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(54) Steering bogie, particularly for a tram carriage

(57) A steering bogie (1), particularly for a tram car-
riage, has a frame (3) comprising support means (16) for
a secondary suspension adapted to couple the frame (3)
to a bogie; the frame comprises two half-frames (4,5)
coupled to respective axles (6) by way of a primary sus-

pension (7); the frame (3) is provided with two side mem-
bers (20,21) secured at the ends thereof to the half-
frames (4,5) and having respective joints (24,25) that al-
low a relative rotation between said half-frames (4,5)
about a vertical hinge axis (33); one of the side members
(20) has variable length.
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Description

[0001] The present invention relates to a steering bo-
gie, particularly for a tram carriage.
[0002] In the field of trains and trams, it is known to
use steering bogies to reduce the wear on the wheels
when the latter travel along curving rails. The steering
can be set automatically by mechanical transmissions in
response to the entering of the bogie into a curve, as in
the Italian patent IT1224491 for example; or it can be set
by way of actuators operated by active control electronic
systems, which are provided with sensors adapted to de-
tect the presence or the approach of a curve, as for ex-
ample in U.S. patent US4982671 or in French patent
FR2874883, which corresponds to the preamble of claim
1.
[0003] The solutions described in the prior art indicated
above are rather unsatisfactory, as they are relatively
complex and have a relatively large number of compo-
nents.
[0004] Furthermore, the patent IT1224491 provides a
single stage of suspension, which typically is unsatisfac-
tory to ensure adequate comfort to passengers. With re-
gard to the suspension, however, the solution described
in the patent US4982671 comprises two stages, namely
a primary suspension and a secondary suspension. In
particular, this solution comprises two axles supported
by respective structures, which are hinged to one another
by way of a central joint and are coupled by way of the
primary suspension to an upper frame. The upper frame,
in turn, is coupled by way of the secondary suspension
to the carriage.
[0005] The axles are steered with respect to the upper
frame by one or more actuators. The primary suspension
consists of two pairs of springs that, during steering, are
deformed by the relative horizontal displacement be-
tween the upper frame and the structures that support
the axles.
[0006] This solution is better in terms of comfort, but
is not applicable to trams, which must travel along rela-
tively small steering radii on city roadways. In fact, in
general, the springs of the primary suspension do not
have the ability to deform enough in the horizontal direc-
tion to ensure small curvature radii.
[0007] The aim of the present invention is to provide a
steering bogie, particularly for a tram carriage, which al-
lows to solve the problems outlined above in a simple
and economic way.
[0008] According to the present invention a steering
bogie is provided, particularly for a tram carriage, as de-
fined by claim 1.
[0009] The invention will now be described with refer-
ence to the accompanying drawings, which illustrate a
non-limiting embodiment, wherein:

- Figure 1 is a perspective view of a preferred embod-
iment of the steering bogie, particularly for a tram
carriage, according to the present invention;

- Figure 2 is a plan view of the steering bogie of Figure
1;

- Figure 3 is a different perspective that shows, on an
enlarged scale, a detail of Figure 1.

