boom structure 76
shown in Fig. 7C, there may be used reinforcing mem-
bers having stepped portions.

[0051] In a boom structure 96 shown in Fig. 8D, = -
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shaped members 97 (97a, b) are arranged at upper and
lower positions, respectively, of a section of the boom
structure. Reinforcing members 98 (98a~d) are bridge-
wise mounted at positions opposed to corners of the
section. Between the members 97 (=2 -shaped mem-
bers 97a and 97b), there are disposed side plates 99
(99a, 99b) which are thinner than the members 96.
[0052] In each of modifications shown in Figs. 9A to
9C, reinforcing members which are bridgewise mounted
so as to form closed sections together with corners of a
generally rectangular section are disposed outside the
section. In a boom structure 120 shown in Fig. 9A, the
illustrated section is constituted by four L-shaped sec-
tions 121 (121a~d) having a generally L-shaped sec-
tion. Bent portions which form four corners 122
(122a~d) are bent in two steps to form slant portions.
Reinforcing members 123 (123a~d) having an L-shaped
section are bridgewise mounted outside the section so
as to form closed sections together with the corners 122.
[0053] In aboom structure 124 shown in Fig. 9B, cor-
ners of a generally rectangular section are formed by L-
shaped members 125 (125a~d) each having a slant por-
tion as in the boom structure 120. Reinforcing members
126 (126a~d) having an L-shaped section are disposed
outside the corners. Between the members 125 (be-
tween the L-shaped members 125a and 125c and also
between the L-shaped members 125b and 125d), there
are disposed side plates 127 (127a, b) which are thinner
than the members 125. In a boom structure 128 shown
in Fig. 9C, on an upper side of its section, there are dis-
posed, like the boom structure 120, L-shaped members
129 (129a, b) each having a slant portion and reinforcing
members 130 (130a, b) of an L-shaped section posi-
tioned outside with respect to corners formed by the
members 129. On the lower side of the section, there is
disposed a =.-shaped member 131 having a=
-shaped section. Since the corners are reinforced from
the outside, it is possible to increase the second (or sec-
ondary) moment of area and improve the fatigue
strength.

[0054] Next, modifications related to installed posi-
tions of reinforcing members in the boom longitudinal
direction are illustrated in Figs. 10A and 10B. Boom
structures 132 and 133 whose side faces are shown in
both figures are each provided with reinforcing mem-
bers 134 (134a, b) or 135 (1354, b) on upper and lower
sides of a generally rectangular section. Portions com-
mon to the boom structure 60 shown in Fig. 6 are de-
noted by the same reference numerals.

[0055] In the boom structure 132 shown in Fig. 10A,
a reinforcing member 134a disposed on the upper side
of a generally rectangular section extends from a curvi-
linear portion 61b to a second straight portion 61c. On
the other hand, a reinforcing member 134b disposed on
the lower side of the same section extends from the cur-
vilinear portion 61b to a first straight portion 61a. In this
case, as explained in the first embodiment, the reinforc-
ing members 134 can be disposed efficiently at the por-
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tions where a high stress is developed. In the boom
structure 133 shown in Fig. 10B, upper and lower rein-
forcing members 135a and 135b in a generally rectan-
gular section are disposed in only a curvilinear portion
61b. By disposing the reinforcing members 135 in the
curvilinear portion 61b where a highest stress is in-
duced, it is possible to attain both improvement in fa-
tigue strength and reduction in weight of the boom.

[Third Embodiment]

[0056] Next, a description will be given of a boom
structure 136 according to a third embodiment of the
present invention. Fig. 11A is a side view of the boom
structure 136 and Fig. 11B is a sectional view thereof as
seen in the arrowed direction C-C in Fig. 11A. As to por-
tions overlapping the first and second embodiments in
explanation, explanations thereof will be omitted ac-
cordingly.

[0057] The boom structure 136, which has a generally
rectangular section (see Fig. 11B), comprises a first
straight portion 137a, a curvilinear portion 137b and a
second straight portion 137c in its longitudinal direction
and is formed in the shape of "A." The boom structure
136 is further provided with an arm connector 138, a
bracket 139, a boss portion 140, and a body connector
141.

