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(67)  The invention relates to a wheel axle guiding
assembly (10) comprising an axle box carrier (20), an
axle box (14) located longitudinally between a front part
(16) and a rear part (18) of the axle box carrier (20); a
front longitudinal hydro-mechanical converter (32) be-
tween a front part (16) of an axle box carrier (20) and a
rear longitudinal hydro-mechanical converter (34) be-
tween the axle box (14) and a rear part (18) of the axle
box carrier (20) to allow a fore-and-aft movement of the
axle box (14) relative to the axle box carrier (20) parallel
to a longitudinal direction (200). Each of the front and

rear longitudinal hydro-mechanical converters (32, 34)
includes a housing (36), a plunger (38) and an elasto-
meric body (40) fixed to the housing (36) and to the plung-
er (38) so as to allow a fore-and-aft relative movement
parallel to the longitudinal direction (200) between the
plunger (38) and the housing (36), a single variable vol-
ume hydraulic chamber (42) being formed between the
housing (36), the plunger (38) and the elastomeric body
(40). A hydraulic port (54) provides a connection of the
variable volume hydraulic chamber (40) with an external
hydraulic circuit (54, 56, 64, 66, 68, 70, 72, 74).
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Description
TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to a wheel axle
guiding assembly and to a running gear for a rail vehicle.

BACKGROUND ART

[0002] A two-axle bogie for a rail vehicle described in
DE 31 23 858 C2 is provided with a wheel axle guiding
assembly comprising: a pair of front left hydraulic cylin-
ders for moving the left wheel of the front wheel set to-
wards and away from a median transverse vertical plane
of the bogie, a pair of front right hydraulic cylinders for
moving the right wheel of the front wheel set towards and
away from the median transverse vertical plane, a pair
of rear left hydraulic cylinders for moving the left wheel
of the rear wheel set towards and away from the median
transverse vertical plane, a pair of rear right hydraulic
cylinders for moving the left wheel of the rear wheel set
towards and away from the median transverse vertical
plane, and hydraulic connection to ensure that move-
ments of the left, respectively right wheels of the front
wheel set towards, respectively away from the median
transverse vertical plane result in movements of the left,
respectively right wheels of the front wheel set towards,
respectively away from the median transverse vertical
plane. In other words, the steering of the front and rear
wheel sets is coordinated to negotiate tight curves of the
track.

[0003] Ithasbeen suggestedin EP1228937 to provide
a bogie with specific bushings each mounted between
one of the axle boxes and the bogie frame, said bushings
comprising a cylindrical outer case, a bolt coaxially re-
ceived within the outer case, and an elastomer body con-
necting the outer case to the bolt so as to form two cham-
bers, which are located between the outer case and the
bolt on opposite sides of the bolt. The two opposite cham-
bers are filled with fluid. A fluid path is formed between
the two chambers to allow a fore-and-aft movement of
the bashing axle within the outer case. Further fluid con-
nections may be provided to interconnect the chambers
of the different bushings with a pressure source to con-
stitute an active steering system. Due to the shape of the
bushing, the amount of elastomer is limited, as well as
the pumping area. As a result the effectiveness and
lifespan of these specific bushings is limited.

[0004] A similar bashing is disclosed in EP1457706.
In order to obtain a stiffness that varies with the frequen-
cy, an arcuate channel is provided between the two
chambers of the bashing. The frequency response of the
bashing depends on the pumping area, as well as on the
length and cross-section of the channel and, for a given
set of parameters, the stiffness increases with the fre-
quency. However, due to its size, the capabilities of the
bashing are limited.

[0005] A running gear unit for a rail vehicle, having a
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running gear frame, supported on a pair of wheel sets
via a primary suspension system is disclosed in
WO02014170234. The two wheel sets are coupled with
one another via a coupling arrangement in such a way
that a first transverse displacement of the first wheel set
with respect to the running gear frame in the transverse
direction results in a second, identically directed trans-
verse displacement of the second wheel set with respect
tothe running gearframe in the transverse direction. Con-
currently, the coupling arrangement is such that a first
rotation of the first wheel set with respect to the running
gear frame about a vertical axis results in a second ro-
tation in the opposite direction of the second wheel set
with respect to the running gear frame. The coupling ar-
rangement comprises bushings each comprising a cylin-
drical outer case, a bolt coaxially received within the outer
case, and an elastomer body connecting the outer case
to the bolt so as to form four chambers. Due to their size,
the capabilities of the bushings are limited.

[0006] A primary suspension system disclosed in
US4932330 includes a pair of spaced vertical springs
connected between a journal bearing retainer and a side
frame of arailway truck. Pairs of angularly disposed elas-
tomeric springs are also connected between a lower sup-
port housing and opposite angular ends of the journal
bearing retainer to provide lateral and longitudinal stiff-
ness. However, these elastomeric springs do not provide
a frequency dependent stiffness.

SUMMARY OF THE INVENTION

[0007] The invention aims to provide wheel axle guid-
ing assemblies with more robust hydro-mechanical con-
verters that provide long strokes and improved capabil-
ities, within the space requirement of conventional run-
ning gears.

[0008] Accordingtoafirstaspectoftheinvention, there
is provided a wheel axle guiding assembly comprising:

- an axle box defining a horizontal revolution axis and
a longitudinal horizontal direction perpendicular to
the revolution axis;

- an axle box carrier, the axle box being located lon-
gitudinally between a front part and a rear part of the
axle box carrier; and

- afrontlongitudinal hydro-mechanical converter fixed
to the axle box and the front part of the axle box
carrier and a rear longitudinal hydro-mechanical
converter fixed to the axle box and the rear part of
the axle box carrier to allow a fore-and-aft movement
of the axle box relative to the axle box carrier parallel
to the longitudinal direction; wherein each of the front
and rear longitudinal hydro-mechanical converters
includes a housing, a plunger and an elastomeric
body fixed to the housing and to the plunger so as
to allow a fore-and-aft relative movement parallel to
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the longitudinal direction between the plunger and
the housing, a single variable volume hydraulic
chamber being formed between the housing, the
plunger and the elastomeric body, each of the front
and rear longitudinal hydro-mechanical converters
further including a hydraulic port for connecting the
variable volume hydraulic chamber to an external
hydraulic circuit.

