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(57) Abrege(suite)/Abstract(continued):

member, and a pair of front and back side plate members arranged between the top and bottom plate members and welded
together. A strike plate support extends out from front and back edges of the top plate member and the bottom plate member
correspondingly with respect to the positions in which a strike plate for attaching a traction motor and a gear unit is disposed, the
strike plate being welded to the strike plate support. Consequently, excellent welding workabillity can be achieved when assembling
the bogie frame.
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ABSTRACT

A bogie frame for railway vehicles includes a pair of left and right side frames
disposed along a direction of rails and a cross frame that connects the side frames to
cach other, and the cross frame includes a top plate member, a bottom plate member,
and a pair of front and rear side plate members that are disposed between these plate
members and welded thereto, wherein the cross frame has mounting bracket support
portions that extend from front and rear edges of the top plate member and the bottom
plate member, correspondingly to locations where mounting brackets for mounting a
traction motor and mounting brackets for mounting a gearbox are disposed, and the
mounting brackets are welded to the mounting bracket support portions. This makes it

possible to achieve good welding workability for assembling the bogie frame.



CA 02873600 2014-11-13

1

DESCRIPTION

TITLE OF INVENTION
BOGIE FRAME FOR RAILWAY VEHICLES

TECHNICAL FIELD
[0001]

The present invention relates to a bogie frame for railway vehicles.

BACKGROUND ART
10002]

Railway vehicles are provided with traction motors and gearboxes mounted on
their bogie frames, and they run on rails on power transmitted from the traction motors

to wheel sets through the gearboxes.
[0003]

FIG. 1 1s a plan view of a conventional bogie frame. FIG. 2 is an enlarged plan
view showing a region where a mounting bracket is located in a cross frame of the
conventional bogie frame. As shown in FIG. 1, the bogie frame 101 includes a pair of
left and right side frames 102 disposed along a direction of rails and cross frames 103
that connect the side frames 102 to each other. The cross frames 103 are each
composed of a cylindrical steel pipe, and are welded at both ends to the side frames 102.
10004]

A mounting bracket 104 for mounting a traction motor (hereinafter also referred
to as "mounting bracket 104 for a traction motor") i1s welded to each cross frame 103 at
its outer peripheral surface, and further a mounting bracket 105 for mounting a gearbox
(hereinafter also referred to as "mounting bracket 105 for a gearbox") 1s welded to each

cross frame 103 at its outer peripheral surface (see, for example, Patent Literatures 1
and 2).

[0005]
[t is to be noted that the mounting bracket 104 for a traction motor and the
mounting bracket 1035 for a gearbox are components that are totally independent and

separate from the cross frame 103 before being joined thereto. The mounting bracket
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104 for a traction motor is formed with a rib structure in many cases because it is
subjected to a heavy load such as the reaction force of power from the traction motor
and the weight of the traction motor itself during travel of the railway vehicle. The
same applies to the mounting bracket 105 for a gearbox. As a result, the conventional
bogie frame 101 has many weld zones having short weld lines because the
rib-structured mounting brackets 104 and 105 are welded to the cylindrical cross frames
103. Ina weld zone, weld quality tends to deteriorate at start and end points of the
weld, and thus zones having short weld lines are more likely to have this tendency.
[0006]

Furthermore, stress concentration 1s more likely to occur in the weld zones
between the mounting brackets 104 and 105 and the cross frame 103 because of the
heavy load applied to the mounting brackets 104 and 105 during travel of the railway
vehicle. In particular, as shown in FIG. 2, at the base end regions of the upper surface
portions and the lower surface portions of the mounting brackets 104 and 1035 that are
joined to the cross frame 103 (the regions indicated by bold line circles in FIG. 2), there
exist toes of fillet welds which are referred to as "fillet weld toes", and stresses are
concentrated at the fillet weld toes. Because of this, it 1s essential that the fillet weld
toes be treated for smoothing with a grinder or the like.

[0007]

Bogie frames are required to have good welding workability tfor assembling

because the work of assembling mostly involves welding. However, as described

above, the conventional bogie frame 101 is provided with many weld zones having
short weld lines and in addition with fillet weld toes that are required to be treated,
when the mounting brackets 104 for a traction motor and the mounting brackets 105 for

a gearbox are welded to the cross frames 103. Thus, the conventional bogie frame 101
is more likely to suffer deterioration of the weld quality at the weld zones, and has low

efficiency for the work of welding. Therefore, the conventional bogie frame 101 is

provided with poor welding workability for assembling.

