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EXPANSION JOINT FOR GUIDEWAY FOR

MAGNETIC LEVITATION TRANSPORTATION SYSTEM

CONTRACTUAL ORIGIN OF THE INVENTION

The United States government has rights in this

invention pursuant to contract No. W-31-109-ENG-38 between

the United States Department of Energy and The University of

Chicago representing Argonne National Laboratory.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to a

guideway for a magnetic levitation transportation system and

10 more particularly, to a new and improved expansion joint for

such a guideway that minimizes transients in magnetic lift

and drag forces on a magnetic levitation vehicle as the

vehicle travels over the joint.

2. Background of the Invention

A considerable amount of research has been devoted

to magnetic levitation transportation systems, particularly

for public transportation in countries having densely popu-

lated regions. The interest in such magnetic levitation

transportation systems are due in part to such factors as

20 energy conservation, high speed travel at ground level, and

economic and environmental problems associated with conven-

tional systems. In such a system, a magnetic levitation

vehicle is suspended above a guideway by the interaction of
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superconducting magnets with the guideway such that no

physical contact occurs with the rail or roadbed once the

vehicle is in motion. The velocity that can be attained by

such vehicles is partly dependent on the magnetic lift and

drag forces produced by the superconducting magnets inter-

acting with the guideway over which the vehicle is to

travel.

Short-circuited conducting loops or a continuous

conducting guideway in which large eddy currents are induced

i0 by the superconducting magnets mounted on the magnetic levi-

tation vehicle have been proposed for such systems. One

advantage of the continuous guideway design is that it

avoids the periodic variations in the lift and drag forces

that are encountered when loop guideways are used. A con-

tinuous track or guideway nevertheless needs to be designed

to allow for the difference in the coefficient of thermal

expansion of the material from which the guideway is made

and the base on which the guideway is supported. For exam-

ple, an aluminum guideway may be typically mounted on a

20 reinforced concrete base, but the coefficient of thermal

expansion of the aluminum will tend to exceed the coeffi-

cient of thermal expansion of the concrete. While different

aluminum alloys may be used to increase the strength of the

guideway and decrease the difference in the coefficient of

thermal expansion of the guideway and the base on which it

is supported, such alloys tend to have the disadvantage of

having a reduced conductivity.

Consequently, discontinuities or expansion joints

need to be provided in the guideway to allow for such expan-

30 sion and contraction. However, the interruption to the flow

of induced eddy currents at such discontinuities will cause

force perturbations at the joints. For example, truncation

of the eddy currents at the discontinuity will cause a loss
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in the lift forces and the magnetic drag force will vary due

to a change in the power dissipation in the guideway result-

ing from a modification of the eddy currents close to the

discontinuity•

A comprehensive study has been made of the effects

of different configured guideway joints on these types of

forces• The study is reported by Atherton et al. in "Joints

in Strips for Electrodynamic Magnetic Levitation Systems",

IEEE Transactions on Magnetics, Vol. MAG-14, No. 2,

I0 pp. 69-75 (March 1978)• The report describes seven differ-

ent designs for guideway joints that were considered: (I)

simple butt joint, (2) angled butt joint, (3) strapped

joint, (4) joint with flanged ends, (5) overlap joint, (6)

butt joint with a backing strip and (7) butt joint with a

covering strip. Actual force measurements on a simple butt

joint and a butt joint with a backing strip were reported

and in addition, force estimates for all of the joints were

reported using an impedance modeling technique. As reported

by Atherton et al., those joint configurations all resulted

20 in considerable transients in both the lift and drag forces.

In a report by R.H. Borcherts, "Repulsion Magnetic

Suspension Research - US Progress to Date", Cryogenics,

pp. 385-393 (July 1985), variations in lift and drag forces

caused by joints in guideways for a magnetic levitation

transportation system were analyzed using an impedance

modeling technique. The same conclusion was reached,

namely, the evaluated joints will cause transients in the

lift and drag forces so as to effect the ride of a magnetic

levitation vehicle traveling over the joints. Other reports

30 of the effects of joints in guideways for magnetic levita-

• "Thetion transportation systems include Coffey et al ,

Feasibility of Magnetically Levitating High Speed Ground

Vehicles", US DOT Report, FRA-RT. 72-39 (February, 1972) and
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Marin et al., "Forces on a Line Current Moving Above a

Discontinuous Ground Plane", Journal of Applied Physics,

Vol. 45, No. 5, pp. 2055-2057 (May 1974).

