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Description

[0001] The present invention relates to a switch ma-
chine for railway and tramway switches or the like, which
switch machine comprises

at least one switch point shifting actuator, which actuator
displaces said points, using actuation drive means, be-
tween two limit positions, one of which positions is called
normal position and the other of said two positions is
called reverse position, and in which positions each of
the two points is thrown or open relative to the closest
rail, in alternation with the other point, the shifting stroke
of the points between said two positions having a prede-
termined length, matching a given actuation stroke of
said actuator,

and lock/unlock means for locking/unlocking said points
in one of said limit positions, referred to as switch point
lock means, which switch point lock means are driven
into their unlocking state by said actuator, through an
initial actuation overstroke, whose end coincides with the
point unlocked state, and with the time at which said point
shifting actuation stroke starts, whereas the end of the
point shifting actuation stroke, in which one of the points
is moved from an open position to a thrown position rel-
ative to the closest rail and the other point is moved from
a thrown position to an open position relative to the clos-
est rail, coincides with the time at which a final actuation
overstroke, through which said actuator drives said point
locking means into their locking state.

[0002] Prior art switch machines have the drawback
that, when several actuators are provided along the
switch, such actuators may be displaced in unsynchro-
nized or inappropriate manner, which may possibly lead
to the impossibility of properly completing displacement
thereof.

[0003] This problem especially occurs switches for
high speed railway lines, in which switches have relative-
ly long points to provide such a wide radius of curvature
as to withstand the high speed of the train. Unlike con-
ventional switches, in which one switch machine is pro-
vided at the heels of the switch points and an additional
switch machine is possibly provided at the frog of the
switch, high speed switches as described hereinbefore
have multiple switch machines arranged all along the
points, to keep the latter in the proper curvature condition
as the train runs therethrough. It will be apparent here
that perfect synchronization of the drive steps of all ac-
tuators and particularly of the drive start-up step of all
actuators is critical and challenging.

[0004] Also, switch machines typically have automatic
lock means for locking the points in the thrown position,
which means are automatically releasable when the ma-
chine is actuated to move the points from a starting
thrown position to the opposing thrown position.

[0005] Typically, point locking means are driven into
the locking and unlocking state by the actuator itself, e.g.
by the translational motion of coupling means that couple
the points to means for transferring/converting the motion
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of a motor. The locking/unlocking control is given by initial
and final overstrokes of the actuators, during which the
points keep still and only the point locking/unlocking
means are actuated to enable/disable them.

[0006] These means for locking/unlocking points in
their limit positions are known in the special railway jargon
as switch point lock means.

[0007] The latter consist of point locking means which
lock the points against any displacement applied thereon,
and are operated as soon as a point reaches its closed
or open position, i.e. its thrown or open position relative
to the corresponding rail. When the point displacing mo-
tion to displace the point away from its thrown position
against the rail and move the other point/s, previously
not thrown, into said position, is applied by the actuator
and the actuation drive means, through an overstroke
generally run by the point pulling rods, the lock means
are switched to an idle position. The lock/unlock means
generally consist of hook-like means or latches which are
moved into an active or inactive locking state according
to the position of the point with which they are connected
relative to the rail. The displacement of the hook-like
means or latches is controlled by cams that are displaced
with the pulling rods and act upon said hook-like or latch
means by displacing them, according to the position of
the point and the stroke being run, from a position of
engagement with a hook-receiving or retaining seat to a
position of disengagement from said seat.

[0008] The switch point lock devices and the latches
may have any construction whatever, for instance as dis-
closed in any one of EP1024987, EP1219521 and
EP1594732 or of other types.

[0009] Switches typically have intermediate actuators,
which are actuated by actuators that exert greater forces
on some of them and smaller forces on others; in this
case, synchronization of actuators actuated with different
levels of force is difficult, because the initial displacement
step, that corresponds to the unlocking stroke of the
switch point lock members, requires approximately the
same force over all the intermediate actuators, and un-
even displacement occurs along the switch.

[0010] The present invention has the object of obviat-
ing the above drawbacks of prior art switch machines by
providing a device as described hereinbefore.

[0011] The invention fulfills the above objects with a
device as described hereinbefore, which also comprises
means for adjusting the force exerted by said actuator,
for setting said force at different levels for at least two of
said initial actuation overstroke, said point shifting actu-
ation stroke and said final actuation overstroke.

[0012] The provision of variable-force actuators af-
fords the important advantage that the different parts of
the switch may be set with the force specially required
for the different operating steps of each switch machine,
thereby allowing perfect synchronization of point motion
all along the switch.

[0013] In one example, said means for adjusting the
actuation stroke operate to cause said actuator to exert
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a first predetermined actuation force during the initial ac-
tuation overstroke to unlock said point switch lock means,
a second predetermined actuation force during said point
shifting actuation stroke and a third predetermined actu-
ation stroke during the final actuation overstroke to lock
said point lock means.

[0014] This will ensure the proper force or thrust from
the actuator for each operating step of the switch ma-
chine, and will prevent any advance or delay in the com-
pletion of the initial unlocking step of the switch point lock
means.

[0015] In a particular embodiment, said first predeter-
mined actuation force, said second predetermined actu-
ation force and said third predetermined actuation force
are different.

[0016] Thus, the force exerted by the actuator may be
calibrated in a different manner for each operating step
of the switch, each force being specific to the step in
which it is exerted and being different from the force ex-
erted in the other steps.

[0017] In an alternative embodiment, two of said first
predetermined actuation force, said second predeter-
mined actuation force and said third predetermined ac-
tuation force are equal to each other and different from
the other actuation force.

[0018] This will allow the first predetermined actuation
force, and the second predetermined actuation force to
be equal to each other and different from the third actu-
ation force: Thus, the force exerted when driving the
switch point lock means into their unlocking state may
be equal to the force exerted for shifting points, whereas
the actuation of the switch point lock means during the
final overstroke occurs with a different force.

