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[57] ABSTRACT 

A suspended railway system utilizing a magnetic guide 
for vehicles and at least a support beam which is 
partly enclosed by the vehicle as a support member 
along the path of travel. The suspended railway system 
has, in the area of a switch, at least three support 
beams which are tapered on one side toward the cen 
tral portion of the switch and terminate at the central 
portion. A first support beam extends from the switch 
entrance into the central portion of the switch and is 
arranged between the remaining two support beams. 
The remaining two support beams extend from the 
central portion of the switch to the switch exit. The 
switching function from one path of travel to another 
path of travel is accomplished by electromagnetic 
principles. 
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SUSPENDED RAILWAY HAVING A MAGNETIC 
SUSPENDED GUIDE OF ITS VEHICLES 

For supporting and guiding vehicles of rail-mounted 
tracks, it is known to utilize the attractive forces be 
tween electromagnets and magnetically conductive 
rails and to control same in such a manner that the ve 
hicles are held in a freely suspended condition and are 
guided freely suspended with respect to these rails. In 
such a known railway (German Pat. No. 707 032) for 
example, vehicles are held in a suspended position by 
electromagnets (support magnets) which act attrac 
tively on driving rails — extending above or below said 
vehicles — and additionally are guided by electromag 
nets (guide magnets) arranged on both sides in lateral 
direction with respect to side of the rails. This lateral 
guide has the advantage that in the Zone of switches, no 
adjustable switch parts are needed. To steer toward a 
desired direction of travel, it may only be necessary to 
render all guide magnets of one vehicle side inopera 
tive. If, for example, in a switch only the electromag 
nets of the right vehicle side are in operation, then all 
vehicles automatically steer toward the right. 
The arrangement of the electromagnets and rails 

chosen in the known suspended guide is, however, use 
able only for a so-called inside enclosure of the vehi 
cles, that is, the rails which cooperate with the electro 
magnets as an armature are arranged with the associ 
ated supports or support beams outside of the vehicle 
profile. This causes a considerably greater gauge for 
the path of travel than in a suspended railway having a 
magnetic suspended guide of the vehicles and a central 
support beam partially enclosed by said vehicles which 
functions as a support construction for the path of 
travel (Transrapid of the Krauss-Maffei AG of October 
1971). In such railways having a so-called outside en 
closure of the support beam by the vehicles, the afore 
said described suspended guide can only be used if so 
called rigid switches (without adjustable switch parts) 
are not at all used. 
Therefore, the purpose of the invention is to illustrate 

a solution how one manages, in a suspended railway of 
the last-mentioned type in the zone of switches, without 
adjustable switch parts. 
To attain this purpose, the invention suggests for the 

switch zone an arrangement of at least three support 
beams which are tapered on one side toward the center 
portion of the switch and terminate, of which support 
beams one (the ?rst one) extends from the switch en 
trance into the center portion of the switch and is ar 
ranged there with equal lateral distance between the 
two other support beams extending from the switch exit 
into the center portion of the switch, and this arrange 
ment involving equal lateral distance is such that the 
straight surface of the first one extends parallel to an 
oppositely positioned inclined surface of the (second) 
one of these two (other) support beams, which one is 
curved corresponding to the switch radius and that the 
second surface of the ?rst one which contributes to its 
tapering and is curved corresponding to the switch ra 
dius extends parallel to an oppositely positioned sur 
face which is curved to the same degree and contrib 
utes to the tapering of the third support beam. The cen 
ter portion of the switch refers hereby approximately to 
the Zone in which the ?rst support beam is arranged be 
tween the two other ones. 
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2 
In such an arrangement, the ?rst support beam is part 