[0009] Asone hydro-mechanical converter is provided
on each side of the axle boxes and each hydro-mechan-
ical converter is provided with a single variable volume
chamber between the plunger and the housing, more
room is available for each variable volume chamber than
the prior art. Both the effective pumping area and the
stroke of the hydro-mechanical converters can be in-
creased. The larger effective pumping area and a larger
size of the elastomeric body are predominant factors for
defining a stiffer dynamic response, which takes advan-
tage from a large pumping area, and a greater ratio be-
tween the dynamic stiffness and the static stiffness of the
wheel axle guiding assembly.

[0010] Preferablythe axle boxhousesabearinghaving
an inner diameter defining a cross-sectional area Ag, of
an end of a wheel axle to be received in the bearing and
the plunger has an effective area A, measured in a plane
perpendicular to the longitudinal direction, which is great-
erthan halfthe cross-sectional area Ag,, preferably great-
er than the cross-sectional area Ag,.

[0011] Theelastomericbody is annular, preferably with
a circular, elliptic or rectangular cross-section between
the plunger and the housing. According to a preferred
embodiment and in order not to overstress the elasto-
meric body, the elastomeric body can be fixed to an an-
nular cylindrical or frustro-conical surface of the housing
facing the plunger and an annular cylindrical or frustro-
conical surface of the plunger facing the housing.
[0012] Preferably, each of the front and rear longitudi-
nal hydro-mechanical converters has a longitudinal stiff-
ness, which increases with a frequency of the fore-and-
aft movement of the axle box relative to the axle box
carrier from a quasistatic stiffness value to a dynamic
stiffness value, wherein the plunger and the elastomeric
body have dimensions such that a ratio R of the dynamic
stiffness value to the quasistatic stiffness value is greater
than 10, preferably greater than 20, preferably greater
than 50. As a result, the wheel axle guiding assembly
has a soft response to quasistatic longitudinal loads, in
particular passive steering movement, and simultane-
ously efficiently counteracts hunting oscillations at higher
frequencies.

[0013] An abutment may be provided between the
plunger and the housing for limiting a contraction move-
ment of the plunger. In order to increase comfort, the
abutment is preferably provided with an elastomeric buff-
er.

[0014] According to a preferred embodiment, the
wheel axle guiding assembly further comprises a vertical
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suspension unit provided between the axle box and an
upper part of the axle box carrier. The vertical suspension
unit is preferably independent from the longitudinal hy-
dro-mechanical converters, in order to control the stiff-
ness and deflectionin the vertical direction independently
from the longitudinal direction. According to one embod-
iment, the vertical suspension unit comprises a chevron
spring having a V-shaped cross-section in a vertical
transversal plane parallel to the revolution axis. The ver-
tical suspension unit also provides stiffness in the trans-
verse direction, i.e. the direction parallel to the revolution
axis of the axle box. Alternatively the vertical suspension
unit comprises a sandwich spring having a set of planar
elastomeric elements extending in a horizontal plane. In
order to take advantage of the room available below the
axle box, the vertical suspension unit may be provided
with an elastomeric pad between the axle box and alower
part of the axle box carrier.

[0015] If the deflection of the axle box in the vertical
and/or transverse direction is significant, e.g. because
the vertical suspension unit has a low stiffness, it may be
advisable to release the hydro-mechanical converters
from the corresponding displacements. To this end, each
of the front and rear longitudinal hydro-mechanical con-
verters further comprises a decoupling spring with a lon-
gitudinal stiffness at least ten times, preferably at least
twenty times, preferably fifty times greater than a longi-
tudinal stiffness of the elastomeric body, a lateral stiff-
ness less than a two times the lateral stiffness of the
elastomeric body, preferably less than the lateral stiff-
ness of the elastomeric body and a vertical stiffness less
than two times the vertical stiffness of the elastomeric
body, preferably less than the vertical stiffness of the
elastomeric body.

[0016] According to one embodiment the axle box car-
rier forms a ring around the axle box.

[0017] According to one embodiment a vertical sus-
pension assembly connects the axle box carrier to a run-
ning gear frame. The vertical suspension units between
the axle box carrier and the running gear frame will allow
deflection of substantial magnitude in the vertical direc-
tion, without negatively impacting the longitudinal hydro-
mechanical converters. If vertical suspension units are
provided both between the axle box and the axle box
carrier and between the axle box carrier and the running
gear frame, the latter will preferably have alower stiffness
than the former, preferably more than 1,5 times lower.
[0018] According to an alternative embodiment the ax-
le box carrier is a constituent portion of a running gear
frame of a running gear. This will be possible in particular
with a flexible running gear frame.