These studies show that undesirable transients

will occur with respect to the lift and drag forces as a

magnetic levitation vehicle passes over the different con-

figured joints that have been proposed for use in a guideway

for a magnetic levitation transportation system. However,

these studies do not indicate how those undesirable tran-

i0 sients in the lift and drag forces can be reduced in order

to provide an improved magnetic levitation transportation

system that will among other things provide a smoother ride

for passengers in magnetic levitation vehicles used in the

system.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present inven-

tion to provide a new and improved guideway for use in a

magnetic levitation transportation system.

Another object of the present invention is to

20 provide a new and improved expansion joint for a guideway

used in a magnetic levitation transportation system.

A still other object of the present invention is

to provide a new and improved continuous guideway for a

magnetic levitation transportation system so that the

quality of ride for passengers is improved, mechanical

vibrations that might lead to material or component failures

are reduced and the excitation of motional instabilities is

reduced.

Another object of the present invention is to

30 provide a new and improved continuous guideway for a

magnetic levitation transportation system that enables the

guideway to expand and contract to compensate for the

difference in the coefficient of thermal expansion of the
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material from which the guideway is made and the base on

which the guideway is supported.

Yet another object of the present invention is to

provide a new and improved guideway for a magnetic levita-

tion transportation system having non-intersecting, overlap-

ping cuts or recesses disposed in the upper and lower sur-

faces of the guideway that provide an improved expansion

joint for the guideway while minimizing any transients that

might occur in lift and drag forces when a magnetic levita-

i0 tion vehicle travels over the section of the guideway having

the expansion joint.

In accordance with these and many other objects of

the present invention, a guideway for a magnetic levitation

transportation system embodying the present invention

includes a continuous guideway over which a high speed

magnetic levitation vehicle travels, the magnetic levitation

vehicle being suspended or levitated over the guideway by

means of superconducting magnets mounted on the vehicle

adjacent to the guideway. The guideway may be made of

20 aluminum and mounted on a base made of reinforced concrete.

Expansion joints are provided in segments of the guideway so

that the guideway is adapted to expand and contract to avoid

problems that might occur due to the difference in the coef-

ficient of thermal expansion of the material from which the

guideway is made and the base on which the guideway is sup-

ported. The expansion joints so provided each includes an

upper cut or recess extending downwardly from the upper

surface of the guideway and a non-intersecting lower cut or

recess that extends upwardly from the lower surface of the

30 guideway. In one embodiment of the present invention, the

sidewalls of each of the cuts are parallel to each other and

the vertical axis of the guideway; the depth of the lower

cut is greater than the depth of the upper cut; and the
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overall combined lengths of the cuts is greater than the

thickness of the guideway from the upper to lower surface so

that the cuts will overlap, but be spaced apart from each

other. The distance between the cuts can be determined on

the basis of the force tr_:_nsients and the mechanical

behavior of the guideway.

The cuts provided in the guideway may include a

number of alternate configurations. For example, a second

pair of similarly configured upper and lower cuts may be

i0 disposed in the guideway. On the other hand, the expansion

joint may consist of an unequal number of cuts. For

instance, two upper cuts and one lower cut may be provided

for the expansion joint. In yet another design, the cuts

may have non-parallel, diverging sidewalls so that the cuts

have a substantially dove-tail shape.

BRIEF DESCRIPTION OF THE DRAWINGS

Many other objects and advantages of the present

invention will become apparent from considering the follow-

ing detailed description of the embodiments of the invention

20 illustrated in the drawings, wherein:

FIG. 1 is a diagrammatic view of a portion of a

magnetic levitation transportation system having a magnetic

levitation vehicle mounted over a guideway which embodies

the present invention;

FIG. 2 is an end view of the guideway having an

expansion joint which embodies the present invention;

FIG. 3 is a side view of a portion of the guideway

illustrated in FIG. I having an expansion joint with cuts in

the upper and lower surfaces of the guideway;

30 FIG. 4 is a side view of a portion of the guideway

illustrated in FIG. 1 disclosing an alternate configuration

of cuts in the upper and lower surfaces of the guideway of
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FIG. 1 so as to provide the guideway with an expansion

joint;

