TRAMMY TRANSI T SYSTEM BACKGROUND OF THE | NVENTI ON
Field of the Invention The present invention rel ates
to a tramnvay transit systemin which vehicles having
wheel s equi pped with for exanple rubber tires travel
on a pre-established trammay, specifically relates to
an actuator of an automatic steering nechani smof the
vehi cle. Description of the Related Art A vehicle
supported by wheels with rubber tires for a new
transit systemis generally provided with guide
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mechani cal |y through the gui de wheels engaging with a
guide rail laid along the tramnay. The nechani ca
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automatic steering mechanism of the vehicle.

Description of the Related Art

L vehicle supported by wheels with rubber tires for
a new transit system is generally provided with guide
wheels so that the vehicle is steered to travel along
the tramway, the steering being usually done
mechanically through the guide wheels engaging with a
guide rail laid along the tramway.

The mechanical guide mechanism is superior in point
.of view of safety and reliability, however, structure
of bogies to which the wheels and driving mechanism
thereof are mounted inevitably becomes complicated, is
increased in weight, and results in increased running
cost. Furfher, it is necessary to lay down the guide
rail having enough strength to support the guide rails

all along the tramway with high accuracy, so vast



systemnot requiring a guide rail is proposed in
Japanese Lai d- Open Patent Application No.2002-351544
(patent literature 1). The steering systemof a
tramway vehicle disclosed in the patent literature 1
I's conposed such that a plurality of on-ground

devi ces which nenorize and send out information
necessary for operation of the vehicle are laid down
al ong the whole length of the track on which the
vehicle travels, the control device installed on the

vehicle emts signal s, based on the. information
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are- laid down along the whole length of the track on
which the vehicle travels, the control device installed
on the vehicle emits signals based on the information
sent out from the on-ground devices when the vehicle
travels along the track, and the vehicle is steered by
the steering device installed on the vehicle 1in
accordance with the signals. With the steering system,
a guide rail for steering the vehicle is not required,
construction and maintenance costs can be reduced, and
also vibration and noise are reduced.

The steering system of the patent literature 1 will
be explained referring to FIGS.13 and 14. FIG.1l3a is
a schematic side elevation of the conventional steering
system, and FIG.13b 1is a schematic front elevation
thereof. FIG.14 is a- schematic plan view of the

conventional steering system.



vehicle 03 travels along a track 01. The vehicle 03 is
supported on front and rear bogies 04 which supported
by wheels with rubber tires 05 attached thereto. The
wheel s are driven by drive notors 06 and steered by
actuators 07. The steering systemincludes on-ground
devices 02, a transmtter 09, a receiver 09, a
control device 010, and a steering device 020. The
vehicle is steered by turning the wheels 05. A
plurality of non- exited on ground devices 02 are laid

do n the trac ol e th t her eof at .
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a transmitter 09, a receiver 09, a control device (010,
and a steering device 020. The vehicle is steered by
turning the wheels 05. A plurality of ncocn-exited
on—ground devices 02 are laid down on the track 01 along
whole 1length thereof at a predetermined spacing.
Specific information 1s memorized in each of the
on-ground devices. The specific information includes
the discrimination number, position information,
track information, and control information of the
concerned on-ground device.

Position information (geographic site information)
is information concerning the position of each
on-ground device 02 such as the absolute coordinate
- point and distance from a reference point. Further,
track information expressing conditions of the track

at the site of each on-ground device such as the

gradient, curvature, cant, ramification of the track



Al t hough the on-ground devices 02 are not exited,

i.e. have not been provided with power sources, emt
signals of the information nmenorized upon receiving

el ectric power. The on-ground device 02 has for

exanple an electronic circuit including ROMfor
menorizing operation information. The transmtter 08

is a device for feeding electric power by nmeans of a
radi o wave. The receiver 09 is a device for receiving
the operation information emtted fromthe on-ground
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wave. 8 chntT o "device dlo is'a “devdi’ce For
peckargdng, prescribed processing based on the
operation information the receiver 09 received and
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the vehicle to the drive notor 06 and actuator O07.
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l evers. When the actuator 07 is actuated by the )
st eet¢gransmitter 08 is a device for feeding electric
power by means of a radio wave. The receiver 09 is a
device for receiving the operation information emitted
from the on-ground device 02 when the device 02 has
received the radio wave. The control device 010 is a
device for performing prescribed processing based on
the operation information the receiver 09 received and
transmitting directive signal of speed and steering of
the vehicle to the drive motor 06 and actuator 07.
Referring to FIG.14, the steering device 020 is a
device for turning the wheel 05 under the steering
directive and comprises an electric or hydraulic or
pneumatic actuator 07 connected to an end of an arm 011
of which the other end is supported for rotation by a
pin 012  fixed to the bogie 04, a connecting rod 059,
levers 056a and 056b for left and right wheel 05

respectively, and a tie rod 057 for connecting the



directive fromthe control device 010, the armO011l is
rotated about the pin 012 and the | evers 056a, 056b

are turned via the connecting rod 059 and the tie rod
057 to turn the wheels 05 to the right or left.
According to the system the vehicle 03 is steered
based on operation information nenorized in the
on-ground devices 02 without using a guide rail, etc.
Therefore, construction cost of the track 01 is
decreased to a | arge extent because the guide rail
g ¢ IS not needed. Further, as wear-out parts such

g ﬁﬁl wheel s are not used mai nt enance cost is
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Therefore, construction cost of the +track 01 is
decreased to a large extent because the guide rail, etc.
is not needed. Further, as wear-out parts such as guide
wheels are not used, maintenance cost 1s decreased.
Also, occurrence of wvibration and noise which will
occur when the guide rail and guide wheels are provided
due to the contact between them is eliminated.
However, according to the steering system disclosed
in the patent literature 1, as mechanical steering by
means of the guide rail and gquide wheels is not provided,
it is difficult to secure safety of vehicle traveling
against runaway and running out of track when
malfunction occurs in the steering system and under
abnormal circumstances caused by strong wind, rainfall,
snowfall, etc.

Further, there occur gradual deviations of the



of passengers, and wear of the tires, so it is

necessary to correct such deviations in order to
secure safe and efficient high speed traveling of the
vehicle. Therefore, in a trammay transit systemin
which a vehicle travels along a predeterm ned track
under automatic steering wthout using nechanica
guiding neans by a guide wheel, guide rail, etc., it

is inportant to provide neans for securing safety,
correcting deviations of the vehicle. However, is no
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important to provide means for securing safety,
correcting deviations of the vehicle.

However, is no system with which above mentioned
problems are solved sufficiently by a compact and
weight saving construction and effective high speed
operation can be made possible.

The inventors proposed in Japanese Patent
Application No.2005-148401 (patent literature 2) a
tramway transit systemwith fail-safe functicn in which-
the vehicle is provided with a steering mechanism for
automatically.  steering the wvehicle by means of an
actuator and guard wheels which do not contact a
protection track laid down along the track when the
vehicle is traveling under automatic steering. The
system is provided with a fail-safe means so that when

abnormal circumstances occur the automatic steering is



contacting the protection track. In Japanese Patent
No. 3185512 is disclosed an automatic steering device,
in which a nmanual and automatic input system of
steering force are connected parallel to a steering
force control system of a power steering nechanism
and when the driver of the vehicle inputs a steering
force larger than a automatically applied steering
force, steering by the driver is prioritized. In the
patent literature 2, when nalfunction occurs in the
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WRBEES & steering force larger than a automatically
applied steering force, steering by the driver is
prioritized.

In the patent literature 2, when malfunction occurs
in the steering mechanism and the guard wheels contact
the protection track, reaction force the guard wheels
receive fromtﬂuaprotection.trackis transmitted to the
steering mechanism. The actuator disclosed in the
patent literature 2 consists of an electric motor, a
ball screw type feed mechanism connected to the output
shaft of the electric motor, and a deed nut member
engaged with the ball screw. An actuation rod for
steering the wheels is connected to the feed nut member.
The actuator of this construction 1is simple in
structure, however, large reaction force exerts on the

guard wheels and steering mechanism when the guard

wheels contact the protection +track <caused by




occurrence of deformations of constituent parts of the
steering nmechani smand shorten the |ife of the guard
wheel s or add to wear of the constituent parts of the
steering mechanism The actuator of the automatic
steering nmechanismof the patent literature 3 adopts
oil hydraulic servo cylinder. Wth the actuator of
this type, reaction force due to contact of the guard
wheels with the protection track when mal function
occurs in the steering nmechanismcan be reduced by
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cylinder. With the actuator of this type, reaction
force due to contact of the guard wheels with the-
protection track when malfunction occurs in the
steering mechanism can be reduced by providing a relief
valve. However, a hydraulic circuit including a
hydraulic pressure generator, working oil storage tank,
and control valve is required to be provided.
Therefore, a -large underfloor space is required to
accommodate these devices including piping,
maintenance of the devices and piping is necessary, and
particularly care and attention must be paid concerning
0il leaks.

Further, when an air servo cylinder is adopted for
the actuator of the automatic steering mechanism, a
large air tank and high performance air compressor are

required. As air pressure obtainable is about one tenth

of that of 0il, an air cylinder of large size must be



Reaction force the guard wheels receive fromthe
protection track when the guard wheels contact with
the protection track caused by mal function of the
steering nechani smor disturbances can be reduced by
| owering pressure in the air circuit, however, retard
in controlling tends to occur. Further, steering by
means of guard wheel s when mal function occurs in the
steering nechanismis unstable as is in the case of
the oil hydraulic servo cylinder. SUMVARY OF THE

| NVENTI.ON_T. resent_inveption was nade in light. of .
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mechani sm is reduced, and stable traveling of the
YEiwdedjwheels when malfunction occurs in the steering
mechanism is unstable as is in the case of the oil

hydraulic servo cylinder.

