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1 Introduction

The working papef describes a number of advanced transport systems
currently under development. The systems, llsted 1n Appendlx A, have
several‘elements in. commnon ;- T

. -_‘They are automaxed systems. ‘None of the vehlcles need or -are
'-_1ntended to carry a driver (although manual operatlon ‘may be
&an Optlon) Stations may or may" not .be- manned dependlng on
-1nd1v1dual clrcumstances. . .

o . They use a reserved track for safety. and Operatlonal reasons._f

. Their veh:cles are generally smaller than those used in:
conventional urban transport. The largest vehicle described
is 2.5 m wide 3.1 m high and carries about 50 passengers, while .
the smallest is 1.5 m wide 1.8 m hlgh carrylng -3 paS°engers.

«  They are under serious development by or in a35001a$10n with
large companies often with government assistance. The .only
exception is Cabtrack which was being developed by the UJX.
Government, ‘but whose development has now stopped. Chauv1n13m
persuaded us to include it. A full list of all ideas and
1nnovations, many of which have not reached the prototype. stage-

- is given by, “Unconventlonal Pasqenger Transportatlon Systems"
U. I.'I'.r. 1973 (306p) .

Chapters 2 to T descrlbe some of the technlcal and economlc features
of the 24 systems lncluded in the review,

2 Service Potential under Automation

Automation offers a number of different opportunities in the
provision of transport services. The most sophisticated service is provided
by the 'autotaxi' type systems. ‘'Autotram' type systems can offer a
'line=~haul' service similar to current public transport practice but.
numerous suggested variations may lead to service improvements.

Autotaxi

Autotaxi - sometimes referred to as 'true PRT' - provides a none
stop personal on-demand service for passengers. Intending passengers
arr1v1ng at a station board a waiting vehicle, or, if one is not available,

an empty vehicle is directed to the station by computer control. The
passenger, having made his d estination known to the computerised
controller is automatically carried to his desired destination without
stopping at intermediate stations. The passenger has exclusive use of his
vehicle which he may, of course, share with his friends and associates,
The carrying capacity of the vehicles is unlikely to exceed 6 passengers.

¥
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. The transport system Will'éontéih'a'numbéfudf:éfaiioﬁéFCOnnected by
a track network ensuring journeys bhetween any two statiors dot not

- require changing - vehicles. Stations will be situated on short. loops

off the mainline (offline station) to enable. passenger—carrying vehicles

%o by-pase stationary vehicles, Main lines may be one—way to avoid
complicated junctions and keep visual intrusion to.a minimume Sophlstzcated
control systems will be required to monitor vehlcle movements. Close

headwsy operation (<5 seconds ). will be required to cater for typical flows
found in urban areas.  Methods must also be evolved for. the merging and
routing of the automatic vehicles. Systems Al - 10 demonstrate examples

of the autotaxi variety. L : ‘ SEARRAS ,

Antotram

The 31mp1est autotram system operates as a 11ne haul: serv1ce.

'Véhlcles operate on a fPived' route stopping at all stations which are on

the main line. Different services use different tracks and for certain
trips this will involve passengers changing vehicles at intermediate
stations. Numerous variations on this well known type.of service have
been evolved: attempting to approach that offered by antotaxl

without incurring the extra cost.: B R R

§ Changing vehlcles can be. avoided by d931gn1ng ar system of routes which
connects all stations to 2ll stations. In extended. networks this. may
involve a prohibitively complicated (from the passengers as well as the
operator's viewpoint) set of services. The time: spent waiting fora’

direct vehicle may eventually outweigh the disadvantages of changing
vehicle. Average trip speed might be increased by the use of different
services along the same route (express services, 1nterm1ttent1y_stppp1ng'

or perhape more complicated patterns not involving changes). Anothor

widely canvassed alternative is to provide defined services in the peak
hours stopping at all stations, when high levels of passenger flow and high

‘vehicle occupancies are necessary, and an 'on-demand® service in the off-peak

period, which may be of the pure autobaxi type.- a non-stop journey
for each travelling party. Alternatively it may provide a jitney-type
service where a central computer faced with various journey. demands from
passengers maximizes an objective function which may allow" cab—sharlng and
limited utopplng to pick up and put down passengers. This type of operation
requires .  sophisticated vehicle marshalling techniques
together with a 61gn1flcant information exchange between passengers and the

system.

All these improvements to the basic pattern invelve off-line
stations (4o avoid stationary vehicles 'blocking' the line) and more
sophisticated control techniques to allow route selection. Systems of
the autotram variety are demonstrated in All -« 24. In most instances the exact
type of mervice to be offered is not determined.
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3. -Suggort, Proguléion Guidance and Switchigg of Veh;cles

The princlples of support propu151on,guidance and sw1tch1ng for an. .-

automatic vehicle need be no different from the methods already familiar -

on railways. However, $he ‘operating conditions of an automated urban
transport are _sufficiently different to have. .encouraged alternatlve solutions

;_to the basic problems of Bupportlng and movxng a vehlcle.._:.

The cond;taona that are dlfferent from normal rallway practlce and
encourage (or do not dlscourage) change ares - .

. The envisaged reductions in scale of‘the track and vehicles
" means that contimmity with existing systems is not an
" important issue.

¢« The 1mportance axtdched to routes in streets and near bulldlngS-
-necessitates quiet vehicles able to negotiate the tight curves
and steep gradlents found 1n urban streets. ' R

e Close headways between'ahlcles and short dlstances between
' stations increase the advantages obtained from hlgh raﬁes _
of acceleration and deceleration, . - :

Both the steel wheel of a rallway and a road vehicle' s pneumatlc
tyre agsist in the functions of supporting, guiding and propelling a vehicle.
There is a tendency in the development of automated systems to separate
the equipment fulfilling these functions, but the gystem.-developed at -
Morgantown by Boeing uses pneumatic tyres to achieve all three. Several
other systems use wheels for traction and braklng, but only the magnetic
levitation methods being developed by Krauss-Maffel and Rohr Corps.
combine guidarice and support with a separate means of propu151on. (1t
cannot yet be _ decided whether systems that combine these }
functions have any superiority over those where they are separate) .

'3}1 Methods of Sugport

Many means of support for gulded vehiclas have been suggested -
some ingenious such as sliding on a block of ice = but the principal methods
being developed for use in cities are:

. Steel wheelg on steel rails .
.  Rubber tyres on concrete or macadam surfaces
. Magnetic levitation by controlled magnets

. Air cushion suspension; the cushion being created by air jets
generated either on the vehicle or track,

All these methods have their own advantages and disadvantages.
Sometimes however these are confused by claims that some item is a unigque
advantage, when the item could in practice be added to any system, but
happens to be essential to the example in question.

B




31.1.1 Wheel Systems

A whéel permits motion along one—axis and resists motion
perpendlcular to that axis, i.e, in the axis of the axle. This is
usually beneficial for guided vehicle applications where movement is
only desired along one axis, It has been suggested that a mechanism.
enabling lateral movement would be de51rab1v,for docklng purposes in
stations. This could be arranged with wheels, but would necessitate .
. wheels: that caqtor,a moveable aactlon of track or a second set of whecls.. .

A vehicle wlth wheels does not consime energy whlle ‘stationary.
Lower energy consumptlon may therefore result on systems with short
distances between stations by using vehicles with whee1° as a high pro-
portion of gourney time will be spent at stops. .

Wheels do, however have the disadvantage of giving a vehicle a
high unsprung mass which can make suspension design more diffioult
and. owing to théir admittedly low rollzng r851otance consume  somée’ power-
when 1n motlon.. :

Steel wheels on steel faiis

Conventlonal coned wheelsets have been used for urban rapld transit
for over 100 years. They have lately been compared with ‘systems u51ng -
pneumatic tyred wheels and air cushions in amongst other places, Parls,
_Manchester and Callfornla

h1spime of the universal acceptance of the nteel wheel for use w1th
'metros' there is only one proposal (Pullman G1lideRide A9) 1o use them
for automated transport. However, they were considered during the early
development of Cabtrack and were belng deveIOped by Demag for thelr
Cabinentaxi at one tlme.

Three dlsadvantages of steel wheels are usually advanced ia) It is
difficult to design a switch for steel wheels operated from ‘on~board
the vehicle, (b) steel wheels are limited in the adhesion they can provide,:nd
(c) they can be noisy. In addition a less frequently considered drawback (d)
is their llm1ued ability to negotiate tight curves.

(a) On-whicle switching mechanisms have been designed for steel
wheels ‘but they do not have the simplicity of some of the
alternatives., If track switching is used, the system is
unlikely to be applicable to a dense network with close’
headways. :

(b) Steel wheels provide less adhesion than pneumatic tyres
except under icy conditions. The coefficient of friction
employed for determining the starting load for rail loco-
motives is 0.24 and rail adhesion in Britain very rarely
falls below Q.2 even with the threat of oil on the track from
diesel locomotives. Therefore the adhesion required for an
acceleration of 0.l5g usually specified for wehicles with
stending passengers can probably be reached, whereas the
higher accelerations of about 0.25g used in most taxi systems
could not be guaranteed.
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(¢) Although existing steel wheeled vehicles are generally
' noisy, ‘it has been shown that well designed trams can be
as quiet as rubber tyred vehicles. This can be greatly
assisted by a suspension design that reduces flange contact.
and 1ncorpora$es some r98111ence 1nto the wheel 1tself._ v

(d)- Existing. de31gne of standard guage vehlcles usually have o

7 heavy flange contact when negotiating curves with radii.
less than about 200m. It seems likely that this can be
greatly reduced by using a narrower gauge, a carefully
designed. wheel profile and a means of keeplng the vehicle
‘axles as near as possible radial to the ourve: but there
is no knowledge of how small a curve could be easlxy and
n01selessly negotlaxed. o

- Rubber Tyreé'onxceherete or Macadam

Rubber tyre suspens1on has been extenszvely developed for ' R
road-vehicles . and several developers of automated vechicles have - x
adopted very similar techniques using largely the same components :

(L.T.V. Airtrans, Boeing-Alden P.R.T., Hawker Siddeley Minitram). Others
rely on rubber tyred wheels but have made major adaptatlons in use (e.g. ' =
~ Rohr Monocab, Demag Gabinentaxl, Aerospaoe P.R.T.) S ' '

Rubber tyres have more reslstance to motion than steel wheels and

. therefore have not been favoured for high speed railways or heavy goods
haulage by rail. In urban transit other factors than traction economy
become significant. Tyres are probably superior to steel wheels in _
conditions where tight turns, steep gradients and frequent switching are
encountered. They do however, usually incur penalties of about 8 times _
as large a rolling resistance compared to steel wheels, at least one set
of wheels must usually be steered or allowed to castor on curves and
guidance and switching equipment also tends to be larger than for steel
wheel vehicles.

A balance can be obtained between the rolling resistance of a tyre
and its adhesion and quietness. At one extreme is the policy pursued :
by Demag of using separate tyres for support and guidance. Their 7
tyre is solid and runs on a smooth steel surface. The coefficient of
adhesion, the rolling resistance and noise are all small while traction,
braking, guidance and switching all have to be supplied by other means.

At the other extreme the Boeing vehicles for Morgantown use their
rubber tyred wheele for support, traction, braking, guidance and :
switching. The tyres need to be able to supply sufficient acdhesion for
the fore~and-aft accelerations incurred in traction and braking and the
lateral accelerations experienced in guidance and switching. As these
characteristics must be maintained in all weathers, the tyres need to have
a tread pattern in addition to being of reasonable diameter, pneumatic
and constructed of high hysteresis rubber, .To complement this the track
must be constructed of a material such as concrete or macadam that can
give good adhesion under various weather conditions.

Between the extremes mentioned above there is spectrum of designs
some with linear motors for traction and braking, some with arms giving
lateral guidance and switching independently of the wheels and some
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whlch biss the steerlng, but rely on an alternatlve means of guldance ﬁr

-switchinga

The general trend is %o use separate equlpment for each functlon on
gsyetems with more sophlstloaied control requirements and to combine the
funotions mentioned above in instances where the headways and routes are
less demariding. Thie seems logical since methods that- comblne these

'_functlons tend to have 1ower performance.

The Demag Cablnentaxl and Aerospaee P.R T. systems have some of the
highest performance requirements and have the functions of support, guidance
and propulsion completely separated, but the Matra Aramis system, although
employing very close headways, hes propulsion and support combined and relies
on wheel adhesion. :

3.1.2 Magnetlc Lev:Ltatmn o

Inﬁerest in magnetlo levitation has developed very recently and Las
centred on methods that usehelectro -magnets that are attracted to steel
rails(see: Krauss-Maffei,A16;Ronr 'Romag',A19), Other magnetic and electro
magnetic methods have been conszdered, but are malnly appllcable to high
speed vehicles

The magnets can either be used purely for-support.or-forfboth support

-and guidance. For support, in which control is required in the vertical axis,

servo control of the electromagnets is necessary as they are unstable {(the
attractive force increases the closer the two surfaces are to one another).
Laterally the magnets are stable and they ‘tend to centre themselves over the
steel in the track. Some systems use this characteristic to give ‘lateral
guidance (eops Kransg-Haffei TAKD). The electromagnets may be either i the
track or on the vehicle. The passenger compartment may be above or below

the track. Both the systems under serious development (Rohrq ‘Romag' and
Krauss Maffei's 'PAXT!) have electromagnets on the vehicle and the passenger
compartment is above the track., The vehicle i also mechancially prevented
from severe lateral or vertical movement which’ mlght remove it from the track.

There are developments which combine support and propu151on, but in its most

~asual form a magnetically suspended: vehlcle would nped a separate propulsion

system such as a linear elsctric moror.

Mdgnetlc lev1tatlon, of the form described, reélies on an dctive
sugpension, to retain-a gap belween veh1olnr and trari and give a smooth
ride to passengers. The suspension depends on ‘z complex eloctronlo nyqtem
which must measure the vehicle-ito-track gap and probably algo the valocity
and accelerabion between the two, then translate this into a stabilizing
fluctuation in the magnetic attractive force. It still remains to be seen
whether electronic egquipment carn be made %o operate reliably on a public

service vehicle: In other situations such s railways and buses electronic
equipment has not been found very reliable al least 1n1t1ally, but  the
unreliability has mainly been caused by v1bratlon whloh hopefully would be
absent in this type of system.

