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1. TRANSPORT SYSTBH

The Sur Coeater Aeronovel Pilot L:lna is a s:l.ngla track

guidewsy designed for Phamse I operation with one passenger
vehicle operating between two stations. The site - 13 along the
southwestern perimeter of Porto Alegre's CBD.. -

The firat section of the ‘Pilot Line ptov.tded a conplete
- full-scale installation of -Aeromovel Technology by which the
system could ba tested, researched, opsiated, demonstrated, .and
evaluatod.. As such, 1t ‘provides - the - prototype model by which
future Aeromovel iines gain their certification.

As enviaioned by EBTU and FINEP :‘this Pilot Line hns a

Btrategic alignment which is to he unod fur launch of a CBD inner
city distributor locop. -
. From 1989 the Pilot Line contalnn a gutdeway switch which
demonstrates the high-uaa function and non-complex design of the
syastea. One atation demonstrated layout for single alignwment
methods while - the uoond atation ahows the 1nyout for doubla
track routes.

2. STATIONS .

- The single-track station wns bu:llt with a 25- platforn
having a 5m width. Tha othar station has 35m platform and 6m
width. The diffarence in platform length reflects the research
and testing plans for oparation of two vehicles - the standard
singla-articulatad veh:l.cle and the axpandod double -articulated
vahicle.

3. PROPULSION SYSTEM
The Aeromovel Pilot Line hau baen f:l.ttod with a -ulti—option
power-propulsion systes, Thig options was used to permit teating,
modification, research and certification of the components and to
" use various types of equipssnt within tha propuleion.
Currently, the propulsion in use contains the following.
3.1 A GMP (Ground Motor Propulsion) Unit composed of one
70,000cu = blower driving in tandem by two asynchronous slectric
msotors. Two levals of air pressure and discharge are obtained
since one motor is 100 kW at 1150rpm and the other is 256kW at
1750 rpa.
3.2 'l'hraa AV (Atmspharic Valuea)

a. AVl - An atmospheric value actuated by pnau-at.tc
cylindars sited between piera P37-38 and having pan-al of 2.5 m
1ongth and 1. 0- width,

b. " AV2 - An stmospheric values actuated by pneumatic
cylindars installed between piliers P2-3 und huving panel of 1.7m
length and 1.0wm width.

©. AV3 - Atmospheric valus powcrnd by pnaumatic

cylinder between plers PO2B-PO3B with 0.682m length and 1.0m width

3.3 Ona SIV {Section Isolation Value) located between plar
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P31-32. It is operated by pneumatic cylinder and has 2.5= length
and 1.0m width,

" 3.4 Along the guideway 16 locations have been provided for
fitting of values and GMP coupling, with five locations currently
in use. There are 3 access ducts from the top of beam and four

‘duct pluge inserted at the end of final guidebesm segments.

4. GUIDEWAY

The Aeromovel Guideway extends 1067w over its length with
703m tangent guideway and 364m curved guideway. Beams of variocus

design are used;

Lavel /Tangent
Gradient
Horizontal circular curve
Horizontal transition curva {(clothoid)
Vertical transit curve (parabola)
Ravarse horizontal circular curve
Curve with constant superalevation (cant)
Curve with variable supsrelevation {ocant)
Curve without supereievation (flat)

- Switch (Y-curve)

tangent segments number 28 basme of which 27 beams are 25a

-length and one beam is 18m langth.

Curved beams comprise 15 beams with:

7 unite of 164m radius having length of 25a sach,

1 unit of 25m length with 19%4ém radius

2 unite of 9.7m langth with 25m radius

1 unit of 10.7m length with reverse curve of 25@ radius

1 unit of 63.0m length cast in situ with three spans
with radius of 166.2m, 153m, and 123.3m

1 unit of 25= length with clothoid

1 unit of 23.9m coambining clothoid horizontal curve with

vertical paraboiic curve and transition in super-
aelevatrion

1 unit of 23m with 164m radius and horizontal and
vertical parabola curved combined.

‘Construction aspects of the guidebeama differed from
procedures used in convantional LRT projects. Fabrication is
done in two steps and with different design standards. The
straight guidebeaas are norsally 25a in length and are designed
to achieve optimal performance with non-esxcessive material
gquantities. A design of 1982 was used for the first 20 beanms,
called the first generation. Tangent beams of 1987 deaign are the
second generation and curved beams of 1987 are the third
generation. From these three evolutionary designs, a fourth was
used for guidebeams in Indonesia and a fifth is being prepared
for the Philippine/Pakistan projects. Static and dynamic tests
have besn performed on the first three genarations of beams and
computer analysis and simulation of lcads have been made for the
later genaration beaama.

At “insert" locations along the guideway (16 locations) the
opening not in use are closed/blocked by metal plugs bolted to
the concrete duct.




W

Sur Coastar drawings #236 and #8626 show the fitting
locations for valve couplings, the beam spans, platform
locations, and urban street pattern contiguous to the alignment.

The vertical gradient batween P4l and POB ias 0.2% while the
section batween POB-PO6 containe a 5% grade with end transition
sactions.