SUMMARY CF THE INVENTION

The present invention was made in 1light o©f the
background mentioned above, and the object 1s to
provide a tramway transit system with fail-safe
function in which a vehicle provided with guard wheels
travels - while automatically steered on a
pre-established track provided with a protection track,
simplification in construction and weight saving of the
automatic steering mechanism, and space saving for the
installation of the mechanism, can be attained, and
reaction force exerted on the automatic steering
mechanism caused by reaction force which the guard

wheels receive from the protection track due to contact



secured. To attain the object, the invention proposes
a tramnay transit systemin which a vehicle travels
al ong pre-established track, wherein the vehicle is
provided wth a steering nechani sm having an
electrically driven oil hydraulic actuator with which
front wheels and rear wheels of the vehicle are
steered automatically, the track is provided with a
protection track laid down on the track, the vehicle
is provided mﬁth a guard wheel assenbly having at

as p guar e I rotrude into a
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ﬁﬁ@uéﬁééflng mechanismin the same direction of the
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track is provided with a protection track laid down on
the track, the vehicle is provided with a guard wheel

assembly having at least a pair of guard wheels which

- protrude into a groove of the protection track without

contacting side walls thereof at a front part and rear
part respectively under the vehicle, an interlocking
mechanism is provided so that a center line connecting
centers of the pair of the guard wheels is directed by
the steering mechanism in the same direction of the
front wheels or rear wheels during traveling of the
vehicle, wherein said electrically driven oil
hydraulic actuator comprises a hydraulic cylinder
connected via a movable rod to at least one of right
and left wheels of the vehicle, a two-way discharge pump

which can supplying working oil to both actuating rooms

10



punp and the hydraulic cylinder and having relief

val ves for releasing the working oil to an oil storage
tank when pressure in the hydraulic circuit exceeds a
prescri bed perm ssible pressure. According to the

i nvention, working oil pressurized by the two-way

di scharge punp driven the variable speed, reversible
rotation notor is directly introduced to the

cylinder. The cylinder rod of the hydraulic cylinder
can be noved forward and backward al ong the cylinder
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amount and direction of working oil flow are
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required to provide a relief valve, orifice, etc. in
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reversible rotationmotor is directly introduced to the
cylinder. The cylinder rod of the hydraulic cylinder
can be moved forward and backward along the cylinder
by a desired distance through controlling the amount
and direction of working oil flow by controlling the
variable speed, reversible rotation motor.

As the amount and direction df working oil flow are
controlled by the variable speed, reversible rotation
motor in this way, a control valve, orifice, etc. are
not necessary to be provided in the hydraulic circuit.
Therefore, energy loss other than friction loss in the
hydraulic cylinder and flow resistance in the hydraulic
circuit can be eliminated.

Further, when operation of the actuator is stopped,
the pump is not driven by the motor and electric power

is not consumed, marked energy saving is attained as
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driven oil hydraulic actuator can be constructed
conpactly, space for providing a special hydraulic
circuit is not needed, and as piping is reduced to a
m nimum fear of oil leaks is elimnated. Further, as
the drive directive to the variable speed, reversible
rotati on notor can be given by a control program the
notor can be controlled so that when reaction force
exerting on the notor exceeds a prescribed val ue the
not or out put does not increase further t her eby
tgreventlcpqhoccurregc%epf q%the notor. The
FRPEFE Tar® defRct Ot Ib%ls?{l? naf "25%%hpl e by
[ - Qt n of .t f
maet an e T ar e ngCt e Sen ¢l 5 araalst 1 bt
dramay , tgmnsiin syséenyefrddie: tnyeptiuan,, usual éyetheic
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cite information and track jnformation wthout
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receive fromthe protection track when the guard
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rotection track.
otor can be controlled so that when reaction force

exerting on the motor exceeds a prescribed value the
motor output does not increase further, thereby
preventing occurrence of damage in the motor.

The vehicle can detect its position for example by
counting rotation numbers of the shaft of the induction
motor for driving the vehicle wheel. In the tramway
transit system of the invention, usually the vehicle
travels steered by the steering directive based on the
steering pattern corresponding to the cite information
and track information without allowing the guard wheel
to contact the protection track.

In the system of the invention, the cylinder rod of
the hydraulic cylinder and the guard wheel assembly are
connected by means of a mechanical link mechanism,

whereby steering of the wvehicle is compensated by

12



As the actuator is |inked nechanically to the guard
wheel s, reaction force that the guard wheel s receive
fromthe side wall of the groove of the protection
track is transmtted to the actuator when the guard
wheel s contact the side wall due to occurrence of

mal function in the steering mechanism According to
the invention, the hydraulic circuit is conposed as a
closed circuit, and working oil noves between the
bot h actuation roons of the hydraulic cylinder, so

the reactiaqn forc transnmtted ta the actuator_can
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hydraulic circuit can be Iimted, so the reaction

f orke tharsnitaedf iomltinkeuarachahéekd 1ty tichéhe guard
actuator is limted. As the hydraulic circuit_is a

¢168dd cinAfELonhé onRRIrER F cLRGI PRESE fMbRELSnEcss iye
amper, and.travelin of the vehic uided by th

PG et b ML S ek Do o R o5 St Brg e

{ ber aubQmpld Co gt e6r kARG JBChapLSMenEW tEL . G888 wheels
clutch and ball screw which inevitably acconpany

tohecticanthessesicawe IMotd uts &dy ockd et eekos atth@DfuRction
control performance caused by friction does not .
bocure d%e¢hengyseemasfisthe Aqwendiiog, tbnthecagwenid on,

the hydraulic circuit is composed as a closed circuit,
and working 0il moves between the both actuation rooms
of the hydraulic c¢ylinder, so the reacticn force
transmitted to the actuator can be reduced as compared
with the case of an actuator of ball screw type.

Further, in the system o¢f the invention, relief
valves are provided in the hydraulic circuit, with
which maximum pressure in the hydraulic circuit can be
limited, so the reaction force transmitted from the
guard wheels tc the actuater is limited.

As the hydraulic circuit is a closed circuit, the
hydraulic cylinder functions as a damper, and traveling
of the vehicle guided by the guard wheels is stable when
an abnormality occurs to the automatic steering
mechanism. Further, as a clutch and ball screw which

inevitably accompany friction losses are not used,
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hydraulic cylinder is of a single rod type, by

providing a conpensation circuit to the cl osed
hydraulic circuit, difference between an anount

working oil flowng into one of the actuating roons

of the hydraulic cylinder and an anmount of worKking

oil flowng out fromthe other actuating room of the
hydraulic cylinder is conpensated so as to equalize
suction amount and di scharge amount of working oil of
the two-way di scharge punp. Further, by conposing such
thzt t.he cylinder., rod_of tﬁg derfulic cyl i nder aqp b
YRESHOVAET e PBd Wi choO8kEEnds BbT T gulRy $% tha's® Y
EyhiRden redearafoneched to a tinear guide
supported by a linear rail slidably in [|ongitudina

di reet itre ofs yidwe=hydrfauthe cyhiaderion conrechi ngapar tishe
of the cylinder rod and the novable rod extending at
hnglresi di ¢ frerleimde o isaolf athiergieomd ttheoeoinepriong ding

parts to the linear guide can be snoothly ) . .
?é&%ﬁ%@ﬁ?&}Q%cﬂm§Q%%&qEﬁﬁﬂﬁoaﬁ%%Y?BﬁW%lqﬁércultr

Qygrayld.c. eubL pget, %;?/J ﬁﬁn%&anjoay]!{{rﬁg?%g:lng?%}gciﬂ%ninto

experiences _ or ce_ on e | _Ongl _
bhereof +Hd dscsiktal e Johnproyi decaneptHial EORy1inder

spring device of which an end is fixéd to the vehicle
bndyaangdndhet &4 wobbedngndiils fllioxeithd @uthe mumarcchavedier
assenbly so that the restoration spring device apply
3pEuAg ifroy ¢e am offhiehe duad ta whaesl Casdafs Iy 1soc phae nsreted
center line connectiqg , .
so as to egualize suction amount and discharge amount
of working o0il of the two-way discharge pump.
Further, by composing such that the cylinder rod of
the hydraulic c¢ylinder and the movable rod which
extends obliquely to the cylinder rod are connected to
a linear guide supported by a linear rail slidably in
longitudinal direction of the hydraulic cylinder,
connecting parts of the cylinder rod and the movable
rod extending at angles different to each other from
the connecting parts to the linear guide can be smoothly
reciprocated in the longitudinal direction of the
hydraulic cylinder, for the hydraulic cylinder
experiences force only in the longitudinal direction
thereof.