[0019] According to one embodiment a hydraulic res-
ervoir is hydraulically connected to the hydraulic cham-
ber, preferably with a check valve allowing a flow a fluid
only from the hydraulic reservoir to the hydraulic cham-
ber, preferably with a volume at least twice the volume
of the hydraulic chamber. The hydraulic reservoir pro-
vides a temperature compensation volume and delivers
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additional hydraulic fluid to offset losses in the hydraulic
circuit and maintain the function of the system for an extra
period of time in case of leakage. The reservoir may ad-
vantageously be provided with a leakage indicator. The
hydraulic reservoir may be connected to the hydraulic
chamber via an appropriate valve arrangement, in par-
ticular a check valve, to ensure a fail-safe operation.
[0020] According to another aspect of the invention,
there is provided A running gear for a rail vehicle, com-
prising at least a pair of wheel axle guiding assemblies
as described above, a first hydraulic circuit for establish-
ing a hydraulic connection between a first variable vol-
ume hydraulic chamber and a second variable volume
hydraulic chamber, and a second hydraulic circuit for es-
tablishing a hydraulic connection between a third variable
volume hydraulic chamber and a fourth variable volume
hydraulic chamber, the first, second, third and fourth var-
iable volume hydraulic chambers being all different
chambers and each of the first, second, third and fourth
variable volume hydraulic chambers being the variable
volume hydraulic chamber of one of the front and rear
longitudinal hydro-mechanical converters of one of the
wheel axle guiding assemblies of the pair of wheel axle
guiding assemblies. Preferably, the first and/or the sec-
ond hydraulic circuit further comprise a hydraulic reser-
voir. The hydraulic connection between variable volume
hydraulic chambers is effective to allow a circulation of
fluid and a balance of pressures when the wheel sets are
subjected to quasistatic load.

[0021] One option is to connect the variable volume
chamber of the front longitudinal hydro-mechanical con-
verter of each wheel axle guiding assembly with the var-
iable volume chamber of the rear longitudinal hydro-me-
chanical converter of the same wheel axle guiding as-
sembly.

[0022] Preferred alternative embodiments, however,
dispense with any hydraulic connection between the
chamber of the front longitudinal hydro-mechanical con-
verter and the chamber of the rear longitudinal hydro-
mechanical converter of the same wheel axle guiding
assembly.

[0023] Anotheroptionisto connectthe variable volume
chamber of the front longitudinal hydro-mechanical con-
verter of one wheel axle guiding assembly on each lateral
side ofthe running gear with the variable volume chamber
of the rear longitudinal hydro-mechanical converter of
the other wheel axle guiding assembly on the same lat-
eral side of the running gear and to connect the variable
volume chamber of the rear longitudinal hydro-mechan-
ical converter of said one wheel axle guiding assembly
on each lateral side of the running gear with the variable
volume chamber of the front longitudinal hydro-mechan-
ical converter of said other wheel axle guiding assembly
on the same lateral side of the running gear.

[0024] Preferably, the first hydraulic circuit establishes
a hydraulic connection between the variable volume hy-
draulic chamber of the front longitudinal hydro-mechan-
ical converter of one of the wheel axle guiding assemblies
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of the pair of the wheel axle guiding assemblies and the
variable volume hydraulic chamber of the front longitu-
dinal hydro-mechanical converter of the other of the
wheel axle guiding assemblies of the pair of the wheel
axle guiding assemblies and second hydraulic circuit es-
tablishes a hydraulic connection between the variable
volume hydraulic chamber of the rear longitudinal hydro-
mechanical converter of one of the wheel axle guiding
assemblies of the pair of the wheel axle guiding assem-
blies and the variable volume hydraulic chamber of the
rear longitudinal hydro-mechanical converter of the other
of the wheel axle guiding assemblies of the pair of the
wheel axle guiding assemblies.

[0025] According to one embodiment, the running gear
further comprises at least a front wheel set and a rear
wheel set and the such that an end of the front wheel set
is supported by the axle box of a front wheel axle guiding
assembly of the pair of wheel axle guiding assemblies
and that an end of the rear wheel set is supported by the
axle box of a rear wheel axle guiding assembly of the
pair of wheel axle guiding assemblies. In particular, one
option is to connect the variable volume chamber of the
front longitudinal hydro-mechanical converter of one
wheel axle guiding assembly on each lateral side of the
running gear with the variable volume chamber of the
front longitudinal hydro-mechanical converter of the oth-
er wheel axle guiding assembly on the same lateral side
of the running gear and similarly for the variable volume
chambers of the rear longitudinal hydro-mechanical con-
verters. This will ensure that the two-wheel sets will rotate
in opposite direction about a vertical axis. Another option
with similar effect is to connect the variable volume cham-
ber of the front longitudinal hydro-mechanical converter
of one wheel axle guiding assembly on each lateral side
of the running gear with the variable volume chamber of
the rear longitudinal hydro-mechanical converter of the
other wheel axle guiding assembly on the other lateral
side of the running gear and similarly between the two
other variable volume chambers, to form a cross connec-
tion.

[0026] According to a most preferred option, however,
the running gear comprises at least one wheel set, a left
end of the wheel set is supported by the axle box of a left
wheel axle guiding assembly of the pair of wheel axle
guiding assemblies, and a right end of the wheel set is
supported by the axle box of a right wheel axle guiding
assembly of the pair of wheel axle guiding assemblies.
With this embodiment, the longitudinal translation move-
ment of the wheel set are limited, e.g. when the vehicle
accelerates or decelerates, whilst the rotation of the
wheel set about a vertical axis is still possible. Moreover,
this embodiment provides a fail-safe operating mode in
case of leakage.

[0027] Preferably, the running gear does not include
any hydraulic connection between the chamber of the
front longitudinal hydro-mechanical converter and the
chamber of the rear longitudinal hydro-mechanical con-
verter of the same wheel axle guiding assembly.
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BRIEF DESCRIPTION OF THE FIGURES

[0028] Otheradvantages and features of the invention
willthen become more clearly apparent from the following
description of a specific embodiment of the invention giv-
en as non-restrictive examples only and represented in
the accompanying drawings in which:

- Figure 1 illustrates a longitudinal section of a wheel
axle guiding assembly for a running gear of a rail
vehicle according to a first embodiment of the inven-
tion by a longitudinal vertical plane along section line
I-1 of Figure 3;

- Figure 2illustrates a section of the wheel axle guiding
assembly of Figure 1 by a horizontal plane along
section line II-1I of Figure 1;

- Figure 3is a vertical section of the wheel axle guiding
assembly of Figure 1, along section line IllI-1ll of Fig-
ure 1;

- Figure 4 is a vertical section along section line IV-IV
of Figure 1;