The power requirement for magnetic levitatisn has not been definitely estah-

lished . The D.C. power to levitate a vehicle without dlsfurblng forces

can be relatively oasily caleulated ond gives a power rowulromnni of obout

1 kil per tonne. Fairly complex simulation is requirdd t¢ assens the power
regquired when there are also perturbations in Z-axes (vertic 1 and hor130nta1)a
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The‘A.C;'component‘that is needed to cope with these force transitibné:
necessitates very much higher peek voltages (about 10 times) which in turn
need heavier insulation and possibly longer flux paths. S

| Vehicl¢

Armature rails en
the track: -
Electre-magnets -
= on the vehicle ..
RO NIRRT o B
Track

Magnetic levitation is likely to be considerably quieter than wheel
support or air support and the major noise source on an electric vehiole
may be the current collectors and possibly any necessary cooling fans.
This is one of the major advantages of magnetic levitation. In addition
it provides a method of support that is not seriously affected by small
radii curves and steep gradients.

Its disadvantages, apart from itz lack of development, are not easy
to be precise about. Its power consumption will he, 1% is expected, up |
to twice' as much as an equivalent pneumatically tyred vehicle depending on
whether support is to be maintained in stations. Maintenance will not entail
any standard replacements such as tyres, air cushion skirts or rails, but
it remains to be seen whether replacement of failed electrical components
amount to a significant cost. General reliability, as mentioned above iz
unknown. Switching by magnetic means will probably always involve a second
set of magnets, which will increase vehicle weight. Non magnetic methods of
switching would be less elegant, but may well be cheaper., -

Jele3 Air suEEOI't

Many forms of air supported vehicles have been constructed in the last
ten years. However, the layout that appears to have emerged as. most
popular for guided urban vehicles uses a flexible skirt or bellows on the
vehicle to increase the amplitude of permissible suspension movement.,

The vehicles being developed by Otis (A21) feed their air-cushion
from the vehicle: the vehicle being developed by Uniflo (422) feeds the
cushion from the track. Both vehicles can be moved laterally when the
normal guidance walls are absent. This is claimed as an asset by the
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developers, as it makes lateral docking in -statiﬁsi_eéﬂiex‘. ‘Station docliing' '

- is one of the principal extra asseis of air ‘cushion support exploited by
Uniflo and Otis. - R L ' - T R

The question of dooking has not been closely analysed, However, certain -

_comments can be made, All systems can be docked laterally, but it is likely
. to be easier with an air cushicn vehicle, Owing to-the limitations on .
-acceleration, tolerable by passengers, the docking manoeuvre will take a - -

- minimm of 3.5 8. It may well be that if any docking is used it wouldbe ~ .

preferable to move vehicles in a vertical direction to simplify passenger =
access to stations. - R o B T T

- Alr support, will pfbbably reqﬁire ‘more bbwer pe_i-_ tdhhe' of lba.d than any

of the other methods of support. The final answer to this is unclear. -Although
small air gaps require .low power input, skirt wear tends to be high
unless the track is very smooth and olear of debris. Air-cushions are likely

- to produce negligible noise although probably more than magnetic levitation.

.. They need a broad flat track whioch provides the most distinctive features,

~ Since the track has a distributed load it may need completely different ~

- 8tructural design oompared to say wheéel support. It is not yet known whether
this track would be cheaper or more expensive than track for concentrated -

- loads, Likewise, although Otis have demonstrated that an air—cushion vehicle
negotiates track debris well,air cushion vehicles require a track of a form:

- which is likely to trap debris, S L

}.21_' Propulsion’ .

" On board generation of propulsion power from fossil fuels is one of the
oldest methods of eupplying propulsive energy, but it is not normally
considered acceptable for new forme of urban guided transport owing to the
noise and pollution generated and poor economics when used for high density
flows, - ¢ o : ' ' : :

. The most common means of transmitting propulsive energy ‘to_vehicles now
considered is eleotrical. Mechanical methods _(c_a.blewéy’s',_ rack and pinion,
helical sorews) are still under consideration, but are not easily applicable
Yo networks. The only system that is actively boing developed but does not
rely on electrical propulsion is Uniflo. . 4ir from the track reacts against
vanes underneath the vehiole and imparts forward motion. Although this methed
is likely to be less efficient than electrical means per tonne of vehicle for
thermodynamic reasons, it permits a lightweight vehicle with no power vollection
equipment or motors on-board to be used. This may provide an economic solution
to transport corridors that have high flow densities, but in many urban
situations the high cost of the track will make the system uneconomic.

One developer (L.T.V. A5, A6) alsc has developed a system with the ‘major
propulsion ocomponent in the track. This is a system uging a linear induction
motor drive with the motor stator coils in the track. It has similar
advantages and disadvantages as those mentioned above for Uniflo. Aerospace
have used a stepper linear motor in their model vehicles partly,it is believed,
to assist headway ' control. However, it is not known whether they are
- officient in full size vehicles.

Electrical propulsion by means of rotary or linear electric motors has
become the most popular form  of drive, because they both avoid the
complicatione of on-board prime movers and offer the most efficient and
convenient means of utilising centrally generated power. :
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3.2.1. Propulsion by means of wheel adhesion and rotary electric motors

If wheels are employed to convert the torque of an electric motor into
thrust a whole range of types of electric motor can be considered. Howevery
the propulsion is dependent on adhesion being maintained; either by the weight
- of the vehlcle ‘or by means of two wheels clutchlng a rall (the Fell system)

© Rotary motors are, in general more efficient, 11ghter and cheaper than
existing linear counterparts. At the ‘gpeeds in qusstlon, rotary motors are
lighter because they can be geared with the relative speed between rotor: and
stator being faster than that of the vehicle. However, rubber tyred vehicles
would probably also need separate motors elther 91de or a dlfferentlal in
- order to negotlaxe curves. S S :

Although the electrlcal concepts in llnear and rotary motors are the game ,
some layoubs are successful in the one form and not the other. Gramme-rlng
wound motors and transverse flux motors are not viable in rotary form. DiC.
llnear motors are rare, but are the best known form of rotary tractlon motor..

“The use" of rotary motors and wheel propu151on in the future’ w111 1arge1y
depend on developments in control methods and of linear motors, as these are
progressing faster than the development of rotary motors. If linear machine
efficiency and costs continue to improve the rotary mctor—gearboxuwheel
combination might be outclassed while developments in D.C. motor control methods
might favour rotary machines and developments in variable frequency A. .C. control
favour linear machines. At the moment the rotary motor is 8 cheaper; 11ghter
and more reliable drive than the linéar motor.

3.2.2-L1near machlnes

The serious development of linear electric motors has occurred in less
than ten years, thus their final potential is not yet known. Unlike a rotary
motor the relative speed of the rotor and stator is determined by the speed
of the vehicle.. The most eoconomic relative speseds are llkely to be over
200 km/h for normal A.C. electrical frequencies. Most urban vehicles will
travel well below ideal motor speeds and will therefore incur a welght
penalty. In addition all types of linear motor suffer from endlosses which
do not occur with rotary machines. A= the two main components- of the motor
are split between the vehicle and the track and need to remain in close B
proximity for efficient operation, the suspension of the vehicle needs to
- cater for opposing demands: a motor that must follow “the track with some -
precision and a passenger compartment that must be given a smooth ride. This
has meant in some instances that the motor and cabin must be provided with
separate suspensions. Nevertheless the gap between rotor and gtator on
linear motors is usually about 12 mm compared with about 2 mm for rotary
motors. These problems also apply to the L.T.V, Lectravia that has the main
motor windinge on the track.

Most early development of linear motors was concerned with double sided
machines in which two stators (on the vehicle) sandwiched a reaction rail (on
the track)e This provides a most efficient form of motor, but has largely
been superseded because the rotor rail, which is usually made of aluminium
about 5 mm thick, is fragile and hinders track switching. The single sided
motor is now more usual. There is one set of stator coile on the vehicle
suspended above & flush reaction rail on the track. Although this layout
ig a little lees efficient it hag been adopted by many developers for its
simple track configuration. The forces between reaction rail and stator
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‘are in this design unbalanced and vary from an attractive force to a repulsive
force as the vehiole speed increases. This will further complicate suspenseion
design and may necessitate elther a .separate support structure for the motor

or an active suapen31on. '

_ A llnear motor drive enables electrlo prOpuls1on to be used on non—contact
- vehicles and means that wheeled vehicles can operate without reliance on
adhesion for propulszon. ‘The motor is simple and’ avolds mechanioal drives.,

However, its disadvantages should be recognlsed -

(a) The track must include a reaction rail (or, in the case of lectravia
stator coils).

(b) The motor and. power control system are more dlfficult to de31gn than
for rotary machines, A cheap design gives poor performance in one -
of the following areas: power factor, vertical forces, motor/oontrol

‘weight, vehicle performance.

(¢) - The suspensmon of the vehicle is oompllcated by the gap and force _
problems mentioned above. : _ R L

(d)- The power factor of the motor is poor (about 0.5 compared to about

0.9 in rotary motors) this can either cause more expensive power
" equipment to be neaded or require heavy power. rectification equipment.

Table: Some types of electric motor applicable to traction purposes,

Hotary Motors _ Linear Motors
Series Field DeCo Longitudinal flux 3 - phase A.C.
Seriea/Parallel_field compound. D.C. Transverse flux 3 =~ phase A.C.

3 - phase, low frequency A.C. Gramme=ring wound 3 - phase A4.C.

3 ~ phase variable frequency A.C.
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342.3 Energy Consumption

~ The pfimary ¢auses of energy dissipation by a vehibie in motion are air -
resistance, braking and suspension losses.. For a typical urban vehicle, the
following table shows how the losses .are distributed for different: forms. of
suspension, - . ‘ o - o o
. Table: Enefgy'1o$éés"iﬁ:kwh/fbnné km
Distance between station 1 km

1. To. overcome air resistance and supply kinetic

~energy (dissipated during braking) 0,033
2. a) To overcome tyre drag (typical) . S 04,035
b) To overcome steel wheel drag (typical) o D004
¢) To supply air pads . ‘ e c 0605 s
- d) To supply electro-nagnets S 0404

' é(c)'andfa(d)”will'ﬁéry'with'air gap height (figures shown relate to clearances

of a few millimetres) and contain no allowance for use of active suspension
while the vehicle is stationary. ‘ o

The values given above are estimates of energy output; the input must

. account for inefficiences, For;a.tyrensupported‘rotany-motor-driven vehicle,
efficiency will be about 80%. The total output of 0,068 kih/tonne km.

- tabulated above would require an input of about 0,084 kWh/tonne km, Extra
losses may occur durirg acceleration. Using series resistors — the most
inefficient method ~ the required input might be raised to 0,103 th/%onne km
giving an overall efficienoy of only 66/. Linear motors are generally less
efficient than rotary motors. - :

3.3 Guidance

_ Vehioié-guidance solely by a signal has not been favoured, and some form
of physical barrier is usually provided, The form of guidance in the vieinity
of a switch may differ from that elsewhere in the gystem. :

A common form of control employs an arm which locates on a rail or in
a slot and directly restraine lateral movement of the vehicle., There may be
two alternative rails or slots and the vehicle can, by a simple mechanism,
latch on to either and thereby be made to take either of two routes at a
track switch. (The L.T.V. lectravia is an example of this method). 1In s
simple extension of the method the vehicle sits in a trough or straddles a
beam and a guiding arm is only used at switches. This approach is used, for
example, by: Matra Aramis, L.T.V. Airtrans, Hawker Siddeley Minitram.

Other forms of guidance allow some latitude in vehicle movement, Steel
coned wheels return a wheelset to a central path by means of the difference
in rolling diameters of an offset wheelset, Finally, if a lateral oscillation
becomes too large, lateral movement is restrained by the wheel flange. 4
similar situation occurs with vehicles that employ biased steering of
pneumatic tyres. Instead of following a central path, a normal Ackerman




f?3.4 Swatchlng

proposed.

e "]Lf.- Bl

ateerlng is biased o seek either the left or rlght wall of a channel. An

arm neutralises the steering bias when near the walle. The blaa towards either
‘wall can ‘be employed as a method of choosing two v 7 ab a junction

(Boelng, Morgantown) This form of guidance relies ‘on; wheel adhesion and is
thus less: sultable when: ‘high rates of lateral acceleratlon are contemplated.

- The Krauss-Maffel TAKT gystem, relles as mentloned 1n Sectlon 2.1.2 on
the’ natural stablllty of 1ts support magnets. : L .

Methods of‘switchlng are- usually divided 1nto two groups those in’ wh1ch

: a change in ettitude occurs on the vehicle and those in which a change occurs

on the track. . Vlrtually all-developments in guided. tran8port relied, until

- the last . few years,: on sw1tches in which the track changed. However, closer

headways can usually be obtalned by changes in vehicle attitude. A4 track

change must ocour:in the time interval between vehicles followzng one another
while a vehicle change must oceur in the time taken to ‘travel from one switch
to another. On a network system vehicle headways will generally be less. than:

_switch gpacing and ‘hence vehicle switch operation is usually preferred. On- &

line haul systems the cholce is less critical and both methods are often

The cost and Speed of actua$1on of a switch are usualLy closely rela$ed
to the size of element that ‘moves, The Westinghouse Skybus uses a particu—
larly. large portion of mov1ng track and has been criticised for this limita~

“tion in its deeign. . A conventional railway uses a small moving element.

Hence, Junctlons and Bldlngs can be built quite. cheaply.

In cases where 3w1tch1ng is carrled out by changes on—board'the vehlcle,_
the mechanism is usually small, comprising wheels that can be moved to engage
charmels either side of the track. However, a few of the proposals are large.
The L.T.V. Lectravia has a cumbersome mechanism stretching the whole 1ength
of the bottom of the vehicle. The Krauss-Maffei TAKT uses extra electro=
magnets for switohing. This avoids moving components but entaals addltlonal
weight and switchgear for large ourrents on the vehlcle. . :

4 Track Characteristiocs

The support track for automatic reserved track urban transport may
represent 50% of the capital cost of the whole system and be also the most
visible portion.

Attempts to improve the physical appearance. of the itrack may have a
great influence on the design and cost of track above ground, some on surface
track and almost none at all on tunnelled track. Since most schemes prow
pesed envisage a high proportion of overhead track, the problems associated

with track and vehicles dove ground have been most influential in
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détermihing.tréck'design. The most extreme of these are schemes fhé%.suapend
the vehicle from the track or ensure that vehicles can run in a stable manner
on a very narrow track. 'These are characterised by: Rohr Monocab, Siemens .

H-bahn and Aerospace. They give no advantage in a tunnel and are a dig=

~advantage at ground level. Thus they may carry a significant. economic disafj
advantage in any town where ground level and tunnelled track is preferable, ..