CITATION LIST
PATENT LITERATURE
[0008]
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Patent Literature 1: Japanese Patent No. 4292980
Patent Literature 2: Japanese Patent No. 3873659

SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0009]

The present invention has been made in view of the foregoing problems.
Accordingly, it 1s an object of the present invention to provide a bogie frame for railway

vehicles in which good welding workability for assembling is achieved.

SOLUTION TO PROBLEM
[0010]

In order to achieve the above object, the present inventors set their goal on
improving the efficiency of the work of welding while ensuring the quality of weld
zones when welding mounting brackets for a traction motor and mounting brackets for a
gearbox to a cross frame, and they conducted intensive studies on techniques capable of
reducing weld zones having short weld lines and also reducing fillet weld toes that need
to be treated. Consequently, they have found that it is advantageous to construct a
cross frame with four plates joined together (joined-four-plate structure), and further, to
provide a top plate member and a bottom plate member, among all the plate members
which constitute the four planes, with mounting bracket support portions integrally
formed therewith so that the mounting bracket support portions serve as an upper
surface portion and a lower surface portion of a mounting bracket for a traction motor
and as those of a mounting bracket for a gearbox, and to weld the mounting brackets to
such mounting bracket support portions.

[0011]

The present invention has been accomplished based on this finding, and the
summaries thereof are set forth below as to the bogie frame for railway vehicles.
Specifically, there is provided a bogie frame for railway vehicles, comprising: a pair of
left and right side frames disposed along a direction of rails and a cross frame that

connects the side frames to each other, the cross frame comprising a top plate member, a

bottom plate member, and a pair of front and rear side plate members that are disposed
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between the top plate member and the bottom plate member and welded thereto,
wherein the cross frame has mounting bracket support portions that extend from front
and rear edges of the top plate member and the bottom plate member, the mounting
bracket support portions being located correspondingly to locations where mounting
brackets for mounting a traction motor and mounting brackets for mounting a gearbox

are disposed, and the mounting brackets are welded to the mounting bracket support

portions.
[0012]

Furthermore, in the above-mentioned bogie frame, it is preferred that the cross
frame has a contoured shape such that a flared portion which is bent at at least three
points 1s provided between each of the left and right edges of the mounting bracket

support portions and a corresponding one of the front and rear edges of the top plate
member and the bottom plate member.
[0013]

In the above-mentioned bogie frame, it is preferred that the side frame comprises
a side frame top plate member, a side frame bottom plate member, and a pair of left and
right side frame side plate members that are disposed between the side frame top plate
member and the side frame bottom plate member and welded thereto, and that each of
the side frames has a connecting portion that extends from one of left and right edges of
the side frame top plate member thereof and a corresponding connecting portion that
extends from a corresponding edge of the side frame bottom plate member thereof, the
connecting portions being located correspondingly to a location where the cross frame
is disposed, and that left and right end portions of the cross frame are fitted between the

connecting portions and welded thereto.

ADVANTAGEOUS EFFECTS OF INVENTION
[0014]

The bogie frame for railway vehicles of the present invention is capable of being
provided with reduced weld zones having short weld lines and also with reduced fillet
weld toes that need to be treated when mounting brackets for a traction motor and
mounting brackets for a gearbox are welded to the cross frame. As a result, it is

possible to improve the efficiency of the work of welding while ensuring the quality of
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the weld zones, thus making it possible to achieve good welding workability for

assembling.

BRIEF DESCRIPTION OF DRAWINGS
[0015]

|[F1G. 1] FIG. 1 1s a plan view of a conventional bogie frame.

|F1G. 2] FIG. 2 1s an enlarged plan view showing a region where a mounting

bracket is located in a cross frame of a conventional bogie frame.

|F1G. 3] FIG. 3 shows perspective views of an example of a bogie frame
according to the present invention, wherein FIG. 3(a) is a perspective view thereof from
above and FIG. 3(b) is a perspective view thereof from below.

[FIG. 4] FIG. 4 1s a plan view of the bogie frame shown in FIG. 3.

|FIG. 5] FIG. 5 1s an enlarged sectional view of a region where a mounting
bracket support portion is located, showing an example of the configurations for
increasing the safety factor in the mounting bracket support portions of the cross frame
of the bogie frame according to the present invention.