Batweean piers P18-P0O7 a conatant auperelevation of 2 degrees
(3.49%) is provided with tranaitions at P20-FP18 and PO6-P0O7. The
resaining guideway is flat.

Two guideway switches are provided. One was cast and erected
for future extension of the line. The other is used for
alternative antry to Station Two. Curvature within awitch is 25m
radius.

Tha trackwork for vehicle guidance is provided with twin
steal rails of 45kg/m. Track fastenings are two designa. On the
baams cast in 1982 the fastenings are Dorbras 5-75 type; a mothod
originally patented in France. On the 1387 beams the track
fastaning is DEENIK apring clip, msnufactured by Industrial
Artatecnica of Braasil; known as DE clips in the Netherlands.

Standard "T" rail is used with thematic welding. In the
tangent guideway from P41 to P20 the rail is welded to 36m length.
Batwean FO6 and P16 tha rail has 50m lengths with intermediate
sxpansion joilints. Reil welding at switches is not used. The
criteria for butt-welding relates to climatic conditions and
guldebeas loadingse. . '

,-GUIDBHAY - SUMMARY DATA !

Interior Duct - Guideway Size (Cross-section): 1.0m X 1.0m
- buct Shape: Sguare
Fabrication Tolerances: Sam :
Forms used for casting: One Set (comprising 20 asections
for 25a tangent beam}
Baam Erection Method: Hoisting by 2 75-ton mobile cranes
Guideway Foundation: 4 piles of 35cm2 cast in site
Note: Boreplle can be used, but shutting structures
and 80il conditiona within Porto Alegre did not
require this mathod)
Plers: Fabricated and Cast : Off Site (Casting Yard) 20 Plers
Oon-S8ite: 4 Plers '
Clearance under Guidebeam: 4.5 (Minimum)
Raii Gauge {Tangent Guideway): 1600mm

5. VEHICLE : S
Tha Aeromovel vehicle is designed ss two-compartments with a
single mid-articulation. Vehicle has overall length of 25.%9m and
external floor-width of 2.75m. Interior layout designed for ling-
haul, short duration usage with 48 seats and 252 sgtandees; a
capacity of 300 persons. Such vehicle would be used with headways.
of 120, 90, 75, and 60 saconds, dependent upon traffic demand. .
Such frequency would provide per-direction hourly carrying’
capacity of 9000-14,000 as required by the specifications of tha
Brasil Ministry of Transportation. o o

_ fitted to each side

The Aeromovel vehicle is supported and guided by three
trucks/bogies. The two end trucks are 1.00m wheelbase while the .
central truck/bogie 1s 1.6a wheelbsse. The two and trucka are
fitted with one set of pylon and propulsion plate. The central
truck is fitted with saaller width twin pylons and inner-beam
wheels. No cross-axles are used. Each of the 12 stesel-tread
wheels are independent of the others. The two passenger
compartmente of the vehicle are built with an aeronautical
underfrasa using low-carbon steel meabers and a 1ight-waight body

of aluminum panals.
VEHICLE: BUMMARY _ET-_B_J

Dead Waeight: Service Ready - 8,643kg (19,000 1lbs) )
Trucks/Bogles: End Truck - Weight 754kg (1660 lbe) each
Central. - Waight 1019kg (2240 lba)
Compartments: Two sections B - -
Each mection: Underframe: Weight - 1064kg (2340 1bse)
. Body : Weight  1469kg (3232 lbse)
Electric/Pneumatic Componenta: 300kg (660 lbs) -
Propulsion Component: One Set . ) ) . .
Pylon, propulaion plate, accessories 225kg (495 lbe).
Fropulsion Plate Dimensions . . . : o
Stainless Steel Frame/Panel ' = 94cm X 94 cm {37"%37"%) -

Rubber Tolerance Edge (2 sats) = 100ca X 100cm (39*x397) B

Brakea:. Pneusatic counter-flow & on-car disc-brakes
o hydraulically actuated. - = =
wheels: 4/truck{bogie). with 460mm (18%) diamsater . .
Passenger Capacity: Peak Load T, _
300 patrons {48 seated,’ 252 atanding) . oo T
Passenger Doors: Four Sets.of Double Doors per Side: -
. 1.8m (5'6") width each =~ .
pneumatically opsrated
safaty interlock - : :
Emergency Doors: Two per vehicle - with etairway (manual) . =~
Standes Accessories: Vertical/Horizontal Stanchions ' .

Measurements: .. . .
Railhead to Vehicla Floor - .. .- 75dmm (307)-.
Railhead to Station Platfors .. = 754mm (30%)
Maximum Vehicle Suspension Variation = .= '~ 7.0
. CEmpty/Full - o U0 T T e-15mm (5/8thY)
Railhaad. to Roof Tog: =~ - .0 - 2836me (B'97) -

i Lurvature: Minimum

20m (62).