However for a network cab system where 2 high propQrtidnHOf,frapk;mtstfbe'Q;
above streets they may be attractive, - S R Co

|  4.1.1 Susgehdéd3vehicles'_

- “The principal objection to a track from which vehicles are suspended -
has already been mentioned: the inability to economize where surface level -
Vrack is permissible. There are, however, a series of other factors that.
need to be considered. : L ' &

.  Track support columns need to be taller than those for bottom =
supported vehicles by approximately the height ‘of the vehicle. -

o It is 'easier to protect the track surface'froﬁ'ﬁeafheffénd debris.
. '.'Ifmvéhicléafére allowed %o swing laterally, the.tfééE dqu:notf;ﬁ
need to react to overturning forces experienced by the vehicle.

4.1.2 Vehicles s  drted underneath b"smali cross'séétioﬁ.beaﬁs '

Only Aerospace propose to operate vehicles that rest. on beams of
similar size to suspended vehicles. Their scheme employs a vehicle
undercarriage that fits in a deep slot in the track and is stabilized by
wheels pressing on the sides. ‘ '

This proposal overcomes the problems of tall.éolumﬁs_enbbunféred vy
suspended vehicles, but does not gain their advantages of a protected track
with no torsional loads., ' :

The Krauss-Maffei TAKT system and the'véfy cdmﬁébi Damaé;Gabinéntaxi

use reduced track cross-sections, but not as small as those mentioned above,

In both systems the vehicle straddles a beam, but Demag have vehicles both
above the track and suspended from the track. These designs promise a less
intrusive track. They may be more expensive to construct and, owing to the
straddle vehicle, make switching difficult, ' o

4ele3 Track for bottom supported vehicles

The majority of system proposals suggest a track underneath the full
width of the vehicle. This configuration Bimplifies the design of guidance,
switching, power supply and vehiocle access at the expense of the factors
mentioned above, probably the most important of which are the intrusiveness
of the track and the lack of protection to its surface, Most systems use
gidewalls for guidance and switching but even these may be eliminated
(westinghouse Skybus). '

442 Methods of Construction

(See U.T.R.G. Working Paper No. 16).

-
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f4e2e1 Uverhead'Track::Fbundatione

Foundation methods are likely to be similar to normal civil engineering
practice. Methods can be broadly divided into: spread footings where a column
rests on a flat lump of concrete about 1 m below the surface and 3 .m square;
and piled foundations where plles - usually concrete 1n towns - are driven

'up to0.20.m deep.

'* Superstructure

Both eteel and concreie c0nstruct10n are sultable for track structures.
The cheapest track can usually be constructed from standard steel beams, but
this rarely looks attractive. Track that is acceptable in urban surroundings
is usually made from concrete,'as special sectlons are expen81ve in steel.
Two alternatlves that are. sometlmes favoured are...

N A gimple steel structure covered by 110htwe1ght steel panelllng.
This plan was adopted in Morgantown and is proposed by
Meseerschm1ttéBolkow—Blohm for their Cablnentaxl eystem.;

. A composite steel and concrete struoture has recently become
favoured for road and pedestrian bridges. This may offer a.
cheap means of building track that incorporates vertical and

- horizontal curves, but it has not yet been adopted For an
automated system.

Colunn spacing varies_befween 10 and 30 metres.

44242 Ground level'track

Although ground level track is not frequently dlscussed as an
alternative, both systems that exist at present, Morgantown and Dallas/
Fort Worth use long sections of ground level track. A considerable propore
tion will probably be used in most future propodals. Systems with intricate
methods of support such as the Krauss-Maffei magnetlcally.levitaiing vehicle
and the Aerospace vehicle gain very little from surface level construction
as the same formof structure is still needed at a lower level., However, bot-—
tom supported vehicles using wheels and air cushions can easily use cone
ventional road=beds made from tarmacadam or concretes These have been
extenaively developed and are much cheaper than overhead structures. Lateral
restraints can be also simply constructed from concrete or steel.

402 03 Tunnellad. TraGk

Like ground level track little emphasis has been devoted %o tunnelled
track by developers. ~ Although many towns might demand sections of tunnelled
track, many vehicles are built in a shape that does not use the cross section
of a typical tunnel economically.

The sizes of tunnel needed for automated systems (2 — 5m in diameter)
are frequently used for other purposes and thus constructional technigues
are well understood., Tunnels can either be bored or constructed by covering
in a trench that is initially dug. Whereas the trench or cut and cover
method is usually cheaper in open ground, in a city where it is difficul%
to obtain temporary possession of the ground above a tunnel and there are
many services under streets, both methods are similar in cost.
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5 Automatic Control Techniques

.. Control is the regulation of energy in rééponse'fb information.

Driving a car involves the processing of a large amount of information,

. some of it acquired en route and some memorised: at the start of a journey.
‘Because' a-driver makes mistakes during this processing; and because certain
‘information is not availablé (e.g. future positions of other vehicles),

' his performance falls short of the ideal. When the driving function is .
,transfgrred;tolautomatic-equipment; it is not usually convenient to place = -
211 the equipment, like the driver, on board the vehicle, ‘This is partly
because there is no communication system available as versatile as human

sight, so that vehicles msy need to communicate with each other via a
trackeide -intermediary. It is also because control equipment in a central
location is well placed to handle widespread phenomena like congestion and

gueueing. -~ - . .

Automatic vehicle systems consequently have their control functions
distributed between vehicle-borne and trackside devices. Indeed a three
tier heirarchy is common, comprising vehicle, local and central controllers,
linked together by a communication network. The vehiocle controller handles

‘active suspension, steering, motor control and the control of ancilliaries

such as heating. The local controller regulates the progress of vehicles
along the track or through stations, and also monitors the safety of their
motion. The central controller or computer is concerned with authorising
the despatch of vehicles, of foreseeing and preventing movement conflicts,
of regulating the supply of empty vehicles and of handling a range of
system disturbances. S R

5.1 Longitudinal control

The longitudinal motion of an antomated vehicle (as opposed to lateral
or vertical motion) is determined by the commands received by vehicle
motors and brakes. In a few cases the driving motors are not on beard
vehicles, (see LIV's lectravia, Uniflo), but génerally it is easier to
tranemit variable commands to a vehicle than to transmit a variable force.
These are often two control systems working simultaneously, one giving -
'normal' commands, and the second giving commands only in an emergency as
for example when the first develops a fault. Of the many possible ways of
effecting longitudinal control, three have been particularly favoured,
namely block control, marker—following control and yehicle~following control.

Block control as traditionally used on railways is well=-suited for
emergency signals. The track is divided into sectors, and the presence of

a vehicle in a sector causes an 'emergency stop' command to be displayed

at the entry to that seotor (or to the preceding sector)s Other less
restriotive signals can be located in the preceding blocks, warning any
vehicle there what lies ahead. The smaller the block length, the more
finely graded can be these advance warnings -~ for example each block can
be allocated a maximum speed based on the distance to the next vehicle
ehead (and also .on permanent speed restrictions due to track curvature).
Fixed block control is not ideal for normal running, partly because it
leads to rather inefficient junction control. Fixed block control is used
by LIV at Dallas Fort Worth airport and as an emergency back up system by
Boeing-Alden at Morgantown.

Marker—-following control, like fixed block, requires no direct
vehicle~to-vehicle commmication. It is a form of position control,
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insofar the future posifion of all vehicles is known within a small error;
it therefore permits simple yet efficient control at junctions. The
markers that vehicles follow are conceptual rather than mechanical: the
whole transport network is provided with traok_signals~that'define an end— .
less chain of moving points, At junctions two points coalesce into-one,

or one branches into two. - Vehicles are so-launched from stations as to - =
'attach' themselves to one of the pointss The term gynchronous control

is often given to this system and is the method favourgd:at:Morgantqwn.

"Véhicié—folléﬁing contfoigjalso'khéﬁﬁ'ésfésiﬁchféﬁdus:éontrol requires - ¢
- direct communication between vehicle, for example by some form of radar. If

a vehicle is running on empty track it obeye speed commands from the track.
When it approaches the rear of another vehicle it adjusts its speed to be
some function of spacing. This technique will not work when vehicles are on

~merging routes, where other measures have to be taken. The behaviour of
platoons of vehicles each using vehicle-following control has been studied

by road traffic engineers, some of their findings can be helpful in the design

- of automatic controllers. The Matra Aramis system employs vehicle following-

control to form and maintain tight platoons ('trains').of 4 seater vehicles.
MBB's Cabinentaxi employs the method for all normal operation.

52 | Mérging éontrol

Where two tracks gonverge or cross, it is not usually necessary to
give vehicles special steering commands, but it is. necessary to regulate
theéir longitudinal motion to prevent collisions. There are two alternative
philosophies for achieving this. Under deterministic control, a vehicle's -
entire journey is so planned as to avoid conflict with other vehicles at
merges. Under stochastic control, vehicles present themselves at merges
and a local controller sorts out potential conflicts. . :

The'deterministic approach is associated with marker-fcllowing‘

 longitudina1:contro1. Advance booking tables are used to effectively

reserve part of a junction's capacity. With appropriate refinements a high
usage of merge capacity (merges are often the main. system.bottlenecks) can
be obtained. The schedules of a conventional railway. are an example of
deterministic control: however the ability and practice of a railway system
to revert to local conmtrol following loss of schedule, makes the term
quasi~deterministic more appropriate., Quasi~deterministic also. describes
systems wherein the task of local controller at merges is limited to
rearranging the order of a few vehicles, the longer term arrival rate at

the merge having been kept within its capacity by means of careful
regulation of journey starts. ‘

Stochastic or ad hoc control of merges is most simply achieved using
"braffic lights', allocating the merge for alternating periods of time to
the two incoming tracks. The consequent queues result in journey delays,
and special arrangements are needed to prevent the queue at one merge
growing back through some previous junction. Both vehicle-following con=

trol and fixed-block working ave compatible with queue formation. Delays

at merges can be reduced if approaching whicles are individually inter—
leaved. This is possible with block control and possible but very difficult
with vehicle following control.
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.5.3 Routlng control

In contrast to the 51tuat10n ai merge p01nts, at dlverge polnts
special longitudinal control is not requlred ‘but special lateral control
is, The means of effecting choioce of branch at a fork is.discussed .
elsewhere: the making of the choice itself is called routlng. Four: generaT.
methods of routing can be distinguished ‘representing. the range from total
$0 zero vehicle autonomy. Then can be called route memory,- destlnailon
MeMOTY y vehicle 1dent1tx and pa331ve vehzcle methods.

If a vehlcle commences a Journey carrylng a set of 1nstruct10ns that

will lead it to its destination, no participation in routing is required
. from trackside equipment. The vehicle is, for routing purposes;. autonomous

like a car in a city gtreet. In order to work through its route memory, :

.-the wvehicle only requires notification that it haé passed a diverge. p01nt.
. The method has three weaknesses, viz. it is not easy to load the vehicle :.

with the routing 1nstructa.ons, its route cannot be altered once it has set :
off, and any error in execution sends it to the wrong dest1natlon. Otis v
vehicles 1ncorporate a route memory.

A vehicle can be loaded, at the start: of its ;journey, with: a record of
1ts destination. On approaching a diverge point the vehicle 'reads' the
trackside signpost, compares it with its destination memory and routes
itself appropriately. Alternatively, the vehicle commnicates its
destination to a trackside controller which employs a look-up table to
determine a switching instruction back to the vehicle. This method of
routing still requires that data be loaded into the vehicle's memory at ,
the start of the hourney, however it is flexible insofar as the s1gnposts
or routing tables can be altered while the vehicle is in motion.

A vahicle that carries only an identity number can be. so 1abelled‘
during menufacture - there is no need to load data at the stari of a. .
journey. However to route such a vehicle requires a trackside controller ‘
at every diverge that is &pecting the vehicle and has been informed what
to.do when it arrives. This vehicle 1dent1ty method entails much more - .
elaborame central control than the two previous methods;. indeed. the track— "

“side and central computers need to contain an 'image' of the vehicle. This

is sometimes called model reference control —~ the model of the vehicle

‘being a mathematical one. Most control systems use one of these methods.

Boeing employ the vehicle identity variation and Flyda the destination .
1dent1ty alternative. . _

A more extreme form of model reference control igs involved in the

" passive vehicle method. Here the vehicle carries no identification - only

its presence is dtected by trackside equipment from time to time, and is
used to confirm that the vehicle is progressing through the network in step
with its image's progress through the central computer's memory.

Bach of the methods above has its advantages, and of course in a
gimple line-haul transport system none of them is required. Making the
vehicle autonomous protects the service from disruption due to
comrunication breakdowns and central computer failures, but requires a
vehicle sophistication that makes the service vulnerable to other types of

failure.
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6 ECONOMIC COSTS -

Considerable uncertainty attaches to estimates of the economic coste
of urban automatic {transport systems. Many are still under development, and
detailed designs of track, stations, vehicles and dontrol’systems_have not .
been made, thus precluding anything beyond. general indications of cost. . In
cases where finalised designs do exist, for reasons of commercial secrecy cost

. eStimates are only rarely made available to outside organisations not directly

Even if detailed designs were completed, uncertainty would remain .
nonetheless because of the significant proportion of new and sometimes untried
techniques. incorporated in a number of the advanced systems under consideration.
The construction and running of prototypical systems will undoubtedly provide
valuable initial information on costs, and such published costs will, it is
expected, include an element of the expense incurred in the development process
(see below for comment on the costs of vehicles for the Morgantown PRT system).
Costs incurred in the susfained building of wvehicles and track for a -
“production-run' system will be much lower. ' S S

Accurate estimates of operating costs can only be made after a period of.
passgenger carrying service. Overseas data, especially from the US4, is.
interesting and helpful, but of limited value to UK researchers because of
such diffioulties as the reconciliation of variations in ‘wage and salary
soales, as well as manufacturing and urban conditions. Lastly, it is con-

~ sidered possible that manufacturers, successful or unsucocessful in their con-

tract bids, may be prepared to tender at prices which incorporate only minimal
profit components or no profit at all in order to obtain the prestige of an
order or a degree of market ascendancy — a trend perhaps encouraged by the
generosity of governmental contributions to R and D expenses,

The estimates which follow refer to two distinet types of system - a
'linehaul' sutotram~type system and a system using smaller (although not very
small) vehicles providing a demand-actuated service akin to 'Cabtrack® or
*Autotaxi'. Cost estimates, it is emphasised, depend upon both the level of
service contemplated and upon the partioular design features and technology
chosen: vehicle suspension, for example, may incorporate wheels, air pads or
perhaps magnetic levitation. - Lack of reliable information prevents any attempt
to cost-all the available permutations in design which suggest themszelves.