[0019] Alternatively, the first predetermined actuation
force, and the third predetermined actuation force may
be equal to each other and different from the second
actuation force: Thus, the forces exerted to drive the
switch point lock means into their unlocking and locking
states during the initial and final actuation overstrokes
are equal to each other and different from the actuation
force exerted during the actuation point shifting stroke.
[0020] In a preferred embodiment, the second prede-
termined actuation force, and the third predetermined ac-
tuation force are equal to each other and different from
the first actuation force.

[0021] Particularly, in a preferred example, said first
predetermined actuation force is greater than said sec-
ond predetermined actuation force and said third prede-
termined actuation force.

[0022] A different thrust, particularly a greater thrust is
required to drive the switch point lock means into their
unlocking state than the trust required to move the points
from the initial to the final thrown positions and for later
actuation of the switch pointlock means into their unlock-
ing state. Initial synchronous unlocking of the switch point
lock means causes each intermediate actuator to start
moving the points when all the other intermediate actu-
ators have already completed the switch point lock un-
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locking step. This arrangement prevents an intermediate
actuator thatlocks the switch pointlock means from being
hindered by point displacement stresses from the other
intermediate actuators, and prevents the switch from be-
inglocked at the start of the actuation. Furthermore, since
all the intermediate actuators are free to move the point,
the displacement force exerted by each intermediate ac-
tuator on the point is utilized as a positive feedback on
the driving action of the other intermediate actuators, and
pointdisplacement can be completed with smaller efforts.
During switch point displacement, and at the end of the
switch displacement step, while locking the switch point
lock means, it is advantageous to keep different force
levels on the various intermediate actuators, to ensure
that the intermediate actuators are sensitive to any ob-
stacle interposing between each point and its rail, that
might put railway traffic in danger. Therefore, when the
effort required of the points to complete displacement at
each intermediate actuator reaches a given level, possi-
bly different for each actuator, the intermediate actuators
are required to be unable to complete their displacement
whereas if the effort remains below such level, the actu-
ators shall properly complete their displacement and lock
the switch point lock means.

[0023] As regards construction, various alternative
mechanical or hydraulic embodiments may be provided,
which are described below in the description of the par-
ticular example.

[0024] Inone example, said actuator is a hydraulic ac-
tuator connected to at least one delivery branch and at
least one return branch of a closed hydraulic fluid circu-
lation circuit.

[0025] Either a double-acting linear actuator or two in-
dependent oppositely operating linear actuators may be
provided, which are connected to the delivery branches
of a hydraulic circuit.

[0026] Fluidisfed to actuators by a motor-driven pump,
which draws the fluid from a reservoir and circulates the
fluid in a closed circuit having a delivery branch and a
return branch.

[0027] In order to obtain displacement from the normal
position to the reverse position and from the reverse po-
sition to the normal position, electrically controlled valves
are provided that can be switched to connect the delivery
of the circulation pump, i.e. the delivery branch of the
circuit to the inlet of one of the two actuators or to one
the two inlets of a double-acting actuator, in a first state,
and to the inlet of the other of two actuators or the other
of the inlets of the double-acting actuator in a second
state. At the same time, the actuator that is not fed with
fluid or the inlet of the double-acting cylinder that is not
connected with the delivery branch is connected to the
suction of the circulation pump from the return branch of
the circulation circuit.

[0028] A fluid reservoir is used for drawing said fluid
and fill the closed circuit or for collecting the fluid dis-
charged from one or more drains of said circuit.

[0029] In a preferred embodiment, said force adjust-
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ment means consist of the actuator itself, which compris-
es at least one pushing or pulling rod adapted to be con-
nected to one or both of said points and to be displaced
from a minimum-extension position to a maximum-ex-
tension position to run said initial actuation overstroke,
said point shifting actuation stroke and said final actua-
tion overstroke and is designed so that, given a pressure
of the fluid, it exerts said first predetermined actuation
force along the length of rod displacement that corre-
sponds to said initial actuation overstroke, said second
predetermined actuation force along the length of rod
displacement that corresponds to the point shifting actu-
ation stroke, and said third predetermined actuation force
along the length of rod displacement that corresponds to
said final actuation overstroke.

[0030] Advantageously, said actuator comprises an
outer cylinder and an inner cylinder, the outside diameter
of said inner cylinder being substantially equal to the in-
side diameter of said outer cylinder, the height of said
inner cylinder being smaller than the height of said outer
cylinder and said inner cylinder being disposed coaxially
inside said outer cylinder to be displaceable therein be-
tween two end positions defined by the inner extension
of said outer cylinder, a piston being also provided in said
inner cylinder and being connected to said rod and dis-
placeable between two and positions defined by the inner
extension of said inner cylinder, said rod being adapted
to extend through an opening formed in at least one head
surface of said inner cylinder and at least one head sur-
face of said outer cylinder.

[0031] Said first predetermined force is exerted by the
displacement of said inner cylinder within said outer cyl-
inder from a first end position to a second end position,
and said second predetermined force and said third pre-
determined actuation force, which are equal, are exerted
by the displacement of said piston within said inner cyl-
inder from a first end position to a second end position.
[0032] The invention also relates to a housing case for
the operating units which is of the same size as a tie and
adapted to be installed like a tie.

[0033] Thus, the switch machine is connected to the
rails and the switch points, and is advantageously posi-
tioned like a tie.