[FIG. 6] FIG. 6 is an enlarged sectional view of a region where a mounting
bracket support portion i1s located, showing another example of the configurations for
increasing the safety factor in the mounting bracket support portions of the cross frame

of the bogie frame according to the present invention.

DESCRIPTION OF EMBODIMENTS
[0016]

Hereinafter, embodiments of the bogie frame for railway vehicles ot the present

invention are described in detail.
[0017]

FIG. 3 shows perspective views of an example of a bogie frame according to the
present invention, wherein FIG. 3(a) is a perspective view thereof from above and FIG.
3(b) is a perspective view thereof from below. FIG. 4 is a plan view of the bogie frame
shown in FIG. 3. FIG. 4 is a partial cutaway view, showing a region where the cross
frame and the side frames are connected to each other. As shown in FIGS. 3 and 4, the

bogie frame 1 includes a pair of left and right side frames 2 disposed along a direction
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of rails and a cross frame 3 that connects the side frames 2 to each other. In the bogie
frame 1 of the present invention, the cross frame 3 has a joined-four-plate structure, and
the side frames also have a joined-four-plate structure.
[0018]

Specifically, the cross frame 3 1s composed of a top plate member 31 (hereinafter
also referred to as "cross frame top plate member 31"), a bottom plate member 32
(hereinafter also referred to as "cross frame bottom plate member 32"), and a pair of
front and rear side plate members 33 (hereinafter also referred to as "cross frame side
plate members 33"). These plate members 31 to 33 are formed by stamping a steel
plate and as necessary applying a bending process. The cross frame side plate
members 33 are disposed between the cross frame top plate member 31 and the cross
frame bottom plate member 32, and the top edges of the cross frame side plate members
33 are abutted against the lower surface of the cross frame top plate member 31 and
joined thereto by welding, and the bottom edges of the cross frame side plate members
33 are abutted against the upper surface of the cross frame bottom plate member 32 and
joined thereto by welding. In this manner, the cross frame 3 is assembled. Mounting
brackets 4 for a traction motor and mbunting brackets 5 for a gearbox, each having a rib
structure, are welded to the cross frame 3.
[0019]

The paired left and right side frames 2 are each composed of a side frame top
plate member 21, a side frame bottom plate member 22, and a pair of left and right side

frame side plate members 23. These plate members 21 to 23 are also formed by
stamping a steel plate and as necessary applying a bending process. The side frame
side plate members 23 are each disposed between the side frame top plate member 21
and the side frame bottom plate member 22, and the top edges of the side frame side

plate members 23 are abutted against the lower surface of the side frame top plate
member 21 and joined thereto by welding, and the bottom edges of the side frame side
plate members 23 are abutted against the upper surface of the side frame bottom plate
member 22 and joined thereto by welding. In this manner, the side frame 2 is
assembled.

10020]

At the front and rear ends of the side frames 2, there are provided spring cover
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members 6 welded thereto. The spring cover members 6 are used for mounting of axle
boxes (not shown) that rotatably support wheel sets.
[0021]

The cross frame 3 connects the side frames 2 to each other via its left and right
end portions to which the side frames 2 are welded. The portions that connect the
cross frame 3 and the side frames 2 are configured in the following manner. Each side
frame 2 has a connecting portion 24 that extends from one of left and right edges of the
side frame top plate member 21 and a corresponding connecting portion 24 that extends
from a corresponding edge of the side frame bottom plate member 22, in such a manner
that the connecting portions are located correspondingly to the location where the cross
frame 3 1s disposed. These connecting portions 24 are integrally formed with the
respective side frame top plate members 21 and side frame bottom plate members 22.
In the meantime, the cross frame 3 has a configuration such that the cross frame top
plate member 31 and the cross frame bottom plate member 32 are shorter than the cross
frame side plate members 33, and the left and ri ght end portions of the cross frame side

plate members 33 protrude relative to the cross frame top plate member 31 and the cross

frame bottom plate member 32.
[0022]

