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(57)  Arailway bogie (1) is described, which compris-
es an articulated frame (2) extending along a longitudinal
axis (A) and a plurality of wheels (3) which are carried in
arotatable manner by the articulated frame (2) independ-
ently of each other to allow the movement of the railway
bogie (1) on a rolling plane (P); the articulated frame (2)
comprises a central sub-frame (4) which carries a first
pair (3a) of wheels (3), a front sub-frame (5) which carries
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a second pair (3b) of wheels (3) and is carried in a mov-
able manner by the central sub-frame (4) so as to oscillate
about a first rotation axis (S4) orthogonal to the rolling
plane (P), and a rear sub-frame (6) which carries a third
pair (3c) of wheels (3) and is carried in a movable manner
by the central sub-frame (4) so as to oscillate about a
second rotation axis (S,) orthogonal to the rolling plane

(P).
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This patent application claims priority from ltal-
ian Patent Application no. 102022000004646 filed on
March 10, 2022, the entire disclosure of which is incor-
porated herein by reference.

TECHNICAL FIELD

[0002] The presentinvention relates to arailway bogie,
in particular a railway bogie with passive steering.

[0003] The following description will make explicit ref-
erence to such a use without thereby losing generality.

STATE OF THE PRIOR ART

[0004] Asis well known, traditional bogies of a railway
vehicle first of all comprise a rigid frame and at least one
pair of wheelsets carried by the rigid frame and free to
rotate relative to the latter about a rotation axis orthogonal
to the vertical mid-plane of the bogie.

[0005] In particular, the wheelsets each comprise a
pair of wheels rigidly mutually interconnected by an axle
(or wheelset).

[0006] In addition, these wheelsets are mechanically
constrained to the rigid frame so that they remain orthog-
onal to the vertical mid-plane of the railway bogie, i.e.,
they are not able to rotate about a vertical rotation axis.
[0007] In other words, the wheelsets of traditional rail-
way bogies are not steerable.

[0008] Unfortunately, the railway bogies described
above have some technical drawbacks.

[0009] These drawbacks include the fact that the
wheels of the railway bogie are not able to arrange them-
selves parallel to the rails when travelling around a curve.
[0010] As a result, when travelling around a curve, the
wheels of the railway bogie slip sideways on the rails,
causing a loud screeching noise and speeding up the
wear of the rails and wheels of the railway bogie.
[0011] In addition, railway vehicles equipped with the
bogies described above are unable to make sharp turns
with a bending radius of as little as a few metres, such
as, for example, the curves of urban tram or metro lines,
with all the problems that this entails.

[0012] Therefore, inthisfield, thereis a needto provide
arailway bogie which can overcome the drawbacks men-
tioned above.

[0013] The object of the presentinvention is to provide
a railway bogie which allows the above-mentioned need
to be met in a simple and inexpensive way.

SUMMARY OF THE INVENTION

[0014] Saidobjectisachieved by the presentinvention,
insofar asitrelates to arailway bogie according to claim 1.
[0015] Preferred embodiments are described in the di-
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rectly or indirectly independent claims.

[0016] Moreover, the aforesaid object is achieved by
the present invention, insofar as it relates to a railway
vehicle according to claim 15.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The present invention will now be described
with reference to the accompanying drawings, which il-
lustrate a non-limiting embodiment thereof, wherein:

e Figure 1 is a perspective view of a railway bogie
made according to the present invention, with parts
removed for clarity,

e Figure 2 is a top view of the railway bogie shown in
Figure 1, in a first operating condition and with parts
removed for clarity,

e Figure 3 is a top view of the railway bogie shown in
Figure 1 in a second operating condition and with
parts removed for clarity,

e Figure 4 is a side view of the railway bogie shown in
Figure 1, sectioned along the vertical mid-plane and
with parts removed for clarity,

e Figure 5 is a front view of the railway bogie shown
in Figure 1, with parts removed for clarity, and

e Figure 6 is a partially exploded, perspective view of
the railway bogie shown in Figure 1, with parts re-
moved for clarity.