of the support construction of both the through-going 
and also the off-branching paths of travel, whereby the 
sloped surface of the second support beam is associated 
with the through-going path of travel, the curved sur 
face of the third support beam with the off-branching 
path of travel. To maintain the gauge of the path of 
travel, which is predetermined by the width of the sup 
port beams at the switch entrance or exit, it is thereby 
only necessary that both the distance between the sec 
ond (straight) surface of the third support beam, which 
surface extends into the center portion of the switch, 
and the straight surface of the ?rst support beam and 
also the distance between the curved surface of the first 
support beam and the second (curved) surface of the 
second support beam, which surface extends into the 
center portion of the switch, corresponds to the width 
of the support beams (at the switch entrance or switch 
exit). 
The suggested arrangement permits, in beam tracks 

having an outside enclosure of the support beams by 
vehicles, the use of a magnetic suspended guide for the 
vehicles, at least in the same advantageous manner as 
in known beam tracks, having an inside enclosure of 
the vehicles. Adjustable parts'are not required for a 
support and guidance and also for steering into desired 
directions of travel. Further, adjustable parts are also 
not required for the switches or for the vehicles. It is 
only necessary to use, in a suitable manner, the com 
mon components of the magnetic suspension tech 
nique, such as electromagnets which function as sup 
port and guide magnets and magnetically conductive 
support and guide rails. 
This will be explained more in detail hereinafter by 

one exemplary embodiment of the invention and fur 
ther developments of the same in connection with the 
drawings, in which: 
FIG. 1 is a top view of three support beams and an 

arrangement of rows of electromagnets and of support 
and guide rails in the zone of a switch, whereby the 
electromagnets (only schematically illustrated) and the 
support beams and the rails are illustrated partially sec 
tioned; 
FIG. 2 is a cross-sectional view of the switch along 

the line Il—II of FIG. 1 and the back view of a vehicle 
which is positioned at this point; and 
FIGS. 3 to 7 are further cross-sectional views of the 

switch along the lines lll—lll, [V—IV, V—V, VI—VI 
and also VII-VII of FIG. 1, whereby at these positions 
only the important parts of the vehicle according to 
FIG. 2 are illustrated. 

It is here remarked that the switch arrangement illus 
trated in FIG. 1 is considerably shorter than is the case 
in reality because of illustrative reasons. FIGS. 2 to 7 
refer to this arrangement having approximately three 
times the length which corresponds to the length of a 
slow running switch. 
A switch (FIG. 1) of a so-called one-beam railway ca 

pable of magnetically suspending and guiding vehicles 
1 consists of three support beams 2, 3 and 4 which are 
tapered on one side toward the central position 5 at 
which position they terminate. vThe (?rst) support 
beam 2, which extends from the switch entrance into 
the central position 5 of the switch is arranged between 
the two other support beams 3 and 4. The support 
beams 3 and 4 extend from the switch exit into the cen 
tral position 5 of the switch and are spaced the same 



3,847,086 
3 

lateral distance from said support beam 2 but on oppo 
site sides thereof. The straight surface 6 on one side of 
the first support beam 2 extends parallel to an oppo 
sitely positioned sloped surface 7 of the (second) sup 
port beam _3 which is curved corresponding to the 
switch radius. The second surface 8 on the opposite 
side of the first support beam 2 is curved corresponding 
to the switch radius and extends parallel to an oppo 
sitely positioned surface 9 on the third support beam 4, 
which surface 9 is curved to the same degree as the sur 
face 8. Furthermore, the arrangement of the support 
beams 2, 3 and 4 is chosen in such a manner that the 
distance between the second (straight) surface 10 on 
the third support beam 4, which surface 10 extends into 
the central portion 5 of the switch, and the straight sur 
face 6 on the ?rst support beam equals the distance be 
tween the curved surface 8 on the ?rst support beam 
2 and the second (curved) surface 11 on the second 
support beam 3, which surface 1 1 extends into the cen 
tral portion 5 of the switch. These distances correspond 
to the width of each support beam at the switch en 
trance and also switch exit. 
As can further be taken from FIG. 1, with the excep 

tion of the sloped surface 7 of the second support beam 
3 and the curved surface 9 of the third support beam 
4, magnetically conducting support rails 14 are ar 
ranged along all aforementioned surfaces 6, 8, 10 and 
11 and along the second curved surface 12 of the sec 
ond support beam 3 and the second straight surface 13 
of the third support beam 4. Said support rails 14 serve 
as an armature for electromagnets 15, which are ar 
ranged in horizontal position on driving legs 16 of the 
respective vehicle 1 as support magnets (FIGS. 2 to 7). 