[0034] In a further example, the outer surface of the
switch machine has a covering on at least part of it, which
covering consists of materials having railway ballast in-
terface surface characteristics similar to concrete.
[0035] The present invention relates to a method of
operating a switch machine for railway and tramway
switches or the like, which switch machine comprises
at least one switch point shifting actuator, which actuator
displaces said points, using actuation drive means, be-
tween two limit positions, one of which positions is called
normal position and the other of said two positions is
called reverse position, and in which positions each of
the two points is thrown or open relative to the closest
rail, in alternation with the other point, the shifting stroke
of the points between said two positions having a prede-
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termined length, matching a given actuation stroke of
said actuator,

and lock/unlock means for locking/unlocking said points
in one of said limit positions, referred to as switch point
lock means, which switch point lock means are driven
into their unlocking state by said actuator, through an
initial actuation overstroke, whose end coincides with the
point unlocked state, and with the time at which said point
shifting actuation stroke starts, whereas the end of the
point shifting actuation stroke, in which one of the points
is moved from an open position to a thrown position rel-
ative to the closest rail and the other point is moved from
a thrown position to an open position relative to the clos-
est rail, coincides with the time at which a final actuation
overstroke, through which said actuator drives said point
locking means into their locking state,

which method comprises the steps of:

a) actuating said actuator, so that it can exert a first
predetermined force during the initial actuation over-
stroke for unlocking said switch point lock means;
b) further actuating said actuator, so that it can exert
a second predetermined actuation force during said
point shifting actuation stroke;

c) further actuating said actuator, so that it can exert
a third predetermined force during the final actuation
overstroke for locking said switch point lock means.

[0036] In one embodiment, said first predetermined
force is greater than said second predetermined force
and said third predetermined force.

[0037] Inapreferred embodiment, said second prede-
termined force and said third predetermined force are
equal.

[0038] The invention further relates to a switch ma-

chine for railway and tramway switches or the like, having
a housing case for its operating units of the same size
as a tie and adapted to be installed like a tie.

[0039] Switch machines of this type are known and
widely used and generally comprise a metal case, e.g.
formed by iron casting or structural steelwork, with sheet
bending, welding, etc.

[0040] Prior art switch machines of this type usually
have a protective coating, consisting of plain paint.
[0041] Such switch machines have the drawback of
having railway ballast interface surface characteristics
that cause ballast to tend to move due to the vibrations
induced by running trains.

[0042] This is due to the surface characteristics of the
metal material, which are actually unchanged by painting
and cause the switch machine to have a very different
behavior from wooden or concrete ties.

[0043] When these switch machines remain in operat-
ing conditions for a long time, the ballast may be signif-
icantly displaced and create gaps below and around the
switch machine, thereby affecting rail stability and sup-
port, and requiring earthing up of the ballast.

[0044] The present invention has the purpose of obvi-
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ating the above drawbacks of prior art switch machines
with a switch machine as described above, whose outer
surface further has a covering on at least part of the case,
which covering consists of a material having railway bal-
last interface surface characteristics similar to concrete.
[0045] Particularly, said surface characteristics are
roughness, friction coefficient and hardness.

[0046] In one embodiment, said material has a hard-
ness ranging from 60 to 100 Shore, preferably from 70
to 85 Shore, particularly of 75 Shore.

[0047] In a further embodiment, said material is an
epoxy resin.
[0048] In a further example, said epoxy resin is filled

with ceramic beads.

[0049] In yet another example, said material has a
thickness ranging from 2 to 10 mm, preferably from 4 to
8 mm, preferably of 6 mm.

[0050] The covering with the above mentioned prop-
erties imparts concrete-like ballast interface characteris-
tics and overcomes the above mentioned ballast dis-
placement problems.

[0051] Also, the covering ensures an excellent protec-
tion of the switch machine, so that the expected life of
the switch machine may be increased to 30 years.
[0052] The covering may be applied to the outer sur-
face of the case in any manner whatever.

[0053] Particularly, in a first example, said material is
applied to said outer covering surface by manual and/or
automatic spreading.

[0054] Inafurtherembodiment, said materialis applied
to said outer surface of the case by embedment, i.e. by
placing said case in a negative mold that has an inner
mold surface mating with said outer surface of the case,
said negative mold being previously filled with said ma-
terial in a fluid phase.

[0055] Such second application method is particularly
advantageous in many applications, in which the con-
struction of molds is economically supported by great
numbers of uses thereof.

[0056] The present invention also relates to a hollow
tie for railway tracks or the like, consisting of an case of
substantially the same size as a tie, which hollow tie has
a covering on at least part of the outer surface of said
enclosure, which covering consists of a material having
railway ballast interface surface characteristics similar to
concrete.

[0057] Theabove advantageous ballastinterface char-
acteristics of the switch machine apply not only to switch
machines but to all wayside units or railway ties or the like.
[0058] Allthe above switch machine characteristics al-
so apply to said hollow tie.

[0059] These and other features and advantages of
the invention will be more apparent from the following
description of a few embodiments shown in the accom-
panying drawings, in which:

Fig. 1 is a general view of an exemplary switch ma-
chine of the present invention;
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Fig. 2 is an exploded view of the switch machine in
which the various components are shown;

Fig. 3 is partially sectional side view of the switch
machine;

Fig. 4 is a top view of the switch machine;

Fig. 5 is a general view of an exemplary actuator;
Fig. 6 is an axially sectional view of the actuator;
Fig. 7 is a cross sectional view of the actuator;

Fig. 8 is a detail view of the actuator;

Figs. 9a, 9b, 9c, 9d and 9e show the various oper-
ating steps of the actuator;

Figures 10a to 10d show the various operating steps
of the switch machine.

[0060] Figures 1to4 show the switch machine 1, which
comprises a switch point shifting actuator, particularly a
hydraulic cylinder 2.

[0061] The actuator 2 displaces the points, using ac-
tuation drive means, between two limit positions, one of
which positions is called normal position and the other
of said two positions is called reverse position, and in
which positions each of the two points is thrown or open
relative to the closest rail, in alternation with the other
point.

[0062] The shifting stroke of the points between said
two positions having a predetermined length, matches a
given actuation stroke of the actuator 2.