The end portions of the cross frame side plate members 33 are fitted between
their corresponding connecting portions 24, and in this state, the end edges of the cross
frame side plate members 33 are abutted against the side frame side plate members 23
and joined thereto by welding, and the top edges thereof are abutted against the lower
surface of the cross frame top plate member 31 and joined thereto by welding, and the
bottom edges thereof are abutted against the upper surface of the cross frame bottom
plate member 32 and joined thereto by welding. Furthermore, the end edges of the
cross frame top plate member 31 and the cross frame bottom plate member 32 are
abutted against the end edges of the connecting portions 24 of the side frames 2 in such

a manner that they are flush with each other, and welded to each other. In this manner,

the side frames 2 are connected to each other via the cross frame 3.
[0023]

When the cross frame 3 and the side frames 2 are connected at the connecting

portions 24 that extend from the side frames 2 as described above, the welded junctions
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between the cross frame 3 and the side frames 2 in the top and bottom planes are
positioned on the cross frame 3. Thus, high stress caused by the load applied to the

bogie frame 1 can be borne safely at both end portions of the cross frame 3 having a
stable strength level.
[0024]

As described above, the bogie frame 1 of the present invention has such a
configuration that the cross frame 3 is constructed with a joined-four-plate structure,
and turther, 1t 1s configured as described below for the welding of the mounting brackets
4 for a traction motor and the mounting brackets 5 for a gearbox to the cross frame 3.
The cross frame top plate member 31 and the cross frame bottom plate member 32 each
have mounting bracket support portions 34 (hereinafter also referred to as "mounting
bracket for a traction motor support portions 34") that extend from their front and rear
edges, correspondingly to locations where the mounting brackets 4 for a traction motor
are disposed. These mounting bracket support portions 34 serve as the upper surface
portions and the lower surface portions of the mounting brackets 4 for a traction motor,

and they are integrally formed with the cross frame top plate member 31 and the cross

frame bottom plate member 32.

[0025]

Furthermore, the cross frame top plate member 31 and the cross frame bottom
plate member 32 each have mounting bracket support portions 35 (hereinafter also
referred to as "mounting bracket for a gearbox support portions 35") that extend from

their front and rear edges, correspondingly to locations where the mounting brackets 5

for a gearbox are disposed. These mounting bracket support portions 35 serve as the
upper surface portions and the lower surface portions of the mounting brackets 5 for a
gearbox, and the mounting bracket support portions 35 are integrally formed with the
cross frame top plate member 31 and the cross frame bottom plate member 32. The
mounting brackets 4 for a traction motor and the mounting brackets 5 for a gearbox,
each having a rib structure, are welded to their respective mounting bracket support

portions 34 and 35 and further to the cross frame side plate members 33.
[0026]

As described above, the mounting bracket support portions 34 and 335, which

serve as the upper surface portions and the lower surface portions of the mounting
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brackets 4 and 5, are formed integrally with the cross frame top plate member 31 and
the cross frame bottom plate member 32, i.e., integrally with the cross frame 3, and the
mounting brackets 4 and 5 are welded to their respective mounting bracket support
portions 34 and 35. As a result of this, fillet weld toes, such as those that exist at the
weld zones between the mounting brackets 104 and 105 and the cross frame 103 in the
conventional bogie frame 101 (see FIG. 2), do not exist, and therefore man-hours
required for treatments can be saved. Moreover, the rib-structured mounting brackets
4 and 5 are welded to the cross frame 3, which has a four-plate structure, rather than a

steel pipe such as the steel pipe 103 in the conventional bogie frame 101, and therefore

the number of weld zones having short weld lines is reduced.
(0027]

Consequently, the bogie frame 1 for railway vehicles of the present invention is
capable of being provided with reduced weld zones having short weld lines and also
with reduced fillet weld toes that need to be treated when the mounting brackets 4 and 5
are welded to the cross frame 3. As a result, it is possible to improve the efficiency of
the work of welding while ensuring the quality of the weld zones, thus making it
possible to achieve good welding workability for assembling.