6. VEHMICLE UTILITIES SYSTEM

Various utility systems are fitted to the. passenger vehicles. =

Lighting -~ Interior: Twin groups of fluorescent lights
are placed longitudinally within the compartments. Emergency
lamps with UPS are inatalled at each door-area and at the two -
emergency door positions. . oo T e

. Lighting - Exterior: Two halogen lamps of: 60W/12vVDC ' :
with white color are. fitted underfloor to each wehicle end. ' ' .
; So - Signalization:: FOuUr g 1 i C
ide of each and of the vehicle..Such

sets. of twin indicator lights are - . -
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:provide real-time monitoring of on-board components. Yellow light
'lhqu- direction of travel, red {1f activated) show .dagradation
‘within eny vehicle utility including brakes; doors, emsergency
_ Elsctric: Energy needs are divided into AC and DC
aystems. The DC system is collected from 'th'e'ru:in'ing rails
{55VDC) by special small collectors attached to the outer part of
wheal. The AC energy is provided in 110VAC and 14VDC for - air
Ccompreasors, interior lamps, and the DC system. The DC Aystem
rectifies the energy (AC to DC), filters and feeds the auvtomatic
brake control aystea, the amergency lighting system, the control
panal, the door control and tha communication system and the
signalization system. o s : :
On-Vehicle Brake: The on-board braking im. made with
Eriction disc-brakes mounted inside each wheel assembly. The
Soaponants are cbtained from commercial road vehicie sources and
;::::dr:o:ndwor-tlcat:a lmtiom. They activats with hydraulic
- u ars inter with the doors, (
and the automatic brake control sywtem, uorgancy controls,
: Service Brake - Control Syetem: Thias automatically
applied system permits smooth and safe deceleration of the
wehicle without jerks and without wheel ‘skidding. The system
containe a microprocessocr programmed for efficient decelaration
within sach guideway section, e :

Daor Coatrol: Signal is transaitted betwean vehicle and

ontrol centar to command position of doors. An antenna is placed
ithin guideway at each station on tha side to be activated. It
Hite a pulse command for opening or closing tha doora. Doors on
applicable sids can be opened ‘only Af vehicle ig fully atopped,
brakes sst, and position is correct within the station area.

Ventilation: ventilation within vshicle reflects the
tomparate nature of Porto Alegre. Without long-term azxtremes in
ileaparatura, natural ventilation is used. Roof openings and
?:;:.ln.)i:ir;::- opcjn!.ng are sufficient within this location.
{ H T projects, special heating and/or air
3 required. No technical limitation u?-t- t,hat mfgo;::&::g
slacemant gtf-lw.\c.:guponent- on the vehicle.)

preau Afr: Within sach compartment:
sh air-compressor is fitted for door Op.ratlmtozftt*m.va;‘::lfé
g:uamtor han_tuin reservolir tanks. The two compressors and four
ka;;r. ac._*.-t as a redundant -_y-tal_ uhen any oné component ia
) Emergency Equipment: Within Porto Al re the

}quipment 1s limited to two 5kg (12 lbs) ABC fi-;.'ge o:tingmrt?ars
ind information panels to passefigars. (Note: Option exists for
iss Oof direct-phone links batween passenger compartsents and
:n.;:':l )contml, but this options has not baen required for Porto
Operation Panels - Indicators & Controls: A set of
aneals, locked and protected from _pa-su\gor/muthoriznd?;a‘;i
'8 located at mid-point of vehicle. It containe the minor devices
'Or the utility systeam of electric, pneumatic, and electronic
11 on-bosrd fuses are located within the panal. )

q
7. VEHICLE CONTROL DURING OPERATION IN GUIDEWAY SECTION

Trajectory control of the passenger vehicle ig maintained by
use of the varioua patented sub-systems:

Guideway Sengor: A gub-system of reod-awitch sensors are
spaced along thea running surface of the guideway in redundant
paira. On tangent and non-impaded alignment sections the gengors
are placed 25m (78' ) apart while near stations, sharp curves, and
special component locations the spacing isg 12.5m (39'). The
guideway sensors are inter-connected and linked to station
control cabins by a bus cable. Each sensor emits an individual
and codifiad signal composed of B bit binary code.

All mengors axrae mounted by matallic fasteners to the rail
fapteners of the guideway. Thise results in uniform gap between
vehicle induction coil and trackway.

The bus cable conforms to standard industrial-grada
telephone cable with 6-pairs of wires. It is laid between the
outer wingwall of the guldaway and the running rail. Such systea
if provided on each side of the track, thereby maintaining the
redundancy safety factor within the sub-systea. Minor degradation
of tha system does not rasult in shut-down of the sarvice.

Actuation magnets are fitted on the central truck/bogie of
the vehicla to "trip” tha sansors. Two magnets are placed on both
sides of the truck, with result that systeam monitors each side

twice as the vehicle passes.

Atmogpharic Valve Sensor: three types of guideway valve
gensor are used. :

Valve Sensor - Status/Position: Double microswitches are
installed in thea SIV and AV valves to sonitor valva position.
They are actuated mechanically by the position of the flaps
command ahaft/shutter within the SIV. The sensors report status
with valves closed, open, or within an incorrect position.

Pneumatic Sensor ~ Status Fnoumatic Pressure: Pressostat
sensors ara installed within the pneumatic feed line to report
flow direction and pressure.

Electric Sensor - Vehicle Auxiliary Services/Compresscors:
This device is limited to direct reading of the DC enargy
conditions at tha control panel within the vehicle.