[0063] Lock/unlock means are further provided for
locking/unlocking said points in one of said limit positions,
referred to as switch point lock means, which switch point
lock means are driven into their unlocking state by said
actuator 2, through an initial actuation overstroke, whose
end coincides with the point unlocked state, and with the
time at which said point shifting actuation stroke starts,
whereas the end of the point shifting actuation stroke, in
which one of the points is moved from an open position
to a thrown position relative to the closest rail and the
other point is moved from a thrown position to an open
position relative to the closest rail, coincides with the time
at which a final actuation overstroke, through which said
actuator 2 drives said point locking means into their lock-
ing state.

[0064] The switch machine 1 and at least the actuator
2 and said actuation drive means and at least said switch
point lock means have a modular construction.

[0065] Said switch point lock means consist of two
point pulling and locking modules 30 and 31, which are
located at the opposite ends of said hydraulic cylinder 2.
[0066] Each point pulling and locking module has its
own case or frame, which case or frame has means for
fastening it in predetermined positions, cooperating with
coincident fastener means, in predetermined positions
on the tie-like box module 100 in which the switch ma-
chine 1 is housed.

[0067] The tie-like box module 100 consists of a C or
Q-shaped section, open atits top as a channel and closed
by one or more covers.

[0068] Particularly, the tie-like box module 100 has lat-
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eral longitudinal fins 101 having holes in predetermined
positions for receiving cover elements and/or lateral
flanges for fastening operating modules such as the point
pulling and locking modules 30 and 31.

[0069] The point pulling and locking modules 30 and
31 also have holes at predetermined positions coinciding
with the holes of the tie-like box module 100 and are
mounted in a predetermined position with reference to
the tie-like box module using fastener means.

[0070] The ends of the channel section are closed by
end heads 130 that may also be removably fastened or
possibly welded.

[0071] A portion of the cover of the tie-like box module
100is formed by the upper cover of the modules, whereas
the portions of the tie-like box module 100 that are open
at their top as they are not filled by operating units are
closed by a plurality of cover elements having the same
size as said open or exposed parts. Such cover elements
are referenced 260, 261 and 262.

[0072] One end of the switch machine 1 is designed
for connection with fluid supply lines and/or power lines
for any electronic diagnostic system or the like.

[0073] Each of the point pulling and locking modules
30 and 31 has a pulling rod 144 which is dynamically
connected to pulling sliders 145 that project out of an
upper fastening plate 146. The fastening plate 146 has
lateral holes for fixation to the lateral longitudinal fins 101
of the tie-like box module 100 and also forms the closing
cover of said tie-like box module 100 when the pulling
and locking module is mounted to the tie-like box module
itself. The pulling sliders 145 have a positive geometry
mating with the negative seat in the brackets for connec-
tion to the points.

[0074] The pulling rod 144 has a removable terminal
for connection to the actuator 2 or to further actuation
drive means.

[0075] Means are further provided for adjusting the ac-
tuation stroke exerted by the actuator 2, which operate
to cause the actuator 2 to exert a first predetermined
actuation force during the initial actuation overstroke to
unlock said point switch lock means, a second predeter-
mined actuation force during said point shifting actuation
stroke and a third predetermined actuation stroke during
the finalactuation overstroke to lock the pointlock means.
[0076] The actuator 2 may consist of any kind of motor,
such as an electric motor and a kinematic drive chain,
which kinematic drive chain may be of any type and con-
sist, for instance, of a screw-and-nut or recirculating-ball
assembly.

[0077] In this case, the actuation force exerted by the
actuator 2 may be controlled by setting the force to be
generated by the motor. In an alternative configuration,
said kinematic drive chain may change the drive ratio
according to the stroke that has been run: a first drive
ratio is used for the initial actuation overstroke, a second
drive ratio is used for the point shifting actuation stroke,
and a third drive ratio is used for the final actuation over-
stroke.
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[0078] In the illustrated example, the actuator 2 is a
hydraulic actuator, particularly a hydraulic cylinder 2,
which is connected to at least one delivery branch and
at least one return branch of a closed hydraulic fluid cir-
culation circuit.

[0079] Inoneexample, the means for adjusting the ac-
tuation force exerted by the actuator 2 consist of means
for setting the fluid delivery to the actuator 2, particularly
comprising at least one adjustable flow pump.

[0080] The pump may be a positive-displacement
pump controlled at a variable speed and having a pre-
determined fixed displacement.

[0081] As used herein, the term positive-displacement
pump is intended to designate a pump having a suc-
tion/compression chamber of predetermined volume,
which changes fluid delivery according to the speed of
actuation of a suction/compression member. A particular
positive-displacement pump is the piston or gear pump.
In this case, the volume of pressure fluid that can be
delivered per unit of time is determined by the displace-
ment and number of suction/compression strokes of the
piston. Nevertheless, other types of pumps may be con-
sidered as positive-displacement pumps according to the
definition as used herein, such as rotor pumps and/or
pumps having suction/compression members based on
the Wankel engine principle, in which the suction/com-
pression chamber has a fixed and predetermined vol-
ume.

[0082] Alternatively, two or three or more pumps with
different displacements may be provided, one or more
of which are designed to be alternately and specially driv-
en for actuating a particular operating step of the switch
machine 1. The use of multiple positive-displacement
pumps is generally disclosed in EP 2192020.

[0083] Inthe example as particularly shown in Figures
5to 10d, said force adjustment means consist of the ac-
tuator 2 itself.

[0084] The actuator 2 consists of a hydraulic cylinder
2 which comprises at least one pushing or pulling rod 20
adapted to be connected to one or both of said points
and to be displaced from a minimum-extension position
to a maximum-extension position.

[0085] Particularly, the hydraulic cylinder 2 is a double
acting cylinder, having two supply inlets, each of said
supply inlets being adapted to be alternately connected
to the delivery of the fluid circuit.