It is suitable to provide a restoration spring device

of which an end is fixed to the vehicle body and the
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centers of the pair of the guard wheels is always
directed in the sane direction of the vehicle straight
traveling direction. By this, when mal function occurs
in the steering mechanismand the vehicle is steered
by the guard wheel assenblies, the vehicle is guided
stably along the protection track, for the
restoration spring devices exert force to direct the
guard wheel assenblies to direct in the vehicle
traveling direction. Particularly when traveling at

hi gh speed,, cqontrol ,of _the vehicle is difficult an
PhESA R & % BHded 64 AVBITY SRR goT £ "RaE b Thabat

visi ‘ot . :  con ]
EhPLAEL OB I BRI A O e IO R e b e o e
gusehewatied pkarmd BWsef taaft ot eshedimeahe ebnhketing
tramnway transit system according to the present

canemtn ono IFIthe® psix scherdid cosiedel evheatlisoniof atlhveys

first enbodinment shown in FIG1. FIG3 is a_schematic
flgRctadvidt ithe srhd Fiesticrndbdr AgnTe8hows phraight

I g\ Ie. 15 FI.G 4Oits. an enl arged front el evation of the
G S SR e AFS I part of the first embodinent

shopp ik i ! GrhenFhi@Pribgc8idhde & 8¥at 119D SHOWsRG diitn g
mechanism and the vehicle is steered by the guard wheel
assemblies, the vehicle is guided stably along the
protection traék, for the restoration spring devices
exert force to direct the guard wheel assemblies to
direct in the vehicle traveling direction.
Particularly when traveling at high speed, control of
the vehicle is difficult and the vehicle tends to travel
snaking its way, so the provision of the restoration

spring devices is effective.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is a schematic plan view of a first embodiment
of the tramway transit system according to the present
inventidn.

FIG.2 is a schematic side elevation of the first
embodiment shown in FIG.1.

FIG.3 is a schematic front elevation of the first

embodiment shown in FIG.1l.

15



electrically-driven oil hydraulic actuator. FIG6 is a
bl ock di agram of the hydraulic circuit for the

el ectrically-driven oil hydraulic actuator. FIGS. 7a,
b, c¢c are drawings for explaining the operation of the
conpensating circuit for the hydraulic <circuit of
FIG6. FIG8 is a block diagramof the control system
of the steering nmechanismof the first enbodi nment
shown in FIG1. FIG 9 is a flowhart of the contro
systemof FIG 7. FIG.lO is a draw ng for explaining

t he hi cl.e att|t ction ans of the_f
entBHEndnt & sh%]i}men Tl | Pebpd AT RRa L 2 ont e RS gpin
Y ﬁ@hﬁﬁ = odi f 134a, r.a
s%stenf%ccgfgf ?gg@ %fnﬁggggnﬁkgﬁf%%tlon%eéFé%?JWH in
BIschemati c S|de elevatlon of the second enbodi nent
shown in FIG11. FIG 3 is a schematic front el evation

of ¥h@.Second enbodi Aerte showhevvatELB 11.sp@ihga | sthe
a_schematic_ side elevation of the 16 conventi ona

StEetimg 3y sy efy iaf: 1@5@@%1%(:?}@%%0% ront
B B S 9o L G My Ty BRI LAY R
for the electrlcally—drlven oil hydraulic actuator.

FIGS.7a, b, ¢ are drawings for explaining the
- operation of the compensatingcircuit for the hydraulic
circuit of FIG.6.

FIG.8 is -a block diagram of the control system of
the steering mechanism of the first embodiment shown
in FIG.1.

FIG.9 is a flowchart of the control system of FIG.7.

FIG.10 is a drawing for explaining the wvehicle
attitude correctionmeans of the first embodiment shown
in FIG.L1.

FIG.11 is a schematic plan view of a second
embodiment of the tramway transit system according to
the present invention.

FIG.12 is a schematic side elevation of the second
embodiment shown in FIG.11.

FIG.3 i1s a schematic front elevation of the second
embodiment shown in FIG.11.

FIG.13a is a schematic side elevation of +the
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Preferred enbodi nents of the present invention wll
now be detailed with reference to the acconpanying
drawi ngs. It is intended, however, that unless
particul arly specified, dinensions, materials,
relative positions and so forth of the constituent
parts in the enbodi ments shall be interpreted as
illustrative only not as limtative of the scope of
the present invention. A first enbodiment of the

Vehlf gf t he invenﬁlon S %C ENiap

%?E%ei? 16 %t G 1-FE d st heht &M pl &N SHCHE, i o2

fﬁefﬁetelcc Siflong! 84l P0; ol Brdrdse @ scherrat! c front
evation, FIG 4 is an en arged front elevation of

t heriod D4sphes i cathejnaicAte pardn vHlGhb off e Sddleventional

el evation showi ng the electrically-driven oi

$ydeadnicc sictuamer, FIG 6 is a bl ock di agram of the

hydraulic circuit- for the eIectricaIIy-driven oi

hydraulic actuator, FIGS.7a, b, c are draw ngs for

; 0 Tkl s
GESAERRA G Len oSt oty gl S yRABERSL Bl
- of pﬂéfébeeeoehbeldlw&em@f e teelh g MpehanicxMyill
FIG9 is a flowhart of the control systemand FIG 10
nSwabedrast agliar wkphaindhgréheevett ctheatdddomipanying
correction neans. FIG 11 is a schematic plan view of
GravéogdE. It 1s intended, however, that unless
particularly specified, dimensions, materials,
relative positions and so forth of the constituent
parts in the embodiments shall be interpreted as
illustrative only'not as limitative of the scope of the
present invention.

A first embodiment of the tramway vehicle of the
invention is shown in FIGS.1-10. FIG.1 is a schematic
plan view, FIG.2 is a schematic side elevation, FIG.3
is a schematic front elevation, FIG.4 is an enlarged
front elevation of the twin spherical joint part, FIG.5
is aside elevation showing the electrically-driven oil
hydraulic actuator, FIG.6 is a block diagram of the
hydraulic c¢ircuit- for the electrically-driven oil
hydraulic . actuator, FIGS.7a, b, ¢ are drawings for

explaining the operation of the compensating circuit

for the hydraulic circuit, FIG.8 is a block diagram of-
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enbodi nent of the trammay transit system and FIG 12
is a schematic side elevation of the second

enbodi ment. [The first enbodinment] Referring to
FIGS. | -3 showing the first enbodi nent of the tramway,
transit system 10 of the invention, a tramway vehicle
12 runs along a track 01. The track is conposed such
that a protection track 14 having a groove of

U- shaped cross-section is provided on the road
surface 15 of the track 01 along the center thereof.

E—H@ yERLeba égvsrtlé}r? di tdid 8GO Ay dbenYeNIG e F]I% 9 is

has a front bogie 16 and a rear bogi e 18 under’ the
yelfldwchdpdy.o A thentcaxteodd ofsteantanheelis.2® angd a
a rear axle (not shown in the draw ngs) of rear
dheslaR2oar expattiached tthe tied ife bata thlogt ede6cand ecddron
bogie 18 respectively rotatable in right and | eft
@Precrions. The front and rear wheels have rubber

tlrff not SE wn d'%g 31Hl c H%iaﬁeepé ngofNe)élt s%cond

st eeri ng rrec anl sm

- &xBbaiifRtht Asrtona shRefddg ﬂ@&ﬂ@@'ts@y%@cérﬁr aﬁ@aerG 12
wheel's 20 is the same in construction to that of 18

i bes brtrmatnee ahde exipd aaat bono £ st loal 4¢ @dn dAsmishdwmant .

FIGS. 1-3, to a left front-wheel 20a are attached a

frothet éerisitg emppdéasatlendi ng forward and a rear
arm 30a _ext en earward. To right

oL G B S LIPS e, I gy L “Chnpggment

of the tramway transit system 10 of the invention, a
tramway vehicle 12 runs alcng a track 01. The track is
composed such that a protection track 14 having a groove
of U-shaped cross. section is provided on the road
surface 15 of the track 01 along the center thereof.

The vehicle 12 runs in direction a. The vehicle 12
has a front bogie 16 and a rear bogie 18 under the vehicle
body. A front axle 44 of front wheels 20 and a rear axle
{not shown in the drawings) of rear wheels 22 are
attached to the front bogie 16 and rear bogie 18
respectively reotatable in right and left directions.
The front and rear wheels have rubber tires not shown
distinctly in the drawing.

Next, a steering mechanism 26 for front wheels 20
will be explained. As to a steering mechanism 26 for

rear wheels 20 is the same in construction to that of
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extendi ng rearward. The rear ends of the rear steering
arns 30a and 30b are connected by a tie rod 32 via
spherical joints 34 respectively for rotation. An end
of a novable rod 38 of an actuator 36 is connected to
the forward end part of the front steering armvia a
spherical joint 34 for rotation. The actuator 36 is
attached to the front bogie 16. Construction of the
actuator 36 will be explained |later. A so-called

Acker mann-Junt type |ink mechanismis conposed by the

%be rod 32, rear steerin argf 30a. and '%&%g and angl e
St FAVEseBF 1t AET i YIS RAB& Hhd T ePE WifEd1 can be
co adeq I e [ - wheel
40r}JSW|é %ﬁﬁgneid@ g?ﬁgd.}i Jég;'chrk%kg trlhé:al‘tgt gfﬁégtmﬁg%{% 40 | sasre
ot cactdd adrireal sbape iangl asuppert edt ehatiat@lForwyrd and
protector arm42 at the | ower face of the forward end
ande a cas haed o aterdsf axspedingeryparieerd gule di right
wheel s 40 are_inserted into the U shaped groove of
?H@nﬁﬂﬂQﬁ??o%OPrééﬁ ﬁ$§ﬁﬁ?ﬁ§tatﬁ&ﬁr;ﬁﬁ?%ﬁépﬁe§rm 30b

Lgeerthe gide voLls obnLhe grogys. The guard uheel. 40,

s pre e of “material "havin h™vi'bratio

APnabsaypthan pI@pesty avhibgPewedly rgskildntod 32 via
property such as urethane rubber or materi al

sphtaiinialg $beeaks [ traspdcitn walbperotr res: a Bebwneen
the periphery of the guard wheel and the side walls
of the ghdovd of mhEaprlst eepfod & ratkang agrtenator 36 is

connected to the forward end part of the front steering
arm via a spherical joint 34 for rotation. The actuator
36 is attached to the front bogie 16. Constructiocn of
the actuator 36 will be explained later.