[0058] The generally rectangular section (as seen in
the arrowed direction C-C in Fig. 11A) is formed by
members 142 (142a, b) and 143 (143a, b), as shown in
Fig. 11B. Out of the members 142 and 143, as to mem-
bers which form corners 144 (144a~d) of the section,
there are used 2 -shaped members having a general-
ly = -shaped section. Between the members 142 (= -
shaped members 142a and 142b) are disposed side
plates 143 (members 143) which are thinner than the
members 142. These members (142, 143) are butt-
welded to form the section. The corners 144 are formed
by bent portions of the= -shaped members.

[0059] As shown in Fig. 11B, flat plate-like reinforcing
members 145 (145a, b) are disposed at inside positions
of the section. Each reinforcing member 145 is bridge-
wise mounted so as to form a closed section conjointly
with two corners (144a and 144b, or 144c and 144d) in
this section. More specifically, reinforcing members
145a and 145b are bridgewise mounted substantially in
parallel with an upper surface 146a and a lower surface
146b in the section, and both ends of each of the rein-
forcing members 145 extending in the longitudinal di-
rection of the boom are welded to the inside of the sec-
tion. As indicated with dotted lines in Fig. 11A, the rein-
forcing members 145 are disposed respectively on the
upper and lower sides of the section throughout all of
the first straight portion 137a, curvilinear portion 137b
and second straight portion 137c¢ in the longitudinal di-
rection of the boom. In at least the curvilinear portion
137b, is provided a reinforcing member 145 so as to
form a closed section conjointly with at least one of up-
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per and lower corners 144 in the section.

[0060] According to the boom structure 136, like the
boom structure of the second embodiment, a required
strength of the base metal can be ensured at the corners
which undergo a high stress, and in the curvilinear por-
tion is disposed a reinforcing member so as to form a
closed section for at least one of upper and lower cor-
ners in the generally rectangular section. Consequently,
it is possible to increase the second moment of area of
the boom structure 136 and improve the fatigue
strength. Besides, with the reinforcing members bridge-
wise mounted opposedly to the upper and lower surfac-
es in the section, it is possible to efficiently suppress an
inwardly defecting sectional deformation of both side
plates in an excavating work and improve the fatigue
strength. The fatigue strength of the corners 144 is thus
improved, so, by using the members 142 and 143 which
are thin-walled, it is possible to make the total weight of
the boom member lighter than in the prior art and ensure
a fatigue strength equal to or higher than that in the prior
art. Thatis, as compared with thickening the boom-con-
stituting plates or using partition walls, it is possible to
ensure a sufficient fatigue strength with less material
and attain the reduction of weight.

[0061] Modifications of the third embodiment will now
be described. Modifications shown in Figs. 12A to 12D
are each represented by a section (corresponding to the
section as seen in the arrowed direction C-C in Fig. 11A)
in a curvilinear portion of a boom structure. As in the
boom structure 136, a reinforcing member is bridgewise
mounted so as to form a closed section conjointly with
two corners.

[0062] In a boom structure 146 shown in Fig. 12A, a
generally rectangular section is formed by =.-shaped
members 147 (147a, b) and side plates 148 (148a, b).
On only the upper side of this section there bridgewise
is mounted a reinforcing member 150 so as to form a
closed section together with two corners (149a, 149b).
[0063] In a boom structure 151 shown in Fig. 12B, a
generally rectangular section is formed by =--shaped
members 152 (152a, b) and side plates 153 (153a, b).
Reinforcing members 154 (154a, b) each forming a
closed section conjointly with two corners are bridge-
wise mounted at upper and lower positions, respective-
ly, in the section. Both ends of each reinforcing member
154 extending in the longitudinal direction of the boom
are formed with bent portions 155, whereby it is possible
toincrease the second moment of area of the reinforcing
members 154 and improve the fatigue strength of the
boom.