[0086] The rod 20 extends beyond both end walls of
the hydraulic cylinder 20 and can be displaced from a
position in which one part is in the minimum-extension
state and the opposite part is in the maximum-extension
state to a position in which the first part is in the maximum-
extension state and the opposite part is in the minimum-
extension state.

[0087] The ends of the rod 20 are removably connect-
ed to the pulling rods 144 of the point pulling and locking
modules 30 and 31.

[0088] The displacement of the rod 20 drives the initial
actuation overstroke, the point shifting actuation stroke
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and the final actuation overstroke, as shown in Figures
10a to 10d.

[0089] The hydraulic cylinder 2 is so designed that, giv-
enapressure of the fluid, it exerts said first predetermined
actuation force along the length of displacement of the
rod 20 that corresponds to the initial actuation overstroke,
said second predetermined actuation force along the
length of displacement of the rod 20 that corresponds to
the point shifting actuation stroke, and said third prede-
termined actuation force along the length of displacement
of the rod 20 that corresponds to the final actuation over-
stroke.

[0090] Asclearly showninFigures 6 and?7,the hydrau-
lic cylinder 2 comprises an outer cylinder 21 and an inner
cylinder 22, the outside diameter of the inner cylinder 22
being substantially equal to the inside diameter of the
outer cylinder 21, the height of the inner cylinder 22 being
smaller than the height of the outer cylinder 21 and the
inner cylinder 22 being disposed coaxially inside the out-
er cylinder 21.

[0091] Thus, the inner cylinder 22 is displaceable in a
fluid-tight manner in the outer cylinder 21 between two
end positions defined by the inner extension of the outer
cylinder 21.

[0092] A piston 23 is further provided in the inner cyl-
inder, which is connected to the rod 20 and is displace-
able between two end positions defined by the inner ex-
tension of the inner cylinder 22.

[0093] The rod 20 is adapted to extend through open-
ings formed in the head surfaces of the inner cylinder 22
and the head surfaces of the outer cylinder 21.

[0094] In one example, the piston 23 has a fluid-tight
connection with the inner cylinder 22 which in turn has a
fluid-tight connection with the outer cylinder 21.

[0095] The piston23iscoupledtotherod20inacentral
position thereof, to define two opposite parts of the rod
20, which extend through the heads 322 and 323 of the
inner cylinder 22 and are guided in a fluid-tight manner
in the heads 320 and 321 of the outer cylinder 21.
[0096] The passage from the inner cylinder to the de-
livery or return of the actuator 2 may occur in various
manners.

[0097] Referring to Figures 6 to 9e, such passage par-
ticularly occurs through radial fluid supply/discharge
openings or passages 37, 38, at the two heads 320 and
321 of the outer cylinder respectively.

[0098] In the illustrated embodiment, the cylinder has
two fluid supply/discharge openings 37 formed in the first
head 320, and two fluid supply/discharge openings 38
formed in the second head 321, to be used if multiple
actuators are connected in parallel, so that, for instance,
during fluid supply, the fluid coming from an upstream
actuator in the supply line enters a first opening and exits
a second opening to supply a downstream actuator in
the supply line. Thus, the pressure fluid is delivered to
all the actuators. The same principle applies to the fluid
outlet of the cylinder.

[0099] In the same case of parallel supply of multiple
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actuators, a single fluid supply/discharge opening 37 and
single fluid supply/discharge opening 38 may be also al-
ternatively provided, with the provision of T-fittings to cre-
ate parallel supply branches for each actuator 2.

[0100] The fluid supply/discharge openings 37 com-
municate with a radial opening 132 in the head 320, which
is designed to communicate with the interior of the outer
cylinder 22 through an annular slot 33 between the
through rod 20 and the head 320.

[0101] Anannular slot 34 is also provided between the
head 322 and the rod 34, to put the chamber of the outer
cylinder 21 in communication with the chamber of the
inner cylinder 22.

[0102] The cylinder has the same structural parts in
the opposite part, at the head 321.

[0103] In an initial limit position, the head 322 abuts
against the corresponding head 320 and the piston 23 is
at the head 322.

[0104] Upondelivery, the supply fluid flows through the
radial opening 132 and through the annular slot 33 there-
by causing a pressure increase.

[0105] Due to such initial pressure increase, the fluid
exerts a force on the head surface 322 of the inner cyl-
inder 22 facing toward the chamber of the outer cylinder
21, which force is greater than the force exerted on the
piston 23 through the annular slot 34, as the head surface
322 of the inner cylinder 22 facing toward the chamber
of the outer cylinder 21 is much larger than the surface
of the piston 23 available to the fluid through the annular
slot 34.

[0106] Thus, the fluid starts to fill the chamber of the
outer cylinder 21, thereby pushing the inner cylinder 22
and hence the piston 23 toward the opposite head 321.
[0107] Theinnercylinder 22 and the piston 23 are held
in joined relation as they move by the limit stop abutment
for the piston 23 on the head 322.

[0108] Once the inner cylinder abuts against the head
321, the pressure fluid starts to move the piston 23 in the
inner cylinder 22 toward the head 323, thereby progres-
sively filling the chamber of the inner cylinder 22 by flow-
ing through the annular slot 34.

[0109] The fluid contained in the cylinder when such
movement starts is simultaneously ejected from the re-
turn camber through the radial opening 132 that is also
provided in the head 321.

[0110] The return occurs with much the same process
as described above, except that the delivery and the dis-
charge 37, 38 are reversed and the piston 23 and the rod
20 are pushed in an opposite direction. The movement
and the parts that cause it is as described above con-
cerning displacement in a first direction.

[0111] The various displacement steps are as shown
in detail in Figures 9a to 9e.