Guideway Switch Sansor: Tha GSD {Guideway Switch Device) is
dasigned with three sansor sub-systems.

Rail Point Status « Position of Switch Rails: Double
micro-switches are ingtalled at the rail blades /points to report
the rail position and confirm that this agrees with the selected
position within the control program.

Hydraulic Pressurs Status: A pressoatat device is
placed within the actuation cylinder of tha hydraulic lins to
report the condition and pressure level.

Electric Supply Monitor: A simple electric sensor
monitors current qQuality within the AC system at the control

panal.

Control Equipment: Design drawings show the process by
which the Aeromovel Vehicle 1is controlled and monitored during
its movement within a guideway section.




ach station the control equipment includes two
1ndep:11n§::: gonputers including two CPUs {Central Prooassigg
Units), videoc monitors, & keyboard and print-out unit; twghg
power supply systems, two ATP control units, two toggle swit msu'i
and a comsand/control panael with fffk. uhic;\e are enclosed
ometricly in the mata c console.
mang: ;orgputara rzquj,rad are PC-XT (or eguivelent) with hard-
disk/uinchaster, a flexible disk unit, and 640 Kbytes of RAM.
Bach ATP control unit (controller) ias connected to the
following sub-systema:
guideway bus sensor cable
Valva & Pressure Sensor
Switch Sensor.
According to the monitored reading of all sub-systems and.
thea changes within such information, ths controller chooses a
speed progras for the vehicle salected from a minimum of five
programs available within mesory. As a result of changes in
vehicle position, directicn, and valocity the controller monitors
and compares the actual with pra-determined limita designed and
set within the program Oparaticn Design. The ATF controllar
asintaines real-time control on the GMP (Ground-bagaed Motor
Propulsion) Unit and all valve ocomponents o fail-safe positions
are wmaintained.
Tha ATP
Manual Coatrol Override
Automatic Vehicle Protection: The ATP control contains:
UFS-Electric Supply
CPU-Cantral Procesaing Unit
CPU Intarface Circuit with Guideway Sansors
CPU Input and Output Interface
The CPU uses the processor 780, of 8bit, and auxiliary
componants. Computer access is aade with communication interface
RE232.
gach electric supply system provides +-12VDC and +5vDC for
the overall control system within the station. Thare is a aigaal
aonitoring circuit for the CPU (watch dog), which - in the event
of failures - actuates the self-test module in tha control panel.
Tha input interfece module permits reading of 16 channels
(2x8) on basia of on-off positions. Thase are used to check the
correct position/status of guideway valves and track awitch. This
interface ls electrically isolsted by an optic coupler. The
output interface mcdules peraiis the connection to 16 {2x8)
channela which are electrically isclated by optic couplers. The
ATP controller uses a channel to send ATP trip data to the ATP
mixer.

The guidaway interface sensore asaiat the reading/sonitoring _'

of data from vehicle movesant.

The DC electric energy, at constant tension, is provided
within sections controlled by individual circuit breskers for
each sub-systea or devise requiring very high reliability. The
alectric system is provided by a set of UPS batteries to feed the
full control syatem without interruptiona if fault occurs within
axternal AC public utility supply. ’

<

From thae ATP controller, each computer independently ..
receives continual new data about vehicle position, velocity,
direction; guideway status data about valves and switches. Link
ia made with an interface modules RS232. All information ia’
processed and dieplayed on tha VCR monitor: ...~ . . ’

vahicle velocity ’ . ) L

Progranmed Maximum Spead Allowed

" at each position in guideway )

Number of Laet Guideway Sensor sctuated

Toggle Switch Positions . . R

Distance of Vehicle from: Station Departed

: Station to Reach )
Track Switch, 1f any )

- Section Isolation Valve
Atmospharic Valve .. .
Ground-based Motor Propulsion - -
Horizontsl Cuxve ~ Beginning/End .

During operation, whenever any “irregularity” is detected
within any sub-system of the Aeromovel Technology, registration
of the evant and time will be printed-out by the computer. )

Information on toggle switch positions for the GMP arxe
transmitted to the computer via interface modules RS422. = . ..

The toggle switch has seven positions - center is neutral
and three positions to each side thereof. The two seta of three -
positions relate to the GMP and the differant profiles for
pressure direction and discharge rata. U S ) :

At each station the control pansl had double-system for door
control, disc-brake, and system self-test. ) .

The opan-close dcor command is conveyed by rectangular -
magnetic antenna transmitting signals at 3kHz. It ie fed by an
oscillating circuit mounted at the control panel. s '

Vehicle service brake is controlled by 150 mH coil placed
within the guideway at 100m from each station. This activates a
reed-gwitch sensor mounted on the central truck, thereby
commencing the programmed brake application. o S

The self-test sub-systom has three basic functions:

Activation of the System: (On-Off) (ATP Activated)

Turn-off system 1f "watch-dog” circuit detects CPU .
fallure within the ATP: = . . .0 - S

Option of manual operation for sy
ATP Off/ Bypess. . . L -

The mixer received command "ATP TRIP" frow the controller at
the station. Thia maintsins or relsases the GMP commands to. -

ates with

pneumatic propulsion. = IR I o .
The expansion program withirn. the computer permits vital
relays within guideway, power saystes, and vehicle to be. ..
continually monitored for fatlure or correctness. Any incorrect.
reading will result in return to fully fail-safe position. If:
vehicle ie at station, such failure will preclude movement of

relaya for the sclenoid spring-loaded valves controlling ' the .. N

vehicle. -




a Auto-atic Operation Control _This aspect of operation
control is considered 1n thrae soctiona- .