- Figure 5is alongitudinal section of a wheel axle guid-
ing assembly according to a second embodiment of
the invention;

- Figure 6is a longitudinal section of a wheel axle guid-
ing assembly according to a third embodiment of the
invention;

- Figure 7 illustrates a section of the wheel axle guiding
assembly of Figure 6 by a horizontal plane;

- Figure 8is alongitudinal section of a wheel axle guid-
ing assembly according to a fourth embodiment of
the invention;

- Figure 9is alongitudinal section of a wheel axle guid-
ing assembly according to a fifth embodiment of the
invention;

- Figure 10 is a longitudinal section of a wheel axle
guiding assembly according to a sixth embodiment
of the invention;

- Figure 11 is a schematic view of a first embodiment
of a running gear provided with sets of the wheel
axle guiding assemblies according to any one of the
previous embodiments of the invention;

- Figure 12 is a schematic view of a second embodi-
ment of a running gear provided with sets of the
wheel axle guiding assemblies according to any one
of the previous embodiments of the invention;
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- Figure 13 is a schematic view of a third embodiment
of a running gear provided with sets of the wheel
axle guiding assemblies according to any one of the
previous embodiments of the invention;

- Figure 14 is a schematic view of a fourth embodiment
of a running gear provided with sets of the wheel
axle guiding assemblies according to any one of the
previous embodiments of the invention;

- Figure 15 is a schematic view of a fifth embodiment
of a running gear provided with sets of the wheel
axle guiding assemblies according to any one of the
previous embodiments of the invention;

- Figure 16 is a schematic view of running gear of Fig-
ure 15, operating in a fail-safe mode of operation.

[0029] Corresponding reference numerals refer to the
same or corresponding parts in each of the figures.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0030] A wheel axle guiding assembly 10 for a running
gear 12 of a rail vehicle is illustrated in Figures 1 to 4.
This wheel axle guiding assembly 10 comprises an axle
box 14 located longitudinally between a front part 16 and
a rear part 18 of an axle box carrier 20 formed by a C-
shaped end portion of a frame 22 of the running gear 12.
The axle box carrier 20 is supported on the axle box 14
by way of a vertical primary suspension unit 24, which
comprises a chevron spring 26 having a V-shaped cross-
section in a vertical transversal plane parallel to a revo-
lution axis 100 defined by the axle box 14. As is well
known in the art, the axle box 14 houses a bearing 28,
usually a roller bearing, for guiding an end portion of a
wheel axle 30.

[0031] A frontlongitudinal hydro-mechanical converter
32 is fixed to the axle box 14 and to the front part 16 of
the axle box carrier 20 and a rear longitudinal hydro-me-
chanical converter 34 is fixed to the axle box 14 and to
the rear part 18 of the axle box carrier 20 to allow a fore-
and-aft movement of the axle box 14 relative to the axle
box carrier 20 parallel to a longitudinal direction 200. The
longitudinal direction 200 in this context and in the whole
application is the horizontal direction perpendicular to the
horizontal revolution axis 100 defined by the axle box in
a reference position. Each of the front and rear longitu-
dinal hydro-mechanical converters 32, 34 includes a
housing 36 fixed to the axle box 14 or integral with the
axle box 14, a plunger 38 fixed to or integral with the axle
box carrier 20 and an annular elastomeric body 40 ad-
hered by vulcanisation or otherwise fixed in a sealed
manner to the housing 36 and to the plunger 38 so as to
form a single variable volume hydraulic chamber 42 be-
tween the housing 36, the plunger 38 and the elastomeric
body 40. A hydraulic inlet and outlet port 44 (see Figure
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2) is provided for connecting the variable volume hydrau-
lic chamber 42 to a hydraulic circuit, as will be discussed
later on in connection with Figures 9 to 13.

[0032] In this preferred embodiment, the interface 46
between the annular elastomeric body 40 and the hous-
ing 36 and the interface 48 between the annular body 40
and the plunger 38 are cylindrical and coaxial. This en-
sures that the annular elastomeric body 40 is only sub-
jected to shear stress when the plunger 38 and housing
36 move relative to one another in the longitudinal direc-
tion 200. The radial dimension of the annular body 40, i.
e. the distance between the two interfaces 46, 48 is pref-
erably greater than its longitudinal dimension.

[0033] This arrangement result in a low stiffness of
each longitudinal hydro-mechanical converter 32, 34 in
the longitudinal direction 200 while the stiffness is much
higher in the radial directions, notably in the vertical and
transverse directions. The chevron spring 26 has a stiff-
ness which is higher than the hydro-mechanical convert-
ers 32, 34 in the vertical and transverse directions but
lower in the longitudinal direction 200. As a result, the
vertical primary suspension unit 24 is the main path for
vertical loads and shares the transverse load with the
hydro-mechanical converters 32, 34, which form the main
path for longitudinal loads.

[0034] Due to its geometry, and in particular to their
large pumping area, the hydro-mechanical converters
32, 34 have a stiffness, which significantly increases with
the frequency of the applied load, as become more ap-
parent from the discussion below.

[0035] When the axial load varies at a very low fre-
quency, the hydraulic fluid moves in and out of the vari-
able volume hydraulic chamber 42 through the hydraulic
port 44 in phase with the motion of the plunger 38 relative
to the housing 36. The static stiffness Cg;;; Of the hydro-
mechanical converter depends mainly on the geometry
of the elastomeric body 40 and decreases when the ratio
of the radial dimension to the longitudinal dimension of
the elastomeric body 40 increases.