‘A so-called Ackermann-Junt type link mechanism is
composed by the tie rod 32, rear steering arms 30a and
30b, and angle of traverse of the right wheel and left
wheel can be controlled adequately when turning.

Next, guard wheels 40 will be explained. Each of the
guard wheels 40 is of a cylindrical shape and supported
rotatably by protector arm 42 at the lower face of the
forward end and rearward end thereof respectively. The
guard wheels 40 are inserted into the U~-shaped groove
of the protection track 14 so that their peripheries
face the side walls of the groove. The guard wheel 40

is preferably made of material having high vibration
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provi ded gaps snaller than perm ssible gaps so that
devi ation of the vehicle 12 to right or left is
restricted in alimted value. In a normal state, the
guard wheel 40 does not contact the side wall of the
groove of the protection track 14. Usually, the gap
bet ween the periphery of the guard wheel and the side
wal | of the protection track is determ ned to be about
80mm - 100mm A protector arm 42 extends forward and
rearward and is supported at its center part

y.. by f.t 7,attached to_the under side of
eReBrE oD PRty AR Wi Tnkers S taat Broetey
SUBROKILch ANeK £n EOF bRl I ON. m A 69ARACII NG &£ PHI 46 steel
connects the forward end of the front steering arm
B8atandsed ponntrubdarr ttherkarward end of the forwardly
extendi ng arm by nmeans of spherical joints 34 so that
t heBpEveest bhedror 4phgry gifrekeeguiand wheedampd the side

dicection of the steered front wheels 20. The steerin
LSO, Shel BRatse] ody Lhe: ReStaSuinh: Ha kol dpiare

- fr S r4i a 8 .ear. S [
Bt s R e e Red B s $Th' P2 cnac
@@ﬂ"&%ltsi_&ﬁq ob#t h@hfeOW\@h‘idqfé)_t eQt ot carpy A2 a@@'_ left is
connecting rod 46. The spherical joint %4 provi ded at
thetfrdroterd ienda oimihedf vadtuest ebniagharme28atiase, the

conposed as a twin spherical joint 50 as shown in
grard wherehd ofdpge not contact the side wall of the

groove of the protection track 14. Usually, the gap
between the periphery of the guard wheel and the side
wall of the protection track is determined to be about
80mm ~ 1900mm.

A protector arm 42 extends forward and rearward and
is supported at its center part rotatably by a shaft
47 attached to the under side of the front axle 44 of
the front wheels 20 and supported there for rotation.

A connecting rod 46 connects the forward end of the
front steering arm 28a and a point near the forward end
of the feorwardly extending arm by means of spherical
joints 34 so that the protecfor arm 42 are directed in
the same direction of the steered front wheels 20.

The steering mechanism 26 1s comprised of the
actuator 36, movable rod 38, front steering arm 28a,

and rear steering arms 30a, 30b. An interlocking
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novabl e rod 38 of the actuator 36 and an end of the
connecting rod 46 are connected to the forward end of

the front steering arm 28a by neans of the twin
spherical joint 50 in a state the novable rod 38 runs
above the connecting rod 46. The end of the novable

rod 38 is connected to an upper spherical joint 52

and the end of the connecting rod 46 is connected to

a lower spherical joint 54 of the twin spherica

joint 50. By adopting the twn spherical joint 50,

ef f t%xg allz%tlon ofdgﬁg %6 OSSI .o%brq: r arm
s%% o éﬁﬁ By P&t hy ecﬂ’ﬁﬁ %8 X6 ahd
gtg@gncéﬁhégtg glfg& sigde of the vehicle 12 where
the connecting rod 46 is provided, a space is secured

I mrhdesphghti sAdejofinthas velisire€ddd, aandtid fSrward end
possible to locate a control device of the actuator,

efcthien fhenspatecBynd osati ¥f a hes conmdsts o asd a46;win
and actuator 36 % one side of the_vehicle 12,

BRE§ It deal OWEh Ol 27 r EORETan: WhEn ‘théht read gt the

&Q@a%%egé?%fﬁﬁh%@ th&"hgg E%ecc%?t @tg d'sarl e W the

Sl ze er ‘when cen i ne of

&gﬁh@d%ﬁﬁbaﬂgdtbétaﬁé &B%nd&@%@cibOﬁhéfﬁékthTﬁ@%d of
devi ated fromeach other. As is shown in FIG 5, the

Botuaf oonB6 coapriises aseveldla devi aesaabt achedlt® &win
bracket 58 which is attached to the |ower face of an
spperiwal Belof ap in a state the movable rod 38 runs
akbove the connecting rod 46. The end of the movable rod
38 is connected to an upper spherical joint 52 and the
end of the connecting rod 46 is connected to a lower
spherical joint 54 of the twin spherical joint 50. By
adopting the twin spherical Jjoint 50, effective
-utilization of space is possible.

More specifiically, by locating the connecting rod
46 and actuator 36 in the left side of the vehicle 12
where the connecting rod 46 is provided, a space 1is
secured in the right side of the vehicle 12, and it is
possible fo locate a control device of the actuator,
etc., in the space.

By locating the connecting rod 46 and actuator 36
on one side of the vehicle 12, it 1s easy to deal with

a circumstance when the tread of the wheels is short,

.when the actuator is large in size, and further when
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actuator box. In FIGS5, a cylinder rod 62 of a
hydraulic cylinder 60 attached to the bracket 58 is
connected via a spherical rod end 64 to a pin 68
provi ded horizontally to a connecting bracket 66. The
pin 68 is rotatable in a vertical plane in the
direction indicated by an arrow b. A linear guide 68
is attached to the connecting bracket 66, and the

| i near guide 68 is engaged slidably wth a |inear

rail 70 attached to the | ower face of the upper wal

The |l inear. rail t.ends in the e i rection_.a
PRE et Fon ‘dIS nBlentit SFITHE SyRendthd Fad oot ohe
$osWdahle E9aé@9@4'£§ée@@ﬁ¥aﬂ$@ kkB%ﬁ%aé%“Q%h@% a
i near gui de conposed such that a circular cross
secAsonal giowdesis sriarmed ohet kectshdtdorg I@cesmpafises

the linear guide, balls are received in the grooves,
andetivd | §aFacegui deéteahad foves bowdkett Bdn @hidchow s

b f [ 1 f the ball Th
%'asagéﬂ%y%vfc%:#ge? é&r‘ffeof ;‘E'%g@%eﬁfcgp ?J&efe%nwg%? l%baqf an
%gt%%Q%q:C?v% t9ntP%GC%””Sdé¥/ggPl S *?88 ég 1‘2’ And il ic

471's” provi‘de

£t athakl e giona @ thetrad & Qi diHee Etr|aQ:rkep@rEﬂ? A edrMHedOd Reia
rotation direction b (in a plane perpendicular to the

papehietace)l. rdlec nmavesrent aopihhes pldwnidéedriodrb2ontal ly
its longitudinal direction is transferred to the
ovaptennecting bracket 66. The pin 68 is rotatable in
"a vertical plane in the direction indicated by an arrow
b.

A linear guide 68 is attached to the connecting
bracket 66, and the linear guide 68 is engaged slidably
with a linear rail 70 attached to the lower face of the
upper wall 56. The linear rail extends in the same
direction as the direction of movement of the cylinder
-rod 62. It is suitable to adopt instead of the linear
guide 68 a linear guide composed such that a circular
cross sectional grooves is formed on the sliding faces
of the linear guide, balls are received in the grooves, -
and the linear guide can be moves low friction and low
noise by virtue of rolling of the balls.

The movable rod 38 is conneqted to a spherical rod

end 72 which is connected to the connecting bracket 66

via a pin 74. The pin 74 is provided vertically and
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rod 38 which is slanted as shown in FIG 3. As the pin
68 connects the cylinder rod 62 to the connecti ng
bracket 66 rotatably in the direction b, and the pin
74 connects the novable rod 38 to the connecting
bracket 66 rotatably in the direction perpendicul ar
to the direction b, the novenent of the cylinder rod
62 inits longitudinal direction can be transferred
snoothly to the novable rod 38 so that the novabl e
rod 38 anes in its longitudinal direction. Further,

0] rrecei ves force on th
v abErlE SR ot R at R PR e o At Rt e A S b
£yl heden eandie aatHat el HpoLRlYpe %émléﬁ@g&ett&%he
are attached a two-way di scharge Eu or
sapptyicagaywr king oil to the hydraulic cylinder 60, a
vari abl e speed, reversible rotation notor 78, and a
wolkieng rod Vemeortage ft arkh80. calbholske diegraffof ia 1its
hydraulic circuit connectin hese devices 1S shown
}rCPP‘F’réuGIlr]%l ﬁﬁﬁF%Cttli‘i’él Hy%l ’PE feirrad ot %Zth‘?smovable

£Qnsih Luhed 1 Q bea ol osed cLpgyt J0Gudi00 b ki pin

6 "saitd S eV|ces reli ves

i eBnr-open o Eoheask i he workbng Oi Lthko dd€necting
storage tank 80 whén pressure in the circuit is

bt ghkett Ban mot peabissibl ey esbueer iAs thhe dwydr abki @in
cylinder 60 is of a single rod type, a conpensation
T4 counte 84s dungiostd inhe gfo@ 36 Epo-lshranre ol ng BBagket

é? gg%atably in the direction perpendicular to the
direction b, the movement of the cylinder rod 62 in its
longitudinal direction can be transferred smoothly to
the movable rod 38 so that the movable rod 38 moves in
its longitudinal direction. Further, as the cylinder
rod 62 receives force only in the direction of the
hydraulic cylinder 60, the hydraulic cylinder can be
actuated smoothly.