GMP Control - )

Yalves Control -

GSD Contro.‘l. '

The GMP control roqu.tres diract ﬂignal an:lasions to tha GMP
. wailves with a monitoring  feed-back componént. Control is
. pecformed in elither aut:o-ut:lc(.\'ro) or manual method. If ATO is
not used, the oparator at station control uses his right hand to
oparate t.oggla switch levers. :
All guidewsy valve controls ‘are " posttioned by ‘automatic’
command. Manual override ie normally not used or permitted.
Tha GSD control, as built in Porto Alegre, is manusl.
Tha full control requires two UPS electric supplies, two
GMP controllers, and a GMP mixer. Tha olnctric supply ie some
as used for atation controls.
The GMP contrcller has UPS energy supply, CPU, various
communication 1nt.rfaoe-, a -u.'l..no:l.d interface and input modules
interface.

The UPS anergy food- ‘the mr ‘controller at DC currant of +-

- 12vDC and +5VDC for ite’ dinternal functions
The data to CPU is interfaced at station. . . '
The solanoid activated thn GMP valm, the SIV and Av, and
the GHP mixer modules. .
Tha GMP modules conpr:l.sas two GMP -1:0: nodulos, the SIV mix
- modules and tha systea gselector sodule.
. The GMP mixer contains circuit to receive command from “the
two GMP controllers for activation of valvea. When the GMP
controller sends the signal ATP TRIF to the GMP, the command

-drops all energy feeding viul relays, .f!.ctively and safe.‘.y )

-‘shutting the aystea down.
: The s:v mixer -odulel :I.a sinuar to the sodules used on’ tha
GMP.

The ayste- selector -odula aatahlilhoa uhich stntion has -
. control of the GMP vulvas, 51V and AV, .

FOR FURTHER INFORMATION, PLEASE CONTACT:

.S . AL & CANADA:
SUR COESTER AEROMOVEL
Sultae 221, 2025 I Streat NW
Washington D.C. 20006 ush
Teael : 1-202--223-38B0S
Foax: 1-202-223-3931

BRASIL & SOUTH AMERICA:

SUR COESTER S_.A.
Rus Washington Luis 186
Porto Alegrea, RS, Brasil
Tal: 5S55—~-512-261088
Faxz: 55-5S12-271 392
Ooxr 342 661

INTERNATIONAL:
SUR COESTER
/o Leaa H Rogeaers
4909 S5t BarnabAas RoAad
Temple Hills, Md 20748 USA
Tel/ Fax 1-~-301-8B894-2037
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. " ADVANCED URBAN TRANSPORT TECHNOLOGIES
‘AND APPLICATION POTENTIAL FOR INDONESIAN CITIES
By -
IR IRSAN ILYAS AND L.R. BROTO
P.T. CITRA PATENINDO NUSA PRATAMA

.- What are the psrsmeters in which to consider the use of
technologies for urban transport within Indonesian Cities?
Firgtly, today we are raviewing a type of tranasport which
internationally is termed Peoplemover or Automated Guidaed
Transport. . This is a system for use within urban and regional
settings. Existing systems of rail and road technology are not
included within this type claseification. The main characteristic
of such AGT technology is that the alignment ig exclusive for the

. operation - no other ume of the actual travelway is permitted.

Secondly, the operation 1s conducted with control that is not
routinely handled by personnel or staff - in effect, .the
transport is operated similar to an escalator or lift/elevator.
Although Metros and gome LRT syetems are operated with complets
ATC - Automatic Train Contral, their operation is still conducted
with a stationery driver or atterdant who has a control panal
“that is used continually during the operation.

‘There has been more than two decades of activity within such
technology, but the results, until very recently, have been legs

‘than clear for success. This last etatement 1s made with

reference to OECD nations, not the global need. Our intersst ig
the transport function and development within Indonesia. With the
envigioned urban expansion of ALL cities within Indonesia,
whatever type of ‘transport projects ara to be undertaken, the
needs are not limited to Jabotabek and Jakarta.

A8 planners, we nesd to think of what ig practical for daily
operation. It is possible to have technology which functions, but
which as maintenance and cost charactaristics that excead
practical levels. Additionally, any type of technology which is
to be used should have the potential for contributing to tha
national resources, not detracting from them. By this is meant
that the technology should be able to bo development and operated
by local people, both at direct operation level and at the senior

management level. Such equipment should ba able to be produced

within the country - or at leaat the majority of it ghould be
within the country. This has been cne of the primary problems
found for urban transport equipment during the last decades -
wheri purchasing buses or railway equipsaent, the spare parts are
8till required to be imported. There are many reasons for thiam,
but in the overall, it is a drain on the direct national aconomy
and it does not encourage the local industry for provision.

[y

Let us look at what has been developed and bullt during the

‘last decada.