The actual systems to which the costs below refer are described in more detail
in the original sources. At present, the limited amount of information
available does not suggest that any of the novel technologies under develop~
ment are likely to lead to significant savings in capital or operating expenses
in the forseeable future. : o

A AUTOTRAM COSTS

'Autotram' represents a line-haul system using 15 to 40 passenger

vehicles at headways of the order of 10 seconds or more. It might incorporate
either on-line or off-line (D-loop) stations and operate in a passenger-demand
sutuated rather than a scheduled mode at certain off peak periods. Ma jor
sources of information on costs used here are the UTRG Working Papers

%16, 19, 20 ) about a route in Coventry, "An Aid to Pedestrian Movement"

2) (See Appendix B) and a paper (1) given by M.H.L. Waters of Advanced
Vehicle Systems Division of THRL to the conference 'Moving People in Cities®

in April 1973. PFigures given in the paper by Dr. Waters refer to a route~system
in Birmingham. A comparison shows that a wide runge of estimates still exist




for wvarious components ,and consequently somplete systems in different
. contexts.  Track and station costs depend oritically on the types of
structure and station upden_ccnsidérggibﬁ;f TheJéstimé$esfffdm'souroes (1)
and (2) relating to track cost ‘contain an unknown proportion of overhead

. tpack but_even taking account o{ﬂthisNPOSSibiliiyfUTHG?eStimates'ééem

substantially higher. UIRG station costs on the other hand are lowers =

" Evidence from the Morgamtown demonstration project in the USA tende to

_g 7‘suggesf7tha$:ébmeﬁééfimaies,of“gapifaiUdbsfsﬁgfor,vehiélés;fincludingfthUSe_;'-I:.”
“.of,UTRG,:may.beyoptimistic. The cost of the first five experimental protom=

type 21 place vehicles for Morgantown was $860,000 each and reflects. some’
- proportion of ‘development costs. It is necessary to emphasise that these
‘Morgantown._ vehicles. are highly sophigticated research and monitoring exercises
capable of functions ot required by the run of the mill 'Autotram', and
- though technically ‘instructive,: are likely to be wholly unrepresentative .
financial "one—-offs%. It is: envisaged that this figure will be. reduced to
S6Gh10,000 per production batch vehicle, a figure nonetheless twice the cost
of a high gquality 25 passenger bué”of'USA'make;”'“f“'='L' RS

_.There .is -a similarly wide range of operating cost estimates. The high
cutimates in source (1) may be due to the different ‘type of operation cons
. templateds distance between station stops is only 200-300'm compared with
. an average of. 1600 m in (2) and 750 m estimated in UTRGk urban area gtudye
10p/kn and 20p/km seem to be the extremes of estimated individual vehicle:"
operating costse . : R ' T AR
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Table 6.1 Cost Estimates for "Autotram’

Unit of . Estma:tes (Source in UTMRG estimates

Category o ‘measurement | brackets) - (WP No 20)"

Ctrack | &fkm o 250;000f(i)J3f“"f'. iSO”ééougfbun&'lébei
| b @ 850,000 tummel =
‘Station. . | &/station - 150,000 (1) - - |40, 000 overhead on- “line island ‘

' N ST 108,000 on—lir_;e:' (2) 65,000 overhea.d on- 11ne '
]156,000 ofg-line (2) |115,000 overhead off-line

. Comtrol =~ & /km o 59,400 including = - _50,500
.} - |power distribution s D ;
‘Depot - | £/venicle. [1000 (1) 1800{ -
e 1 juoeo(2) |
- Vehicle -} &/veniole 8333 (1) 20 place. = }12000 20 place
o} |e6oo(2) w4 place |
Operating Costs | p/vehicle km[19 (2) 32300 ¥m/ |12 59000 km/venicle/year
' (including all . S 'veh:.cle/year : ' o T :
vehicle coats) | ‘ 16 (1) (3) 1
‘Prack Maintenarice | p/vehicle km| 1.1.(1) (3) 0.7.
Station operation | p/vehicle km g : 1.2
Control system - : R
operation p/vehilee kmfy 3+2 (1) ) o foee
Central management p/vehicle km|) §0.2
Vehicles e ' N EER
Initial Cost p/vehicle km (1) és;,. B Y
Maintenance p/vehicle km 1; 3) 35
Power | p/vehicle Xm 1) (3} 2.0

(1)  *Minitram — the TRRL Programme' M.H.L. Waters 5/6 April 1973

(2) 'An Aid to Pedesmtrian Movemen_t ' March 197Y. Note: Infiation correction +20¢%

(3) No estimate of km/vehicle/year is given in the paper. The above figure
is based on 50000 lan/vehicle/yea.r'. Al‘l:ernative figures and their
implication for total operating costs are 35,000 (23p/vehiol—e km) 59,000
(14p/venicle km) 75,000 {11p/vehicle km).
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Operatlng costs are closely related to the number of vehlcle/km rut pev'“~count1ng
period, whereas Capltal costs - track,stations and control - are largely inde~ '

' pendent of vehlcle/km run. As’ a result capltal costs/vehlcle km will vary with
- changes in track/ statlon conflguratlons a.nd. the level of service provided, -
Table 6.2 compares varlous oost estzmates 1n the three stud1es clted. .

Z°ﬂif"faﬁ1é56:2f“Cdmﬁérisoh pf]b@étwﬁéﬁimétés 1973 Prlces

Operating|  Capital Total Number,:i Cost/passenger

_-.Stﬁdyit' Costs (1 | Costs (l)_(z) 'Gosts-'seais/vehicle B (3)

. ._pence/vehicle km [ seats/vehicle | pence/pass. km
[Birmingham |- 16 |13 | a9l a0 | g
Bus - | - f - | | e . | 1.3

1

(1) Capital costs of the vehlcles are included in operailng costs., A |
vehicle life of 10 years ig’ assumed.

(2) Discounted at lq% over 25 years.

(3)‘ Occupancy = O. 33

All three studles estlmaie that cost per passenger/km w111 be greater

than the cost of travel by bus (the bus figure is an average for all Municipal

Authorities in 1973} The conclusion is that if fares charged were expected to

cover only operating costs, they would exceed present bus fares.  Whether the

introduction of an 'Autotram'~type system is justified on economic grounds will
depend on the trade—off between 'Autotrams' increased money costs and its
inherently superior service of smaller, more comfortable vehiclés opera$1ng at
very frequent predictable intervals,




: B 'AUTOTAXI' COSTS '

‘ The major UK source of economlc “and technlcal 1nformat10n on- autotaxms'

“is the cabbrack report (Appendix B, ref. 1).
have also been made by UIRG.

Cost estimates for
TAutotaxi' systems 1ncorporate 4/5 seat vehlcles,

tautotaxi® ¢

usually powered by rotary electrmc motors driving sprung wheels and carrying

their passenger(s) non-stop betwsen origin and destination stations over complex
trackwork at the close. headways which are achieved. by on—hoard dlrectlon o
selectlon mechanlsms and sophlstlcaxed control. C

' Tabie'6.3“.Cds£'Estimates.for Autdféxi

1973'briceé

Unit of

Cost Estimates

operating cost

Catégory ‘measurement ' — —— -
AR ' Cabtrack Report (1) UTRG -
Track £/km 247000 119000 ground level
I 379000 overhead
: ‘399000 bored tunnel
JTrensfer lane £/1ane 24000 including control |
Station | &/station | 520000 major station . -
o ' 100000 minor station
2400 track side o
133800 average 240000 average
Cab * £foab 1600 3000
Paasenger'km:tofaiﬁcost" p/km 3.75 (2) -l 4.9 (3)
-_p/km ©3.5

1.  Inflation correction +60%

2 London context pe 180 -

3 Coventry context
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1 EXISTING AND PROPOSED IN&TALLATIONS

_ Durlng the 1ast 12 months two 1mportant automaxed transport 1nstallat10ns_
- have been opened. A prototype vehicle. first. ran on a track in Morga.ntoxm, .
West Virginia during December 1972; and at' the openlng of the: Dalla.s/Fort
-:dorth Reglonal Airport ‘an automated passenger/oargo dzstributlon system went
into revenue service. ’I‘wo contracts have. been awardea for the construction
. of automated systemS‘ln Toronto (to Krauss—Maffel) and Lllle (to Englns-Maira)
‘The Transpor'l: and Road Research La.boratory in: 'I:he UK‘ ave. revealed 'I:he:Lr plans o
for al demonstrat:.on pro,]ec'l: 1n Sheffleld. RPN PRy R '
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7.1 Dallas/ Fort Worth Regional Airport
LIV AerosPa.ce were a.warded the contract for an- e
automated distribution system to serve the new Da.lla.s/ o w
Fort Worth Regional Airport in May 1971. 2% years later T AN
in October 1973 the service was in operatiocn carrying - .
‘passengers, cargo, ‘refuse and 'bagga.ge The contract, T e
. worth $33.3 m for 20,6 km of guideway (Fl.6 m/km), was a’ S e
~ ‘commercial venture initially receiving no" government -
.- aBsistance, although USDoT belatedly made a - OOntribut:Lon S
to the project. The Airtrans system provides 11 routes
connecting 53 stations in the airport. The services are ,
segregated for passengers, employees and cargo. They e f]
‘use, however, the same lengths of ‘track which,with per— . e
mitted intervehicle headways as low as 18 seconds, - LosT
require off-line stations on certain heavily used B8eC-- :
tions. According to LTV "the basic vehicle and systems

: IDING
/SD.I G

£ gy

. represent a new application of proven equipment %o T . '

resolve a specific transportation problem", The st our— ¢

vehicles are of conventional design using well tried, L ' ]

mainly automotive,components, and the longitudinal a.nd " CEnTRAL ri “
‘routing control is based on conventional railway sig— coxRoL ) |

nalling techniques, and was des:.gned built and in-
stalled by General Railway Signal Corporation. The.

most important innovation incorporated in 'Airtrans' is sros our - A

" probably the switching and guidance mechaniem. The : o some ] o
only previous major installatiom. of an automated S N o
vehicle system was the Westinghouse 'Skybus' (A23) in o Ho €

Pittsburgh (also at Tampa Airport and Seattle~lacoma
Airport) in 1965. Its lack of further applications
gince that dale seems to have been due to the cumber—
some switohing mechanism {costly and time consuming) o
and . non-steering axles employed which meant a large . .smws o
minimum radius of ourvature (about 60 m). The switching
device used on"Skybus“plaoes limitations on headway and.
a compliocated route structure (as at Dallas/Port Worth)
would necessarily require a large number of costly and
apace consuming switches. The radii of curvature
limitations imply strongly that complex geometric lay-
outs in confined areas are diffiocult to achieve, _
Airtrans' two steered axles permit radii of curvature.

a8 low as 10 m and its track switching mecha.nmm still
allows headways as low as 18 seconds.

ST

SHING |

AMAIL FACHITY

The services are scheduled but a human central
controller may alter schedules or, re-route vehicles
to cater for unusual passenger demand

MAINTEN aNCE
AND $TORIGE

$T SUPFLIES AND THASH STATION
P PASSENGER STATION
E ENFLOYLE STATION
AM RBACGAGL ANI WAIL STATION
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' 1 km :




fContract Cost (Sm)
tArea of operation:

B ngble=7;1

- 20 -_"'

Comparison-of two UsS.A. Installations =

nlnailaé/ﬁdri wdrth‘ixfi_'7

T ergetom

Source of flnance

Revenue service. . = ..
length of 51ng1e i
track (km) -

Stations. . . -

No, services

No.véhicies;
Track width .

Vehicle passenger;

capacity. -

weight (tonne)

‘width (m

length

height (m)

floor area/pass,
(n?)

normal operating
speed {km/h)

deceleration (m/s2)
emergency decelera~
tion (m/s2) S
normal jerk not to
exceed zm/s
emergency. erk not
to exceed e

lateral accelera-
tion_not to exceed
(m/s%)

motor

switching

minimum headway
(secs)

Prime.Gdﬁtracibf'u? n}

'.11

'Typé-of:operaxion'lf_f

normal acceleration/

.Llng Temco Vought

”;fmw Dmywma
:‘33b3 il
8 Alrport iy

~Jan, 1974

‘m‘*;fao.é '[ﬁf‘

453 (43 off main - 11ne):;
J: (14 passenger. .. - .

14 emplogees SR

‘. 25 ‘cargo.

(5 passenger, 2:‘

- | -employees, 4 cargo) -
- 68 (43 +.8 # 17)
- Scheduled

.79 (31ngle).m :

40 16 sested.

645

- 2424

6.76
3.15
0.38 .
2Tl
1.14
274
0.76

Compound wound D.C.
shunt motor

80 kw at 2736 rev/min
Phase delay rectifier

of f=vehicle

18

a2k Boelng e

-:-DOT/UMTA

L 63,07 4B
T.Unlverslty/town S
Jane 1975 (est)

1 -4

:Scheduled and On demand
3. 66 (s) m 6 96 (double) m |

f'3 (3 off ma1n llne)

“f"Nofépécifié routes

‘:“21_',8 seateda-‘3"” :

3.0

1.0

1.25

107 kw b.C. shunt motor

gc rectifier

on-vehicle

15 (7% on one section)




7.2 Morgantoun, West Virginia, U.S.A.

. Morganiown is a small town with a r931dent popu1a$1on ‘of 50,000 and a
student populatlon of over 20,000, A contract was awarded to Jet Propulsion
* Laboratory in 1968 (Replaced as ‘systems manager by Boeing in 1970) to build a

6.4 km . long track 10 connect ‘various parts of “the unlverszty campus and the
town centre.” The track was_ opened for. testlng in December . 1972 and is expected -

. to open for revenue service in early 1975._ The estimated cogt of 563.0 m to- -
date is provided by the US Department of Transportation Urban Mass Transportatlon SN

Administration (DOT/UMTA) who have a separate office to administer the project. .
The objectives of the project are several., A4s a demonstration programme it is-
expected to demonstrate the technologzcal operational, and economic feasibility
of a fully automated transport system. It is also expected to provide: 1nformat1on
to help determine the potential applicability of PRT to national needs. It is
also expected to help in solving Morgantown® traffic problems, The 644 km of
YPRT' track connect two parts of the University Campus with the town centre
(see map). Further connections with other parts of the University are proposed
(see map). The unique feature of the system employed in Morgantown is its on
demand service, In off-peak periods, passengers will be able to call a vehicle:
by pressing a button at. their departure station. A vehicle will be assigned to
the station (if there is not already one present in the gtation) and carry the
passenger(s) without.intermediate stops to their destination station, Only in .
exceptional clroumstances will this lead to personal vehicles in the sense  of
one passenger (ana perhaps hls companlon) having exclusive use of one vehicle.
The level of demand. at each station together with the - llmlted number of: .
. destlnamions will ensure a steady demand for the various journmey: posm1b111t1es.-
The level of service provzded and the average occupancy of the vehicles is a
 function of the total number of vehicles available on the system (g1ven set,
performance and demand characteristics). With a vehicle carrying capacity of
21 passengers, it appears uneconomic and wasteful to operate with average '
_occupancies lower than T pe0p1e even in off peak perlode.