[0036] When the frequency of the longitudinal move-
ment of the axle boxes 14 increases, the motion of the
hydraulic fluid in and out of the hydraulic chambers 42 is
increasingly out of phase with the relative motion be-
tween the plunger 38 and the housing 36. When the fre-
quency is sufficiently high the hydraulic chambers 42 can
be almost considered as closed chambers, since the
movement of the fluid in and out of the chambers be-
comes insignificant. The behaviour is dependent on the
viscosity of the fluid and the hydraulic circuit connecting
the chambers, in particular the length and diameter of
the connecting pipes. Relative fore and aft movement
between the plunger and the housing is still possible de-
spite the incompressible fluid in the hydraulic chamber
thanks to a dynamic swell deformation of the elastomeric
body 40. The elastomeric body 40 is therefore charac-
terised by a dynamic swell stiffness Cy, ¢ which is added
to the static stiffness Cg,4ic at higher frequencies. This
dynamic swell stiffness increases approximately linearly
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with the effective pumping area A of the hydro-mechan-
ical converter, which is the ratio of the elementary vari-
ation of volume AV of the chamber to the corresponding
elementary longitudinal relative movement Ax between
the plunger and the housing:

AV
Cswell ~ KA = KE

[0037] In practice, the pumping area A is greater than
or equal to the effective area A, of the plunger, i.e. the
area of the geometric projection of the surface of the
plunger within the housing on a plane P perpendicular to
the longitudinal direction. In other words, the greater the
effective area A, of the plunger, the greater the pumping
area A, the dynamic swell stiffness S, and the ratio R
of the dynamic stiffness to the static stiffness of the lon-
gitudinal hydro-mechanical converter 32, 34. As a rule
ofthumb, the effective area A, of the plunger should pref-
erably be greater than half the area of the cross-section
Ay of the wheel axle measured in a plane perpendicular
to the rotation axis of the wheel axle passing through a
roller bearing of the axle box:

Ay
A=A, 2> >

[0038] Thanks to the geometry of the arrangement of
the hydro-mechanical converters on each side of the
wheel axle, the effective pumping area A can be large,
and the dynamic stiffness, will also be very large. Con-
currently, the static stiffness can be kept low, which leads
to a high ratio of the dynamic stiffness to the static stiff-
ness, preferably of more than 10, preferably of more than
20, and preferably more than 50.

[0039] Due to this high ratio of the dynamic stiffness
to the static stiffness, the wheel axle guiding assembly
provides a smooth response to the various longitudinal
loads at low frequency and a stiffer response at higher
frequency, which is particularly advantageous. The
wheel axle guiding assembly will respond with a very low
stiffness Cga1ic t0 quasistatic longitudinal loads so that
the wheel axle 30 will naturally rotate about a vertical axis
and find their position in a curve. The stroke of the lon-
gitudinal hydro-mechanical converters 32, 34 is greater
than with conventional elastomeric or hydro-elastic bush-
ings, which ensures a sufficient deflection of the wheel
axle 30 in curves. In response to high frequency longitu-
dinal vibrations, onthe other hand, the system will provide
a high dynamic stiffness that includes the component
Cswell SO as to efficiently counteract hunting oscillations
and provide an excellent stability.

[0040] The cutoff frequency in the frequency response
of the system depends not only on the characteristic of
the hydro-mechanical converters 32, 34 but also on the
characteristics of the hydraulic circuit. Preferably, the cut-



11 EP 3 205 549 A1 12

off frequency should be less than 4Hz, ideally between
0,5Hz and 1,5Hz.

[0041] A wheel axle guiding assembly 10 for a running
gear 12 of a rail vehicle according to a second embodi-
ment of the invention is illustrated in Figure 5. This wheel
axle guiding assembly 10 comprises an axle box 14 lo-
cated longitudinally between a front part 16 and a rear
part 18 of a ring-shaped axle box carrier 20 formed by a
C-shaped end portion of a frame 22 of the running gear
and a C-shaped lower bracket 120. The axle box carrier
20 is supported on the axle box 14 by way of a vertical
primary suspension unit 24, which comprises a sandwich
spring 126 having a set of planar elastomeric elements
extending in a horizontal plane.

[0042] Afrontlongitudinal hydro-mechanical converter
32 is fixed to the axle box 14 and to the front part 16 of
the axle box carrier 20 and a rear longitudinal hydro-me-
chanical converter 34 fixed to the axle box 14 and to the
rear part 18 of the axle box carrier 20 to allow a fore-and-
aft movement of the axle box 14 relative to the axle box
carrier 20 parallel to the longitudinal direction 200 of the
running gear 12. Each of the front and rear longitudinal
hydro-mechanical converters 32, 34 includes a housing
36 fixed to or integral with the axle box 14, a plunger 38
fixed to or integral with the axle box carrier 20 and an
annular elastomeric body 40 adhered by vulcanisation
or otherwise fixed in a sealed manner to the housing 36
and to the plunger 38 so as to form a single variable
volume hydraulic chamber 42 between the housing 36,
the plunger 38 and the elastomeric body 40. In this em-
bodiment, the interface between the annular elastomeric
body and the plunger is frustum-shaped and coaxial with
the interface between the annular body and the housing.
[0043] This arrangement results in a low stiffness of
each longitudinal hydro-mechanical converter 32, 34 in
the longitudinal direction while the stiffness is much high-
erinthe radial directions, notably in the vertical and trans-
verse directions. The sandwich spring 126 has a static
stiffness, which is higher than the hydro-mechanical con-
verters 32, 34 in the vertical directions but lower in the
longitudinal and transverse directions. As a result, the
sandwich spring 126 is the main path for vertical loads
while the hydro-mechanical converters 32, 34 form the
main path for longitudinal and transverse loads. The re-
sponse of the wheel axle guiding assembly 10 of Figure
5 to static and dynamic longitudinal loads is essentially
similar to that of the first embodiment.