FIG. 5 is a side view of a portion of the guideway

illustrated in FIG. 1 disclosing another alternate configu-

ration of cuts in the upper and lower surfaces of the guide-

way of FIG. 1 so as to provide the guideway with an expan-

sion joint; and

FIG. 6 is a side view of a portion of the guideway

illustrated in FIG. 1 disclosing another alternate configu-

I0 ration of cuts in the upper and lower surfaces of the guide-

way of FIG. 1 so as to provide the guideway with an expan-

sion joint.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now more specifically to FIG. 1 of the

drawings, therein is a diagrammatic representation of a por-

tion of a magnetic levitation transportation system showing

a magnetic levitation vehicle i0 traveling along a guideway

which generally is designated by the reference numeral 12

and which embodies the present invention. As illustrated in

20 FIG. i, the magnetic levitation vehicle I0 may include a

passenger section 14 and a propulsion section 16. The

propulsion section 16 includes appropriate propulsion

devices 18 to propel the magnetic levitation vehicle i0

along the guideway 12. The propulsion section 16 also

includes superconducting magnets 20 that interact with the

guideway 12 to impart a magnetic lift force on the magnetic

levitation vehicle I0 so that it will be suspended or levi-

tated slightly above the guideway 12 as it travels along the

guideway 12.

30 The guideway 12 may be made of aluminum and can be

supported above the ground on appropriate concrete pillars,

such as the pillars 22 and 24 illustrated in FIG. I. It is

preferable to have a continuous guideway with the sections
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of the guideway being welded together so that no discontinu-

ities in the guideway exist that might detrimentally affect

magnetic lift and drag forces that are acting on the

magnetic levitation vehicle I0. However, such a continuous

guideway requires some type of expansion joints that are

adapted to permit the guideway to expand and contract due to

the difference in the coefficient of thermal expansion of

the material from which the guideway is made and the base on

which the guideway is supported.

i0 For example, the guideway 12 may have a generally

rectangular cross section, but other configurations, such as

a split rectangular or split L-shaped cross section, may be

used for the guideway 12. If the guideway 12 is made of

aluminum, it will have a different coefficient of thermal

expansion than the concrete supports 22 and 24 on which the

guideway 12 is supported. The discontinuities in the guide-

way surfaces resulting from previously designed expansion

joints cause undesirably high transients in the lift and

drag forces acting with respect to the magnetic levitation

20 vehicle as it travels along such previously designed guide-

ways. On the other hand, the guideway 12 includes an expan-

sion joint, such as the expansion joint 26, 28, 30 or 32

disclosed in FIGS. 2-6, that minimizes the transients that

tend to occur in the lift and drag forces as the magnetic

levitation vehicle i0 travels over the expansion joint.

More specifically and with particular reference to

the expansion joint 26 disclosed in FIGS. 2-3, the expansion

joint 26 includes two adjacent, overlapping cuts or recesses

34 and 36. The cut 34 extends transversely through the

30 entire width of the guideway 12 from an upper longitudinally

extending surface 38 of the guideway 12 toward a lower lon-

gitudinally extending surface 40 of the guideway 12. The

cut 34 has a generally rectangular cross section with paral-
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lel sidewalls 42 and 44 and an interconnecting bottom wall

46. Similarly, the cut 36 extends transversely through the

entire width of the guideway 12 from the lower surface 40 of

the guideway 12 toward the upper surface 38 of the guideway

12. The cut 36 also has a generally rectangular cross sec-

tion with parallel sidewalls 48 and 50 and an interconnect-

ing top wall 52.

As can be seen in FIGS. 2-3, the walls 42 and 44

of the cut 34 are parallel to, but spaced from, the walls 48

i0 and 50 of the cut 36. In addition, the cut 34 does not

extend entirely through the guideway 12 to the lower surface

40 nor does the cut 36 extend entirely through the guideway

12 to the upper surface 38. On the other hand, the bottom

wall 46 of the cut 34 is disposed below the top wall 52 of

the cut 36 so that the cuts 34 and 36 are in a spaced but

overlapping relationship.