Now, from the standpoint of Pelita IV and Pelita V and from
the standpoint of social and economic needs within Indonasia, I

. have the view that nona of us should be "automatically” attachsd

to any one technology simply for the sake and sales of such

agquipment. Both at the goverrment level and within the private

sactor levels wa nosad to think about tha urban tranaport sector
of the city. Within Indonesia we do not have only one sajor city,

‘'wa have ten major citiaes today. Within the next decade this

amount will grow and within the early part of the 2let Century
there will ba 30-40 cities with populsations of more than half a
million people sach. Since, as a nation, we should not look only
to the needs of Jakarta, but to the whole of the nation, we
should sattempt to find types of technology and systems which
serve tha beszt interasts of the people and tha nation. It was
within that philosophy that my firm, PT Citra Patenindo Nusa
Fratama @mbarked upon sn evalustion of world-technologlies
available for the improvessnt of urban mobility.

Thara is a difference between being a national planner and a
good citizen and baing a direct salessan for equipsent. Aleo, the
suppliers - aspecially outside Indonasia - have as their first
cbjective tha sale of thair aquipmant, not ths longer-range noeeds
of the Indonamisn nation or any one of its specific cities.
Therefore, we have to be a bit cautious about “friends bearing
gifta™,. In tha past decade, there have beaen times when proposals
for new urban egquipment have not bean pursued by government
simply bacause the initisl esvaluation showed that to buy to the
technology or equipment would create worse conditions -
agpacially from the financial view - than the existing
conditions. In this way, tha "do nothing®™ option was used.

At conferences and conventions and within acadeaic seatings,
we can think about tranaport msethods and procedures. Wa can dream
about now systess. Howaver, when hardware is placed on a specific
alignment for public use, the realities of operation and
maintenance and safety had better be clear. During the last 15
years there have bean many cases where the international urban
tranaport comaunity has seen equipment display poor results dua
to its lack of design for day-in, day-out usage. We should =all
understand that given enough soney. given enough maintenance
equipmont and givan enough highly-trained personnal, anycne can
oparate almost any type of equipment on a daily basis. However,
within daily urban transport we are looking for the reslistic
mathods, not the exotic.

. Although wa could have lengthy discusaion about the next few
statements, for the needs of this presentation I would like to
raview various aspects of transport systems now avallable for uaa
within the world. Firstly, 1 am not discussing normal city bus
services because the focus is upon tranaport mathods which can
reach above bus capacities, which can ba operated on an axclusive
alignment, and which “psychologically” give the appearance of a




more attractive condition. Secondly, we are not talking
conventional railway services because there have been few
locationa which have been able to attract private funds and to
maintain profitable multi-yoar operstion of such systems. In the
case of Jskarta, urban planners have shown many corridors for
future development which are not along existing railway
alignments. From the economic viewpoint, railways MIGHT be
uvpgraded into urban/regional paasenger operation within corridors
which have existing alignments. However, within totally new
areag, the cost of land and development for an urban railway have
been shown to be very high. In two examples not far from
Indonesia, the Hong Kong MTR has been orgsnized in a manner by
which land values along the alignmants are captured by the agancy
for repayment of much of the capital coats. In Singapore, the
USDS2 billion development of MRT has been outstanding for its
design and its engineering. However, within the oparation
viewpoint, government has sepsrated the capital costs from the
neads for cssh flow within the sysatem. In effect, the agency
charged with daily operation does not have to generate funds for
the capital cost recovery of the project. Therefore, the fare
levels are set at the amount required for fuil operation,
maintenance, and administration of the system: but not the
finance or developsent costa.

From the time of discussions in Bappanas and Dep finance in
1979, thers has been interest within the Indonasian Governsent to
find a system {or systems) which can ba built, operated, and
maintained without direct or indirect subsidy or support from
government - either at national or local level. At timas this
seams like a qguest for an impossible object. However, with the
continual development of technologies within the world, it has
been necessary to msonitor developments within many nations and
then consider how such developments could have application within
Indonesia. .

Let's look at aome syatems. I will separate into two
categories the naw technologies that have been dovelopad, Those
which have been built, but which are no longer offered for sale
or developmant. Second, I will review some of tha technologlies
wgifh have been built and which are now being built in varicus
cities. R e

One of the hardware projects which should give us insight
for future applications of technology was built in a small town,
in West Virginia USA. The town happaned to be the homa of the
State University of Wast virginia, Morgantown. In the early 1970s
there was much excitement that "new systems” would be the short
term "magic® answer to many problems, During that time many
aercoapaca and military firms entered tha marketplace, mostly by
direct purchase of primary patents. Boeing was included within
such ectivity. It developed a aystem and it received a contract
from the US Governmant to build the gystem at Morgantown. The
result was vary clear. Whila tha systes could be mada to work,
the costs for construction and for operation were far greater
than originally envisioned. Additionally, the "minor" problems of

<

continuous operation - both in winter conditions and in normal
summer conditions - resulted in wajor etaff and cash commltments.
By 1975, tha world's most succesaful aircraft builder had givan
up the promotion of this eystem and had withdrawn from nale of
such technology. Howsver, the system still operates, directly
undar the University administrstion.