[0044] A wheel axle guiding assembly 10 for a running
gear 12 of a rail vehicle according to a third embodiment
of the invention is illustrated in Figures 6 and 7. This
wheel axle guiding assembly 10 comprises an axle box
14 located longitudinally between a front part 16 and a
rear part 18 of an axle box carrier 20 formed by a ring-
shaped frame element fixed to the frame 22 of the running
gear 12. The axle box carrier 20 is supported on the axle
box 14 by way of a vertical primary suspension unit 24,
which comprises an upper elastomeric pad 226 and a
lower elastomeric pad 227. A front longitudinal hydro-
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mechanical converter 32 is provided between the axle
box 14 and the front part 16 of the axle box carrier 20
and a rear longitudinal hydro-mechanical converter 34 is
provided between the axle box 14 and the rear part 18
of the axle box carrier 20 to allow a fore-and-aft move-
ment of the axle box 14 relative to the axle box carrier
20 parallel to the longitudinal direction 200 of the running
gear 12. Each of the front and rear longitudinal hydro-
mechanical converters 32, 34 includes a housing 36 fixed
to the axle box carrier 20 or integral with the axle box
carrier 20, a plunger 38 integral with the axle box 14 and
an annular elastomeric body 40 adhered by vulcanisation
or otherwise fixed in a sealed manner to the housing 36
and to the plunger 38 so as to form a single variable
volume hydraulic chamber 42 between the housing 36,
the plunger 38 and the elastomeric body 40. In this em-
bodiment, the interface 46, 48 between the annular elas-
tomeric body 40 and the housing 36 and between the
annular body 40 and the plunger 38 are tapered. An elas-
tomeric buffer 338 forms an abutmentbetween the plung-
er 38 and the housing 36 for limiting a contraction move-
ment of the hydro-mechanical converter 32, 34. The re-
sponse of the wheel axle guiding assembly of Figure 6
and 7 to static and dynamic longitudinal loads is essen-
tially similar to that of the previous embodiments.
[0045] The axle guiding assemblies of the various em-
bodiments of Figures 1 to 7 are particularly adapted to a
running gear with a flexible running gear frame that will
undergo deformation to respond to vertical load. The em-
bodiment of Figure 8 is more adapted to a rigid running
gear frame, which remains substantially without defor-
mation under the usual operative conditions. The axle
guiding assembly 10 of Figure 8 differs from the axle
guiding assembly of Figures 6 and 7 essentially in that
the ring-shaped axle box carrier 20 is not rigidly fixed to
the running gear frame 22. Instead, the running gear
frame 22 bears on a pair of vertical primary suspension
units 426, which consist in rubber springs that allow a
substantial relative vertical movement between the run-
ning gear frame 22 and the axle box carrier 20 and trans-
mit the longitudinal and lateral loads without substantial
deformations. The upper and lower elastomeric pads
226, 227 between the axle box carrier 20 and the axle
box 14 can be kept very stiff to substantially reduce the
relative vertical and transverse motion between the axle
box carrier 20 and the axle box 14 and limit the deforma-
tion of the elastomeric body 40 of each of the front and
read hydro-mechanical converters 32, 34 in directions
perpendicular to the longitudinal direction 200. The re-
sponse of the wheel axle guiding assembly 10 of Figure
8 to static and dynamic longitudinal loads is essentially
similar to that of the previous embodiments.

[0046] The axle box guiding assembly of Figure 9 de-
rives from the embodiment of Figures 1 to 4 and differs
from that embodiment in that an additional spring 526 is
interposed between the axle box 14 and each of the lon-
gitudinal hydro-mechanical converter 32, 34. This addi-
tional decoupling spring 526 has vertical stiffness less
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than two times the vertical stiffness of the hydro-mechan-
ical converter 32, 34, a longitudinal stiffness at least ten
times greater than the longitudinal stiffness of the hydro-
mechanical converter 32, 34 and a lateral stiffness less
than two times than the lateral stiffness of the hydro-me-
chanical converter 32, 34. The decoupling spring 526
can be an elastomer ring around a fixed volume hydraulic
chamber 527 filled with hydraulic fluid.

[0047] The axle box guiding assembly of Figure 10 de-
rives from the embodiment of Figures 9 and differs from
that embodiment merely in that no fixed volume hydraulic
chamber is provided.

[0048] A running gear 12 including two pairs of wheel
axle guiding assemblies according to the invention is il-
lustrated in Figure 10. In Figure 10, the vertical primary
suspension units have been left out for simplicity. The
running gear 12 of Figure 11 is a bogie with a two-wheel
sets 50, each comprising left and right wheels 51 at op-
posite ends 52 of a wheel axle 30. Each end 52 of each
wheel axle 30 is guided for rotation in an axle box 14 of
a wheel axle guiding assembly 10. The two wheel axle
guiding assemblies 10 on the same left or right side of
the running gear 12 are hydraulically connected with one
another via four independent hydraulic circuits 54, 56.
More specifically, the variable volume hydraulic chamber
42 of the front hydro-mechanic converters 32 of the front
and rear wheel axle guiding assemblies 10 on the left
side are connected with one anothervia a hydraulic circuit
54 and the variable volume hydraulic chamber 42 of the
rear hydro-mechanic converters 34 of the front and rear
wheel axle guiding assemblies 10 on the left side are
connected with one another via a hydraulic circuit 56.
Similar hydraulic connections are provided between the
axle guiding assemblies 10 on the right side of the running
gear10. A hydraulic reservoir 58 is connected via a check
valve 60 to each of the hydraulic circuits to provide a
temperature and leakage compensation. Preferably,
each hydraulic reservoir 58, or more generally each hy-
draulic circuit 52, 54, is provided with a leakage detector
63. This type of hydraulic link between the front and rear
axle will result in passive steering of the front and rear
axles 30 in opposite directions.