1
4
i
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In order to achleve on-demand service, off 11ne stations and term1n1-
are required (In certain circumstances the latter may be required - at gll ‘
stations). The size of these stations may be quite large (see Beechurst).

A number of comment®s have also been made concerning the visual intrusion

of the track structure itself. The width of & single track catering for a
single 2.0 m wide vehicle is 3.7 m. MNore thoughtful design with more =~ =
emphasis on visual aspects and the non-passenger would lead to & more -

acceptable structure. For example, the 'Airtrans' single track width is

only 0.55 m greater than the vehicle width. The Westinghouse Skybus, using
no sidewalls, hag a track narrower than the veliicle (2.6 m) but the absence .
of sidewalls leads to limitations on the methods avallable for switching, =

The Morgantown system incorporates two. important technlcal lnnovatlons.
It is the first application of synchroncus control techniques (see P 21 )
Using the deterministic method it is claimed to allow headways on a limited
section as low as T.5 s although normal operations will be at 15 s headways.
Secondly the vehicle (built by Alden Self Tran51t Corp ) incorporates a form
of on-=vehicle sw1tch1ng. ' .

Detractors of the Morgantown gystem claim thax a system of the Azrtrans
variety would have sufficed, at much less cost and little reduced level of
service. To the extent that Morgantown's travel problems requlred solution,
this view may be justified. But Morgantown is more than "just another solution";
it is intended to be a testing ground for a number of concepts (of which on—
demand service, synchronous control, and on-vehicle switching are the most
important} probably vital to future American developments in automated transport.
Resulte from Morgantown will be carefully examined and the emphasis accorded
to dlfferent asPects of development will no doubt be cr1t1eally affected.

It should alsc be emphaalsed'that Morgantown 1s Just one example - one
design - of automated transport. Ten years hence it might concelvably be
considered old fashioned and outdated. Different vehicles, different guidéway
structures and different types of operation which emerge over the next decade
will lead to betier and more acceptable automated transport systems. It is
therefore particularly important to distinguish between comments about
Morgantown and comments about automated tramsport in general - present and
future.




1+3 Toronto, Ontario

The German firm of Krauss Maffei was ewarded on lat May, 1973 the
contract to build an 8 km automated system at the Canadien Exhibition
Centre in Toronto. Referred to as “an. intermediate capacity transit
-prototype” it is expected to be completed dur:.ng 1975. Proposals_ for a
' -further 90 km are under conszdera.tion. S LT

’l‘he proposed Krauss Maffei vah:.cle (see A16 ) inoorpora.tes two im Eortant
technical innovations about which there is considerable discussion,magne
levitation and linear motors. It is hoped that the Toronto Prolie"thll
demonstrate the possi‘bilit:l.ea in both these developmenta. '

o _m'onss

LILLE  FIVES

MONS
cnntre qare ) S

L o SCIENCES
. VILLE NOUVELLE el
. DE LILLE.EST ‘ o
LA UGNE'.VILLENEUVE D'ASCQ - LILLE

Te4 Lille, France _

During 1973 a contract wae awarded to Matra Engins to construct a 16 km
stretch of irack incorporating 8 stations and connecting Lille with the new
town of Villeneuve d'asog (see map). The VAL system (see 417 ) employs
quite large vehicles =~ 2m wide, 3m high, 13 m long - compared with other -
system manufacturers. Ituses conventional technology and headways greater -

than 30 =,




' 7.5 Sheffield .

IRRL/DOE proposals for the development of Minitram culminate; it is:
hoped, in a public demonstration project in Sheffield. Consultants {Robert
. Matthews Johnson - Marshall and Partners; are ‘currently examining the oivil
engineering and architectural implications of 4 km of route and 5 stations in
. Sheffield. Essentially a Central Area distribution system; ‘the £8-12 million
projéect -is hoped to be in operation around 1980. The date is considered tobe

& 'prudent and realistic estimate of tle time taken to'get full: public and -~

planning epproval for a scheme' but 'the system development could be accelerated -
if this were _required-'g_ T R SR A S R X :

The technical details of the vehicle, track and control system will be dec-
ided after completion of the project definition studies. These are currently
veing carried out by Hawker Siddeley Dynamics Ltd. and Easqms ltdi (a sub—
sidiary of GEU Ltd) and should be completed by the end of 1974.




" EITY WIDE SYSTEMS

i._' AeroSpabe:Corporation'{U S.A.} "PRT" **
2; _ DEMAG Fnrdertechnik [w Germany} "Cabinentaxi“ **'h

i‘é!ff[Flydathd B(H B ) "Flyda c. 1n"f'.f""'

'Aff[?Hawker Siddeley Dynamics Ltd [G B 1.%Eéﬁffééﬁf ¥j li_fﬁ: }i"
5. L.T.V. Aercspace (U.S.A.) "Minimover” *+
'.E. L. T V. Aerospace [U S. A J "Lectravia"- *
7. . S. A Engins Matra {France) "Aramis", ***.
8. - Mazda [Japan] "cvs""f}?"'m"_' |
3. Pullman- Eendix (U.5.AL) “Glide-Ride” *
10 S.I.G.-[Switzerland] "Elan” If,..

Line- Haul/Corridor Systems

.11;_ 'Beﬁdix'CDrpnfation {U.S.A. ]i"Dashaveynr" -
T 12, Bueing/Alden (u.s. A ) ”Mnrgantown PRT" '***_
13, Ford (U.S. AL PACT wev -

14.  Hawker Siddeley quamics'tG.B.)_"Minitram/Slimway“. *
15, L.T.V. Aerospéce Corporation IU.S;A.]."Airtrans" P
16. Kraués-MeFfsi A.G. (W. Germany]-"TfanSurban_TAKT" *f;: .
17. S.A. Engins Matra (Francel'"VAL; v )
;8. : Rohr.fnduétries Inc. (U.S.A.) "Monocab" '***.
19. Rohr Industries Ine. [U.S.A.] "Romag” ***
20. - Siemens A.G. (W. Germany} "H-Cabinen” **

21, OTIS Elevator (U.S.A.) "TTI-OTIS Hovair® ***
22. Unifle Inc., (U.S.A.)} "Uniflo® ***
23, Japanese Consortium "VONA" ***

24, Westinghouse Electric (U.S.A.) "Skybus” ***

**e* in revenue operation *** fuliscale prototype

** model opsrating * design study, no models operating
as at Dec. 1, 1973,

Most turnover figures are from 'Fortune' magazine. Numbers in brackets are
U.S.A. ratings (with '*’ non U.5.A.)., Some figures from 'Times 1000'.




OVERRIDING
MONQRAIL
CONCEPT

VEHICLE BODY | |

VEHICLE CHASSIS AND SUSPENSION SYSTEM
LATERAL SUPPORT AND GUIDANGE WHEELS
MAIN VERTICAL SUPPORT WHEEL
GUIDEWAY BEAM

LINEAR ELECTRIC MOTOR PRIMARY
GUIDEWAY MOUNTED PERMANENT MAGNETS




System Name .
Developer .

- Annual. Turrover -
.Main'§chcntfactcfs;.

Developmant Grants -

- Servica gffered

Contrel:Path planning.

tHeadway

1General -

.Taxihtype, passengaf damandnactivated.

PRT

'Aercspace Ccrpcraticn, P.O. ch 95085. Los Angeles,
- California QUU45 - U. S A,

n';Nc infcrmation.;

, "Prcpcrticn cf Funds Frcm US Defenca Dept. diverted
'-tc civilian use. fi

f;Stochastic. _ . NN
'VfSynchrcncus Eslot slipping inccrpcrated].

Vehicles manoeuvred from slct tc slot in special
-:managament zones through a’ hierarchical structure

.:ﬁ7Dn vehicle closed 1cop absoluta position and velocity:

' ~subsystem, including stored manoauvre profile for slot

'.1-slipping

Propulsien

Braking

~ Support
Guidancé
‘ Switching

Single track width(m]

Normal accn/dacnfm/S']

Emergency decn (m/szl
Cruise speed (km/h)
Vahicla‘capacity(pass]
Minimum headway

Line capacity{pass/h}

Stage of Development

Place of Development

"Pulsed oc 1inear machine - secondary eon vehicle.

::Prlmary braking by reversal cf prcpulsicn thrust
- secondary by mechanical friction brake. - :

_'Bicycle_ main_suppcrt wheelsf

Hcfizcntal'whaélslagainSt guidawaQISidQWallsr.

Electrnmagnefia_attraciion to -one guideway-sidewall. 3

(0,75 (full scale) i

.2§23

8.84

120

4-8 seated
1.52m between vehicles at QBkm/n '
7050 (at 32.2km/h and 1.5 pass/vehicle)

1/10th scale model construected and simulated operations.
film available.

Los Angeles, U.S.A.
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System Name

Developer - -~ - -

- “Annual Turnover =

. Main Subcontractdrs.  .

Develoement-srantsﬂk

Service foered _

_Eentrol Path planning

Headway

:General

' Propulsiaon

Braking

Support

‘Guidance

‘ Switching

Single track width [mJ

Normal accn/decn (m/s )

Emergency decn (m/s )

Cruise speed (km/h]_

Vehicle capacity (pass)

Minimum headway
Line capacity (pass/h)
Stage of Development

Place of Development

'Cablnentaxi_ 

;.Demag Fdrderteehnik Produkneventwicklung. SBUU
';Hagen, Heinltz Strasse- 28 w Germany :

- section vehicle control,
. vehilcle demand/supply’ and switehing/merges. Third
“level -~ optimisation of empty vehicle dispatch.

"A .1_.- 5"

'.s417m11 (216%)

M.B.B. System, 8 Munehen 80 P D Box 801/109

W, Germany.

No in?ormation“~

'---rTaxi type, passenger demand activated. -

' Stochastic

" Asynchronous

Hierarchical control syeten; CFirst ievel - local "
Second level - station’

Failure of third 1eve1 preduces reduced efficlency,
not shutdown.

Twin linear induetion mdtors, windings on vehicle,
reaction member on track. :

Linear motor thrust revereai,
Sprung rubber tyred wheels running'in guidenay. S
Wheels refained by'guideway;

Gn—vehicle selection by rubberrwheele.

1.5 (vehicles run both above and below beam)

2-3 (all seatedl

0.5 - 1.0 s.
56000-1C000 at 36 km/h
300m test track built.

Hagen, W. Germany.
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System Name

Developer

Annual Turnover

5 ;-Méin=8ubéontréétnfs=f;'
-DavélopmantzGrants
“Service Of?ared

Cbntrdl:Path:planhingt'

:Headway

:General

Propulsion
Braking_
Support
Gdidanca"

Switching

Single track width(m)

Normal accn/decn(m/szj'

Emsrgency decn (m/32]

Cruise speed (km/h)
Vehicle capacity (pass)
Minimum headway

Line capacity(pass/h}

Stage of Development

Place of Development

' betwsen trains.

: A-' 3

Flyda C10, €30
_'F1yda~Lfd., South Cerney; Cirencester, Gloucestershire,
" England. : ' :

No in?ormatidn.

No information,

- Taxi-type, passenger demand actiyétad.

Deterministic o . .
Mechanical 1ink within 'contact trains', block

Individually'rudted'cars form 'contact trains' to
avoid“overloading'spQCiFic links, - A combination of
mechanical mske/break couplings betwsen vehicles in-

‘trains, static blocks for formation, control- -

formation and dissolution of trains_between and'by?'
passing stations, and hierarchical for dispatch and
rostering of individusl vehicles over desired routes,

~ surveillance and general monitoring {inc. empty

vehicle redirection). On-vehicle routing, with

automatic speed control by block power supply regulation,

3 phase AC rbtary asynchronous bogie-mounted electric
motor. -

Regenerative braking for normal sarvice; emergency by

caliper application of friction brakes,

'Metalastik’ sprung Polyurethane tyred wheels; pneumatic
tyres on (30, ' - :

anizontal wheels against guideway sidewall,

-Patented positive oh—vehicle moveable wheel brake
- sélaction, (GB Patent No. 1213453) - (USA Patent No.

3777667, 3780668)

0.62 (overhead)

2.42

16 (C10); 49 (C30)

3 (C10}; 12 (c30)

30 (C10}; 18 (c30)

BOCO (C10); 1200 (C30) (at 50% load factor)

Full scale C10 prototype bogie built, design informa-
tion and assembly drawings for Ci0 avallable. ®

Flyda Ltd., England.
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Annual Turhaver .-

DeVelopmaht'Gfaﬁfa”?f'

System Name

Developer -

Main Siibcontractors

;;g;$1151m11. [73*3

A-a e

_.Cabtrack

-.Hawker Siddaley Dynamics Ltd., Manor Road, Hatfie?a.'
Hertfcrdshlre, England. :

Eoncept davalopad at'varinus Limes An a55001at10n wlthi

7 Brush-Ltd., (UK), Dr. L. R. Blake, Transport and Road.

'",Resaarch Laboratory (UK, Royal Aircraft Establlshmant;i”fﬁq"

'5135,Farnborough [UK], (RAE].,

' Sarvica Ufferad

Control Path planning ff
SynchrnnnuS'

Headway

General

: M‘Considerabla work undartaken at RAE, TRRL and Brush :
' Ltd NROC assistanca.-_

Q;Taxi type, passenger damand activatad.;

Determinlstic

| Hierarchical - - . S
.1, Basic headway aontral tn maintain 1ntervahlcla

spacing.. .

'1_.2. Local - stratagy - in stations and at junctlons.

Propulsion

'Braking_

Support

Guidance )
Switching )

Single track width(m]

Normal accn/dacn(m/s )

Emergency dean[m/szl
Cruise spased(km/h)
Vehicle capacity‘(pass]

Minimum headway

Line capacity (pass/h}

Stage of Development

Place of Development

- 3,  Overall - empty vehicla routing. mataring of pass-

engers onto’ systam, link overload prevention,
_diversions to avoid hreakdown,,cab perfnrmance/
=jmaintenance 1og._-. R .

