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Abstract

A rail tie has a pair of rail supporting
portions disposed on opposite sides of a central;portion.
The central portion is elevated relative to the central
portion and supports a reaction rail of a linear
induction motor used to propel a vehicle along the
guideway. The reaction rail is secured to flanges
extending laterally from the central portion to reduce
the unsupported span of the reaction rail between ties.
The tie is supported on the deck of the guideway by
resilient pads. An eccentric insert cooperates with a
securing stud to allow alignment of the tie.
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The present invention relates to ties for
railways and to guideways using such ties.
' Conventional railways utilize a track having a
pair of rails held in position by a tie extending

transversely between the rails. The ties are supported

on a ballast bed which provides a degree of resilience

~for the rail as the vehicle passes along the guideway.

In transit systems such as urban people movers

- and streetcars, it is not always convenient to provide a

ballasted track and it becomes necessary to support the
track on a concrete deck. The axle loads of such transit

vehicles which utilize steel wheels rolling on steel
| rails are generally less than conventional rail vehicles.
The direct fixation of the rail to the deck can lead to
unacceptable vibration in both the deck and the vehicle.
This can be mitigated to a certain extent by providing a
relatively soft primary suspension for the vehicle.

In certain applications soft primary

'suspensions cannot be used. One such application is
where a linear induction motor is carried by the vehicle
'and used as the primary source of propulsion. This
.--propulsion method av01ds the transmission of torque

25

through the'wheels to the rails and so reduces wear and

maintenance costs.' The linear induction motor (LIM)

consists of a primary supported on the vehicle and a

-.reaction.rail installed between the running rails to

complete the flux path from the primary to propel or
retard the vehicle. With such systems, the efficiency of

_'the-LIH'is affected by variations in the air gap between
' the primary and the reaction rail. In order to minimize

the variations and maintain the desired gap, it is
necessary to utilize a stiff primary suspension and

thereby inhibit relative movement between the wheels and

the portion of the vehicle carrying the LIM primary.
With previous guideways, the need to maintain the air gap



10

15

20

235

30

35

CA 02096756 2004-01-16

within a tolerance of typically 1 mm required the track
to be designed to achieve a high track stiffness. This
ensures small dynamic track deflections as the vehicle
passed along the guideway. With such prior arrangements,
the rails were fastened directly to the deck through
1ndividual rail fasteners secured to the concrete deck
and the LIM reaction rail was supported on studs secured
1n the concrete deck and projecting upwardly to the
required height of the reaction rail. The studs allowed
adjustment of the height of the reaction rail relative to
the running rails to set the nominal clearance between
the top of the rall and the reaction rail.

such an arrangement has operated successfully
ln revenue service but as a result of that operating
experience, certain undesirable characteristics have been
identified. There is a tendency due to the high track
stiffness for the rails to corrugate which leads to high
and at times unacceptable noise and vibration levels in
the vehicle and deck. The cost of the guideway is also
high due 1n part to the additional material and
installation requirements of the LIM reaction rail. A
further problem 1dentified with the existing installation
was the loosening or failure of the LIM rail support
studs due 1n part to the relatively long unsupported
length of the studs necessary to support the LIM reaction
rail at the required height.

Previous proposals to provide lower stiffness

guldeways for transit systems include the use of floating
slabs, monoblock concrete ties supported on thick
resilient pads, two-block concrete ties in rubber boots
embedded 1n recessed pockets in the guideway surface, and
the use of highly resilient COLOGNE EGG™ direct fixation
fasteners.

While each of these proposals has some
desirable feature, none of them satisfy the criteria for
a LIM-powered transit system. Floating slabs are heavy,

very expensive and not suitable for application on
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elevated guldeways. Monoblock concrete ties are heavy
and lead to higher dead loads on the guideway compared to
the system in prior use. This is due both to its own
welight and to the additional height of the parapets
running along the side of the guideway which is required
because of the higher elevation of the rail support area.
Rubber-booted two-block ties also lead to high dead
loads, as well as difficulties with the installation of
the reaction rail. The COLOGNE EGG™ fasteners provide
the degree of resilience required but are expensive and
do not permit the air gap tolerance to be maintained
between the reaction rail and the primary when in use.

It 1s therefore an object of the present
invention to provide a guideway and tie that will obviate
or mitigate the above disadvantages.

According to the present invention, there is
provided a rall tie comprising an elongate body having a
central portion and a pair of railil supporting portions
located on opposite sides of said central portion, each
of said rail supporting portions 1including an upwardly
directed rail support pad to receive a rail, said central
portion being elevated relative to said pads and
providing a support for a reaction rail extending between
adjacent ties.