[0049] An alternative connection between the individ-
ual variable volume hydraulic chambers 42 is shown in
Figure 12. The variable volume hydraulic chamber 42 of
the front hydro-mechanic converters 32 of the front wheel
axle guiding assembly 10 on each side is connected with
the variable volume hydraulic chamber 42 of the rear
hydro-mechanic converters 34 of the rear wheel axle
guiding assembly 10 on the same side of the running
gear 12 via a hydraulic circuit 64, while the variable vol-
ume hydraulic chamber 42 of the rear hydro-mechanic
converters 34 of the front wheel axle guiding assembly
10 on each side is connected with the variable volume
hydraulic chamber 42 of the front hydro-mechanic con-
verters 32 of the rear wheel axle guiding assembly 10 on
the same side of the running gear via a hydraulic circuit
66. This type of hydraulic link between the front and rear
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axle will result in passive steering of the front and rear
axles in the same direction.

[0050] An alternative connection between the individ-
ual variable volume hydraulic chambers 42 is shown in
Figure 13. The variable volume hydraulic chamber 42 of
the front hydro-mechanic converters 32 of the frontwheel
axle guiding assembly 10 on each side is connected with
the variable volume hydraulic chamber 42 of the rear
hydro-mechanic converters 34 of the rear wheel axle
guiding assembly 10 on the other side of the running gear
12 via a hydraulic circuit 154, while the variable volume
hydraulic chamber 42 of the rear hydro-mechanic con-
verters 34 of the front wheel axle guiding assembly 10
on each side is connected with the variable volume hy-
draulic chamber 42 of the front hydro-mechanic convert-
ers 32 of the rear wheel axle guiding assembly 10 on the
other side of the running gear via a hydraulic circuit 156.
This type of hydraulic link between the front and rear axle
will result in passive steering of the front and rear axles
in opposite directions.

[0051] It may be appropriate to provide the running
gear with additional distribution valves so as to switch
configurations between two types of hydraulic circuits de-
pending on the revolution speed of one of the wheel ax-
les, e.g. with the configuration of Figure 11 or Figure 13
at low speed and the configuration of Figure 12 at higher
speed.

[0052] A wheel set 50 provided with two wheel axle
guiding assemblies 10 according to the invention for guid-
ing the two opposite ends 52 of a wheel axle 30 is illus-
trated in Figure 14. Two independent hydraulic circuits
68, 70 are formed, each to connect the variable volume
hydraulic chamber 42 of the front hydro-mechanic con-
verters 32 of one wheel axle guiding assembly 10 with
the variable volume hydraulic chamber 42 of the rear
hydro-mechanic converters 34 of the same wheel axle
guiding assembly 10. A hydraulic reservoir 58 is provided
in each of the hydraulic circuits 68, 70. This embodiment
can be implemented in a one-axle running gear or in a
two-axle bogie.

[0053] An alternative connection between the individ-
ual variable volume hydraulic chambers 42 is shown in
Figure 15. Two independent hydraulic circuits 72, 74 are
formed, one to connect the variable volume hydraulic
chambers 42 of the front hydro-mechanic converters 32
of the left and right wheel axle guiding assemblies 10
with one another and another one to connect the variable
volume hydraulic chamber 42 of the rear hydro-mechanic
converters 32 of the left and right wheel axle guiding as-
semblies. A hydraulic reservoir 58 is provided in each of
the hydraulic circuits 72, 74. This embodiment can be
implemented in a one-axle running gear or in a two-axle
bogie. This embodiment is particularly advantageous as
it combines a very low static stiffness for rotation about
the vertical axis with a limitation of translation movement
of the axle parallel to the longitudinal axis. This is partic-
ularly helpful to preserve the steerability when the vehicle
brakes or accelerates, the longitudinal forces being trans-
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mitted with minimal longitudinal translation of the axle.
[0054] Moreover, this embodiment provides a fail-safe
operating mode illustrated in Figure 16. If one of the hy-
draulic circuits leaks (in Figure 16, the hydraulic circuit
72) and there is not enough hydraulic fluid left in that
circuit, the reservoir 58 of the other hydraulic circuit will
provide additional fluid in that circuit to force the wheel
axle 30 towards the abutment position illustrated in Fig-
ure 16. In this position, the wheel set 50 will not be able
to rotate about the vertical axis, but will remain in a stable
position. To this end, each reservoir 58 should preferably
have a capacity superior to the volume of the respective
hydraulic circuit, i.e. in practice at least twice and prefer-
ably more than twice the volume of the hydraulic cham-
bers 42.

[0055] While the above examples illustrate preferred
embodiments of the presentinvention it is noted that var-
ious other arrangements can also be considered, in par-
ticular combinations of features from different embodi-
ments.

Claims
1. A wheel axle guiding assembly (10) comprising:

-an axle box (14) defining a horizontal revolution
axis (100) and a longitudinal horizontal direction
(200) perpendicular to the revolution axis (100);
- an axle box carrier (20), the axle box (14) being
located longitudinally between a front part (16)
and a rear part (18) of the axle box carrier (20);
and

- a front longitudinal hydro-mechanical convert-
er (32) fixed to the axle box (14) and the front
part (14) of the axle box carrier (20) and a rear
longitudinal hydro-mechanical converter (34)
fixed to the axle box (14) and the rear part (18)
of the axle box carrier (20) to allow a fore-and-
aft movement of the axle box (14) relative to the
axle box carrier (20) parallel to the longitudinal
direction (200);

characterised in that each of the front and rear lon-
gitudinal hydro-mechanical converters (32, 34) in-
cludes a housing (36), a plunger (38) and an elasto-
meric body (40) fixed to the housing (36) and to the
plunger (38) so as to allow a fore-and-aft relative
movement parallel to the longitudinal direction (200)
between the plunger (38) and the housing (36), a
single variable volume hydraulic chamber (42) being
formed between the housing (36), the plunger (38)
and the elastomeric body (40), each of the front and
rear longitudinal hydro-mechanical converters (32,
34) further including a hydraulic port (44) for con-
necting the variable volume hydraulic chamber (42)
to an external hydraulic circuit (54, 56, 64, 66, 68,
70,72, 74).