[0112] The synchronous overstroke of the inner cylin-
der 22 and the piston 23 corresponds to the steps of
Figures 9a, 9b and 9c, which show the passage from a
first position in which the piston 23 is at the head 322 and
the inner cylinder 22 is at the head 320 to a second po-
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sition in which the piston 23 is still at the head 322 but
the inner cylinder 22 abuts against its limit stop on the
head 321 of the outer cylinder 21, thereby completing its
movement.

[0113] In this condition, the rod 20 has had, in this con-
struction example, a total displacement of 50 mm.
[0114] The further flow of fluid through the passage
132 of the head 320 acts upon the piston 23.

[0115] Thedisplacementofthe piston 23 tothe position
as shown in Figure 9d corresponds to a switch point dis-
placement of 115 mm, i.e. a total displacement of the
stem 20 of 165 mm.

[0116] Further displacement of the piston 23 occurs in
the overstroke step for locking the switch point lock mem-
bers of the actuator 2 and takes a further 50 mm distance
to abutment on the head 323 of the inner cylinder 22,
with 215 mm displacement of the stem 20 in total. The
hydraulic cylinder 2 is mounted in the switch machine 1
in joined relation with the tie-like box module 100 by
means of two coupling elements 24 attached at the ends
of the hydraulic cylinder 2 and adapted to be fixed to the
bottom of the switch machine 1.

[0117] The hydraulic cylinder 2 also comprises a plu-
rality of bars, preferably four, which couple together the
two coupling elements 24 and prevent any relative trans-
lational and rotational movement of the two coupling el-
ements 24, thereby ensuring firm fixation of the hydraulic
cylinderto the switch machine 1 also during the operating
steps thereof.

[0118] In an alternative example, not shown, two or
three or more hydraulic cylinders are provided, one or
more of which are designed to be alternately and spe-
cially driven for actuating a particular operating step of
the switch machine 1.

[0119] The operation of the switch machine of the in-
vention is illustrated in detail in the example of Figures
10a, 10b, 10c and 10d, in which various performances
of the hydraulic cylinder 2 are calibrated according to the
actuation steps of the switch machine 1, as different steps
require different forces or pressures, that must be prop-
erly exerted to avoid synchronization problems in point
shifting along the switch, where many actuators are pro-
vided.

[0120] Figures 10ato 10d are detail views of the switch
point lock means, which comprise a pair of hammers 28
and 29 supported to swing in the horizontal plane to and
from the side wall 316 of the case of the tie-like box mod-
ule 100 and a slider 27 driven by the pulling rod 144.
[0121] The hammers 28 and 29 have two opposed
latching lugs 128 and 228, 129 and 229, projecting out
of the two opposed sides, i.e. facing toward the side wall
316 of the point pulling and locking modules 30 and 31
and the slider 27.

[0122] One of the two opposed lugs 128, 129 cooper-
ates with an associated latching recess 516, 616, formed
in the corresponding vertical wall 316 of the point pulling
and locking modules 30 and 31, for primary and second-
ary switch point locking actions.
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[0123] The other of the two opposed lugs 228, 229 of
the two hammers 28 and 29 cooperates with an associ-
ated abutment surface 227, 327 on the slider 27 to cause
the slider 27 to pull or push the hammers 29 and 29 for
coupling.

[0124] The slider 27 has a roller 39 on the side facing
toward the hammers 29, 29, which adheres against a
cam surface formed on an extension of said hammers
28, 29 and controls displacement thereof. Particularly,
the hammers 28, 29 have a T shape, in which the two
halves of the transverse stem form the opposed lugs 128,
129 and 228, 229, whereas the base stem 328, 329 is
shaped like a cam on the side facing toward the slider
27 and cooperates with the roller 39 carried thereby.
[0125] The T-shaped hammers 28, 29 are pivoted
about a vertical axis at the end of the base stem 328,
329, which extends to a certain extent beyond the fulcrum
in such a manner that the roller 39 cooperating with the
cam track on said end portion of the base stem 329 be-
yond the fulcrum, may cause the hammers to swing to-
ward the slider 27 and to a condition of disengagement
thereof from the latching recesses 516, 616 in the side
wall 316 of the tie-like box module 100.

[0126] Particularly, the shape of the cam track on the
base stems 328 and 329 of the hammers 28 and 29,
formed by the side surfaces of said base stems facing
toward the slider 27, the overall length of the two opposed
lugs 128, 228 and 129, 229 and the inclination of the end
sides are selected in such a manner that, when the ham-
mers 28, 29 are in either engagement position, with the
wall 316 or the slider 27, the other end surface of the
opposed lug extends in a position of non-interference
with the slider 27 or the wall 316.

[0127] The base stems have a widening shape toward
the fulcrum end, with two divergent opposed edge por-
tions, whereas the edge facing toward the slider 27 and
the control roller 39 is inwardly inclined substantially level
with the diameter that cuts the pivot or fulcrum hole along
a bisector of the angle formed by the divergent stem edge
portion.

[0128] The slider 27 may move to a certain extent in
the direction of arrow D until the lug 229 of the hammer
29 cooperates with the abutment surface 327 of the slider
27. In this condition the slider 27 starts to exert a pulling
force on the point operating rod on which the hammers
28 and 29 are pivotally fixed.

[0129] During the initial free stroke of the slider 27,
whose start is shown in figure 10a and whose end is
shown in Figure 10b, i.e. during the initial actuation over-
stroke, the roller 39 rolls along the cam-like edge of the
base stem 328 of the hammer 28 and the cam-like edge
of the base stem 329 of the hammer 29, and reaches an
intermediate position therebetween, i.e. a position in
which it adheres to the end portions of both base stems
of the hammers 28, 29, thereby causing them to simul-
taneously swing to disengagement of the two hammers
28 and 29 from the recesses 516, 616 in the wall 316.
Obviously, the switch point locking and pulling module
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associated with the opposite point performs a reverse
movement, according to the same principles.