2. The Ford Motor Company is internationally known for its
rola within the world's history of mass sutomobile production and
sales. Less known is Ford's involvement within this specisl urban
transport market. At the same time as Bosing, the Foxrd Cospany
undertook a pecplemover projact near 1ta headquarters in Deerborn
(Datroit) Michigan. Ag a real enstate development a major shopping
complax and convention hotel was being built. Ford propossd and
built a trenaport systom to link tha hotel with tha shopping
complex. This alignsent was to ba the forerunner of many more
within the shopping complexes throughout the USA. However, Ford
has no background in normal urban public tranaport.or within this
type technology. As & result, the line wae built, but tha failure
rate of components and sub-systems resulted in very high costs
and major staff time commitments for smaintenance. After a few
years, whan Ford reviawed ite corporate stratagy, managessnt
concluded that thay should stick with the technologies they knaw
the beat, but attempt new fielde which could not provide a
reasonably quick payback. 50, they withdrew from the market.

At times, people (including ourselves) talk ahout . people-
movers as a wmethod which SHOULD BE the same as a conventional
alavator or 1ift; however, horizontal rathar than vor_tical. In .
the sama tima frame as the two firms abova, Otie B_lm_rator entersad
into the markaet. They had an idea which was "revolutionary” in
the technology. They would make & syastem without wheals. They
would produce & levitation vehicle. Otis hired a staff, purchased
relavant patents, snd pushed to development a product. With the
expangion of the University of North Carolina Hospital at Durham,
a naed was found for some type of mechanical systeam to act as a
shuttle service between the existing and the new complex. Otie
agreed to supply their equipmant. As in the two cases given
above, thay succeeded in supply the equipsant, The. sguipment

succeaded in ressonable operation, but not cutstanding. Howaver,

when time came to calculate the costs for development, building
and routine operation - tha experience was not considered good.
Enough of horror stories. I am not heax to tell you why such:
gystema don't work. Rather I want to show how technclogically the
cities of this world may be poised for a new era within their
moblXity. : R T L

Within Japan, France, Canada, and USK there has been
development of peoplemover systems. In the case of Lille France
and Vancouver BC Canada, these applications have paralleled the:
normal applications of either heavy rail (setros) or light rail
{LRTs). From the late 1960s there has been a slow, but determined.
professional interest within many nations to improve the mobility
of citizens. Such efforte and interest have not been sclely




focused on new systems. To point cut 'a few examples there is the
Metro or rapid transit developments in places like Hong Kong and
Singapora. Such technology is normally called Heavy Rail. There
has been international interast in the expanded use of trams or
“electric urban railways, such as Tien Mun {Hong Kong) or Manila.
In Eyrope, LRT has been used for Docklands in Londen and Nancy
‘"France and Torino Italy. Within the USA and Canada these syatoms
have been newly placed in San Diego, Calgary, Portland Oragon,
Sacramento, and Edmonton. We cen look at such technology to see
what as been achieved. In wmany ways the investment in Jabotabek
‘Rail has been a mix beatween thene two typeu of convantional
) railnay tochnolog'y .

. i lﬂ.thin ‘the AGT = Automntic Guideway Tranuport - tha oldest
supplier within thia wmarket is the USA firm of Weatinghouse. Much
“has ‘been written about their equipment and about the potential
“for use. Howaver, within an direct urban application there has
been been little development. From tha miad-1960s thia firm
designed, researched, and developed a medium-capacity technology
called Skybus at a location near Pittsburgh Pennsylvania.
Although ‘envimioned for use as an urban system, the equipment
found ite wost successaful application within airport complexes.
Given the "slowness® of municipal urban applications, the firm
has been able to use the occasional contracts with airports as a
maeans to exist and to maintain gome presence within the market.
Hawaver,; the one major urban application which was contracted in
Miami Florida USA has not been the type of story which would
endear tha technology to other city governments - either within
the United States or within other nations. ’

: An eaxly contract for use of Wastinghouse's systes waa made
with the airport authority if Tampa, Florida USA in tha first
half of tha 1970a. As the airport has expanded in services and in
passengex volumes, the use of this equipment has also expanded.
‘Tampa was an aurly advocate of designing airport passenger areas
around one major terminal and having it connected to a series of
satellite terminals at which the aircraft were actually

" positioned, Today there are four satellite terminals, each
connacted to thé main terminal by a dual-guideway peoplemover
- operation. Nona of thesé guideway services have switches for
interchange of cars. Each guldaway was but one vehicla which
shutties beck and forth between the two terminal stations. In
this sense it parforms like a horizontal slevator. When the
vehicle néeads service or the guideway needs maintenance, that

" portion of the operation must ba closed. This is not a limitation
withih the type of application mada for an airport, but within
the urban traneport environment, it would not be acceptabla.
Looking through the decades of urban transport development, this
aspect is not digeimilar to the issues raised by the 1962
Monorail line within s:;attle.