Rotary electria motor.

. Horizontal wheels against'guidaway_sidéwall.

1.7m. approx.

2.42

No information

72

4 - all seated =

0.9 s. (4000 cabs/h)

1600 (at 4 persons per cab and 10 m/s speed]'

(a) Test track at RAE;

(b} Architectural study commissioned by TRRL;

(e) Control studlss at AVS, TRRL;

(d) Study on Central Londen (AVS}; study on Birmingham
(AVS); development cesased 1972.

Advanced Vehicle Systems Division (AVS), TRRL.




’-{:%\Eﬁ

W fgm'}:-&

Pt




System Name

 Developer-

'Annual Turnover =~ .

"Main*Subccntractcrgf.j_i_ _
oo R fPhillimcre Gardens, Lendcn wa England

'DeVelepment_Grante'“n
Service foeree ‘

 Ccntrc1 Path planning
-Headway

:General‘i:'i

Propulsion
- Braking

Support
Guidance

Switching

‘single ‘track width (m) . "

Nermal‘accn?decn'{m/s?l=

Emergency decn (m/szj
Cruise speed (km/h}
Vehicle capacity tpass)
Minimum headway

Line capacity'(pase)hB

Stage of Development

Place of Develcpment

f5n$335em11. (20] L

A -5

- Minimover

LTV Aarospace Corporation; Ground Transportation

Lo Divisicn,‘P 0. Box 5907, Dallas, Texas 75222 U.S.A.

UK agente' Trinity InternatienalnLtd., B Upper

' Nc infcrmaticn .
"f-Taxiftypeb passenger demand activated. N
:IStcchaetic

. fl._ﬂGuideway eenscrs permit windings energieing/thruet”

reversal to ensure headway ' maintenance.

'2: Detail on route selection for individial vehicles -

- .and overall system management nct published

Linear inducticn mctcr windinge in track; reaction

‘ member under vehicle on secondary 'truck'

e magnets at staticne. LIM reverse thruet on. track

friction brakes for emergency use.

Sprung rubber-tyred wheels,

‘Horizcntal-wheele against reils'in the guideway,.f

Selection of apprepriate guideway reils by on- vehlcle-

wheels-

Nc'infcrmaticnw

Nc.infcrmaticn :

16,38

6 to 12

No information

No information

1/5th scale model of the system including 3 cars and a

continuous track loop with off-line station. Possibly
superceded by 'Lectravia' [gv).

Dallas, U.S5.A.

"A s1lim prcfile is exhibited tc the caeual cbeerver”
(LTVY . . _




Entrapmant

Switch ﬁamb
(Movabie)

Switeh
Wiipals




System Name

- Developer

© - Annual Turnover . .

“Main Subccﬁﬁracfcrsf"ﬂﬁe

"Develcpment'ﬁrants
Service DFferedi'
Ccntrcl Path planning

Headway

.General _

Braking

- Support

Guidance
Switching

Single track width (m)
Normal acen/decn (h/agl
Emergency decn [m/éZJ

: Crcise speed (km/h)
Vehicle capaciry'[pase]
Minimum headway

Line capacity (pass/h}

Stage of Development

Piace of Development

_5$3359m11.

}"iiLIM thrust reversal DC magnets in statlcns. mechanlcal
“'Frlcticn emergency wheel brakea. :

l4 - B seated.

A-B8

'LectraV1a

-LTV AercSpace, Ground Transportation Div1sicn, P 0.
- Box 5807, Dallas. - '

Texae 75222 u. S A.

JEI R

" No information

”Taxi—type, cassengcr demand activated.'
. Stochastic

~Block

On-vehicle passenger selected destination code. Track-

side recognition of destination and sslection of path
. .8t _switches,
-spare cabs, dcee nct normally influence cabs in service.

Central control is for reallocation of

"Reaction member ‘on vehicle with own suspenelcn syetem.
©LIM windings in track.. : .

Sprung pneumatic tyred wheels on guideway.‘

Hcrizcntal wheels on vehicle LIM carriage ccntrcﬁ
vehicle four wheel steering. ‘

Guideway-guidance—wheel gntrapment mechanism moves in -

‘response to vehicle orglnated stimulus.

1.52

2.58

5,8

56

34
4800

Design study, partially in context of Las Vegas, U.S.A.
(appears to be an advanced ’*minimover’)
U.S.A.

Dallas, Texas,
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oSyatam'Name'

- ‘Developer

Annual Turnover

”HainnSchontraotorariir

a”DaValopmént;Granta[3;ﬁﬂﬁ

f SQrvica'of#ersd o

Control Path planning
' Headway

.Ganeral

iiﬁropplsionf'
':Braking'.

Support

Guidance

Switohing

Single trapk7width (m)
Normal aoon/daonilh/szl
Emergancy oacnrtm/szf
Cruise speed (km/h) |
Vehicle capacity [pass]
Minimum headway

Line capacity [paSS/h]

Stage of Development

Place of Development

._Aramis

w,;"ng. A. Engina Matra, Directions de Ralationa Exterieur.
. - -B.P. -Nov 1,;78 Velizy, Franca._rf '

':-f:$82mil;.'

~No. information

.~ Taxi-type, passanger demand activated, ar peak hour
lscheduled.. - )

"fStochastic _ L _

3-Asynohronous in "trains", block betwaen trains

”t?. Hiararchical systam “for dispatch, routing of indiV1dua1
" yehicles over desired routes, the surveillanco of -
-vehiolas and ganeral monitoring. -
nRotary alectric motors.

~iFriction_brakas.

Sprung rubbor-tyrad whaals.
Horizontal whesels agalnst guldeway side.

Salection of appropriate guidaway by on- VehiCIB wheals,

1.75

No information

No information

50

:4 to 10 saatad

30cm within "trains 555 betWEén_trains.
11000

1 km test track, 3 vehicles, one on line station, one
off line station.

Test track at Orly Airport, Paris, France.




Lo

CVs Car
Communication Wire
Cuitde Wheel;
Guude Kod

ltoad Surface




o _Systeh_Name.‘:f‘

Developer ..

~ Annual Turnover ™
Main Subcontractors

‘Development Grahte::.

~Service Dffered

Control:iPath planning

:Headway

1Gensral

Propulsion

Braking

Support

Guidance

Switehing

Single track width (m) -

Normal accn/decn (m/ez)

Emergency decn (m/ezl

Cruise speed [km/h]
Vehicle capacity (pass)
Minimum headway

Line ecapacity [paes/h]

Stage of Development

Place of Development

*T$2553m11

3. "Super” computer centrols ever ef 1 km

oS o

'-ﬂJapan Society for the Premotien ef Machine Industry, -
... 3-5-8 Shiba Koen;. Minateku, Tekyo,-Japan. alse, Jetre, h
mTuBaker Street, - L

London.:

(25*)15‘”"

fMinistry of International Trede and Industry (NITI]

involvement.

Taxi type, passenger demand activated.

-Deterministic
'“Synchroneus

| Control hierarchy has 4" 1evels-u _
1. ""Quantum” (local) computers - one per 200 m et track

**-spere computer to every 5 or, By

1'2;' "Module® computer coordinatee quantum eomputers,

}eupervise routing.

1ncluding

_ control of high- speed. travel (60 km/h). -

4, "City" computer cuntrols overall reuting on high
speed routes and monitors muvement

Rotary electric'metor,
Regenerative brake and diecrbrake (normal service);
friction shoes pressing guide rails to obtaln 2g.

emergency deceleration.

Sprung rubber—tyred wheels

.Guide wheels and .rod held by groove in centre of right

of way, steering frunt wheels of vehicle.

On-vehicle selection (no moving parte in the track).

Not exceeding 1.7
1.96

19.6 (system has all passengers facing rearward in
special seating with restraint systems]. :

80

2 - 4 seated

0.6s at 40 km/h.

24000 g 100% occupancy of cabs at 40 km/h.

Prototype cars and track built; full-size dummy car
built;: 1/20th scals models operated.

MITI - Higashi-Murayama, Tokyo, Japan.
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Systam Nahejz

. 4baveldpar_ T

",Annual Turnover

Main Subcontractors

Development Grants

‘Service foeréd

'iControl Path planning
| Headway

,Ganaral_—'j” .

dPrOPQlBidn' 3
~Braking ).

B .
- Support
§Guidancé
ESwitching

-Single track width (m]

Normal accn/dacn (m/s ]l

- Emargancy decn'(m/s )
Cruise spead;(km/hlu
Vehicle capacity (paaa]
Minimum‘haadway
Lina.capacityltpasa/h]

Stage of Development

Place of Davalopmant

A -9

o Blida -Ride.

"-Pullman Incorporated, Tranaportation Systems Centarll

441 Smithfield Street Pittsburgh, PA. U.S.A.

'$694mi1. [Pullman 183)

.Bendix Transportatidn Systams, 3300 Plymduth Road
-“Ann Arbor, . Nichigan 46107 U, S A. o

' No informatidn.

- Prasumad to provide ‘8 leval of passangar demand
_ .activation.._' .- o

;-Nn infnrmation._ .

“No infarmatian.‘-f-7

5"Tha contTol hardware will be similar to that being
" “employed by Bendix in the Morgantdwn. W. Virginia:

Peoplamdvar prdjact" No furthar infdrmatidn provided.

No infdrmation [but see Bendix Dashaveyor which may be

a guide.

Flanged stael wheels on raila.' o
vehicle retained by whael coning and wheel flanges.

Dn board_switching mechanism.

‘f2}4z
‘Ndlipformation‘aravidad .
* No infdraafidh.prGVidéd"
1_40 - 48

B "a typical padple mover

5.5s
Not stated

Conceptual design collection; prototype vehicle built
and demonstrated. to Las Vegas PRT study, U.S.A.

Being designed for possible ampldyment in Las Vegas,
Nevada. U.S5.A.







Syatem Name

'_:DéygidpQﬁﬁf;,,,

:Annual Turnover
Main Subcontractora
.DBVelcpmént Grants

SérVice,foared

Control:Path planning

:Hgédway '

sGenaral

f. 3;' Line-sector/stations cnnffol acceptanca/axit of

Propulsion
Braking
'Support

Guidance

Switching

Single track width [m]'

Normal acen/decn [m/s )
Emergency decn (m/s )
Cruise speed (km/h)
Vehicle capacity (pass)
Minimum headway

Line capacity (pass/h)
Stage of Dsvelopment

Place of Development

- Four hisrarchina of control ‘arae enviaagad ‘
1. Moving slots with en- routa slot-alipping permittads

2. On-vehicle destinatinn. spéad regulation, emergency

.'4.: Centrally - spare vehicles, destination, co-

Mechanical friction wheel brakes.
" ar axle with rubber- tyres.;

*T‘Assymetric - positinned overhead guidance arm restrained

-salection whael on vehicle.

2.27

A-10 S -

Elan’

?;j SIG Swiss Industrial Company. CH - 8212 Neuhausen
“Rhine Falla, Switzarland., :

~No information.

|
|
g Nq‘informétiqn. ol “_";.:   . o 3   e |
ﬂfTaxi-type, passenger demand -activatad.
-Determlnistic

'1Synchronous. psrmitting slot slipping.‘

centrally generatad,
- stop; dooTs control..

' cabs, ‘switching, speed‘change and stopping.
ordination. oF ganeral damand/sUpply of cabs,

ﬁC rotary elactric motor on ﬂ single central car axle.

by ovarheed guidaway

Noving switchblada in overhead guidaway and moving

2 - 2.5.

3.5

58

4 seated

0.7s |

7200

Concept, and static models built.

SIG, Switzerland.
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. System: Name'-

Devélbpar_v

Anhial Turnover

‘Main Subcontractors ©

'”Debsldpmentaﬁfanfa B

"'Ssrvice foared

-Contrnl Path planning
' .Headway

:General =~ .

: Propulsiqniyj
Braking o
Support

Guidanca

 Switching

Single track width (m)

Normal accn/dacn (M?szi

Emérgahcy’decn‘(m/szlu_
Cruise speed [km)h)
Vehicle capacity {paQSJ
Minimum headway |
Line capacity {pass/h)
Stage of Development

Place of Davalopmant

—_f$1163mil.

A - 11

. . Dashaveyor Transpo ' 72 exhibit-

;‘fﬂ-Bandix Transportation Systems Centre, Bendix
- ..Aerospace Systems Division, 3300
;Arbur, Michigan 48107 U S A

ymnuth Rpad. Ann .

[71]

”f;'USA Dot $1.5m1. grant For Transpo '72--A-7."'
.Scheduled

o Stochastic
' Block SRR I o -
1. Autnmatic train operatinn (ATU] - speed regulation,'

programmed- stopping. doors, direction control.

‘2. Automatic train protection (ATP) = vehicle

.detection, signalling, spagd.

' 3; ‘Line supervision - loeal. and central supervisinn,.

strategic control

"'DC series waund rotary motors.; :

- .Disc brakes for service; spring activated emergency

disc brake

Air coil'apring. pnéumatic.tyfeﬁ'wheeis.

‘Hofizontal wheels against_guideway waiI_
Moveable guidaway diverters prqvide cpntinuaus'guidancé,

2.48

1.12 (accn) 0;914 (decn)

3,03

32,
12 seated, ZD‘standing.

No information.

No information.

Prototype operation at Transpo.'72 exhibition,

Dulles Airport, Washington DC. U.5.A.
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. System Name

- Devsieper'~

"HainfSubcdntfastbrswf-‘

'”$304om11.;[24]

A - 12

‘Mnrgantewn ‘PRT‘

J__The Boeing Company. Aerospacé Group, Seattle,
_Washington 98124 U.SuA. S

113A1den Se1f Transit Corporaticn (vehieles], 84 Summer_"
- Street, Milford Massacheusetts 01757, U.S.A. B

':,_Bendix Corporation {qv) and for seftware Systems‘:'

Development Grants

‘ sérvica Dffered

Control:Path planning

:Headway

:General - .

- Prapulsion .
Braking
Support

Guidance
Switching

Single track width {m)
Normal accn/decn {m/szl
Emargency decn [m/szl
Cruise speed (km/h)
Vehicle capacity (pags)

Minimum headway

Line capacilty (pass/h)

Stage of Development

Place of Development

_ Development Corporation, 2500 Celerado Avenue, Santa'f;':
'Monlca. California QU4DB. ' y i

o $63mil. contract #rom UMTA.