According also to the present invention, there
is provided a guideway for a rail vehicle comprising a
deck, a plurality of ties spaced apart generally parallel
to one another transverse to the direction of movement of
the vehicle along said guideway, each of said ties having
a central portion and a pair of rail supporting portions
located on opposite sides of said central portion, each
of said rail supporting portions including an upwardly
directed rail support pad with said central portion being
elevated relative to said pads, fastening means to secure
each of said ties to said deck, a pair of rails, one
supported on each of said pads, extending between the

ties 1in said direction of movement and a reaction rail
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supported by and extending between said central portions
of adjacent ties generally parallel to said rails.

By supporting the reaction rail on an elevated
central portion of the tie, the rail and reaction rail
deflect as a unit and thereby maintain the desired air

4

gap between the primary and reaction rail. Moreover, by
supporting the reaction rail on the central portion of
the tie, the unsupported span of the reaction rail
between adjacent ties is reduced and permits the
elimination of additional supports between adjacent ties.
This not only reduces the weight of the installation but
also the cost of the installation.

' The tie may be supported on resilient pads on
the deck providing the required degree of resilience to
inhibit transmission of vibrations.

An embodiment of the invention will now be
described by way of example only with reference to the
accompanying drawings, in which

Figure 1 is a plan view of a portion of a
guideway:;

Figure 2 is a view on the line 2~2 of Figure 1;

Figure 3 is a plan view of the rail tie shown
in Figure 2;

Figure 4 is a section on the line 4-4 of Figure

Figure 5 is a view on the line 5-5 of Figure 3;
Fiqure 6 is a view on the line 6-6 of Figure 3;
and |
| Figure 7 is a view on the line 7-7 of Figure 6.

. Referring therefore to the drawings, a guideway
indicated generally at 10 for a rail vehicle includes a
deck 12 formed from concrete slab and supporting a
plurality of spaced parallel ties 14 which maintain a
pair of running rails 16 in spaced parallel relationship.

A reaction rail 18 for co-operation with a primary of a
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linear induction motor carried on a vehicle (not shown)
is supported on the ties 14 midway between the rails 16.

As may be seen from Figures 2-5, each of the
ties 14 has a generally elongate body 20 with a central
portion 22 and a pair of rail supporting portions 24 on
opposite sides of the central portion. The body 20 is
formed from a hollow structural steel member shown in
Figure 4 having a base 26, a pair of sidewalls 28, and a
top surface 30. The top surface 30 and a portion of the
sidewalls 28 is removed to define the rail supporting
portions 24 and provide a pair of oppositely-inclined
upwardly directed surfaces 32,34. A complementary plate
36 is supported on the surfaces 32,34 and welded thereto
to provide an upwardly-directed rail support surface 38.

The central portion 22 of body 20 1is thus
elevated relative to the support surface 38 which is also
inwardly canted toward the central portion. A pair of
rail fasteners 40 of conventional design are attached to
the support surface 38 and hold the rail 16 in place on
the tie. The rail fastenings 40 permit limited lateral
and vertical adjustment in a conventional manner through
the use of inserts and shims, respectively, and will not
be described in further detail. -

A steel baseplate 42 is welded to the base 26
of the hollow structural member at each end of the tie 14
to create a clearance under the central portion of the
tie for longitudinal drainage along the guideway.

The tie 14 is supported on the deck 12 by an
elastomeric pad 44 at each end which extends beneath the
rail supporting portion 24. The pad 44 is chosen to
provide the resilience necessary to absorb the dynamic
loads imposed by the vehicle as it rolls along the
guideway 10. In a typical installation, the pad 44 will
provide a vertical dynamic stiffness of 10,000 kKN/m -
15,000 Kn/m and it may be made from an elastomeric

material having a shore hardness of 25 - 40.
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The body 20 of tie 14 is secured to the deck 12
by means of a stud 46 anchored into the deck 12 and
projecting upwardly through circular aperture 48 formed
in the base 26 and plate 36. The aperture 48 is located
adjacent the necked portion of the body 20 where the
inclined surfaces 32,34 converge. A tubular spacer 50
extends between the plate 36 and base 26 with the stud 46
passing through the tubular spacer 50. The aperture 48
is of greater diameter than the stud 46 and accommodates
an insert 52. The insert 52 has a cylindrical outer wall
54 conforming in diameter to the diameter of the aperture
48 and a shoulder 56 extending over a portion of the
plate 36. A hole 58 is formed in the insert with a
diameter corresponding to the diameter of the stud 46.
The axis of the hole 58, however, is eccentric to that of

‘the aperture 48 so that rotation of the insert 52 within

the aperture 48 will vary the disposition of the hole 58
relative to the tie. In this way, small adjustments of
the position of the tie 14 relative to the deck can be
accommodated while maintaining a snug fit of the stud 46
to the tie.