To the bracket 58 are attached a two-way discharge
pump 76 for supplying working oil to the hydraulic
cylinder 60, a variable speed, reversible rotation.
motor 78, and a working oll storage tank 80. A block
diagram of a hydraulic circuit connecting these devices
is shown in FIG.6. In FIG.6, the hydraulic circuit 82
is constituted to be a closed circuit including in

addition to said devices relief valves 86a and 86b which



storage tank 80 is provided in order to conpensate the
di fference in volunme of both actuation roons inside
the cylinder due to the volume of the rod.
Construction and function of the mcro-shuttle valve
88 wll be explained referring to FIGS. 7a-7c. FIGS. 7a
and 7c show states when the hydraulic cylinder 60 is
operated, and FI1G 7b shows a state the hydraulic
cylinder 60 is not operated. As shown in FIG 7a, when
working oil is supplied by the two-way di scharge punp

éeho %nr@gelé%té Q é%@i@%ﬁgogiﬁhﬁog%ﬁéagkb age tank 80

er60 t hrough an oi assage n 61c
wh¥ed powarshran agt usheonchieanHdb, i andhaghihe &m a
time a shuttle valve body 92 of the micro-shuttle
Nalrmét B8 be pushedurien dix édtd dry dnaitatedyBy rate arGdw s
y the pressure_ in the oil passage 90 and the val ve
‘Bgdya 92 i1gsgatRd dnfRta VAl VORRAPSEE Lt cIgdEBht 8

ni.ng .at_th vaI seat ref or rt t he
SRR e B Rl sT S TIOR RS att fuel B 6o ea” 011
§95%ra%_;et he 1 & ﬁﬁﬁtﬂdxﬁldé@l Ve <§§de§ngot88ﬂp@n%v§te jhe

hrough an oil passage 93 to the storage tank .
&\hétﬁetrmcm i@no&lmm@sothmatdufalt&(ﬂﬁrumim@rirfﬂﬂﬂ@ the
61b, the anobunt of oil discharged fromthe actuation
¢Eéﬁﬂ@ﬁi|@M$atgeﬁﬂﬂuﬁplh@eamﬁnﬁh©fr@ﬁl supplied to
t he actuation room 6la by the volune of the cylinder

r od” ®25 F A UGe- At £OSt FBﬂchtﬂﬁ Bfat gy the ~ekdddst vivplve
88 will be explained referring to FIGS.7a-7c. FIGS.7a

and 7c¢ show states when the hydraulic cylinder 60 is
operated, and FIG.7b shows a state the hydraulic
cylinder 60 is not operated. As shown in FIG.7a, when
working o0il is supplied by the two-way discharge pump
76 to an actuation room 6la of the hydraulic cylinder60
through an o0il passage 90, a piston 6lc is moved toward
an actuation room 61lb, and at the same time a shuttle
valve body 92 of the micro-shuttle valve 88 is pushed
in direction indicated by an arrow d by the pressure
in the o0il passage 90 and the valve body 92 is seated
onto a valve seat 96 to close an copening at the valve
seat. Therefore, a part of the working ©0il dischazrged
from the actuation room 61lb enters the micro-shuttle
-valve 88, and then flows through an oil passage 93 to

the storage tank 80.
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flows into the mcro-shuttle valve 88, so the anount
of oil discharged fromthe punp 76 becones the sane to
the amount of oil sucked by the punp 76. When wor ki ng
oil is supplied by the two-way di scharge punp 76 to
t he actuation room 61b and the piston 61lc noves
toward the actuation room 6la as shown in FIG 7c, the
amount of oil discharged fromthe actuation room 6la
is smaller than the anmount of oil supplied to the
actuation room 61b by the vol une of t he cylinder rod
actua |on oom 61a, S0 ressure

0|I I %385 880 § N'8rger toﬁ”’ He' priessi? loﬁl trﬁ)
g*ﬁ p@ﬁgagﬁ tT@FrSEQrQQ§Jﬁé§EHHtE%dﬁﬂﬁﬁ%tE@Mug%lon

fhe micro-shuttle valve 88 noves in the direction
f@@lmcauadll@ylarrgaif ovh€n 8nd bheuwal wetf body S2ppsied to
seated onto a valve seat 94 to close an opening at
tline aaltmatjwatraﬂm 6pen hhet lopenphgmat athdhval vgldager

result, the amount of oil coryrespondi to
Jf%@ 68| &ﬁ’etbcﬁ Et%’%u€§llpﬁ‘dé?09%d6é9f| ﬁflt%etf}fct%%ﬁ%éﬁ oil
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é ol passdge
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the sane to the anount of oil sucked by the punp 76.

t e Fhfon tt hef valilakhelspeedy remersimbpe76at ation

motor 78 is provided with a sensor 102 for detecting

r otite omw i k beg ioht dsds pordtiiaphbypebs WiotHaynmbi geharge

and
pump 76 to the actuation room 6lb and the piston 6lc

moves toward the actuation room 6la as shown in FIG.7¢,
the amount of o0il discharged from the actuation room
6la is smaller than the amount of o0il supplied to the
actuation room 6lb by the volume of the cylinder rod
62 in the actuation room 6la, so the pressure in the
0il passage 98 becomes larger than the pressure in the
0il passage 90. Therefore, the shuttle valve body 92
of the micro-shuttle valve 88 moves in the direction
indicated by an arrow e, and the valve body 92 is seated
onto a valve seat 94 to close an opening at the valve
seat and open the opening at the valve seat 96. As a
result, the amount of 0il corresponding to the volume
of the cylinder rod 62 in the actuation room 6la flows
-from the storage tank 80 through the micro-shuttle

valve 88 to the o0il passage 90, so the amount of cil
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the hydraulic cylinder 60 is provided with a sensor
104 for detecting position of the piston 61c. Data
detected by these sensors are sent to a controller
100, and rotation speed and direction of the notor 78
are controlled by the controller 100. In the first
enbodi nent, usually the actuator 36 is actuated on a
steering directive signal froma control nmeans 106 to
apply steering force to the left front wheel 20a, and
the steering force is transmtted from the front

teering a 28a tqQ the right front wheel 20b ia.t
FeSFRd nb PPt BRBPLIE Mt aptiTied amh By the
£R668 Ofo £ Nes ACLUALAy 36y $ral SRudfangmitted to the
protector arm42 via the"twn spherical joint 50 and
commeckIag erod 1, vandable pmwied] orcaem«Ab16 rbtatecbn

in accordance with the actuation of the actuator 36
motplrat’ & Hes povedtted arinti2ai sengewed G fhe datecting

direction of the front wheels, 20, that is, the center
FPhetdeihedtistg 1 pR ehtidt's? bt OPHEP BB §udh @ iteef s and

[ t.t Lre Ln the . directi f
the Srhetina o R SRR sy B ARt S5 PP B
26rahongcthe d pamway; vh tdr the E%%M@q@_ sSpA@ daktected
contacting the side walls of the protection track 14.
Dlextthasshi ekbaseper akken scant r ob ian ¢detkioddter 100, and
enmbodi ment will be explained referring to FIGS. 8-10.
peteirdwm i Argast oekdli dgrgmtofora ©dnt EBE system of 8 are

controlled by the controller 100.

In the first embodiment, usually the actuator 36 is
actuated on a steering directive signal from a control
means 106 to apply steering force to the left front
wheel 20a, and the steering force is transmitted from
the front steering arm 28a to the right front wheel 20b
via the rear steering arm 30a and tie rod 32. The
steering force of the actuator 36 is also transmitted
to the protector arm 42 via the twin spherical joint
50 and connecting rod 46, and the protector arm 42 is
turned in accordance with the actuation of the actuator
36 so that the protector arm 42 is turned to the same
direction of the front wheels 20, that is, the center
line connecting the centers of the both guard wheels
40 is brought to be directed in the same direction of

‘the front wheels 20. Therefore, the vehicle 20 travels
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FI G 8, a geographic site signal on the track 01
position informati on of the vehicle, and contact
detection signal are inputted to the control means

106. The geographic site signal (geographic site
information) is position information sent from
non-excited on-ground devices 02 which are |aid down

at a subscribed spacing on the ground along all over
the track 10 as explained in the description of the
related art. The information sent fromthe on-ground
devi ces, 02 includes discrimnation nunper . of eacElO not

o Qﬂﬁouﬁ_ CdeViré WY s ‘bjogﬁlt i ORei n‘%f’lr‘ﬁgti 8’11?,eetlrsac_ _
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rnformati on are 1 ncluded the absol ute coordi nate
poiNkx©f eqehiEgr andrdevicee awhistanea fen@ afirst
reference point. It is suitable to use transponders as
embgdamh tdevi téshe Thep pedintsicbrr & g or imwi 60 B Geehibcl 10 -
is a signal _having information where the vehicle is
posh§ i Dpeyn dre @ ¢k ghi P TERe Afetft G bEPAgSYStem of

cyl ated usi ng_di stance, be the_on-gro

1 k 01,
e B 05 ottadRaliBy chLrea ohar: 75Rost Trominy
p¥8ti8Mon PUSE 5h9PaLS Obrr Of REI OPcRYRNRI S a0fg tB8ntact
Wheel s, pulse signals of rotation nunbers of the
detve ik, igl die iihiail tadleo tthesenth tpos] tiexms 106.
information of the vehicle froma monitoring center,
corffteddi ggccepmehicet sitby asdadial si Jeglographic site
information) is position information sent from
non-excited on-ground devices 02 which are laid down
at a subscribed spacing on the ground along all over
the track 10 as explained in the description of the
related art. The information sent from the on-ground
devices 02 includes discrimination number of each
on-ground device, its position information, track
“information, and control information. In the position
infoermation are included the absolute coordinate
point of each on-ground device and distance form a
reference polnt. It is suitable to use transponders as
on—-ground devices.