DETAILED DESCRIPTION OF THE INVENTION

[0018] With reference to Figure 1, number 1 indicates,
as a whole, a bogie of a railway vehicle, in particular a
railway bogie with passive steering.

[0019] Such arailway vehicle can comprise, for exam-
ple, at least one body (or wagon or carriage) carried by
at least one railway bogie 1.

[0020] With reference to Figures 1 to 5, the railway
bogie 1 first of all comprises an articulated chassis or
frame 2 which extends along a longitudinal axis A, and
aplurality of wheels 3 resting on the rails which are carried
in a rotatable manner by the articulated frame 2 inde-
pendently of each other to allow the movement of the
railway bogie 1 on a rolling plane (the rail plane) P.
[0021] According to the example shown, the articulat-
ed frame 2 comprises a central sub-frame 4 carrying a
first pair of wheels 3a.

[0022] The wheels 3a are connected to the central sub-
frame 4 on opposite sides of the longitudinal axis A, and
rotate about the same rotation axis Ry.

[0023] The rotation axis R is locally orthogonal to the
vertical mid-plane of the central sub-frame 4.

[0024] In addition, the articulated frame 2 comprises a
front sub-frame 5 which carries a second pair of wheels
3b and is carried in a movable manner by the central sub-
frame 4, so that it rotates/oscillates/swings about a rota-
tionaxis S. In particular, the rotation axis S, is orthogonal
to the rolling plane P, i.e., it is vertical.
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[0025] In greater detail, the front sub-frame 5 is me-
chanically connected to the central sub-frame 4 via a joint
with two degrees of freedom, in particular the rotation
about the rotation axis S and the translation along the
longitudinal axis A.

[0026] The wheels 3b, instead, are connected to the
front sub-frame 5 on opposite sides of the longitudinal
axis A and rotate about the same rotation axis R,.
[0027] The rotation axis R, is locally orthogonal to the
vertical mid-plane of the front sub-frame 5.

[0028] The rotation axis S4, on the other hand, is pref-
erably positioned substantially equidistant from the rota-
tion axis R4 and the rotation axis Ry, i.e., it is positioned
approximately in the middle of the wheelbase €, between
the pair of wheels 3a and the pair of wheels 3b.

[0029] In addition, the articulated frame 2 comprises a
rear sub-frame 6 which carries a third pair of wheels 3¢
and is carried in a movable manner by the central sub-
frame 4 so that it rotates/oscillates/swings about a rota-
tion axis S, orthogonal to the rolling plane P.

[0030] In greater detail, the rear sub-frame 6 is me-
chanically connected to the central sub-frame 4 via a joint
with two degrees of freedom, in particular the rotation
about the rotation axis S, and the translation along the
longitudinal axis A.

[0031] The wheels 3c are connected to the rear sub-
frame 6 on opposite sides of the longitudinal axis A and
rotate about the same rotation axis Rj.

[0032] The rotation axis R, is locally orthogonal to the
vertical mid-plane of the rear sub-frame 6.

[0033] The rotation axis S,, on the other hand, is pref-
erably positioned substantially equidistant from the rota-
tion axis R4 and the rotation axis Ry, i.e., it is positioned
approximately in the middle of the wheelbase €, between
the pair of wheels 3a and the pair of wheels 3c.

[0034] Preferably, the front sub-frame 5 and the rear
sub-frame 6 are also connected to the central sub-frame
6 on opposite sides along the longitudinal axis A, advan-
tageously in a mirror-like position.

[0035] Withreference to the example shown in Figures
1 to 4, in particular, the front sub-frame 5 is carried in a
freely rotatable manner by the central sub-frame 4 via a
pin 7 coaxial with the rotation axis S,. The rear sub-frame
6, on the other hand, is carried in a freely rotatable man-
ner by the central sub-frame 4 via a pin 8 coaxial with
the rotating axis S,.

[0036] Preferably, the front sub-frame 5 and the rear
sub-frame 6 are also mechanically connected to each
other in a rotatable manner, such that they rotate relative
to each other about a rotation axis S5 orthogonal to the
rolling plane P.