The tie 14 is biased toward the resilient pad

44 by a coil spring 60 disposed around the stud 46

between a pair of washers 62. A nut 64 is threaded onto

‘the stud 46 to preload the spring 60 to provide the

required bias against the elastomeric pad 44.

| ﬁ '  A pair of flanges 66 extend from opposite sides
of the body 20 in the central portion 22. Each of the
flanges 66 is welded to the respective sidewall 28 and
includes a horizontal portion 68 that extends laterally
outwardly from the body 20 slightly below the upper
surface'ao. Each of the platforms 66 includes a pair of
bolt holes 70 to receive carriage bolts 72. The carriage
bolts 72 are used to secure the reaction rail 18 to the
ties. For this purpose, the reaction rail 18 includes a
pair of downwardly directed re-entrant channels 74
located on opposite sides of the reaction rail so that
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the bolts 72 can be slid‘longitudinally relative to the
reaction rail into the desired location. The
construction of the reaction rail is otherwise
conventional and will not be described further.

Shims 76 are located between the reaction rail
and the platform 68 to adjust the height of the reaction
rail relative to the rails. The amount of adjustment
required is minimized due to the fixed relationship
between the upper surface of the platform 68 and the rail

.supporting pad 38 but adjustments, essentially dbwnward,

of the reaction rail relative to running rails will be
required over the operating years of a system due to wear

- 0f the rail head and the consequential drop in the top of
- rail elevations. However, the adjustment is relatively

simple, requiring only the insertion or extraction, as

appropriate, of shims of the appropriate thickness to

secure the reaction rail to the tie.
In manufacturing the guideway 10, the slab is
first cast and the studs 46 either inserted during

initial casting or subsequently inserted by drilling the

concrete deck. Thereafter, the elastomeric pad 44 is
glued"(simply to hold them in place) to the baséplates 42
and the ties positioned over the studs 46 on the guideway
with the stud 46 passing through the apertures 48. The

,positlon of the tles 14 relative to the deck 12 may be
.adjusted throuqh use of the eccentric insert 52 so that
- the_rail fasteners are aligned and ready to receive each

of-the_rails'IG, This adjustment compensates for any

‘discrepancies that may inevitably arise during

installation of the studs.
' The rail 16 is then installed in the fasteners

40, the final alignment adjustment made, and the reaction
rail then installed. The reaction rail may be installed

in 3 m - 10 m lengths as appropriate with a nominal gap
between each length. For convenience, the shims 76 are
supplied as a pack with a total thickness of 20 mm,
consisting of two 5 mm shims, three 2 mm shims and four 1
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mm shims. This combination allows an incremental height
adjustment of 1 mm, as and when necessary due to rail
head wear. Thereafter, the reaction rail 18 is firmly
secured to the tie by tightening the carriage bolt 72.

As a vehicle passes along the guideway, the
axle loads will cause deflection of the tie 14 relative
to the guideway 12 which is absorbed by the support pad
44. During deflection of the elastomeric pads, the
preload in spring 60 is sufficient to maintain the stud
46 under tension and so avoids alternate loading and
unloading of the stud 46 as would occur with a direct
bolted connection.

The provision of the stud 46 in the necked
portion of the tie between the rail supporting portion
and the body portion 22 provides a reduction in the
lehgth of the stud 46 but also reduces the overall length
of the tie. The unsupported length of the tie between
the anchors is also reduced and the precompression of the
resilient pad 44 is more uniformly distributed.

It will be noted, therefore, that the guideway
described above attaches each of the ties through twe
studs and does not require the reaction rail to be

- attached directly to the deck 12. The previous
- arrangement referred to above, by contrast, utilized four
'studs to secure the rails to the deck and four studs to

secure the LIM to the deck. A significant reduction in
the anchors required in the deck is thus obtained. A
further advantage with the design shown in this

'application results from the provision of the laterally

extendianlahges 66. By extending the platform 68
beyond the body 20, the unsupported length of the LIM
between adjacent ties is reduced and thereby eliminates
inter-tie fastening of the LIM to the deck.

It will be seen, therefore, that an integral
tie is provided which allows economical fastening to the
deck with an appropriate low stiffness while ensuring
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that the gap between the reaction rail and the LIM
primary is maintained.

9



10

15

20

25

30

35

CA 02096756 2004-01-16

10
We claim:

1. A raill tie comprising an elongate body having a
central portion and a pair of rail supporting portions
located on opposite sides of said central portion, each
of said rail supporting portions including an upwardly
directed rail support pad to receive a rail, said central
portion being elevated relative to said pad and including
a pair of flanges projecting laterally outwardly from
opposite sides of said central portion at a location
above sald pads to provide a support for a reaction rail

extending between adjacent ties.

2. A rail tile according to claim 1 wherein each of
sald support pads 1s canted inwardly toward said central
portion to provide a neck between said pads and said

central portion.