‘The position information of wvehicle is a signal
having information where the vehicle is positioned, the

position of the vehicle being calculated using distance

between the on-ground device 02 ocbtained by GPS (Global
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The contact detection signal is a signal sent when a
limt sensor attached to the protector arm 42 or pul se
sensors of rotation of the guard wheels or a steering
force sensor provided on the steering nechani sm 26,
etc. detect that the guard wheels 40 contact the
-protection track 14. The control neans 106 i ncl udes
a track information judging neans 108, a nor nal
traveling control means 110 for controlling the
steering mechani sm 26 when the track information

Ludaqi 108 h i dth hi_cl isS. i
bHO GRS el e]s RS st BRag Bt S ot o f R o
LEacke %é@h's-,ﬁsﬁﬁzsréeem nkhds far ro@:eargﬁmmﬂngﬁgé'éﬁf%e

control when the steering nechanism 26, etc.

experd encedrt,rostbte, mndia yehtebeecattot ydthd position
correction nmeans 114 for correcting the attitude of

ihé oveti tl enwhénthiee iatuickl nfoomat ownjudying seatssr,
108 judges that the vehicle is on a station or
FﬁWWﬁQéh?%n?e?ﬁ§§nnﬁ?6r R¥arfs 4981Ray 158 %t ovi ded on

theryehiele , 4r JdE8-PLLVeNig] o space si6H 35 Lhe wnen

monitorirng ce or comrandi ng” ce y

gl ARk L ShbRgod £OPEERLA SYSEEM I PH1ECKIBCEIYE42 or pulse
controlling. Next, control process will be expl ai ned

teheprangf adtowntbar bfokhled GuhrdFiwiséelthert nackeering
i nformati on judgi ng neans 108 nakes judgnments of the
fesgeaphineor provided on the steering mechanism 26, etc.
detect that the guard wheels 40 contact the protection
track 14.

The control means 106 includes a track information
judging means 108, a normal traveling control means 110
for controlling the steering mechanism 26 when the
track information judging means 108 has judged the
vehicle is traveling on a usual linear straight part
or curved part of the track, a fail-safe means 112 for
performing fail-safe control when the steering
mechanism 26, etc. has experienced trouble, and a
vehicle attitude correction means 114 for correcting
the attitude of the vehicle when the track information
- judging means 108 judges that the vehicle is on a
station or ramification.

-The control means 108 may be provided on the vehicle

or in a off-vehicle space such as the monitoring center

28



site signal (geographic site information) based on the
vehicle position information, etc.,(S1). The track

i nformati on judgi ng neans 108 judges where the vehicle
is and what part of the track the vehicle is
traveling, for straight part or curved part or
station part or ramfication point. The judgi ng neans
108 can judge beforehand the presence of a station,
ram fication point, sharp curve, etc. in severa
nmeters ahead of the vehicle. Wen it is judged by the

t Kk f t ' 0 hat .th h
S B 2308 SR TR J08 LB e yeLgl e
t?EtCEEﬁL Afr the1 YeRGhA: | SonPeLiArTRY, by the normal

avel i ng control means 110. The notmal traveling

conMdgot, means rBl0 wiet eeks wiare bé hexpehiicled iSeferring
traveling and decide a steering pattern based on the
or édentchpost t bdn BIGt Be Ehiste dle t heackr aidkf@amation
menor.i zed beforehand in a nenory of the contro
h’éﬁﬁénﬂo@e%%)loﬁhé‘@]ﬁ% &Bﬁltgﬁ‘kﬁmh%aﬂ§ H}@ %W?Eﬁ@éllc

utonatlc steerin (96), .t
T
GQHHEG%‘? ﬁ&é?@b‘nc f'ﬁ?SE:‘m%&la&ﬁor ‘é't'&g tgsipe sItk?@f kRGck
pattern, (S7) . Then the front wheel's 20 are steered

byforpans @af jthkyachuntons36080j gidgde thervehbhel echicle
Whet her the guard wheels 40 contact the protection

© isavkd What mott it jtldydd dakddhorvathecéeniaciraveling,
Pgie%%?gight part or curved part or station part or
ramification point. The judging means 108 can judge
beforehand the presence of a station, ramification
point, sharp curve, etc. in several meters ahead of the
vehicle.

When it is judged by the track information judging
means 108 that the wvehicle is traveling on a usual
straight or curved part, control of the vehicle is
performed by the normal traveling control means 110.

The normal traveling control means 110 detects where
the vehicle is traveling and decide a steering pattern
based on the present position of the vehicle and the
track data memorized beforehand in a memory of the
<control means. 106, (83). Then the control means 110

switches on automatic steering, {(85) to send automatic

steering directive signal to the actuator 36 to
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sirgnal during the vehicle is traveling under the
automatic steering pattern, (S9) . Wen a trouble
happens to the steering nmechani sm 26, for exanple when
the vehicle 12 is in danger of running off the track
01, the guard wheels 40 contact the protection track
14 and a contact detection signal is sent out. YES or
NO of reception of the contact detection signal is
detected, and when YES, the steering nechanismis
judged to be in trouble and control by the fail-safe

neans 112 qé m@ gg t he steerlnﬂ tg ?

?885‘&&0?@% CTAShEr al Sdpdthtd onC A i‘janh SrafFcering
t

FEFEHTE, PEOL NG OpLer SRR R PR Seccre by

hsaper fof mesle Stk u e , 36i kst g&md@um@atv@isw@rl ng
is swtched off to cancel the steering by the

actVilat bhe36 témed gurerdteleeehg 4eclariissmt 26h & sppoteiat ion
free state. Then the front wheels 20 are steered by
Fﬁécﬁﬁo%r%ﬁtn%‘ ltshéuﬁlrgcﬂ%@ta&e‘j 8hnty a9, C%Féﬁ%?éﬁéﬁimg

is restri,cted by he ca t of, t e_gu rd mhee
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of the guard wheel s"40 and protection track 14, (S13)

happhbensd eer thg e@rIRichd Sné€SehiswS2%),. fbr bRiasnpiby ,when
safe traveling of the vehicle is guaranteed by
phovivdiigael 2al k- daf slareaes ¢f2reven nghehtt kbgblteack

happens in the steerln% mechani sm 26 of
01, the guard wheels 40 contact the protection track

14 and a2 contact detection signal is sent out. YES or
NO of recepticn of the contact detection signal is
detected, and when YES, the steering mechanism is
judged to be in trouble and control by the fail-safe
means 112, and when NO, the steering mechanism is judged
-to be in normal operation and the automatic steering
according to the steering pattern is continued, (310).

The control by the fail—-safe means is performed such
that, first the automatic steering is switched off to
cancel the steering by the actuator 36 and the steering
mechanism 26 is put in a free state. Then the front
wheels 20 are steered by the movement of the protector
arm 42, which movement is restricted by the contact of
the guard wheels 40 with the protection track 14. That

is, the vehicle 12 is guided by a mechanical feedback
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the vehicle 12, and safety and reliability of
passenger transportation can be secured. Wien it is
judged by the track information judging nmeans 108
that the vehicle is at a station or ramfication
point, or. the vehicle is nearing the station or

ram fication point, control by the vehicle attitude
correction nmeans 114 is performed. The control by the
vehicle attitude correction neans 114 is perforned
such that, first the automatic steering is swtched

of f S17). Then, _as shown i FI 10, when he .
QEhFE%e'Cf?tﬁ‘FJ?v‘ég L WEH LI af L £t dde arbcgri?’é%‘f?ﬁélon

hon,11 re .Gl it 'tﬁgﬁ" j WSt ]
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pr otectirans t kaGK, l4afidie tathid ubggofot ha hyveRietlicl? is
is corrected and reset forcibly by the vehicle
attirbnde catlj lug t p ng viienbey st 6f ¥l d -tshef guee ainswhéel sven
40. That is, the steering mechanismis reset in
vheni sroarie UdePhynfediariital 3 e psice neeypacRmas® of

the attitude of the vehicle 12 is reset .in the initia
(P8 bt e fr 0T TT 16y "o DRA edf R oenTeT
coqmend - 3 d Sor eset nd Bddy fen, when it is judged
that the vehicle 12 passed the vehicle attitude
corfiesh i g sechuayekl® pitive w@epgkaphifeatmst i énshgagling

fromthe on-ground device 02, (S23) , a steering
pather nlPg nénhat deétler miveddi bhsedien at a station or
ramification point, or the vehicle is nearing the
station or ramification point, control by the vehicle
attitude correction means 114 is performed.