[0064] In a boom structure 156 shown in Fig. 12C, L-
shaped members 158 (158a~d) having an L-shaped
section are used as members for forming corners 157
(157a~d). More specifically, bent portions of the mem-
bers 158 form the corners 157, and flat plate-like rein-
forcing members 159 (159a, b) are each mounted
bridgewise between two L-shaped members (158a and
158b, or 158c and 158d).
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[0065] In a boom structure shown in Fig. 12D, a gen-
erally rectangular section is formed by = -shaped mem-
bers 161 (161a, b) and side plates 162 (162a, b), and a
reinforcing member 163 is bridgewise mounted be-
tween both side plates (162a and 162b). Also with the
reinforcing plate 163, it is possible to increase the sec-
ond moment of area of the boom structure and improve
the fatigue strength.

[0066] As to the boom longitudinal direction, the mod-
ifications shown in Figs. 10A and 10B in the second em-
bodiment may be applied in this third embodiment.
[0067] The above embodiments may be combined as
necessary. For example, the member 37 shown in Fig.
3B may be substituted by a member obtained by butt-
welding the L-shaped members 72c and 72d shown in
Fig. 7A. combination of Figs. 7B and 7C is also applica-
ble.

[0068] As set forth above, the boom structure accord-
ing to the present invention, which is used in a construc-
tion machine and has a generally rectangular section,
is characterized in that it comprises a first straight por-
tion, a curvilinear portion contiguous to the first straight
portion, and a second straight portion contiguous to the
curvilinear portion, in its longitudinal direction, and that,
in at least the curvilinear portion in the longitudinal di-
rection of the boom, corners positioned on at least one
of the upper and lower sides of the generally rectangular
section are formed using a pipe which has a closed sec-
tion.

[0069] Thus, in the curvilinear portion wherein the fa-
tigue strength of corners in the generally rectangular
section comes into question, there is used a pipe having
a closed section to form the corners, so that welded por-
tions can be positioned away from the corners and it is
possible to ensure a required strength of the base metal
at the corners where a high stress is developed. Con-
sequently, it is possible to improve the fatigue strength
of the corners. Moreover, an external portion of the pipe
not constituting the external form of the section is posi-
tioned at the inside of the section, thus functioning as a
reinforcing member. Accordingly, it is possible to attain
the reduction of weight in comparison with thickening
the boom-constituting plates for reinforcement or using
partition walls. That is, it is possible to improve the fa-
tigue strength of the boom and attain the reduction of
weight.

[0070] The boom structure according to the present
invention, which is used in a construction machine and
has a generally rectangular section, is characterized in
that it comprises a first straight portion, a curvilinear por-
tion contiguous to the first straight portion, and a second
straight portion contiguous to the curvilinear portion, in
its longitudinal direction, that the generally rectangular
section is formed substantially by butt welding of plural
members and the four corners thereof are formed by
bent portions of the members, and that, in at least the
curvilinear portion in the longitudinal direction of the
boom, there is provided a reinforcing member so as to
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form a closed section conjointly with corners positioned
on at least one of the upper and lower sides of the gen-
erally rectangular section.

[0071] In this case, since the four corners are formed
by bent portions of the members which constitute the
generally rectangular section, the butt-welded portions
of the members can be positioned away from the cor-
ners. Consequently, it is possible to ensure a required
strength of the base metal at the corners which undergo
a high stress. Since, in the curvilinear portion wherein
fatigue strength comes into question, there is disposed
a reinforcing member so as to form a closed section to-
gether with corners, it is possible to increase the second
moment of area of the boom structure and improve the
fatigue strength. Thus, in comparison with thickening
the boom-constituting plates or using partition walls or
the like, it is possible to ensure a sufficient fatigue
strength with less material and attain the reduction of
weight.

[0072] Although embodiments of the present inven-
tion have been described above, the scope of protection
of the present invention is not limited thereto.

Claims

1. A boom structure of a construction machine, com-
prising:

a boom having a curvilinear portion bending in
a longitudinal direction of said boom, wherein
a tubular member which forms one or more of
corners of a generally rectangular section in
said curvilinear portion, said tubular member
having a closed section.