[0037] In greater detail, the front sub-frame 5 and the
rear sub-frame 6 are preferably equipped with corre-
sponding ends 5a and 6a which extend along the longi-
tudinal axis A and locally overlap each other, preferably
above the central sub-frame 4.

[0038] Preferably, the ends 5a and 6a are also pivoted
to each other through a pin 9 coaxial with the rotation
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axis Sj.

[0039] In addition, the front 5 and rear 6 sub-frames
are mechanically connected in a slidable manner to the
central sub-frame 4, so that they can slide in relation to
the latter parallel to the longitudinal axis A.

[0040] The pin 7 and the pin 8, in particular, may be
lodged in a slidable manner within openings or slots 10
which can be made in the front sub-frame 5 and the rear
sub-frame 6, respectively, so as to allow move-
ment/backlash of these sub-frames relative to each other
and parallel to the longitudinal axis A.

[0041] In addition, the railway bogie 1 is preferably
equipped with an angular backlash limiting device 11,
which is configured for limiting the maximum articulation
angle of the articulated frame 2, i.e., the maximum rota-
tion angle of the above-mentioned sub-frames relative
to each other.

[0042] In greater detail, this limiting device 11 may
comprise an oblong-shaped slot 12, which extends in a
transverse direction d4 orthogonal to the vertical mid-
plane of the central sub-frame 4 and may be made in the
central sub-frame 4, preferably below the ends 5a and
6a of the sub-frames 5 and 6.

[0043] The pin9is configured to be lodged in a slidable
manner within the oblong slot 12, so that it slides back
and forth in the transverse direction d4 during the rotation
of the front 5 and rear 6 sub-frames in relation to the
central sub-frame 4.

[0044] Itis clear that the size of the oblong slot 12 de-
fines the maximum width of the angular backlash of the
articulated frame 2.

[0045] Furthermore, with reference to the example
shown in Figures 1, 5 and 6, at least one wheel 3 is me-
chanically coupled to the articulated frame 2, or rather to
the central sub-frame 4, front sub-frame 5 or rear sub-
frame 6, via a corresponding suspension assembly 14
(or primary suspension assembly), preferably in a stable
but easily removable manner.

[0046] In particular, the suspension assembly 14 com-
prises a support member 15 which is configured to sup-
port the wheel 3 in a freely rotatable manner, and is car-
ried by the articulated frame 2 in a slidable manner, so
that it slides in a direction d, orthogonal to the rolling
plane P in relation to the articulated frame 2, i.e., vertical.
[0047] In addition, the suspension assembly 14 com-
prises elastic means 16 which are mechanically inter-
posed between the articulated frame 2 and the support
member 15, and are adapted to exert forces between
them. In other words, the elastic means 16 are configured
to dampen the relative movement between the articulat-
ed frame 2 and the support member 15. In particular, the
elastic means 16 may comprise coil springs.

[0048] With reference to Figures 1 and 5, the articulat-
ed frame 2, or rather the central sub-frame 4, the front
sub-frame 5 and/or the rear sub-frame 6 comprises at
least two lateral shoulders 17 carried by the articulated
frame 2 on opposite sides with respect to the longitudinal
axis A.
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[0049] Preferably, the lateral shoulders 17 are ar-
ranged facing each other on opposite sides relative to
the longitudinal axis A.

[0050] Each support member 15 is also configured to
cooperate in a slidable manner with a corresponding lat-
eral shoulder 17.

[0051] In particular, the support member 15 is prefer-
ably T-shaped and carried by the articulated frame 2 so
that the horizontal portion of the T faces the rolling plane
P.

[0052] In greater detail, the support member 15 pref-
erably comprises a central portion 15a which is config-
ured to carry the wheel 3 in a freely rotatable manner and
to cooperate in a slidable manner with the lateral shoulder
17.

[0053] In addition, the support member 15 preferably
comprises two lateral portions 15b which extend canti-
levered from the central portion 15 in the horizontal di-
rection and are configured to cooperate with the elastic
means 16.