3. A rall tie according to claim 2 wherein an
aperture 1s formed in said neck to receive a fastener to

secure sald tie to a deck.

4 . A rall tie according to claim 3 wherein an
insert 1s located 1in said aperture, said insert having a
hole therethrough disposed eccentric to said aperture
whereby rotation of said insert in said aperture varies

the position of said hole.

5. A tie according to claim 4 wherein each flange

includes a palr of bolt holes to secure the reaction rail

thereto.

6. A tie according to claim 4 wherein said flanges
are disposed adjacent to the upper surface of said

central portion.
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7. A tile according to claim 2 wherein said central
portion 1s tubular and has a base and a pair of sidewalls
formed as a channel, said sidewalls being profiled on

opposite sides of said central portion to provide said

neck, and a top plate extending between said sidewalls
along the length of the profiled portion thereof to
provide saild support pads and thereby define a generally

tubular construction for said tie.

8. A guideway for a rail vehicle comprising a
deck, a plurality of ties spaced apart generally parallel
to one another transverse to the direction of movement of
the vehicle along said guideway, each of said ties having
a central portion and a pair of rail supporting portions
located on opposite sides of said central portion, each
of said rail supporting portions 1including an upwardly
directed rail support pad with said central portion being
elevated relative to said pads said rail support pads
being inwardly canted toward said central portion to
provide a neck between said pads and said central
portion, fastening means to secure each of said ties to
sald deck and including an anchor extending through an
aperture formed 1in said neck and secured to said deck, a
palr of rails, one supported on each of said pads,
extending between the ties 1n said direction of movement
and a reaction rail supported by and extending between
sald central portions of adjacent ties generally parallel

to said rails.

9. A guldeway according to claim 8 including a
resilient support located between said tie and said deck

beneath each of said rail supporting portions.

10. A guideway according to claim 9 wherein a
resilient biasing means acts between said anchor and said

tie to bilias said tie toward said deck.

. . cmen 2 0 RN SRR LA @ I 10 40 | e . : Portod s gad ik checpa anlomnc v il s ds et o e T e T o e N R ¢ N O T T B S R . © e Veen



10

15

20

25

30

35

CA 02096756 2004-01-16

12

11. A guideway according to claim 10 wherein said

biasing means includes a coil spring disposed about said
anchor.

12, A guideway according to claim 9 wherein an
insert is provided in saild aperture and a bolt passes

through a hole formed in said insert and eccentric to
sald aperture.

13. A guideway according to claim 12 wherein said
insert 1s rotatable in said aperture to adjust the
position of said bolt relative to said tie.

14 . A guideway according to claim 8 including a
pair of flanges each extending to an opposite side of
said central portion toward an adjacent tie at a location
above said pads to support said reaction rail.

15. A guideway according to claim 14 wherein said

reaction rail is secured to each said flanges.

16. A guideway according to claim 15 wherein a pair
of downwardly directed channels are provided on opposite
edges of said reaction rail to receive a fastener for

securing said reaction rail to said flange.

17. A guideway according to claim 16 wherein each
of said fasteners is slidably received in said channel.

18. A guideway according to claim 8 wherein said
central portion is tubular and has a base and a pair of
sidewalls formed as a channel, said sidewalls being
profiled on opposite sides of said central portion to
provide said neck, and a top plate extending between said
sidewalls along the length of the profiled portion
thereof to provide said support pads and thereby define a

generally tubular construction for said tie.



10

15

20

25

30

35

CA 02096756 2004-01-16

13

19. A rail tie comprising an elongate body having a
central portion and a palir of rail supporting portions
disposed on opposite sides of said central potion, each
of said rail supporting portions including an upwardly
directed rail support pad to receive a rail, an aperture
extending through said tie adjacent each of said rail
support pads to recelive a fastener to secure said tie to
a deck and an insert located in each of said apertures,
each of said inserts having a hole therethrough disposed
eccentric to said aperture whereby rotation of said
insert in said aperture varies the position of said hole.

20. A rail tie according to claim 19 wherein said
central portion 1is elevated relative to said rail support
pads.

21. A rail tie according to claim 20 wherein said
aperture 1s located between said rail support pads and

said central portion.

22. A rail tie according to claim 21 wherein each
of said rail support pads i1s canted inwardly toward said
central portion to provide a neck between said pads and

salid central portion.

23. A rall tie according to claim 22 wherein said
central portion is tubular and has a base and a pair of
side walls formed as a channel, said side walls being
profiled on opposite sides of said central portion to
provide sald neck, and a top plate extending between said
sidewalls along the length of the profiled portion
thereof to provide said support pads and thereby define a
generally tubular construction for said tie.

24 . A rail tie according to claim 23 wherein a pair

of flanges project laterally to opposite sides of said
central portion at a location above said pads.
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