2. The boom structure according to claim 1, wherein
said curvilinear portion is positioned contiguously
between a first and a second straight portion in the
longitudinal direction of the boom.

3. The boom structure according to claim 1, wherein
said tubular member has a flat portion extending in
the longitudinal direction of the boom.

4. The boom structure according to claim 1, wherein
said generally rectangular section is formed by a
part of an outline of said tubular member and a
welded member welded to said tubular member,
said welded member having a flat plate portion ex-
tending in the longitudinal direction of the boom,
ends of said flat plate portion being welded to bent
portions of said tubular member other than said cor-
ners.

5. The boom structure according to claim 1, wherein
said tubular member is disposed on each of upper
and lower sides of said generally rectangular sec-
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tion so that the tubular member forms two of said
corners.

The boom structure according to claim 5, wherein
arecess depressed inwards of said tubular member
is formed inside of said generally rectangular sec-
tion.

The boom structure according to claim 1, wherein
said tubular member is disposed at each of the cor-
ners of said generally rectangular section so that
the tubular member constitutes each of said corners
respectively.

The boom structure according to claim 4, wherein
each stepped portion depressed inwards of said tu-
bular member is formed in said bent portions and
said ends of said flat plate portion are welded to said
each stepped portion.

The boom structure according to claim 2, wherein
said first straight portion is positioned on a front end
side of the boom to which an arm is attached, said
second straight portion is positioned on a support
side of the boom which is supported by a construc-
tion machine body, and said tubular member com-
prises a first tubular member disposed on an upper
side of said generally rectangular section and ex-
tending from said curvilinear portion to said second
straight portion and a second tubular member dis-
posed on a lower side of said generally rectangular
section and extending from said curvilinear portion
to said first straight portion.

The boom structure according to claim 1, wherein
said tubular member is one of a seamless steel pipe
and an electroseamed steel pipe.

A boom structure of a construction machine, com-
prising:

a boom having a hollow section, said boom
having a curvilinear portion bending in a longi-
tudinal direction of said boom and being formed
by welding of plural boom members, corners of
a generally rectangular section in said curvilin-
ear portion being formed by bent portions of
said boom members; and

a reinforcing member which is fixed to each of
said boom members so as to form a closed sec-
tion conjointly with one or more of said corners
of said generally rectangular section.

The boom structure according to claim 11, wherein
said curvilinear portion is positioned contiguously
between a first and a second straight portion in the
longitudinal direction of said boom.
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The boom structure according to claim 11, wherein
said boom members which form said corners of said
generally rectangular section are L-shaped mem-
bers having a generally L-shaped section.

The boom structure according to claim 11, wherein
said boom members which form said corners of said
generally rectangular section are horseshoe mem-
bers having a generally horseshoe section.

The boom structure according to claim 11, wherein
said reinforcing member is mounted so as to form
a closed section conjointly with one of said corners.

The boom structure according to claim 11, wherein
said reinforcing member is disposed inside said
generally rectangular section.

The boom structure according to claim 11, wherein
said reinforcing member is disposed outside said
generally rectangular section.

The boom structure according to claim 11, wherein
said reinforcing member is mounted so as to form
a closed section conjointly with two of said corners.

The boom structure according to claim 11, further
comprising:

side plate disposed between said boom mem-
bers which form said corners, said side plate
being thinner than each of said boom members.

A method for manufacturing a boom structure of a
construction machine, comprising the steps of:

passing a circular pipe through profile rolls to
form a deformed pipe;

forming a bent portion in a longitudinal direction
of said deformed pipe at the time of forming the
deformed pipe; and

welding a member having a flat plate portion to
said deformed pipe to form a boom structure
having a generally rectangular section,

wherein said bent portion of said deformed
pipe is positioned at corners of said generally rec-
tangular section, and said boom structure has, in its
longitudinal direction, a first straight portion to which
an arm is attached, a curvilinear portion contiguous
to said first straight portion and including said bent
portion of said deformed pipe, and a second straight
portion contiguous to said curvilinear portion and
supported by a construction machine body.
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