[0054] Withreference to the example shown in Figures
1 and 5, furthermore, the articulated frame 2, or rather
the central sub-frame 4, the front sub-frame 5 and/or the
rear sub-frame 6 preferably have an approximately C-
shaped cross-section.

[0055] In greater detail, the articulated frame 2 prefer-
ably comprises a horizontal base wall 18; the lateral
shoulders 17 rise cantilevered from the base wall 18, on
opposite sides in relation to the longitudinal axis A.
[0056] Moreover, each lateral shoulder 17 preferably
comprises a lateral wall 19 which extends in a vertical
direction from the base wall 18, and an upper wall 20
which extends cantilevered in a horizontal direction from
the lateral wall 19, spaced above the base wall 18.
[0057] In addition, with reference to the example
shown in Figure 6, the lateral shoulders 17, or rather the
lateral walls 19, are preferably provided with an opening
21 which extends along the direction d, and is configured
to lodge in a slidable manner the support member 15. In
particular, the opening 21 also extends along the upper
walls 20. In otherwords, the opening 21 is open at the top.
[0058] According to the example shown, the support
member 15 is configured to be carried by the articulated
frame 2 so that it is free to move along the direction d,
in the space comprised between the base wall 18 and
the upper wall 20.

[0059] In particular, the central portion 15a of the sup-
port member 15 is configured to cooperate in a slidable
manner with the opening 21, preferably by means of a
form-fit coupling.

[0060] In greater detail, one of the axial edges of the
opening 21 along the longitudinal axis A and the central
portion 15a can comprise a protruding rib 22 which co-
operates in a slidable manner with a complementarily
shaped groove 23 realized on the other of the axial edge
of the opening 21 and the central portion 15a.

[0061] The elastic means 16, on the other hand, are
preferably lodged in the space comprised between two
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lateral shoulders 17 facing each other, i.e., within the
articulated frame 2. In particular, the elastic means are
preferably arranged adjacent to a corresponding lateral
wall 17.

[0062] In greater detail, the elastic means 16 are pref-
erably lodged in the space comprised between a lateral
portion 15b of the support member 15 and a correspond-
ing upper wall 20 of the articulated frame 2.

[0063] The operation of the railway bogie 1 will now be
described, assuming that it starts from a rectilinear mo-
tion operating condition, as shown in Figure 2.

[0064] Inthis operating condition, the articulated frame
2 is in an aligned operating configuration, i.e., the front
sub-frame 5, the central sub-frame 4 and the rear sub-
frame 6 are aligned along the longitudinal axis A, and the
rotation axes Ry, R, and Rj3 of the wheels 3 are parallel
to each other.

[0065] On the other hand, when travelling around a
curve, the front sub-frame 5 and the rear sub-frame 6
rotate relative to the central sub-frame 4 aboutrespective
rotation axes S and S, in opposite directions, following
the profile of the rails. In other words, the articulated
frame 2 arranges itself in a rotated operating configura-
tion.

[0066] Inthis operating configuration, the rotation axes
R, Ry and Rj of the independent wheels 3 are incident
to each other and converge towards the instantaneous
centre of curvature (not shown) of the curve travelled by
the bogie 1.

[0067] Ingreaterdetail, whentravellingaroundacurve,
the pin 9 translates along the oblong slot 12 in the trans-
verse direction d4, and the front 5 and rear 6 sub-frames
translate parallel to the longitudinal axis A approaching
the central sub-frame 4, guided by the movement of the
pins 7 and 8 along the corresponding slots 10.

[0068] Considerable and clear advantages are asso-
ciated with the particular structure of the railway bogie 1.
[0069] Firstly, the railway bogie 1 is able to keep all the
wheels 3 perfectly parallel and aligned with the rails when
travelling around a curve, drastically reducing the noise
produced by the railway vehicle and the wear of the rails
and wheels.

[0070] In particular, when travelling around a curve, all
the pairs of wheels 3 of the railway bogie 1 arrange them-
selves with their rotation axis orthogonal to the curve de-
scribed by the rails, and travel along a circular trajectory
with the same bending radius as the rails.