Furthermore, magnetically conductive guide rails 17 
are provided along the curved surfaces 11 and 12 of the 
second support beam 3 and along the straight surfaces 
10 and 13 of the third support beam 4 as an armature 
for electromagnets 18 (guide magnets) which are ar 
ranged in vertical position on the driving legs 16 of the 
vehicle 1. Such guide rails 17 are, according to FIG. 2, 
also provided on the surfaces of the ?rst support beam 
2, however, only up to the switch entrance (compare 
FIG. 1). In the zone of the tapered portion of said sup 
port beam 2, one row each of electromagnets serving 
as stationary guide magnets l9'extends along both its 
surfaces 6 and 8, whereby these electromagnets are ar 
ranged in vertical position; they have the same polarity 
as the aforementioned guide magnets 18 of the vehicle 
1. Finally, further rows of electromagnets are provided 
on two outer supports 20 and 21 which extend approxi 
mately through the entire switch zone. That is, for each 
support, one row of electromagnets are horizontally ar 
ranged and function as stationary support magnets 22 
for the magnetically conductive support rails 23 of the 
vehicle I. The row extends approximately through the 
zone of the tapered portion of the ?rst support beam 2, 
and, arranged above this row, a row of electromagnets 
are vertically arranged and function as further station 
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ary guide magnets 24 for the magnetically conductive _ 
guide rails 25 of the vehicle. The row of vertically ar 
ranged clectromagnets extends approximately over the 
entire switch zone (compare FIG. 1 with FIGS. 3 to 6). 
The support and guide rails 23 and also 25 are also se 
cured on the driving legs 16 of the vehicle 1, however, 
on the longitudinal side of the respective driving leg 
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4 
which does not face its support and guide magnets 15 
or 18. 
Of the two supports 20 and 21, one extends curved 

relative to the switch radius and has a lateral distance 
parallel to the curved surface 11 of the second support 
beam 3; the other, straight support 21 extends with the 
same lateral distance parallel to the straight surface 10 
of the third support beam 4. 
According to FIGS. 4 to 6, the support rails 23 of the 

vehicle I serve, depending on the desired driving direc 
tion, also as an armature for a row of electromagnets 
26 which extend along the sloped surface 7 on the sec 
ond support beam 3 or a row of electromagnets 26 
which extend along the curved surface 9 on the third 
support beam 4 which electromagnets are horizontally 
arranged and function as further stationary support 

magnets. The arrangement of these rows and the sta 
tionary support rails 14 is chosen in such a manner that 
at the end of the rows their electromagnets 26 are able 
to cooperate with the then oppositely positioned sup 
port rail 23 of one driving leg 16 and simulataneously 
the support magnets 15 of the driving leg with the then 
oppositely positioned stationary support rail 14 (com 
pare FIG. 6). 
A driving through of the aforedescribed switch by 

straight-ahead travel will be discussed in connection 
with FIGS. 2 to 7; the position chosen therein for the 
vehicle 1 is valid thus for a travel without any change 
in direction. 
Outside of the switch, thus on the open track, the ve 

hicle l is maintained in its suspended position with re 
spect to the stationary support rails 14 by its support 
magnets 15 and is guided by its guide magnets 18 with 
respect to the stationary guide rails 17 in lateral direc 
tion (FIG. 2). The magnetic pulls between the guide 
magnets 18 and guide rails 17 can be determined 
thereby in the usual manner by controlling the excita 
tion of the guide magnets so that the vehicle 1 is held 
constantly in a central position between the two guide 
rails. 
Upon entrance of the vehicle 1 into the switch, the 