;Passenger demand activated peak hour scheduled
~ service. - : . .

Deterministic

- Synchronous

g'Hierarchical control including the following levels:
1. "Synchronous slot. control centrally generated.

 Vehicles not permitted onto system unless path

‘clear all the way to the destination. Central -
computer "hands vehicles on" from local com-
puter to local computer.

2. "lLocal station cantrol over dispatch manceuvering.,

3. Multiple control monitoring functions; speed

~ level controls, vehicle separation centrally
monitored.

- Rotary electric motors.
"t: Friction brakes on wheels
= Air/coil sprung, rubber tyred wheels.

" Horizontal sensing wheels steer to either side of

guideway.

Horizental sensing wheels fnllow apprOpriate guideway
wall.

3.66 (single), 6.96 (deublei
1.32

3.0

48,3

13 seated, 8 standing

153,
5040

Full scale experimental system due for revenue service
January, 1975,

Morgantown, West Virginia, U.S.A.




4__1811'

' | Guideway Cross Section

Between Columns

; Guideway Cross Section
at Column Centerline
181 y

a« 187 —»f




© Developer

System Name

A - 13

ACT
B ,Ford Motor Company. Transportation Research & .
‘Planning Office, 23400 Michigan AVBnue, Dearbcrn,'

i Michigan 48124, U.S. A

Annual Turnover -~ "

Main Subcontractors -

_Devélopment Grants
Service foered. 

EontroI:Path p1ahning

:Headway

s1General

- Propulsion

Braking

Support

Guidanéé

~ Switching -

Single track width (m)
Normal accn/decn (M/szJ
Emergency decn [m/szi
Cruise speed (km/h)
Vehicle capgcity [péss]
Minimum headway

tine capacity (pass/h)
Stage of Davélopmant

Place of Development

o $15433m11. (3)
‘Philco- Ford [contrnl] U;SQA;'i :

Oot grant of $1;5mi1,'for Transpo, exhibit.

Demand activated or_s@heduiéd service at Transpo.
Stochastic - . o
Block, but could be asynchrohcdswi.'

Hierarchical

1. Central control: fleet management, routing of

vehicles, interfacing of local controller, and
all merge/demerge instruction.

©2. ‘Staticn or wayside control: communicatinn of

orders/menitoring to vehicles on ssctions of
- route and in stations.” Position information
. accurate to 4.4 feet with markers every 44 feet.
~ Each wayside contraller respunsible for 1 mile
- of route. B

Rofary electric motors

Automotive frictien brake/regenarative for service

jbraking

'Sprung rubber tyred wheels

Horizontal wheels against guideway walls.'

Selection of appropriate guideway sidewall by on- .
‘vehicle wheels,

3.88

3.0

48.30

24 passanger vehicle at Transpo.

25,

43200 (theoretical maximum)

Fullscale protetyps operated in 1972,

Dulles Airport, Nashiﬁgtnn U.5.A.







Syatem:Nama

Devsidper- -

 Annual Turnover

Main éubcontfadtdra'}i'*

Development Grants =~

‘Service offefedi

_'Contrnl Path planning

Headway

.Genaral

Propulsion
Braking .
Sunpurt'

Guidance

Switching

Single track width (m)

Normal.accn/dECn;(m/szl
Emergency decn fm/az)

Cruise spéea [km/hli

Vahicls'capacity‘{passi

Minimum headway
Line capacity (pass/h]

Stage of Development

Place of Development

'?-r,$1151m11.

| “Blandad“

A - 14

~ Minitram/Slimway*

. '”_Hawker Siddeley Dynamics Ltd.. Manqr Road Hat1ield ;,;},
- Hertfordshire ALlD SLL, England. L

(zaf}_ S

-Various forms of'aid From LK DDE _dn'

Various [NESD/UTG/104/Nar'73/Page 3]

No 1nfdrmat10n

No information
Control [longitudinal separation of Vehicles)

hierarchical (MESD/UTG/104/Mar’73/Page- 3) -
‘1. "vehicle speed profile and safe headway

2. "control at branchas,.merges'and-stations"
3. "overall strategy, start-up and shut-down”

- No information as to axact.naturé-nf cantrol-systam;

‘Rotary or linear electric machine* an a carriage

(= motor braking. whaal/friction drum,
guldeway calipar)

"Pneumatic rubber typad wnaéls,

 Horizontal wheels against guideway sidewall.

uon bdard"'._

3.2
1,45

3.86

exceeds 72

10 seated, 14 standing

5s5. at 72 km/h
"4-20000" (MESD/UTG/104/Mar’'73/Page 2)

Tender for application in Toronto April 1873.
Exercise in Sheffield context for DOE study.

Hatfield, U.K.

*Slimway uses linear elactric‘machine.
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System Name

" Déveloper

Annual Turnovar

,Main Subcnntracturs 2

'DevalopMBnt.Graﬁts7a
Service foéréd L

: Cnntral Path planning
:Headway L

:Gansralld”

‘Propulsion
Braking

Support

'Guidanaa

~ Switching

Single track Qiath th)
“Normal accn/decn [m?szl
Emergency dacn (h/523
Cruise speed (km/h)
Vehicle capacity {pass)
Minimum headway

Line capacity (pass/h)

Stage of Developmsnt

Place of stalopment

A= 15

 Airtrans

7'LTV Aerospace Corpuration, Ground Transpartatlon
: Divisznn, P.0. Bax 5907 Dallas. Texas 75222, U. S A.

"::$3359m11 (20)

"VTexas Bitulithic (track), Gsneral Railway Signal
‘-*QCorporatlon, [control systsm). -

$7mil. grant Dot, 1973.

",Schadulad; Singla vahiclss or traln formations

Stbchastic'

' 51ock

 f Hierarchical automatic train control .
© 1. Automatic vehicle protection (AVP): headway, .

switehing, spesd limits, vehicle safety systems:

‘2. Automatic vehicle operation’ [AVD] -route control,;J "'

stopping, doors, speed.

3. Central; monitoring, supervisory (spasd, switchas,

_‘routs changes, "hunch”contral), station monitoring
powsr. : ——

o Rntary electric motor.

Friction brakes mechanically activated {service);
spring amergency‘supplemsnt applied to discs.

" Pneumatic tyred wheels, pneumatic springs, shock

absorbers and levelling devices.

Horizontal wheels against guideway walls.

Positive ertrapment of horizontal wheels by moveable
guideway-side switch device.

2.79

1.14

2.74

27

16 seatad, 24 standing
18s. at 27 km/h

acao

20.8 km of guideway, 51 passenger vehicles, 17 cargo
vehicles in revenus operation.

Dallas Fort Worth Reéional Airport, Texas, U.S.A.




 TRANSURBAN

K KRAUSS
MAFFE]




'éyéteﬁ-NQme_;
”'beyeinpefff;:
:.t:FAthéleTu%éaQéri;fi; _
Main Subcontractors’
'DeValopmenr}Granreﬂi.r
Service Offered -

 'Cantr01 Patﬁ planning

Headway

‘1Ganeral P

'fPropuleibn:

Braking.

Support
Guidanee.

Switching -

Single track_wiﬂtn tﬁ)

Normal acen/decn (m(ezl

Emergancy decn (m/s2)

Cruise speed (km/h)

Vehicle capacity (pass]}

Minimum headway

Line capacity (pass/h)

Stage of Development

Place of Development

_‘KM'$212miL

.A-lﬁ

': Traneurban TAKT n-

'Krauss -Maffei AG, 8000 Nunchen 50 Krauss- Maffei
”Strasse 2, w. Germany ool

i,_ITT.$7345m11. (9)

i Control - SEL AG, {a subsidiary of ITT}
'w. German Ministry oF Transport.
W'Scheduled

*_Stnchastic e
. Blogk

 Hierarchica1 o s -- o
1. -Vehicle operations - headway. doors. acceleration,

~stopping in ataticns.”:

‘2. System operations -'dispesitinn of vehicles,

eoupllng/decnupling,‘routing detours

‘Linear electric machines. 

Linear mator thrust reversal (service]; pneumatlc_

"brake (stnpping ‘and emergencies]

) ‘Dn board electramagnets.

Suppnrt magnete proyide etable-lateral.guidance.

Seleefianjof.appropriaﬁe-eeqaenee'dF on~bqard_magnate,

145
No inforviation

No information

40

20 seated, 8 sraneing

30 - 40 s. between trains
3360

Prototype in operation; contract to build_B.D km
system in Toronto by 1975.. '

Munich, W. Germany,







Annual Turnover .

~ System Name

'-Dcvelnper_;

Main'Subccntracfcra”.'

Qf*f$52m11

A - 17

VAL

-S A Engins Matra, Directicns da Relaticns

Exterieures, BP Nc. 1, 78 Velizy. France.

Metropolitan Cammell WEymann Ltd.,_(bodies) CIHT¥

Lorraine (vehicles); Transexel [devalcpmant], BET-

- SETEC/MATRA (eivil).

Develcpmenfrsrants'i -

Service Offered

Control: Path planning

Headway

.Generai

“-aluminium plates.
“‘causes entire train servica to stcp.'_Saparate anti-

French Ministry cf Tranapcrt
Scneduled.

Stochastié'

. Synchrcncus ;i

.;_chic circuits on the train ccmpare tima checks
. (from central control) with actual progress’ along .

track, as measured by passive markers consisting of
Failure to: keep to 'timetable’

- sollision block systam

Propulsion

Braking -
Support
Guidance

Switching

single track width (m)

Normal accn/decn (m/a?l.

Emergency decn [m/52]
Cruise speed {km/h]}
Vehicle capacity (pass}
Minimum headway |
Line capacity (pass/h)
Stage of Deveicpment

Place of Development

-Rotary elactric mctcrs.

ﬂReganerative braking with air- cperated disc brakes
'in reserve.

Sprcng pneumatic tyred wheels.

Horizontal wheels against guideway side.

.fGUideway moves to provide ccntinucusfsidewally

3.25
1!3

1.3

8o

36 seated, 17 standing.

60s.

9540 (trains of three vehicles)
Prototype test track built.

Lille, France.
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'System:Neme

" Developer . .

~ Annual Turnaver - | -

' Main Subcontractors

Control Path planning

. ﬂghoc'_-':lb”' o

- "Rphfllhduéffiés; (Momocab Ine.), 2700 Dakland
'-‘5Avenue, Garland Texas 75041 U S A.;:sk*_;

f:$335mil. {325)

_;;mGeneral Railway Signal Corporation. Box 600,
w0 Rochester, New York ‘N, Y 14802 U S A. [oontrol

‘“hisystem}

Service Offered

Headway

.General.-i

Propulsion.

Braking

Support

»Guidance

Switohing

Single track width [m]

Normal accn/decn (m/ezl
Emergency dscn (m/52]
Cruise speed (km/h) ﬁ
Vehicle capacity (pass)
Minimum headway

Line capacity (pass/h)
Stage of Deyelopment

Place of Uevelopment

f“ég' Safety control of system operation and

” bevelopmsnf'sranfsj“rr~-f$1 5mi1. for Transpo éxhibit from DUT

'ﬁ_f7Demand activated by passengers. or scheduled mode.

:IDeterministic
‘3¢Synohronous

" Hierarchical at the following levels
1 ]Velocity,_aoceleration. headway. _
B 2.5'Automat1o docking. and door operations.

3. - Spare vehicle .routing and routing of vehicles
- to destination, inoluding switching. '

monitoring.
Rotary D.C. electric motor.

Regenerative service'braking;'spring release
emergency friction braking. :

'Pneumatic tyred wheels running within overhead

guideway.

Horizontal wheels against overhead guideway Sider

waysideéoontrolled_switcholade MDvement of track.

0.75 actual overhead track 2 42m swept envelope
width. ' .

1.21

3.02

94

4-6 seated.

10s.

2160

Prototype operation.

Transpo 72 at Bulles Airport U. S A., and at Garland
Texas, U.S.A.




"




Systém'Namg 3

'-.'Daveloper"

.Sefﬁicejb?fered -  fﬁ

—Main.suﬁcbntﬁééquSKZIf

_Developmentﬁsraﬁtstfy

:Headway - )

A- 13

ROMAG
. Rohr Industries Iﬁé.

" Annual Turmover. . $335mil. (325)

~No information.
" Nao in?crmatidn:aVaiiébie; -:

j;LCbhfrolfPéth‘pléhﬁingi‘}”i.,--”7'

nginformatioﬁ;'g o

:General f,” _ )

Propulsion
__F;Bfékingl'
gd:ﬁ'p.Prt o
i-suidénce-.

Switching

Single fréck:widfh (m)
Noréél acch/dedﬁ Em/52) 
Emergeﬁcy.dECh (m/szi
Crutse spesd (km/h)
Vehicle cépacity (pass)
Minimum headﬁay | .
Line capacity (pass/h)
Stage of Developmént‘

Place of Development

‘Uinear induction motor - windings vehicle mounted,

No'ihfprmatiOh;ff

Méghetid”attractioﬁ.'

.quinfofmatioh;-"
" No information.

'Ne -information.

No~inFofhation.

No infbrmatiqn}

- No information.

No informationf.

No in?ormatiaﬁ.

No information.

Prototype or dumﬁy full size vehicle._

Above exhibited at Transpo 72 (static model).







.Syefem_Name-'

Develeper-'

Annual Turnover - .

-Mein'Schehtracfofe._.

Development Grants -

Service foered;

ControliPath planning

‘tHeadway |

iGeneral
kY

_Prepuleioh':'

' Braking

Support
Guidance

Switching

Single track width (m)

Normal eccn/decn‘im/szl

Emergency decn-[m/sz}e

Cruise spesd {km/h)

Vehicle capacity (pass)

Minimum headway.
l.ine capaclty (pass/h)
Stage of Development

Place of Development

A - 20

 H-Cabinen

Siemene AG, D ‘8250, Erlangen, w._Germehy;

' $3815mil [7*)

' .weggenfabrlk Verdlngen AG EDUVAG], D4150 KreFe1d~-

Verdlngen, w Germany. {Vehielee}

.No le?ormatien.
" Passenger demand activated, scheduled in peak hours. -

_.Determinietie-*

Synchreneue

Hierarchical at -the fDIIOW1ng levele-- _
1. Cabs are allocated exclusively to-a unigue

" destination without intermediate stops. -

. 2; -Headwey maintenance is by ”synchronlsatien"

(Siemens).

3. Central computer surveillance of the 01reulation

~ of cabs adapting numbers. of cabs to. demand. N
4, Separete cabin eecurity/safety system is env1eaged._

Linear eynchrunoue moters, wlndlngs on the_vehicle,

one at each side of overhead bogie.