[0130] In this step, the hydraulic cylinder 2 exerts said
first predetermined actuation force.

[0131] Therefore, the slider 27 associated with the
point runs its point shifting actuation stroke towards the
thrown/open position of the point relative to the rail, from
the position of Figure 10b to the position of Figure 10c.
[0132] The thrown position of a first point relative to
the rail, and the open position of the opposite point rela-
tive to the opposite rail, as shown in Figure 10b, is
reached before the end of the displacement stroke of the
pulling rod 144.

[0133] In this step, the hydraulic cylinder 2 exerts said
second predetermined actuation force.

[0134] The further final actuation overstroke will carry
the hammer 29 from the abutment position against the
abutment surface 227 of the slider 27, associated with
the switch point 2, to the position of engagement of the
lug 129 of the hammer 29 in the engagement recess 616.
[0135] In this step, the hydraulic cylinder 2 exerts said
third predetermined actuation force.

[0136] Two of said first predetermined actuation force,
said second predetermined actuation force and said third
predetermined actuation force are equal to each other
and different from the other actuation force.

[0137] Particularly, in the illustrated example, the first
predetermined actuation force is greater than the second
predetermined actuation force and the third predeter-
mined actuation force.

[0138] Thisis ensured because the first predetermined
force is exerted by the displacement of the inner cylinder
22 within the outer cylinder from a first end position to a
second end position, i.e. from the position of Figure 10a
to the position of Figure 10b, and the second predeter-
mined force and the third predetermined actuation force,
which are equal, are exerted by the displacement of the
piston 23 within said inner cylinder from a first end posi-
tion to a second end position, as shown in Figures 10b,
10c and 10d.

[0139] The switch machine as shown in Figures 1to 4
comprises a housing case for the operating units, which
is preferably made of metal, particularly a tie-like box
module 100, has the same size as a tie, and is adapted
to be installed like a tie, and has a covering on at least
part of the case, which covering consists of a material
having railway ballast interface surface characteristics
similar to concrete.

[0140] The materialis anepoxy resinfilled with ceramic
beads and has a hardness ranging from 60 to 100 Shore,
preferably from 70 to 85 Shore, particularly of 75 Shore.
[0141] Advantageously, the material has a thickness
ranging from 2 to 10 mm, preferably from 4 to 8 mm,
preferably of 6 mm.

[0142] Such material is applied to said outer surface
of the case by manual and/or automatic spreading.
[0143] Since epoxy resins mainly have a mechanical
rather than chemical adhesion, or holding power, prede-
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termined sanding is required to prepare the surface of
the tie-like box module 100 before application of the resin.
[0144] This material has superior abrasion resistance
properties and is not subject to shrinkage with time.
[0145] As an alternative, the material may be applied
to the outer surface of the case by embedment, i.e. by
placing said case in a negative mold that has an inner
mold surface mating with said outer surface of the case,
said negative mold being previously filled with said ma-
terial in a fluid phase.

[0146] The above description of the switch machine 1
also applies to general ties: not only to switch machines,
but also to hollow ties, preferably made of metal, for any
wayside unit or part of the railway line or the like.

Claims

1. Aswitchmachine (1) for railway and tramway switch-
es or the like, which switch machine (1) comprises:

at least one switch point shifting actuator (2),
which actuator (2) displaces said points, using
actuation drive means, between two limit posi-
tions, one of which positions is called normal
position and the other of said two positions is
called reverse position, and in which positions
each of the two points is thrown or open relative
to the closest rail, in alternation with the other
point, the shifting stroke of the points between
said two positions having a predetermined
length, matching a given actuation stroke of said
actuator (2),

and lock/unlock means for locking/unlocking
said points in one of said limit positions, referred
to as switch pointlock means, which switch point
lock means are driven into their unlocking state
by said actuator (2), through an initial actuation
overstroke, whose end coincides with the point
unlocked state, and with the time at which said
point shifting actuation stroke starts, whereas
the end of the point shifting actuation stroke, in
which one of the points is moved from an open
position to a thrown position relative to the clos-
est rail and the other point is moved from a
thrown position to an open position relative to
the closest rail, coincides with the time at which
a final actuation overstroke, through which said
actuator (2) drives said point locking means into
their locking state,

characterized in that

it comprises means for adjusting the actuation
force exerted by said actuator (2), for setting said
actuation force at different levels for at least two
of said initial actuation overstroke, said point
shifting actuation stroke and said final actuation
overstroke.
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A switch machine (1) as claimed in claim 1, wherein
said means for adjusting the actuation stroke operate
to cause said actuator (2) to exert a first predeter-
mined actuation force during the initial actuation
overstroke to unlock said point switch lock means,
a second predetermined actuation force during said
point shifting actuation stroke and a third predeter-
mined actuation stroke during the final actuation
overstroke to lock said point lock means.

A switch machine (1) as claimed in claim 1, wherein
said first predetermined actuation force, said second
predetermined actuation force and said third prede-
termined actuation force are different.

A switch machine (1) as claimed in claim 1 or 2,
wherein two of said first predetermined actuation
force, said second predetermined actuation force
and said third predetermined actuation force are
equal to each other and different from the other ac-
tuation force.

A switch machine (1) as claimed in one or more of
the preceding claims, wherein said first predeter-
mined actuation force is greater than said second
predetermined actuation force and said third prede-
termined actuation force.

A switch machine (1) as claimed in one or more of
the preceding claims, wherein said actuator (2) is a
hydraulic actuator connected to at least one delivery
branch and at least one return branch of a closed
fluid circulation circuit.