[0010] In figure 1, with 1 is indicated a bogie for a tram
carriage (not shown).
[0011] The bogie 1 comprises four wheels 2 which trav-
el along a pair of rails (not shown) defining a path com-
prising curves. The bogie 1 comprises an upper frame
3, in turn comprising two equal half-frames 4,5, a front
one and a rear one. The half-frames 4,5 are coupled to
the axles 6 of the wheels 2 through a primary suspension
7, and to the body of the carriage by way of a secondary
suspension (not shown), and can lightly slant relative to
one another, as will be better described below. The half-
frames 4 and 5 comprise respective cross members 8,
which are rectilinear, substantially horizontal, and orthog-
onal to a forward movement direction 9 coinciding with
the path of the bogie 1. Each half-frame 4,5 comprises
a pair of arms 10, which are arranged above the cross
member 8 and comprise respective vertical portions 12,
fixed to the ends 11a, 11b of the cross members 8. The
arms 10 of each half-frame 4,5 end with respective hor-
izontal portions 13, which are parallel to the forward
movement direction 9, are connected to the correspond-
ing portions 12 by way of intermediate curved portions
14, and extend cantilevered in the opposite direction to
the portions 13 of the other half-frame 4,5. In this way,
the half-frames 4 and 5 have, in plan, a U-shape.
[0012] The secondary suspension mentioned above
comprises four springs (not shown), for example, four
steel helical springs, whose lower ends are supported on
respective support members 16 arranged on the portions
13 and fixed to the portions 13 themselves in a manner
not shown. In particular, the support members 16 define
respective upper seats 17 housing the lower ends of the
springs of the secondary suspension.
[0013] The half-frames 4 and 5 are coupled to the body
of the carriage also by way of respective dampers 18.
The ends of the dampers 18 are defined by ball joints,
inferiorly coupled, to the cross members 8 and above, to
the carriage body.
[0014] The frame 3 also comprises a side member 20
fixed to the ends 11a, and a side member 21 fixed to the
ends 11b. The side members 20,21 are of articulated
type, in order to make the frame 3 articulated. In partic-
ular, the side member 21 comprises a spherical joint 23
and a vertical axis joint 24, which are arranged near the
ends of the side member 21. The side member 20, in-
stead, comprises only a ball joint 25, which is diametri-
cally opposed to the joint 23, with respect to the center
of the frame 3, and is aligned with the joint 24 in the
horizontal direction orthogonal to the forward movement
direction 9. Preferably, the joint 24 is made by the as-
semblage of two ball joints mutually vertically aligned.
The two ball joints, which form the joint 25 are bound, on
the one side, to a fork 28 fixed to the end 11b of the half-
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frame 5 and, on the other side, to a flange 29 fixed to an
intermediate portion 30 of the side member 21.
[0015] With reference to Figure 2, the pair of joints 23
and 25 define a hinge axis 31 inclined with respect to the
forward movement direction 9: the half-frames 4,5 slant
relative to one another about the axis 31 to help the pri-
mary suspension 7 to compensate for any momentary
difference in height of a wheel 2 with respect to the others
on the rails, i.e. to compensate for the so-called "uneven
tracks".
[0016] At the same time, the side member 20 has a
variable length, and together with the joints 24 and 25,
renders the bogie 1 steerable. As "length" is intended the
distance between the cross members 8 along a broken
line defined by the axes of the components which form
the side member and which are coupled one to the other
in an articulated way. In particular, the side member 20
comprises an intermediate element 32 of variable length,
which is fixed, on the one side, to the joint 25 and, on the
other side, to the end 11a of the half-frame 4, while the
portion 30 of the side member 21 has a fixed length.
[0017] The element 32 may be a passive element, that
adapts its length automatically in response to the forces
that are transmitted by the rails to the wheels 2 while
curving. For example, the element 32 comprises a spring
(not shown) and a damper (not shown), whose damping
characteristic can be possibly varied by an external con-
trol system.
[0018] Alternatively, the element 32 may be an active
element, namely an actuator of hydraulic, electrical or
pneumatic type, which is activated by an electronic con-
trol unit (not shown) in response to signals originating
from sensors mounted on the carriage (magnetic sen-
sors, optical sensors, etc...) or by localization systems
arranged outside the carriage (for example: GPS, under-
ground lines, etc...) and indicating information relating to
the curves of the track (start and end of the curve, cur-
vature radius, etc ...).
[0019] Depending on the length of the element 32, the
two half-frames 4,5 rotate with respect to each other
about a vertical axis 33, which coincides with the axis of
the joint 24, to perform a steering angle.
[0020] The frame 3 also comprises a Watt parallelo-
gram 35, which connects together the cross members 8
of the half-frames 4,5. The Watt parallelogram 35 com-
prises two longitudinal connecting rods 36, substantially
parallel to the forward movement direction 9, and a trans-
verse lever 37 arranged substantially at the center of the
bogie 1. The ends of the longitudinal rods 36 are coupled
by way of ball joints to the arms 38 of the transverse lever
37, on one side, and to the cross members 8, on the other
side. The transverse lever 37 comprises a central portion
39, which defines a connection point for hinging the bogie
1 at the body of the carriage about a vertical axis 40. In
particular, the connection is defined by a vertical shaft
(not shown) which engages the portion 39. In this way,
the Watt parallelogram 35 transmits the forces along the
forward movement direction 9 between the frame 3 and