[0071] In addition, the absence of bulky axles rigidly
connecting the wheels 3 to each other in pairs frees up
the space between the wheels 3 and allows the position
of the wagon to be lowered in relation to the bogie 3.
Accordingly, the centre of gravity of the railway vehicle
1 can be lowered, with all the benefits that this entails.
[0072] The wheels 3 and the suspension assemblies
14 can also be applied to railway bogies with different
rail gauges (track widths) without requiring structural
changes to the railway bogie 1.

[0073] In addition, the structure of the railway bogie 1
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makes itmuch easier and cheaper to maintain the railway
vehicle 1, because it allows the wheels 3 to be re-
placed/removed individually and independently of each
other.

[0074] In particular, each individual wheel 3 can be re-
moved from the bogie 1 by simply removing the elastic
means 16 and lifting the wheel 3 and the support member
15 attached thereto until the support member 15 is dis-
engaged from the articulated frame 2.

[0075] Moreover, the reduced wear of the wheels 3
and the possibility of replacing each wheel 3 easily and
independently of the others bring about additional ben-
efits.

[0076] These benefits include the possibility of fitting
rims made of high friction materials (e.g., elastomeric,
polymer and/or similar materials) on the wheels 3, par-
ticularly on the drive wheels, and/or of replacing the
wheels 3 or the rims fitted thereto according to the season
in which the railway vehicle is used.

[0077] This significantly increases the grip of the
wheels 3 on the rails and therefore the performance of
the railway vehicle on winding routes, on steep slopes
and/or in adverse weather conditions, without compro-
mising the service life of the wheels 3 or affecting oper-
ating/maintenance costs.

[0078] Moreover, since the independent wheels 3 are
not rigidly constrained to each other by axles, they can
rotate at different angular speeds. This greatly reduces
the well-known snaking phenomenon, and avoids the use
of expensive anti-snaking systems.

[0079] Lastly, it is clear that modifications and varia-
tions may be made to the above-described railway bogie
1 without however departing from the scope of the
present invention.

[0080] For example, in an alternative, more sophisti-
cated embodiment, not shown, the railway bogie 1 may
be equipped with drive units carried by the wheels 3 and
configured to provide them with drive torque for moving
the railway vehicle on the rails. In particular, these drive
units may comprise electric motors operatively coupled
to the wheels 3.

[0081] In addition, the railway bogie 1 may also com-
prise braking units carried by the wheels 3 and configured
to brake the railway vehicle. In particular, these braking
units may comprise disc brakes operatively coupled to
the wheels 3.

[0082] Accordingto one embodiment of the railway bo-
gie 1, the pair of central wheels 3a may carry said drive
units, whereas the pairs of front 3b and rear 3c wheels
may carry said braking units.

[0083] The positioning of the drive units on the wheels
3 of the railway bogie 1 allows the drive torque to be
distributed along the railway vehicle, greatly increasing
the traction of the railway vehicle on the rails during ac-
celeration.

[0084] Such use of the drive units significantly increas-
es the performance of the railway vehicle during accel-
eration and/or on steep slopes, and may avoid the use
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of traditional sandboxes to increase the grip between the
wheels and the rails.

[0085] In addition, according to one embodiment, not
shown, the elastic means 16 may be leaf springs oper-
atively interposed between the articulated frame 2 and
the support member 15.

[0086] Finally, it is clear that the cross-section of the
articulated frame 2 may also be different, such as, for
example, a closed cross-section of rectangular and/or
similar shape.

[0087] In particular, the articulated frame 2 could com-
prise a single upper wall 20 extending like a bridge be-
tween two lateral walls 19 facing each other on opposite
sides in relation to the longitudinal axis A.

Claims

1. A railway bogie (1) comprising an articulated frame
(2) which extends along a longitudinal axis (A) and
a plurality of wheels (3), which are carried in a rotat-
able manner by said articulated frame (2) independ-
ently of each other to allow the movement of said
railway bogie (1) on a rolling plane (P),
said articulated frame (2) comprising:

+ a central sub-frame (4), which carries a first
pair (3a) of said wheels (3),

« a front sub-frame (5), which carries a second
pair (3b) of said wheels (3) and is carried in a
movable manner by said central sub-frame (4)
so as to rotate/oscillate about a first rotation axis
(S4) orthogonal to said rolling plane (P),

* a rear sub-frame (6), which carries a third pair
(3c) of said wheels (3) and is carried in a mov-
able manner by said central sub-frame (4) so as
to rotate/oscillate about a second rotation axis
(S,) orthogonal to said rolling plane (P).