A switch machine (1) as claimed in one or more of
the preceding claims, wherein said force adjustment
means consist of the actuator (2) itself, which com-
prises at least one pushing or pulling rod (20) adapt-
ed to be connected to one or both of said points and
to be displaced from a minimum-extension position
to a maximum-extension position to run said initial
actuation overstroke, said point shifting actuation
stroke and said final actuation overstroke and is de-
signed so that, given a pressure of the fluid, it exerts
said first predetermined actuation force along the
length of displacement of said rod (20) that corre-
sponds to said initial actuation overstroke, said sec-
ond predetermined actuation force along the length
of displacement of said rod (20) that corresponds to
the point shifting actuation stroke, and said third pre-
determined actuation force along the length of dis-
placement of said rod (20) that corresponds to said
final actuation overstroke.

A switch machine (1) as claimed in one or more of
the preceding claims, wherein said actuator (2) com-
prises an outer cylinder (21) and an inner cylinder
(22), the outside diameter of said inner cylinder (22)
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10.

1.

12.

being substantially equal to the inside diameter of
said outer cylinder (21), the height of said inner cyl-
inder (22) being smaller than the height of said outer
cylinder (21) and said inner cylinder (22) being dis-
posed coaxially inside said outer cylinder (21) to be
displaceable therein between two end positions de-
fined by the inner extension of said outer cylinder
(21), a piston (23) being also provided in said inner
cylinder (22) and being connected to said rod (20)
and displaceable between two and positions defined
by the inner extension of said inner cylinder (22),
said rod (20) being adapted to extend through an
opening formed in at least one head surface of said
inner cylinder (22) and at least one head surface of
said outer cylinder (21).

A switch machine (1) as claimed in one or more of
the preceding claims, wherein said first predeter-
mined force is exerted by the displacement of said
inner cylinder (22) within said outer cylinder (21) from
afirst end position to a second end position, and said
second predetermined force and said third predeter-
mined actuation force, which are equal, are exerted
by the displacement of said piston (23) within said
inner cylinder (22) from a first end position to a sec-
ond end position.

A switch machine (1) as claimed in one or more of
the preceding claims, comprising a housing case for
the operating units which is of the same size as a tie
and adapted to be installed like a tie.

A switch machine (1) as claimed in one or more of
the preceding claims, wherein the outer surface of
the switch machine (1) has a covering on at least
part of it, which covering consists of materials having
railway ballast interface surface characteristics sim-
ilar to concrete.

A method of operating a switch machine (1) for rail-
way and tramway switches or the like, which switch
machine (1) comprises

at least one switch point shifting actuator (2),
which actuator (2) displaces said points, using
actuation drive means, between two limit posi-
tions, one of which positions is called normal
position and the other of said two positions is
called reverse position, and in which positions
each of the two points is thrown or open relative
to the closest rail, in alternation with the other
point, the shifting stroke of the points between
said two positions having a predetermined
length, matching a given actuation stroke of said
actuator (2),

and lock/unlock means for locking/unlocking
said points in one of said limit positions, referred
toas switch pointlock means, which switch point
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lock means are driven into their unlocking state
by said actuator (2), through an initial actuation
overstroke, whose end coincides with the point
unlocked state, and with the time at which said
point shifting actuation stroke starts, whereas
the end of the point shifting actuation stroke, in
which one of the points is moved from an open
position to a thrown position relative to the clos-
est rail and the other point is moved from a
thrown position to an open position relative to
the closest rail, coincides with the time at which
a final actuation overstroke, through which said
actuator (2) drives said point locking means into
their locking state,

characterized in that

it includes the steps of:

a) actuating said actuator (2), so that it can
exert a first predetermined force during the
initial actuation overstroke for unlocking
said switch point lock means;

b) further actuating said actuator (2), so that
it can exert a second predetermined actua-
tion force during said point shifting actuation
stroke;

c) further actuating said actuator (2), so that
it can exert a third predetermined force dur-
ing the final actuation overstroke for locking
said switch point lock means.

A method as claimed in claim 12, wherein said first
predetermined force is greater than said second pre-
determined force and said third predetermined force.

A method as claimed in claim 13, wherein said sec-
ond predetermined force and said third predeter-
mined force are equal.

A switch machine (1) for railway and tramway switch-
es or the like, of the type comprising a housing case
for the operating units which is of the same size as
a tie and adapted to be installed like a tie,
characterized in that

the outer surface of the switch machine (1) has a
covering on atleast part of it, which covering consists
of materials having railway ballast interface surface
characteristics similar to concrete.

A switch machine (1) as claimed in claim 15, wherein
said surface characteristics are roughness, friction
coefficient and hardness.

A switch machine (1) as claimed in claim 15 or 16,
wherein said material has a hardness ranging from
60 to 100 Shore, preferably from 70 to 85 Shore,
particularly of 75 Shore.

A switch machine (1) as claimed in one or more of
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claims 15 to 17 wherein said material is an epoxy
resin.

A switch machine (1) as claimed in claim 18, wherein
said epoxy resin is filled with ceramic beads.

A switch machine (1) as claimed in one or more of
claims 15 to 19, wherein said material has a thick-
ness ranging from 2 to 10 mm, preferably from 4 to
8 mm, preferably of 6 mm.

A switch machine (1) as claimed in one or more of
claims 15 to 20 wherein said material is applied to
said outer surface of the case by manual and/or au-
tomatic spreading.

A switch machine (1) as claimed in one or more of
claims 15 to 21, wherein said material is applied to
said outer surface of the switch machine (1) by em-
bedment, i.e. by placing said switch machine (1) in
a negative mold that has an inner mold surface mat-
ing with said outer surface of the switch machine (1),
said negative mold being previously filled with said
material in a fluid phase.

A hollow tie for railway tracks or the like, consisting
of a switch machine (1) of substantially the same
size as a tie,

characterized in that

the outer surface of said switch machine (1) has a
covering on at least part of it, which covering consists
of materials having railway ballast interface surface
characteristics similar to concrete.

A hollow tie as claimed in claim 23, characterized
in that it includes the characteristics as claimed in
one or more of claims 15 to 22.
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