support magnets 17 of the left driving leg 16 automati 
cally slowly lose their effectiveness —- due to the taper 
ing of the ?rst support beam 2 — with respect to the as 
sociated support rail 14. For this reason, the vehicle 1 
is held suspended starting wtih the switch entrance on 
its left side, also by means of the support rail 23 (of the 
respective driving leg 16) by the support magnets 22 of 
the straight support 21, which support magnets are po 
sitioned opposite the support rail 23 (FIG. 3). Advanta‘ 
geously during the transition onto these controllable 
support magnets 22, their excitation will be increased 
for a short period of time. Since this transition (from 
supporting by means of the suport magnets 15 of the 
vehicle to supporting by means of the stationary sup 
port magnets 22) takes place “slidingly,” the stationary 
support magnets 22 will furthermore be dimensioned 
smaller toward the switch entrance. With this, it is as 
sured for driving through the switch in an opposite di 
rection (from the switch exit toward the switch en 
trance) that the support magnets 15 of the vehicle take 
over automatically a support function at the switch en 
trance. 
What concerns the guiding of the vehicle 1 during an 

entrance into the switch, the guide magnet or guide 
magnets 18 of the left driving leg 16 are turned off; the 
controllable guide magnets 24 of the support 21 take 
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over in connection with the guide rail 25 of the driving 
leg the guiding function. Simultaneously therewith on 
the right vehicle side the guide magnet 18 or the guide 
magnets 18 of the right driving leg 16 and the guide 
magnets 19 on the straight surface 6 of the ?rst support 
beam 2 exert repulsive forces onto one another. These 
stationary guide magnets 19 and those of the right vehi 
cle leg 16 are energized steadily while the excitation of 
the aforementioned stationary guide magnets 24 is con 
trolled. In this manner, a unique guide of the vehicle 1 
is achieved, that is, through the “teamwork” of the at 
tractive and repulsive magnetic forces a required nomi 
nal distance can be maintained between the left guide 
rail 25 of the vehicle and the stationary guide magnets 
24 and therewith the desired direction of travel 
(straight ahead) can be determined exactly. 

In the central portion 5 of the switch (FIG. 4), the 
support rail 14 for the support magnets 15 of the right 
driving leg 16 terminate. Its function is taken over by 
the electromagnets 26 on the sloped surface 7 of the 
second support beam 3 in connection with the support 
rail 23 of the right driving leg 16, whereby a continuous 
transition to a support by means of the support beam 
3 through a not illustrated one-sided tapering of the sta 
tionary support rail 14 toward its end is achieved. On 
the left vehicle side, the support magnets 15 of the left 
driving leg in connection with the support rail 14 of the 
straight surface 10 of the third support beam 4 take 
over the supporting function again. A continuous tran 
sition is here also achieved by the (not illustrated) slow' 
widening of the left support rail 14 and, if necessary, by 
a reduction of the excitation of the stationary support 
magnets 22 (of the straight support 21). 
The guide magnets 24 of the straight support 21 and 

the guide magnets 18 of the left driving leg 16 guide the 
vehicle 1 in the center portion 5 of the switch at the end 
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of the row of the guide magnets 19 of the straight sur- ' 
face of the first support beam 2 (FIG. 5). Through the 
cooperation of said guide magnets 18 and 24 with re 
spect to the left driving leg an exact guidance of same 
is obtained and therewith of the vehicle along the third 
support beam 4. At the end of the guide magnets 24 of 
the support 21 (switch exit) the guide finally is accom 
plished along the third support beam 4 by the guide 
magnets 18 on both driving legs 16 (FIG. 7). According 
to FIG. 6, prior to this on the right vehicle side, a transi 
tion takes place from a support by means of the electro 
magnets 26 of the second support‘beam 3 to a support 
by means of the support magnets 15 on the right driving 
leg in connection with the support rail 14 (also tapered 
on one side toward the end) on the second straight sur 
face 13 of the third support beam 4. At the chosen ar 
rangement of this support rail 14 with respect to the 
electromagnets 26 (in two planes), it is possible to 
carry out the transition continuously. 