2. Therailway bogie according to claim 1, wherein said
front sub-frame (5) and/or said rear sub-frame (6)
are mechanically connected to said central sub-
frame (4) by means of a two-degrees of freedom
joint.

3. The railway bogie according to claim 1 or 2, wherein
said front sub-frame (5) and said rear sub-frame (6)
are mechanically connected to each other in a rotat-
able manner, such that they can rotate relative to
each other about a third rotation axis (S3) orthogonal
to said rolling plane (P) .

4. The railway bogie according to claim 1, 2 or 3, com-
prising an angular backlash limiting device (11),
which is configured for limiting the maximum articu-
lation angle of said articulated frame (2).

5. The railway bogie according to any one of the pre-
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ceding claims, wherein at least one of said wheels
(3) is mechanically coupled to said articulated frame
(2) by means of a suspension assembly (14) com-
prising:

« a support member (15), which is configured to
support said wheel (3) in a freely rotatable man-
ner, and is carried by said articulated frame (2)
in a slidable manner, so as to slide with respect
to said articulated frame (2) along a direction
(d,) orthogonal to said rolling plane (P),

« elastic means (16) which are mechanically in-
terposed between said articulated frame (2) and
said support member (15) and are adapted to
exert forces between said articulated frame (2)
and said support member (15).

The railway bogie according to claim 5, wherein said
articulated frame (2) comprises two lateral shoulders
(17) carried by said articulated frame (2) on opposite
sides with respect to said longitudinal axis (A), and
the support member (15) of each suspension assem-
bly (14) cooperates in a slidable manner with one of
said lateral shoulders (17).

The railway bogie according to claim 6, wherein said
elastic means (16) are lodged in the space com-
prised between said lateral shoulders (19).

The railway bogie according to claim 6 or claim 7,
wherein said support member (15) comprises a cen-
tral portion (15a) that is configured to carry said
wheel (3) in a freely rotatable manner and to coop-
erate in a slidable manner with said lateral shoulder
(17),and two lateral portions (15b) which extend can-
tilevered from said central portion (15a) and are con-
figured to cooperate with said elastic means (16).

The railway bogie according to claim 6, 7 or 8, where-
in said lateral shoulders (17) are provided with an
opening (21) which extends along said direction (d,)
and is configured to lodge in a slidable manner said
support member (15) .

The railway bogie according to claim 9, wherein said
support member (15) is configured to cooperate in
a slidable manner with said opening (21) by means
of a form-fit coupling.

The railway bogie according to claim 10, wherein
one of the axial edges of said opening (21) along
said longitudinal axis (A) and said central portion
(15a) comprises at least one rib (22), which cooper-
ates in a slidable manner with a complementarily
shaped groove (23) realized on the other of the axial
edges of said opening (21) and said central portion
(15a).
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12.

13.

14.

15.

The railway bogie according to any one of the claims
6 to 11, wherein said articulated frame (2) comprises
a horizontal base wall (18); said lateral shoulders
(19) being integral with said base wall (18) and ex-
tending vertically cantilevered therefrom.

The railway bogie according to claim 12, wherein
each lateral shoulder (17) comprises a lateral wall
(19), which extends in a vertical direction from said
base wall (18), and an upper wall (20), which extends
in a horizontal direction from said lateral wall (19),
spaced above said base wall (18).

The railway bogie according to claim 13, wherein
said support members (15) are free to move along
said direction (d,) in the space comprised between
said base wall (18) and said upper wall (20);

said elastic means (16) being lodged in the space
comprised between said lateral portions (15b) and
said upper wall (20).

A railway vehicle comprising at least one body car-
ried by at least one railway bogie (1) realized accord-
ing to any one of the preceding claims.
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