While the sizes and location of the cuts 34 and 36

will necessarily have to be optimized for each particular

guideway 12, the expansion joint 26 shown in FIGS. 2-3 is

20 configured such that the depth of the cut 36 (i.e., the

length ef the walls 48 and 50) will be greater than the

depth of the cut 34 (i.e., the length of the walls 42 and

44). Moreover, the overlapping relationship of the cuts 34

and 36 will be ensured by having the sum of the depths of

the cuts 34 and 36 greater than the thickness of the guide-

way 12 between the upper surface 38 and the lower surface

40. This type of overlapping should be sufficient to allow

the required expansion and contraction of the guideway 12

without excessive bending stresses occurring in the guideway

30 12. The optimum spacing or distance between the cuts 34 and

36 (i.e., between the walls 44 and 48) will have to be

determined on the basis of the force transients and the

mechanical behavior of each particular guideway 12. Never-
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theless, the spaced and overlapping relationship between the

cuts 34 and 36 that partially extend from opposite surfaces

38 and 40 of the guideway 12 results in transients in the

lift and drag forces being minimized as the magnetic levita-

tion vehicle i0 travels over the expansion joints 26.

In certain guideways 12, it is desirable to pro-

vide an expansion joint that will distribute the expansion

over a greater length or amount of the guideway 12. In such

a case, the expansion joint 28 disclosed in FIG. 4 can be

i0 used. The expansion joint 28 has four cuts or recesses 54,

56, 58 and 60. The cuts 54 and 58 are identical to the cut

34 and the cuts 56 and 60 are identical to the cut 36. In

addition, the relationship of the cuts 54 and 56 and the

cuts 58 and 60 are the same as the relationship between the

above-described cuts 34 and 36. Even though the expansion

joint 28 includes an additional pair of cuts, the transients

in the magnetic lift and drag forces that occur when the

magnetic levitation vehicle i0 passes over the expansion

joint 28 still are minimized.

20 Another expansion joint 30 is disclosed in FIG. 5.

The expansion joint 30 includes three cuts or recesses 62,

64 and 66. The cuts 62 and 66 are identical to the cut 34

and the cut 64 is identical to the cut 36. As was the case

with respect to the expansion joint 28, the relationship of

the upper cut 62 to the lower cut 64 and the upper cut 66 to

the lower cut 64 are the same as the relationship between

the above-described cuts 34 and 36. Again, the expansion

joint 30 tends to distribute the expansion of the guideway

12 over a longer longitudinal portion of the guideway 12 but

30 tends to minimize any transients in the magnetic lift and

drag forces as the magnetic levitation vehicle I0 travels

over the expansion joint 30.
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In FIG. 6, the expansion joint 32 is disclosed.

The expansion joint 32 is similar to the expansion joint 26

but the shape of cuts 68 and 70 are somewhat different in

cross section shape. More specifically, the upper cut 68

and the lower cut 70 each have diverging sidewalls so that

the cuts 68 and 70 h_ve a dove-tail cross-sectional shape.

However, like the cuts 34 and 36 in the expansion joint 26,

the cut 68 extends from the upper surface 38 of the guideway

12 to a bottom wall 72 and the lower cut 70 extends from the

I0 lower surface 40 of the guideway 12 to a top wall 74. The

bottom wall 72 of the cut 68 is disposed below the top wall

74 of the cut 70 so that the cuts 68 and 70 are likewise in

a spaced, but overlapping relationship similar to the cuts

34 and 36 in the expansion joint 26.

While the invention has been described with refer-

ence to details of the illustrated embodiments, these

details are not intended to limit the scope of the invention

as defined in the appended claims.
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Abstract Of The Disclosure

An expansion joint that allows a guideway of a

magnetic levitation transportation system to expand and

contract while minimizing transients occurring in the

magnetic lift and drag forces acting on a magnetic

levitation vehicle traveling over the joint includes an

upper cut or recess extending downwardly from the upper

surface of the guideway and a non-intersecting lower cut or

recess that extends upwardly from the lower surface of the

guideway. The sidewalls of the cuts can be parallel to each

other and the vertical axis of the guideway; the depth of

the lower cut can be greater than the depth of the upper

cut; and the overall combined lengths of the cuts can be

greater than the thickness of the guideway from the upper to

lower surface so that the cuts will overlap, but be spaced

apart from each other. The distance between the cuts can be

determined on the basis of the force transients and the

mechanical behavior of the guideway. A second pair of

similarly configured upper and lower cuts may be disposed in

the guideway; the expansion joint may consist of two upper

cuts and one lower cut; or the cuts may have non-parallel,

diverging sidewalls so that the cuts have a substantially

dove-tail shape.
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