It is remarked that also during the guiding function, 
a continuous transition from one system to the other 
one can be achieved by stationary guide rails 17 which 
continuously widen (in the respective zones) in driving 
direction and by continuously decreasing magnetic 
forces in the stationary guide magnets 19 and 24. The 
described magnetic lateral guiding has the advantage 
that also in case of a power loss in the vehicle 1 or in 
the switch, the vehicle is guided still in the predeter 
mined direction. In the ?rst case, only the stationary 
guide magnets effect the direction guidance; in the last 
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6 
case, only the steadily energized guide magnets of the 
vehicle effect the guidance. 
The support and guidance of the vehicle during a 

change of the direction of travel (traveling of curves) 
is done in the same manner; the respective stationary 
support and guide magnets 22 or 24 of the curved sup 
port 20, the guide magnets 19 on the curved surface 8 
of the ?rst support beam 2 and the electromagnets 26 
on the curved surface 9 of the third support beam 4 are 
then active. 
The vehicle can be driven by a linear motor, whereby 

advantageously a linear motor having translators ar 
ranged in duplicate on both sides of the vehicle and 
having stators secured on the surfaces of the support 
beams 2, 3 and 4. The translators may be secured 
above the guide magnets on the respective driving leg 
in horizontal position. The stators may extend along the 
surfaces (6, 8, 10, 11, 12, 13) of the support beams, 
which surfaces are provided with support rails; in as far 
as stationary guide rails are present, the stators can 
form one structural unitwith the guide rails. In the 
switch therefore, at least one vehicle side, the vehicle 
is driven at a constant level. 
The energy suply to the vehicle can come from 

contact rails which are arranged also along the surfaces 
of the support beams, which surfaces are provided with 
support rails, that is, below the support rais. In the cen 
tral portion 5 of the switch, it is then only necessary to 
switch over, for example, during a drive through the 
switch, without changing the direction of travel, from 
the contact rails on the straight surface of the first sup 
port beam 2 to those on the straight surface of the third 
support beam 4, which latter straight surface extends 
into the central portion 5 of the switch. 

Finally, the driving legs 16 of the vehicle can be pro 
vided with emergency-running elements which, for ex 
ample, during a breakdown of the energy supply in the 
switch and/or in the vehicle are guided on emergency 
running surfaces which are provided below the driving 
legs between the support beams and there effect, if 
needed, an emergency stopping of the vehicle. Emer 
gency-running surfaces can be provided also on all sur 
faces of the support beams for the emergency-running 
elements to engage when in a vertically aligned posi 
tion. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are defined as fol 
lows: 

1. In a switching zone for a magnetic suspended rail 
way having means de?ning a switch entrance and a pair 
of switch exits and means de?ning a support beam at 
said switch entrance and said switch exits on which at 
least one vehicle having a pair of laterally spaced 
means de?ning driving legs thereon is supported in a 
suspended position by means de?ning conductive rails 
and guided by ?rst guide magnets positioned relative to 
said conductive rail means, said ?rst guide magnets 
being mounted on opposed surfaces of said driving legs, 
said conductive rail means being mounted on oppo 
sitely facing surfaces of said support beam means out 
side of said switching zone, said support beam means 
being partly enclosed by said driving legs on said vehi 
cle, the improvement comprising wherein, within said 
switching zone, said support beam means comprises at 
least three support beams which are each tapered on 
one side toward a central portion of said switching zone 
and terminate at said central portion, a ?rst support 
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beam including support means extending from said 
switch entrance into said central portion and between 
the remaining two of said support beams, said remain 
ing two of said support beams extending from said cen 
tral portion to one of said switch exits, the spacing be 
tween said first support beam and said remaining two 
support beams in said central portion being equal, 
means in said central portion of said switching zone de 
?ning a pair of second guide magnets, one on each side 
of said ?rst support beam, for establishing a magnetic 
coupling with said first guide magnets in said central 
portion and on at least one side of said vehicle, said ?rst 
and second guide magnets having identical polarity, 
means de?ning first magnetically conductive guide rails 
on the opposite side of said driving legs from said sec 
ond guide magnets and means de?ning a pair of third 
guide magnets for establishing a magnetic coupling 
with said first conductive guide 'rail means in said cen 
tral portion and on at least the other side of said vehicle 
from said one side. 