The control by the vehicle attitude correction means
114 is performed such that, first the automatic
steering is switched off, (517). Then, as shown in
FIG.10, when he vehicle 12 arrives at a vehicle attitude
correcting section 118 where vehicle attitude
adjusting members 116 are provided at the both side
faces of the protection track 14, the attitude of the
vehicle 12 is corrected and reset forcibly by the
vehicle attitude adjusting members 116 via the guard
.wheels 40. That is, the steering mechanism is resetf in
initial attitude by mechanically forced feedback and
the attitude of the vehicle 12 is reset in the initial

state on the track 01, (S19). Then the steering command
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the vehicle position information, (S25). Then the
automatic steering is switched on, (S27), and an
automatic steering command according to the newy
determ ned steering command is sent to the actuator 36
to comence automatic steering, (29). The width
bet ween the both side walls of the protection track
14 in the vehicle attitude correcting section 118
determined for the guard wheels 40 to contact the
wal | s, concretively the wwdth is determned to be
larger by 1 -.5mMm than the dianmeter of the guard
whe FF“*%@ Fg%éprudinal | ength of the vehicle attitude
corfeehi, NGreeLtion 118 ahoRgthhe ML &adh PA1L aoK pbsea
Is determned to be at |east |onger than the I ength of
the veBhelae prefienad ycbBdrétovag heekbengih ofisthey a
vehi cl e. Therefore, when the vehicle 12 passes the
gehibgleh bt it sieecdi gretli Ayovethiconn t g4 ourke dguakree 02,
wheel s 40 contact the position adjusting nenbers 11g
préviided B&SHHIEiRFE FPsl%f“?‘ﬂéYp‘f‘%F@%f“iW on
S8 u the di [ he pretiector armis
%@?rgcethgldég% %’astl t%g%élfar J%\%Beél éez% )c'an travel

aheRIt hRea RO Ot d & ASk gldsWs T heuh LPRE-ACt (9307 | heand
side walls of the protection track 14. Therefore,

sheaudrrfdt hg soerirdhiy osmheht acowawd ggotot hée newly
vehicle occurs due to various disturbances, the
deterudenof shreyéhiocremmangdrireciegt to the actuator 36

to commence automatic steering, (29).

The width between the both side walls of the
protection track 14 in the vehicle attitude correcting
section 118 determined for the guard wheels 40 to
contact the walls, concretively the width is determined
to be larger‘by Imm ~ Smm than the diameter of the guard
wheel. The longitudinal length of the vehicle attitude
correcting section 118 along the protection track 14
is determined to be at least longer than the length of
-the vehicle, preferably 1-3 times the length of the
vehicle.

" Therefore, when the vehicle 12 passes the wvehicle
attitude correcting section 114, the guard wheels 40
contact the position-adjusting members 116 provided to
the side walls of the protection track 14, as a result

the direction of the protector arm is corrected so that
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by the vehicle attitude correction neans 114 to the
initial original attitude or desired attitude. The
vehicle attitude correcting sections 118 are
preferably provided near each station in order to keep
a correct clearance between the vehicle and the

pl atform of the station and near each ram fication

poi nt. According to the first enbodi nent, the
electrically driven oil hydraulic actuator 36
provided with the variable speed, reversible rotation

78 d - di sch 76 d
BB e nf e bR LR T G Bt FoR ot Hibr ki Ry 61t 0P
@&gcqpnmoul%o@y 'rg;%ﬁ/@étﬁmge @rp@e@,,laeevagaubg €f the

rotation notor two-way di scharge punp 76, so
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- orifice, etc. in the hydraulic circuit 82. Therefore,
enet gy tl ossyswherg ofal hchatelduel etocehe sf dinet Eonviegggus

in the hydraulic cyllnder 60 and.  that due to flow
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of electric power is saved and energy is saved

dr amaéi oahliy:las eonpanetk webh ridee: iconverkitdrals 118 are
r'Sgg%ggggly'provided,near each station in order to keep
a correct clearance between the vehicle and the
~platform .of the station and near each ramification
point.

According to the first embodiment, the electrically
driven o0il hydraulic actuator 36 provided with the
variable speed, reversible rotation motor 78 and
two-way discharge . pump 76 are adopted and the flow
amount ad flow direction of working oil are controlled
by the variable speed, reversible rotation motor 78 and
two~-way discharge pump 76, so it is not necessary to
provide a control valve, orifice, etc. in the hydraulic
circuit 82. Therefore, energy loss other than that due
to the friction loss in the hydraulic cylinder 60 and
that due to flow resistance in the circuit 82 can be

eliminated.

When the actuator 36 is not operated, operation of
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Further, as a control valve, orifice, etc. are not
required to be provided in the hydraulic circuit 82,
conmposition of the hydraulic circuit become conpact,

a special space for conposing hydraulic circuit is not
required and piping is mnimzed resulting reduced

fear of oil leaks. Therefore, the hydraulic circuit
82 can be attached easily to the bogie where space is
very limted. As the drive directive to the variable

speed, reversible rotation notor 78 can be given by a
ontrol ., progra he_vari abl e spee reversibl e
T a7 Ror BV caf tHe 1ok 1§ EORPEGArdC aRE 7Aeand
#1950 2 {8 aG &L 11 L8l St ge 1o &k YPER 4EXCeSH s umpt |
react?gn orcéﬁfg a Bﬂggg the nn?% 78. Furf%er?mgslon
dhe dyseauliicc poieu t 182 issvadmpased a§neﬁ%€]| osed saved
circuit and working oil noves between the both
decamatior rlopnsasef thengwdedul We tdyl i bider whervéehgional
pi ston 6l c of the hydraulic cylinder 60 receives
32 -6% ‘force applied to the guard wheel s 40 when an
ab rqﬁgity occurs in.t mat i c .st.eerin

aut o nmechani
34 B0 B 8% ar AT o b BonPAY T pPotect ton ot
1d@6Krelid e f YL LXGLHEH LG agidiat o536 1due dorther 82,
reaction force’is snmaller as conpared with a case a
dahpostrawn toypeclast hatioruls @doptedi tApeldwands etbebact,
val ves 86a, 86b are provided to limt
a special space for composing hydraulic circuit is not
required and piping isminimized resulting reduced fear
of cil leaks. Therefore, the hydraulic circuit 82 can
be attached easily to the bogie where space is very
limited.

As the drive directive to the wvariable speed,
reversible rotation moter 78 can be given by a control
program, the variable speed, reversible rotation motor
78 can be easily controlled, and the motor 78 can resist
damage even when excessive reaction force is applied
the motor 78.

Further, as the hydraulic circuit 82 is composed as
a closed circuit and working oil moves between the both
actuation .rooms of the hydraulic cylinder when the
piston 6lc of the hydraulic cylinder 60 receives

reaction force applied to the guard wheels 40 when an

abnormality occurs in the automatic steering mechanism
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maxi mum pressure in the hydraulic circuit 82, pressure
in the hydraulic circuit 82 does not exceed a
perm ssi bl e pressure. Further, as the hydraulic
circuit 82 is of a closed circuit, the hydraulic
cylinder 60 functions as a danper. Therefore,
traveling of the vehicle guided by the guard wheels
is stable even when an abnormality occurs to the
automati c steering nmechanism Further, as a clutch
and ball screw which inevitably acconpany friction

sse re not_used eterioration in control. . .
R8T e o et e TR PR o8B! RetP b Rp e igp track
P OVicdiRG: the. FORPERIAL QN LE L EUBL BhLANSi ShéNPeathion
the mcro-shuttle valve 88 and oil storage tank 84,
tfibtter ercenkel veenz andunbs refd ivifdlowa andseutf bawl screw
working oil in the hydraulic cylinder due to single
Fpde eypferatorheshydierted.cylinder can be
conpensated, and the suctjon and dlschargg plltgggunt
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or station part or ramfication part, is judged by the
beack sisflorerapires guudgi ng means 108, and operation by
the normal traveling control neans 110 or operation by
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circuit, the hydraulic cylinder 60 functions as a
damper. Therefore, traveling of the vehicle guided by
‘the guard wheels is stable even when an abnormality
-pccurs to the automatic steering mechanism. Further,
as a clutch and ball screw which inevitably accompany
friction losses are not used, deterioration in control
performance caused by fricticon does not occur.

By providing the compensation circuit 84 consisting
of the micro-shuttle valve 88 and cil storage tank 84,
difference between amounts of inflow and outflow
working oil in the hydraulic cylinder due to single rod
type of the hydraulic cylinder can be compensated, and
the suction and discharge o0il amount of the two-way
discharge pump is balanced with each other resulting
in smooth operation of the pump.