the carriage, leaving freedom of relative movement in the
other directions.
[0021] Again with reference to Figure 1, the four wheels
2 are coupled by way of bearings to the two axles 6, so
as to rotate about respective axes 42. Each axle 6 is
constituted by two spindles, i.e. by two distinct coaxial
shafts 43, fixed to a relative structure 44. In the preferred
embodiment illustrated, the wheels 2 are motorized and
form part of respective motor-wheel groups 45, without
mechanical transmissions. In particular, the configura-
tion of the motor-wheel groups 45 and the mounting
thereof on the shafts 43 are similar to what is shown in
the international patent application WO2008015282A1
(on behalf of the same applicant), which is herein fully
incorporated for completeness of description. In particu-
lar, the casing 47 and the stator of the electric motor are
connected to the corresponding arm 10 by way of a con-
necting rod 48 substantially vertical, which transmits the
reaction of the electric motor to the corresponding half-
frame 4,5. The ends of the connecting rod 48 define re-
spective hinges provided with damping elements of si-
lent-block type, whereby the casing 47 of the motor can
slightly oscillate about the axis 42.
[0022] With reference to Figure 3, each structure 44
comprises a beam 50, generally referred to as "false ax-
le", parallel to axis 42, and fixed at the ends thereof to
two supporting bodies 52 having respective holes 53 en-
gaged by the shafts 43.
[0023] Each body 52 comprises a pair of plates 54,
which project in opposite directions and support the lower
ends of respective elastic elements 55. The elastic ele-
ments 55 define the primary suspension 7 and are made,
preferably, of elastomeric material. For each wheel 2, the
two elastic elements 55 are arranged on opposite sides
of the shaft 43 and are fixed, at their upper ends, to a
bracket 56, in turn fixed below the portion 13.
[0024] From the above it is evident that it is possible
to tilt the axles 6 with respect to each other about a vertical
axis for steering the bogie 1. In fact, as explained above,
the element 32 can lengthen and shorten compared to a
configuration in which the axles 6 are parallel, so as to
vary the length of the side member 20, while the length
of the side member 21 remains constant. When the side
member 20 lengthens or shortens, the side members
20,21 bend about respective vertical axes defined by the
joints 24 and 25.
[0025] During the relative rotation about the axis 33,
there is a relative horizontal movement between at least
one of the half-frames 4,5 and the body of the carriage:
said relative movement causes a deformation of the
springs of the secondary suspension in horizontal direc-
tion. At the same time, as mentioned above, the Watt
parallelogram 35 transmits the forces along the forward
movement direction 9 independently to said relative
movement and to all possible changes in shape of the
frame 3 along the line. The elastic elements 55 of the
primary suspension 7, instead, do not undergo deforma-
tion in the horizontal direction, as there is no relative
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movement between the half-frames 4,5 and axles 6.
[0026] The articulated joint 24 allows only a rotation
about a vertical axis, i.e. the axis 33, without leaving free-
dom of rotation about other directions: thanks to this fea-
ture, the frame 3 has a degree of constraint that maintains
substantially horizontal the side members 20 and 21.
[0027] It is evident then that the bogie 1 is extremely
simple compared to other solutions of the prior art, as it
has a relatively small number of components. At the same
time, the bogie 1 provides two stages of suspension, i.e.
the primary suspension 7 defined by the elastic elements
55, and the secondary suspension defined by the springs
(not shown) resting on the support members 16.
[0028] At the same time, the bogie 1 can also be used
along lines having curves with a relatively small curvature
radius, since the springs currently in commerce for the
secondary suspension are able to deform in the horizon-
tal direction to compensate for a relative movement rel-
atively high between the carriage body and the half-
frames 4,5.
[0029] From the above it is, finally, clear that the bogie
1 described can be subject to modifications and variants
which do not depart from the scope of protection of the
present invention, as defined in the appended claims.
[0030] In particular, the joints 23 and 24 could be part
of the side member 20, and the joint 25 be part of the
side member 21; or the joint 23 could be absent, and the
joint 25 be optionally substituted by one vertical axis joint,
although in this case the frame 3 does not assist the
suspensions to compensate for the "uneven tracks".
[0031] Furthermore, the axles 6 could be free of mo-
tors; and/or the wheels 2 could be arranged within the
half-frames 4,5 (without the beams 50); and/or each axle
6 could be defined by a single shaft.
[0032] Finally, the half-frames 4,5 may have a shape
different from that indicated by way of example.

Claims

1. A steering bogie (1), particularly for a tram carriage,
comprising:

- a frame (3) comprising support means (16) for
a secondary suspension adapted to couple said
frame to a bogie;
- two axles (6), each supporting two wheels (2)
rotatable about an rotation axis (42);
- a primary suspension (7) which couples said
axles (6) to said frame (3);

said frame (3) comprising:

- two half-frames (4,5) respectively coupled to
said axles (6) ;
- a first and a second side member (20,21) se-
cured at the ends thereof to said half-frames
(4,5) and comprising joint means (24,25) defin-

ing a vertical rotation axis (33) to allow said half-
frames (4,5) to rotate with respect to each other
about said vertical rotation axis (33);

characterized in that said first side member (20)
has a variable length and said second side member
(21) has a constant length.

2. The bogie according to claim 1, characterized in
that said first side member (20) comprises a variable
length element (32) comprising a spring and a damp-
er.

3. The bogie according to claim 1, characterized in
that said first side member (20) comprises a variable
length element (32) comprising an actuator.

4. The bogie according to any one of the preceding
claims, characterized in that said joint means com-
prise a first and a second joint (24,25) which are re-
spectively part of said first and second side member
and are aligned one to the other along a direction
orthogonal to a forward movement direction (9) of
the bogie (1).

5. The bogie according to claim 4, characterized in
that one of said first and second joint is defined by
a joint having only a vertical rotation axis (24), and
the other of said first and second joint is defined by
a ball joint (25).

6. The bogie according to claim 5, characterized in
that said joint means comprise a further ball joint
(23), which is part of the same side member of the
joint having only a vertical rotation axis (24).

7. The bogie according to claim 6, characterized in
that said ball joint (25) and said further ball joint (23)
are arranged in diametrically opposite positions with
respect to the center of the bogie (1).

8. The bogie according to any one of the preceding
claims, characterized by comprising a Watt paral-
lelogram (35), which connects said half-frames (4,5)
and comprises two longitudinal connecting rods (36)
and one transverse lever (37); said transverse lever
(37) being arranged substantially at the center of the
bogie (1) and having coupling means (39) to be
hinged to said carriage about a vertical axis.
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