10

15

20

25

30

35

40

45

50

55

2,

The wheel axle guiding assembly of claim 1, wherein
the axle box (14) houses a bearing (28) having an
inner diameter defining a cross-sectional area Ag, of
an end (52) of a wheel axle (30) to be received in
the bearing (28) and the plunger has an effective
area A, measured in a plane perpendicular to the
longitudinal direction (200), which is greater than half
the cross-sectional area Ay, preferably greater than
the cross-sectional area Ag,.

The wheel axle guiding assembly of any one of the
preceding claims, wherein each of the front and rear
longitudinal hydro-mechanical converters (32, 34)
has a longitudinal stiffness, which increases with a
frequency of the fore-and-aft movement of the axle
box (14) relative to the axle box carrier (20) from a
quasistatic stiffness value to a dynamic stiffness val-
ue, wherein the plunger (38) and the elastomeric
body (40) have dimensions such that a ratio R of the
dynamic stiffness value to the quasistatic stiffness
value is greater than 10, preferably greater than 20,
preferably greater than 50.

The wheel axle guiding assembly of any one of the
preceding claims, further comprising a vertical sus-
pension unit (24) provided between the axle box (14)
and an upper part of the axle box carrier (20).

The wheel axle guiding assembly of any one of the
preceding claims, wherein each of the front and rear
longitudinal hydro-mechanical converters (32, 34)
further comprises a decoupling spring (526) with a
longitudinal stiffness at least ten times, preferably at
least twenty times, preferably fifty times greater than
a longitudinal stiffness of the elastomeric body (40),
a lateral stiffness less than a two times the lateral
stiffness of the elastomeric body (40), preferably less
that the lateral stiffness of the elastomeric body (40)
and avertical stiffness less than two times the vertical
stiffness of the elastomeric body (40), preferably less
than the vertical stiffness of the elastomeric body
(40).

The wheel axle guiding assembly of any one of the
preceding claims, wherein the axle box carrier (20)
forms a ring around the axle box.

The wheel axle guiding assembly of any one of
claims 1 to 6, further comprising a vertical suspen-
sion assembly (426) for connecting the axle box car-
rier (20) to a running gear frame (22).

The wheel axle guiding assembly of any one of
claims 1 to 6, wherein the axle box carrier (20) is a
constituent portion of a running gear frame (22) of a
running gear (12).

The wheel axle guiding assembly of claim 8, wherein
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the running gear frame (22) is flexible.

The wheel axle guiding assembly of any one of the
preceding claims, further comprising a hydraulic res-
ervoir (58) hydraulically connected to the hydraulic
chamber (42), preferably with a check valve allowing
a flow a fluid only from the hydraulic reservoir (58)
to the hydraulic chamber (42), preferably with a vol-
ume at least twice the volume of the hydraulic cham-
ber (42).

A running gear (12) for a rail vehicle, comprising at
least a pair of wheel axle guiding assemblies (10)
according to any one of the preceding claims, a first
hydraulic circuit (54, 64, 68, 72) for establishing a
hydraulic connection between a first variable volume
hydraulic chamber (42) and a second variable vol-
ume hydraulic chamber (42), and a second hydraulic
circuit (56, 66, 70, 74) for establishing a hydraulic
connection between a third variable volume hydrau-
lic chamber (42) and a fourth variable volume hy-
draulic chamber (42), the first, second, third and
fourth variable volume hydraulic chambers (42) be-
ing all different chambers and each of the first, sec-
ond, third and fourth variable volume hydraulic
chambers being the variable volume hydraulic
chamber (42) of one of the front and rear longitudinal
hydro-mechanical converters (32, 34) of one of the
wheel axle guiding assemblies (10) of the pair of
wheel axle guiding assemblies (10).

The running gear of claim 11, wherein the first hy-
draulic circuit (54, 64, 68, 72) establishes a hydraulic
connection between the variable volume hydraulic
chamber (42) of the frontlongitudinal hydro-mechan-
ical converter (32) of one of the wheel axle guiding
assembilies (10) of the pair of the wheel axle guiding
assemblies (10) and the variable volume hydraulic
chamber (42) of the frontlongitudinal hydro-mechan-
ical converter (32) of the other of the wheel axle guid-
ing assemblies (10) of the pair of the wheel axle guid-
ing assemblies (10) and second hydraulic circuit (56,
66, 70, 74) establishes a hydraulic connection be-
tween the variable volume hydraulic chamber (42)
of the rear longitudinal hydro-mechanical converter
(34) of one of the wheel axle guiding assemblies (10)
of the pair of the wheel axle guiding assemblies (10)
and the variable volume hydraulic chamber (42) of
the rear longitudinal hydro-mechanical converter
(34) of the other of the wheel axle guiding assemblies
(34) of the pair of the wheel axle guiding assemblies
(34).

The running gear of any one of claims 11 to 12, fur-
ther comprising at least a front wheel set (50) and a
rear wheel set (50), wherein an end (52) of the front
wheel set (50) is supported by the axle box (14) of
a front wheel axle guiding assembly (10) of the pair
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of wheel axle guiding assemblies (10), and an end
(52) of the rear wheel set (50) is supported by the
axle box (14) of a rear wheel axle guiding assembly
(10) of the pair of wheel axle guiding assemblies (10).

The running gear of any one of claims 11 to 12, fur-
ther comprising at least one wheel set (50), wherein
a left end (52) of the wheel set (50) is supported by
the axle box (14) of a left wheel axle guiding assem-
bly (10) of the pair of wheel axle guiding assemblies
(10), and a right end (52) of the wheel set (50) is
supported by the axle box (14) of a right wheel axle
guiding assembly (10) of the pair of wheel axle guid-
ing assemblies (10).

The running gear of any one of claims 11 to 14,
wherein the running gear does not include any hy-
draulic connection between the chamber (42) of the
front longitudinal hydro-mechanical converter (32)
and the chamber (42) of the rear longitudinal hydro-
mechanical converter (32) of the same wheel axle
guiding assembly (10).
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