[0028]

It 1s to be noted that, since the mounting brackets 4 and 5 are subjected to high
loads during travel of the railway vehicle, stress concentration is more likely to occur at
root regions of the mounting bracket support portions 34 and 35 that extend from the

cross frame top plate member 31 and the cross frame bottom plate member 32. In

particular, stress is concentrated at each corner region where one of the left and right
edges of the mounting bracket support portions 34 and 35 meets its corresponding one
of the front and rear edges of the cross frame top plate member 31 and the cross frame

bottom plate member 32. If weld beads, which join the cross frame top plate member
31 and the cross frame bottom plate member 32 to the cross frame side plate members
33, overlap onto or are located close to the corner regions where stresses are
concentrated, the fatigue limit stress of the corner regions decreases and theretfore the
safety factor in the regions may decrease. Because of this, it is desired that suitable
configurations be adopted so as to increase the safety factor in the mounting bracket

support portions 34 and 35. Illustrative configurations for that are described below.
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10029]

FIG. 5 is an enlarged sectional view of a region where a mounting bracket
support portion is located, showing an example of the configurations for increasing the
safety factor in the mounting bracket support portions of the cross frame of the bogie
frame according to the present invention. As shown in FIG. 5, the length L is defined
as one from each of the front and rear edges 31a and 32a of the cross frame top plate
member 31 and the cross frame bottom plate member 32 to its corresponding weld bead
Wg which joins these plate members 31 and 32 and the cross frame side plate members
33 together, and the front and rear edge portions of the cross frame top plate member 31

and the cross frame bottom plate member 32 are made to protrude relative to the

boundaries of the weld beads Wg.
[0030]

In this case, if the length L is set to be longer, each corner region where stress is
concentrated, i.e., each corner region, where one of the left and right edges 34a and 35a
of the mounting bracket support portions 34 and 35 meets its corresponding one of the
front and rear edges 31a and 32a of the cross frame top plate member 31 and the cross
frame bottom plate member 32, becomes farther away from its corresponding weld bead,
and in association with this, the fatigue limit stress of the corner regions approaches the
nominal stress, and therefore it is possible to increase the safety factor in the mounting
bracket support portions 34 and 35. Preferably, the length L may be as long as
possible if it is allowed in relation to the arrangement of various components that

constitute the bogie. It is noted that the corner regions described above are

round-chamfered.
[0031]

FIG. 6 is an enlarged sectional view of a region where a mounting bracket
support portion is located, showing another example of the configurations for increasing
the safety factor in the mounting bracket support portions of the cross frame of the
bogie frame according to the present invention. As shown in FIG. 6, it is preferred that
the cross frame has a contoured shape such that a flared portion which is bent at at least
three points is provided between each of the left and right edges 34a and 35a of the
mounting bracket support portions 34 and 35 and its corresponding one of the front and

rear edges 31a and 32a of the cross frame top plate member 31 and the cross frame
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bottom plate member 32 wherein the bend points are designated P1, P2, and P3 starting
from the point closest to the edges 31a and 32a of the cross frame top plate member 31

and the cross frame bottom plate member 32. The three bend points are all

round-chamfered.
[0032]

When such contoured shape including flared portions bent at three points as
described above is employed, stress concentration is distributed particularly between the
two points (P1, P2) that are closer to the edges 31a and 32a of the cross frame top plate
member 31 and the cross frame bottom plate member 32. In association with this, the
fatigue limit stress of these points approaches the nominal stress, and therefore it 1s
possible to increase the safety factor in the mounting bracket support portions 34 and 33.

It is to be noted that the same effects are produced as long as there are three or more

bend points.

EXAMPLES
[0033]

To verify the advantages of the bogie frame according to the present invention,
the following evaluations were made.
[0034]
| Welding Workability]

Investigations were made on the bogie frame of the present invention shown in

FIG. 3 and the conventional bogie frame shown in FIG. 1 in such a manner that a
mounting bracket for a traction motor and a mounting bracket for a gearbox were
welded to the cross frame of each of them and the number of weld zones having short
weld lines, exclusively in the weld zones of the mounting brackets, was determined.

As the weld zones having short weld lines, those having a length of 99 mm or less were

extracted.

[0033]
The results of the investigations show that the conventional bogie frame had 74

weld zones having short weld lines, whereas the bogie frame of the present invention
had 12 such weld zones, which is a significantly low number. This result demonstrates

that the bogie frame of the present invention is capable of being provided with reduced
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weld zones having short weld lines when the mounting brackets are welded to the cross
frame, and thus being provided with ensured quality of the weld zones.