Linear synchronous motor reversal with Frictlon
emMergency.

Wheels-en rails; for both support and guidance.

Horizontal wheels against overhead guidehay side.

: Alternete dotivation of linear synchronous metors;'

supplemented by maechanical traps in-case of power
failure. -

Not known eceuretely but unlikely to exceed 1m..
Ne information aveileble..

No information eveilable.

35

8 seated, 8 standing.

12s.

12000

Experimental stub track to be built by late 1973.

Duvag, Dusseldorf.




Power Rail Cover

. Power Collector Aésembly

Lateral Suspension
Rubbe;zggggéggznghing‘

—

E;EaPower Rails

LT Secondary
LM Primary

lLateral Retention Assembly

i




'Syetem.Name o

. Developer .-

-?Annual Turncver :

. 7fMain Subcontractors

Develapment Grants. B
'"Service'foeree
',Contral :Path’ planning

':Headway

:éGeneral

Propulsion

Bfaking:
Support
Guidance'_
Switahihglele

Single track width (m)

Normal accn/dscn [m/ezl

Emergency decn Em/sz}
Cruise speed (km/h)’
Vehicle capaclty (pass)
Minimum headway

Line capaaity {pass/h)
Stage of Development

Place of Development

... DTIS Elevator Co.},
"A_Denvef,

'ﬁ;$789mi1

';'§1 Sril.

R LIM reveree-thrust
pads in emergency.

A - 21

TTI*DTIS 'Hovair!

Transportatlon Technology Inc. , (a eub51d1ary of: .
P.D. Box 7293, Park Hill Station..
Colerado, BDZU? U S, A. L

(1593 L

from DUT Fer Transpo exhibit

- OFF- peak demand activated peak hour scheduled '
?'service. : N :
"Determlnistie;ff-f

';‘Synchrnnous

_Hierarchical at the Following 1evels

1. Central administrative’ function.

2e ‘Station/Merge control,. 1nc1ud1ng in statlon

o 'docking' procedures.
3. 0On vehicle control of: switching per sequence/trlp

-tinear induction motor, windings on VBthlB.

”groundlng“ by deflating hover—

‘Air pumped frnm baee of vehicle through rubber

flexible pads.

" Horizontal wheels, against vertical walle of
guldeway. : :

Horizontal. wheels eelect appropriate guideway

. gidewall.

3.12 in switeh areae;

0.96 [Trahspo]

2.68 (deadstop from 6.7 m/s in 2.5s5.)
47

6 - 12

2.5s., at 24 km/h

5150 at 24 km/h.

Prototype operation.

Transpo 72, and 11380 Smith Street, Denver, U.S.A.




- MAINLINE
' GUIDE RAIL

EXIT
GUIDE RAIL

SWITCH (MOVING
GUIDE RAIL}

(D LEVITATION ASSEMBLY

(2 LEVITATION SEAL

- (3 BRAKE SHOE

(@ REACTION VANES

(5 VORTEX THRUST UNIT

.(® SIbE GUIDE UNIT




'Syetem Name
- Developer
. Annual -Turnover

'-DeVelopment Grants o

Sefvice.Uffered

Contrel Path planning'

Headway

:General

Pfepulsibh'

Braking .

Support

Guidance

Switehing

Single track width (m)

Normal acch/decn (h/sZ]

Emergency decn [m/52]

Crulse spead (km/h)

Vehicle capacity (pass)

Minimum headway
Line capacity (pass/h)
Stage of Developmeht

Place of Development

_~,stechastic_ o S Tl ISR S
Block };;;”f,;;--‘ -

A - 22

._.Unifle

: “Uniflo System Ce., 7401 washingten Avenue S
_ Minneapolis, Minnesota 55435 U S A

l'QTND 1nf0rmat10n.
8 Subeidiary of: Rosemount Engineerlng Inc. U S A
'$300 000 | ' i

{}Demand act1Vated or scheduled.-

Hierarchical. - - -
1. . Central controly monitoring, shutdown in

.emergencies. all: alteration of berthing p01101es.

2. Station control: berthing policy and vehicle

destination addraw1ng, door closure, docking,
_ input of adjacent track condition.
3. - Headway control: by adjustment of. air pressure
~.or by shutdown of air supply. fellowing dis-
'abled or slow vehicle.

Air pumped frnm track againet vanes on the bottom Df
a passive vehicle.

_ Pneumatic frem guideway {thrust. reversal)/friction
'with guideway in emergencies. .

'Air pumpedkfrem_treck.

HbrizontSI‘WHeels againsgt guideway-weils.

Trackside arm captures on-vehicle wheels.

2.57‘[guideway is fully enclosed) .

1.41
2.93

32-80

8 or 12 all eeated.

5s. at 33 km/h.

5800-21600

$300,000 test track built 1973,

Minneapolis, U.S.A.







System Name

Developer

. Annual. Turriover.

Main Subcontractors

Development Grants

. Service Offered.

Control:Path planning °
- Bloek

:Headway

:General

Propulsion
Bréking

“'Support

-Guidancs

*'}$1294m11.

'Stechastlc.;if'ﬂJﬂfa*":

Pneumatic- tyred wheels runnlng ‘an’ eteel
“with bitumen surface.,: -

A - 23
VONA
Nippon Shayo Seizo Kaisha Ltd., New Transportation
System Divisien,. 1-1 Sanbonmatsu-Cho, Atutu-ku,

Nagoya, Japan. .-

(14*) |

irMitsui Transpurtatlon Machinery Dept., 2-9 NlShl -
'Shlnbashl Itchome, Ninato Ku, Tokyo, Japan.

NG 1nfDrmatiDn. fr B

.'cheduled.‘“J.

'Automatlc train control and traln protectlon -

rno details avallable.

thery elactric motor.

“No information.

I-beams

. Horizontal pneumatic wheels bear agalnet beam

- central belew track and thereby retaln the vehicle.

Switching

Single track.width: (m)
Normal accn/decn fm/szﬁ

Emergency decn [m/sgl

Crulse speed (km/h)

Vehicle capacity (pass)
Minimum headway

Line capatity {pass/h)
Stage of ﬁevelepment

Place of Development

Track sectien moved out of allgnment and new
section maved in to preserve cont1nu0ua running

‘surface and centrel guidence.,i e

11‘Unlike1y to excead 2m.

No‘infermetion.

No information.

80

30

80s.

15000

Prototype operation.

Precise location not knhown.




Air ;hd steal s.pring comb.
’ Signal_(nira_ systeft.
-Re{:éiif_iﬂg' and transmitting antenna;
Safety disk. ]
Ditfersmisi and hypoid drive. ~
3 Phasa callector sysiam,
Prieumatic guide tire,
Stael guide rail.

Ty




'Develocer

'hsyetem Name

~Annual- Turnover

: ;_MainfsubcchtrGthreci'.

Develcpment'Grantsh

.Service'DfFered ;

antrcl;Path_clanning‘

:Headway

:General

Prcpulsicn

Braking

Support

Guidance

Switching

Single track width (m)

Normal accn/decn (m/szl

Emergency decn Em/82]

Cruise speed [km/h]

Vehicle capacity (pass)

Minimum headway
Line capacilty (pass/h)

Stage of Development

Place of Development

A - 24

- Skybus/Vehicle Distribution System

Westinghouse Electric Ccrpereticn, TranspcttEticn

3i 'Systeme Division, Pittsburgh. 15235 U.5.A,
*_$4530m11 [141

Bethlshem Steel Inc., U.S.A: (track); St. Louis -

Car Co., Evehicle bodies).

Fed Housing $28mil.._Allegheny County $B Bmil.,
Pennsylvanie Stete $ 2m11., westinghcuse $1 04Zmil.

Scheduled.

 Stoghastic

Biock '

Train ccntrcl;-.nct'hieferChical in brctotype}

"Weyside or central monitoring of progress block to

block, speed, ‘acceleration of each vehicle - central

'ccntrcl commands each vehicle according to "rules"'

of separaticn, station spac1ng, known speed limits. -
Headway maintained by one vehlcle per inductive loop

jfof 1760 feet.

Rotary electric mctcrs.

Friction wheel brakes.

Sprung pneumatic tyred rubber wheele.

"-j Horizontal gulde wheels against central. beam belcw |
“track retein Vehicle on track. ‘ :

Transfer switch or table irvelving the movement of .
complete segment of track aside or realigned to
preserve continuity of running surface. Takes 20
seconds per trans?er cycle.

2.57

1.25

No information.

8o

28 seated, 42 standing.

120s.

2100

2,868 km of single track in a loop format with one
transfer tahble at South Park, (Alrport shuttles

glsewhera.)

South Park, Pittsburgh, Penn., U.S.A.; Tampa end _
Seattle Tacoma Airport, U.S.A.
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APPENDIX B

: smecrrn BIBLIOGRAPHY '

1.

2a

3.

da

Thls b1b11ography (1n chronologlcal order) contalns the magor sources of

_-1nforma$10n on automated sysﬁeme. All the publlcailone contaln references to
other sources. AT ' S

Future Urban Traneportatlon Systems' Descrlptlona, Evaluatlons, and
Programs. (Final Report 1). ERRR
Stanford Research Institute, Menlo Park, Callfornla
- March 1968 426pp PB-178265 :

The contract awarded 4o SRI for a .. study and report of ideal
technological futuristic solutions to urban transportation problems,
solutions available in from 5 to 10 years" was an important astep in
the analysis of urban transportation and the beginning of serious
research inte automated public transport. The report (whloh is the
major one produced by the contract) provides a cogent analyele of "
urban transportation needs followed by an evaluation and integration
of the various alternatives examined. The report naturally limits its

 analysis to American cities. The optlmism;found between its covers

has not been justified by later research and events. -

Cabtrack Stud1es ﬂSBesement of Antotaxl Urban Transport Group.
Technical Report 68287 Part 1, Part 2 : :
Royal Aircraft Establishment, Farnborough,Hants.
December 1968 204pp and 90pp

A detailed;mainly technicel report deecribing'and evaluating the
autotaxi system i.e., a small 4 seat cab under automatic control giving
a non stop trip from origin to destination. An economic assessment of
autotaxi in Central London provided only limited justification for its
installation. Still a valuable source of 1nforma$10n on vehicle design
and performance, control systems, passenger handling, structure design.

Transportation System Candidates for Urban Appllcaxlons.. A,L. Handman
ot al. Mitre Corporation, Mclean, Virginia, U.S.A. Under UMTA TR0O52.70,
DOT UT 00007 contract. 289pp.

Useful review of many systems originating in U.o.A Burope and
elsewhere. A comparison with this working paper (December
1973) demonstrates the changes that have taken place in the
urban {transport field since 1970,

An Aid to Pedesirian Movement. A Report by a Working Party on the
Introduction of A New NMode of Transport in Central London. Westminster
City Council, Victoria St. S.W.l. March 1971 61pp

An evaluation of the Minitram concept as a short distance
(0¢5 = 3 km) people mover in Central London. The operational,
economic and to a lesser extent envirommentzl implications
of twenty seater vehicles operating a line-haul service were
examined. The study concluded 'a new system could not be
Justified on financial grounds, Its construction would need
to be justified on its contributions to the broader planning
prohlems as a whole'.




. 6,

8.

Cabtrack.Robert Matthew Johnson-Marshall and partners.
Article in Architects' Journal 19 May, 1971 21lpp

The firet comprehensive study of the environmental implication
of cabtrack using Central lLondon as a scenario. Relevant factors
included safety, obstruction, privacy, visual scene, daylight

and sunlight, noise, mmrocllmate, air pollntlon and vibration.

' Personal Rapld Pransit. A Selectlon of Papers From the Flrst Nai10na1 

Conference on PRT - November 1971, Minneapolis, Mlnnesota ed J.E.
Anderson et alla December 1971 clrea 250pp

A collectlon of 38 papers malnly on the small vehlcle PRT
concept. The papers are mainly technical examining the
problems of vehicle and system performance.‘ A few papers
on economic.and plannlng aspects concentratlng on Amerlcan
oondltlons. '

Planning for Personal Rapid Transit. Centre for Urban and Reglonal
Affairs. Un1ver31ty of Mimnesota Deoember 1972 347pp .

A detailed and well balanced source of" 1nformam10n for
‘engineers, planners and students interested in the PRT
concept. Chapters on architectural impact, economic
aspects, design of stations and interchanges, design of
control systems for vehicle management. The most persuasive
and comprehensive single report on PRT (in USA) to date.

Opportunities in Automated Urban Transport. B.E. Grant., W.J. Russell
Prepared under contract to the Transport and Road Hesearch Laboratorv

March 1973. . 46pp

“Thls publlcatlon is intended to familiarise people
interested in transportation with what can be achieved in
automatic; urban, public transport".opens the preface. A
glossy, easy to digest publication for those wishing to
know and see the fype of systems under discussion. Not

for those wishing a deeper understandlng of the technlcal
economic and environmenital implications of advanced systems.

Advanced Systems in British Cities. Proceedings of Symposium 21-23
March 1973 University of Warwick, Coventry, England. December 1973

A collection of 11 papers addressed to a British
aundience. The main papers were 'The Bvolution of
Modern Urban Transport', 'A New Era in Transportation’,
‘Phe British view of Urban Automatic Transport oystems!,
'Experience with the Morgantown PRT System', and 'The
Case for Reserved Track', Specialist papers examined
control, impact on city from, problems of fitting
systems inio the urban fabric and operational aspects.




10,

I P
"' McGean. Mitre Technical Report, MIR 6498 (controlled distribution),

B -3

Progress, Problems and Potential. International Cbnferéncé1bﬁ"°
Personal Rapid Transit 2wd May 1973. University of Minnesota.
Minneapolis, Minnesota. - TR PO

co-A collection of - 50+ papers coverlng the whole spectrum
oo of PRIV development ~ technic¢al economic: and env1ron—':
. mental - from a wide body of ‘contributors. 4 more.
detailed look at gome of the problems rev1ewed at the
- first Conference. _ : : : :

A Technology Descrlptlon of ngh Capaclty Personal Rapld Tran31t. :T;J.

Under DOT = TSC = 434 contract’ (Transportation Systems Centre),__.__

11 July 1973- 94pp (Pro;ect 0910)

A well balanced descrlptlon of 'PRT - like® vehlcles and
their characteristice addressed to the US market. An-
exploratory examination of their economics and the o
delineation of some. 'key technical problems? form useful
addltlons to 1nformat10n on PRT.