‘The system is composed such that where of the track
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based on the judgnent, so safety and reliability of
the automatically steered traveling of the vehicle
are increased, and efficient and high speed traveling
of the vehicle can be nade possible. Further, when a
trouble occurs in the steering nechanism the guard
wheel s contact the side walls of the protection track
and the vehicle 12 is steered by the guard wheels 40,
that is, the vehicle 12 is guided by the guard wheels
40 and protection track 14, so safe traveling of the
ﬁhlc g.ii uar%nteegﬁ$¥en t|on occur i@t
tHE ErBaFitfy rebhanism and 5%%8‘ Eﬁ‘& r8||88| iy Pt
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steering me¢hanismis conposed such that the tie rod
B82achkohiwaciya €xbangiag isieard Ngs aX 08, 28ad @pdration by
backwardly extendi ng steering arm 30a are provided
Bahd memfarlohmmlein@fcmereﬂdeea@sap;é,IOi ed opered @ by

turn the wheel the actuator, 36, so the_wheels of
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and constituents the sane to those of the first
enbediamend, aserdi adifdatiethtbyahliehsagie spef@reneeeling of
nuner al s, of whi ch explanation is omtted.

the vehicle can be made possible.

Further, when a trcouble occurs in the steering
mechanism, the guard wheels contact the side walls of
the protection track and the vehicle 12 is steered by
the guard wheels 40, that is, the vehicle 12 is guided
by the guard wheels 40 and protection track 14, so safe
traveling of the wvehicle is guaranteed even when
malfunction occurs in the steering mechanism, and
safety and reliability of passenger transportation can
be secured.

Further, the steering mechanism is composed such
that the tie rod 32, forwardly extending steering arm
28a, and backwardly extending steering arm 30a are
provided and the front wheel of one side is applied
force to turn the wheel. by the actuator 36, so the wheels

of both right and left sides can be steered steadily.

[The second embodiment]
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As shown in FIG 11, The fundanental structure of the

steering nmechanism?26 is simlar to the first

enbodi ment. The second enbodi nent is constructed by

adding to the first enbodi ment restoration spring

devi ces 124, and other than this is the same to the

first enbodi ment. Each of the restoration spring

devices 124 is a device conprising a spring nenber, a

coil spring for exanple, to push the protector arm 42

in order to allow the guard wheels 40 to take a
q% p03|t|on n. th rofection #rac
cc
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Is steered guided by the guard wheels 40,

protaet @n r sar kb d SmahkQwach d @:c&mmi:tden\sMst hthtdwesame to
vehicle traveling direction by the restoration spring
thvisseofoghe Thesefenkbodimenveking d nchicataddby sthaplspme
even when mal function occurs in the automati c
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effective. According to the invention, in a tramay

énbosliimerytst efhwi tded@md- saftediment ol si oo chuated by
vehicle provided with guard wheels travels while
adtdamat | Eal I9he stfdarsld oMo pivenst abe s 5R&EG ek spring

gé?f\ilcdeesdl\ﬁﬂ&lt,hagd other than this ig the same to the first
embodiment. Each of the restoration spring devices 124
is a device comprising a spring member, a coil spring
for example, to push the protector arm 42 in order to
allow the guard wheels 40 to take a central position
in the protection track 14.

According to the embodiment, whenmalfunction occurs
in the automatic steering mechanism 26 and the vehicle
is steered guided by the guard wheels 40, the protector
arm 42 is allowed to coincide with the vehicle traveling
direction by the restoration spring device 124.
Therefore, the vehicle .can travel stably even when
malfunction occurs in the automatic steering mechanism
26. Particularly when traveling at high speed, control
of the wvehicle is.difficult and the vehicle tends to

travel snaking its way, sgo the provision of the
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protection track, sinplification in construction and
wei ght saving of the automatic steering nmechanism and
space saving for the installation of the nechanism
can be attained, and reaction force exerted on the
automati c steering nmechani sm caused by reaction force
whi ch the guard wheels receive fromthe protection
track due to contact of the wheels with the protection
track when mal function occurs in the automatic
steering nechanism is reduced, and stable traveling

of the vehicle i.s secured. 3 AIMS 1. A tramway
PPANSI ShRE AP o %vacséhﬁaqé lf’rﬁ\flflesc%}‘é‘ﬁg a
pr%@g&gﬁ'ﬂn%;ﬂe@ot ft%%kziﬁl‘@éﬁ%"%&,hei%vﬁh'tqa%béy transit
provided with a steering nechani'sm having an

eleelehd CRliky dFhvenseifle hydhaiicn aghuatRi cW th vaicdle
front wheels and rear wheels of the vehicle are

prresriet dutidriapiucatd yhedles ttrracke 1 s i bV e dedt winkly iacally
protection track |laid down on the track, the vehicle
FEeprad detl Wi thra-§8&ed Whtlet dadsdtbk yPRAVIIie Gt with a
| east .a pair_of . guar.d eel's ich .protrude_into a
BFoSve SO Tedhig actmtht T Sk M rLE LR ablinigh and
pedgmmaklbs i 1heyeeh AL ud dnf P c R L 30 of RBEHRAH sm, and
respectively under the vehicle, an iInterl ocking
Bpakansaming previdedi sotaflhalit foset @hd mB@hanism, can

connecting centers of the pair of the guard wheels is
deresté&d imed he snderkragorEchanisirce exerted on the

automatic steering mechanism caused by reaction force
which the guard wheels receive from the protection
track due to contact of the wheels with the protection
track when malfunction cccurs in the automatic steering
mechanism, is reduced, and stable traveling of the

vehicle 1s secured.
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in the sane direction of the front wheels or rear

wheels during traveling of the vehicle, wherein said

el ectrically driven oil hydraulic actuator conprises

a hydraulic cylinder having a cylinder rod connected
via a novable rod to at | east one of right and |eft
wheels of the vehicle, a two-way di scharge punp which
can supplying working oil to both actuating roonms of
the hydraulic cylinder, a variable speed, reversible
rotation notor for driving the two-way di scharge punp,
39 and a cl osed hydrauli Sﬁﬁéﬁg t including the

two-way punp and the hy cyl i nder and havi ng
relief wvalves for releasing the working oil to an oi
storage tank when pressure in the hydraulic circuit
gxceeds a rfphesgribesnperm sgebkt pLaSSiich2.a Avehicle
tramway transit system according to claiml1, wherein
theveyls ndépnode op reaiak thyldt aghiedd cytender wndregai dtche
guar.d wheel assenbly are connected by neans of a )
Hebr&dicat S IPARYAEEHR M Sy %%F@ﬁ?léltgeé‘}‘?%aeflsf‘héla‘”ng

yehicl oL 5 commensated by ceaction forge the. guard ysen

eel’'s'recerve fromithe protecti‘on trac

gHae whaet syceBtachnbhesidgalls 9F the 9L9ave Ofare
the protection track. 3. Atrammay transit system

aceerdidigatibombaiimallywhehe ntidch dase ddei Qydr adldtc a
cylinder is of a single rod type a conpensation
prpt@at ienpiveicded &l tdhewn on the track, the vehicle

is provided with a guard wheel assembly having at least
a pair of guard wheels which protrude into a groove of
the protection track without contacting side walls
thereof at a front part and rear part respectively under
the vehicle, an interlocking mechanism is provided so
that a center line connecting centers of the pair of
the guard wheels is directed by the steering mechanism
in the same direction of the front wheels or rear wheels
during traveling of the vehicle, wherein said
electrically driven oil hydraulic actuator comprises
a hydraulic cylinder having a cylinder rod connected
via amovable rod to at 1least one of right and left wheels
of the vehicle, a two-way discharge pump which <an
supplying working oil to both actuating rooms of the
- hydraulic cylinder, a variable speed, reversible

roftation motor for driving the two-way discharge pump,
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closed hydraulic circuit so that difference between an
anount working oil flowng into one of the actuating
roons of the hydraulic cylinder and an anount of
working oil flow ng out fromthe other actuating room
of the hydraulic cylinder is conpensated so as to
equal i ze suction anobunt and di scharge anount of
working oil of the two-way di scharge punp. 4. A
tramway transit system according to claiml1, wherein
the cylinder rod of the hydraulic cylinder and 40 t he

e L
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I C cy mvay transit syste
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device is provided o which an end is fixed to the
vehkchbebogy cmmli theinthiee heddaivsl ¥¢ xetrcoithexgeads a
wheel assenbly so that . the restoration spring device
RPPErEd st | RGBS P t RES S§HLRY- wheel asserrbl y so
hat the_ center line co nectln center
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said guard wheel assembly are connected by means of a
mechanical link mechanism, whereby steering of the
vehicle is compensated by reaction force the guard
wheels receive from the protection track when the guard
wheels contact £he side walls of the groove of the
protection track.

3. A tramway transit system according to claim 1,
wherein in a case the hydraulic cylinder is of a single
rod type a compensation circuit 1is provided to the
closed hydraulic circuit so that difference between an
amount working o0il flowing into one of the actuating
roomscﬂ?thehydrauliccylinderandzﬂ1amountofworking
0il flowing out from the other actuating room of the
hydraulic cylinder is compensated so as to equalize
suction amount and discharge amount of working oil of
the two-way discharge pump.

4. A tramway transit system according to claim 1,

wherein the cylinder-rod of the hydraulic cylinder and
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the movable rod which extends obliquely to the cylinder
rod are connected to a linear guide supported by a
linear rail slidably in longitudinal direction of the
hydraulic cylinder.

5. A tramway transit system according to claim 1,
wherein a restoration spring device is provided of
which an end is fixed to the vehicle body and the other
end is fixed to the guard wheel assembly so that the
. restoration spring device applies spring force to the
-guard wheel assembly so that the center line connecting
centers of the pair of the guard wheels is always
directed in the same direction of the vehicle straight

traveling direction.
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