2. The improvement according to claim 1, wherein 
said conductive rail means is composed of magnetically 
conductive support rails and second magnetically con 
ductive guide rails, said vehicle being supported in a 
suspended position by a magnetic coupling between 
means defining said conductive support rails and ?rst 
support magnets and guided by said ?rst guide magnets 
positioned relative to said second magnetically conduc 
tive guide rails. 

3. The improvement according to claim 2, wherein 
said conductive support rails are mounted on opposite 
sides of said ?rst support beam including said support 
means and extend into ‘said central portion of said 
switching zone and terminate at said central portion, 
‘said conductive support rails being also mounted on 
one side of said remaining two of said support beams 
remote from said support means and extend into said 
central portion of said switching zone and terminate at 
said cental portion. 

4. The improvement according to claim 3, wherein 
said second magnetically conductive guide rails are 
mounted on said one side of said remaining two of said 
support beams and extend into said central portion of 
said switching zone and terminate at said central por 
tion. 

5. The improvement according to claim 2, wherein 
said second guide magnets are mounted on opposite 
sides of said first support beam and opposing said ?rst 
guide magnets on said driving legs, said second guide 
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8 
magnets extending from an external portion of said 
central portion of said switching zone into said central 
portion and terminating thereat, said second magneti 
cally conductive guide rail means are mounted on op 
positely facing surfaces of said first support beam and 
terminate at the location where said second guide mag 
nets begin and extend into said central portion. 

6. The improvement according to claim 2, wherein 
said conductive rail means further comprises second ‘ 
magnetically conductive support rails and second sup 
port magnets, said vehicle being supported in a sus 
pended position by a magnetic coupling between said 
second conductive support rails and said second sup 
port magnets, said magnetic coupling between one of 
said ?rst mentioned support rails and said ?rst support 
magnets supporting one side of said vehicle whenever 
said magnetic coupling exists between said second sup 
port rails and said second support magnets. 

7. The improvement according to claim 6, wherein 
said second support magnets and said third guide mag 
nets are mounted on supports which extend along and 
oppose the outwardly facing surfaces of said first sup 
port beam and‘said remaining two support beams in 
said central portion of said switching zone and said first 
support rails and said ?rst guide rails mounted thereon, 
one of said supports being curved to accommodate a 
change of direction between said ?rst support beam 
and one of said remaining support beams. 

8. The improvement according to claim 7, wherein 
the other of said supports is straight. 

9. The improvement according to claim 7, wherein 
said conductive rail means further comprises third sup 
port magnets mounted on the sides of said remaining 
two support beams opposing each other and said first 
support beam and are adapted to magnetically cooper 
ate with said second support rails on said driving legs 
of said vehicle. 

10. The improvement according to claim 9, wherein 
said third support magnets are in a different horizontal 
plane than said ?rst mentioned conductive support 
rails. 

11. The improvement according to claim 1, wherein 
said second guide magnets are mounted on opposite 
sides of said ?rst support beam and opposing said first 
guide magnets on said driving legs, said second guide 
magnets extending from an external portion of said 
central portion of said switching zone into said central 
portion and terminating thereat. 
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