[0036]

| Stress Safety Factor For Mounting Brackets]

Regarding the bogie frame of the present invention shown in FIG. 3, an
Investigation was made on the stress safety factor in the mounting bracket support
portion, which extends from the cross frame having a joined-four-plate structure and
serves as the upper surface portion of the mounting bracket for a traction motor.  Also,
for comparison, an investigation was made, regarding the conventional bogie frame
shown in FIG. 1, on the stress safety factor in the upper surface portion of the mounting
bracket for a traction motor welded to the cross frame which is formed of a steel pipe.
Specifically, a static load test was conducted in which a vertical load of the traction
motor was applied to the mounting bracket. In the test, for the bogie frame of the
present invention, the stress acting on the mounting bracket support portion was
measured, and for the conventional bogie frame, the stress acting on the upper surface
portion of the mounting bracket was measured, and the safety factors were calculated
from these stresses. The fatigue limit of the weld zones was determined using the
method according to JIS-E-4207 (Japanese Industrial Standards).

10037]

The results of the investigations show that the conventional bogie frame had a
safety factor of as small as 1.5, whereas the bogie frame of the present invention had a
large safety factor at 1.9. These results demonstrate that the bogie frame of the present
invention is capable of being provided with an increased stress safety factor for the

mounting brackets.
[0038]

The present invention is not limited to the embodiments described above, and
various modifications may be made without departing from the spirit and scope ot the
present invention. For example, in the above-described embodiment, when joining
together the cross frame and the side frames, each having a joined-four-plate structure,
the end edges of the cross frame top plate member and the cross frame bottom plate
member are butt welded to the end edges of their respective corresponding connecting

portions of the side frames in such a manner that they are flush with each other.
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Alternatively, the joining may be accomplished by placing the end edge portions of the
cross frame top plate member and the cross frame bottom plate member on the back
sides of the end edge portions of their respective corresponding connecting portions of
the side frames directly or via a backing metal, and joining these together by fillet
welding. In addition, in order to ensure stiffness of the cross frame and the side frames,

each having a joined-four-plate structure, the cross frame and the side frames may each

include a reinforcing plate welded to the inside thereof.

INDUSTRIAL APPLICABILITY
[0039]

The bogie frame for railway vehicles of the present invention is useful in a

variety of railway vehicle applications.

REFERENCE SIGNS LIST

[0040]
I: bogie frame,  2:side frame,  3: cross frame,
4: mounting bracket for traction motor,  5: mounting bracket for gearbox,
6: spring cover member,
21: side frame top plate member,  22: side frame bottom plate member,
23: side frame side plate member,  24: connecting portion,
31: cross frame top plate member,

31a: front and rear edges of cross frame top plate member,

32: cross frame bottom plate member,

32a: front and rear edges of cross frame bottom plate member,

33: cross frame side plate member,

34: mounting bracket for traction motor support portion,

34a: left and right edges of mounting bracket for traction motor support portion,
35: mounting bracket for gearbox support portion,

35a: left and right edges of mounting bracket for gearbox support portion,
Wg: weld bead



CA 02873600 2014-11-13

14

CLAIMS

1. A bogie frame for railway vehicles, characterized by comprising:

a pair of left and right side frames disposed along a direction of rails; and

a cross frame that connects the side frames to each other, the cross frame
comprising a top plate member, a bottom plate member, and a pair of front and rear side

plate members that are disposed between the top plate member and the bottom plate

member and welded thereto,

wherein the cross frame has mounting bracket support portions that extend
from front and rear edges of the top plate member and the bottom plate member, the
mounting bracket support portions being located correspondingly to locations where
mounting brackets for mounting a traction motor and mounting brackets for mounting a

gearbox are disposed, and the mounting brackets are welded to the mounting bracket

support portions.

2. The bogte frame for railway vehicles according to claim 1, characterized in that:
the cross frame has a contoured shape such that a flared portion which i1s
bent at at least three points is provided between each of the left and right edges of the

mounting bracket support portions and a corresponding one of the front and rear edges

of the top plate member and the bottom plate member.

3.  The bogie frame for railway vehicles according to claim 1 or 2, characterized in

that:

the side frame comprises a side frame top plate member, a side frame
bottom plate member, and a pair of left and right side frame side plate members that are
disposed between the side frame top plate member and the side frame bottom plate
member and welded thereto, and that

each of the side frames has a connecting portion that extends from one of
left and right edges of the side frame top plate member thereof and a corresponding

connecting portion that extends from a corresponding edge of the side frame bottom

plate member thereof, the connecting portions being located correspondingly to a
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location where the cross frame is disposed, and left and right end portions of the cross

frame are fitted between the connecting portions and welded thereto.
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