E‘ro- the aviation success at Tampa, and partly from the
perceived competitive Floride tourist market, the airport at
Orlando (near Disneyworld) alsco contracted this syetem. It wae
designed and it ie operated in nearly the same manner - as

separate guideways between a central major terminal and a series
of outlying smaller departure buildings. The distance of the
route is undar 600m. With the short trip snd extreme paaking of
passanger demand, the vahicles are designed for standees only.
Tharefore, a vehicle that would normally be considered with
capacity for 40 seated passengsrs within an urban context has the
capacity to handle 160 people per car since thay are standing.
Paggengers within thie system are traneported without direct
payment of a fare. In aeffact, the expense of the sarvice is
“hidden” from the user by having the airlines and the airport
tonants paying the cost in thelr terminal fees and lsases.

. Within the USA, airports at Miami, Sesattle, and Atlanta have
installad this ayetem. Outeide the USA, only the United Kingdom

‘airport of Gatwick has purchased the technology and has it in

operation. In 1987 tha Changi Airport Authority of Singapore
contracted for a 600m guideway to line the naw terminal area with
the exinting building. This project is now undar constructiom.

The M:lanta system comes closest to an urban application.
Along two guideways there are five or more tresin-sets operated.
At each end terminal the vehicles are switched to the return
guideway s0 one track operates as inbound and one track as
outbound - similar to a standard doubla-tracked railway. Thers
are four intermediate stops in each direction. Rather than having
the main terminal connected by saveral independent guideways, the
airport was designed with the satellite terminals being in
parallel. The peoplemover runs totally balow ground. The aircraft
are positioned above the area of its route. The operation has
proven to bes a very effective way to handle large numbers of
airline passengurs and employees within a facility catering to
high amounts of transfers and transit passengers from one carrier
to another and among various flights. However, with the full
pecplemover being underground, it is obvious that the technology
has an environmental conditions which optimizes ite performance
since thera is not rain, snow, wind, or external dust and trash
which can influence the actual operation.

Wastinghouse systems
) Tampa, Florida, USh
Orlando, Florida, USA
Atlants, Georgia, USA
Miami, Florida, USA
Singapore Changi Airport, Singapore

From the early 1970s, more than 16 years ago, a group of
businesspeople, university people, and transport profesgsicnals
proposed the establishmant of a government-equity firm within the
Province of Ontario Canada to confront the challenges within
urbsan and regional passenger transport ag they perceived it. They
causaed to be formed the firm of UTDC - Urban Transportation
Developmant Corporation. Frow the corporate standpoint this firm
tried to be in urban traneport what the Eurcpean Afircraft
Consortium had been for air carriers. From 1973 until 1986 this
firm dominated policy and investment within the province and to




sowe degree within Canada and internationally. As was prevalent
within the 70's decada, the theme permeating the activities was
that tha “existing™ methods and equipment were obsolete and
provided little value for devising new mathods. This firm, with
avellable funding from the provincial government, commsenced to
make and market a new transport systes. The peoplemover which wae
devaelopad has been built for passenger services in Toronto,
Detroit, and Vanocouver. While much promotional documantation hasg
been avallable, the direct operaticnal exparience and the cost
axparience has limited the application of this tachnology.
Toronto used UTDC for one line at Scarbourgh. This project was
undertaken as the "direction” of the provincial governsent even
though the transport agency of the city did not endorse the use
of this egquipment compared with a sodern LRT system. Az & rasult,
there is an agency operating the system who does not believe in
it. Even though it hae bean built and certified for full
automatic operation, the transport sgency maintains ona full-time
"driver® or seated attandant in esch operating vehicle dua to
"tradition” of tranasport aperation.

From 1978, the United States Department of Transportation,
in the form of ite UMTA - Urban Mass Transportation Administra-
tion - promoted a national compatition among cities to invest in
new urban transport technologies. The aaperiance of thia program
is worth a whole workshop on its own. For thae subject of today, I
will limit this atory to the fact that only two cities actually
raceived grante of fundse and authority to undertake construction.
One of these cities was Detroit Michigan. Within this city the
succesaful applicant for the technology was UTDC. :

The best application of UTDC has been in Vancouver, British
Columbia, Canada. In 1986 this city and province hosted a major
intarnational exposfition on the theme of transportation. One
reguirement within the city was to develop a showcase urban
transport system which could attract and handle the anticipated
crowda. From 1981, with a Can5600 million loan from Ontario
Government, the Government of British Columbia agread to build
UTDC for this 14km line. Much of the alignment was obtained from
an freight-only railway and entry into the centre of the clity wasg
achieved by use of an exiating railway tunnal - thereby
minimizing capital costs.

It has been interesting that other Canadian cities, outaide
Ontario Province, have not taken up the use of UTDC t:eéhnology
but rather opted for the LRT systems with equipment purchased
from FRG-Garmany. With provincial and national elections and the
shift in provincial polity, the public firm of UTDC was
privatized and the major equity was purchssed by the ctmsulting
firm of Lavlin. This has not changed any aspacts of tho
technology design or the equipment offered within the system. The
system 1s atill offered for use internationally, and the Bangkok
Expressway and Rapid Transit Agency ia actively reviewing the
marits of this hardware for theilr long-awaitad mass transit

natwork., However, the price “offered” for the complete system isg
above One Billion USA Dolla_rs for tha 32 km system. {That is USDS .-

[+

-

31.25 milliion per double-track im or USD§15.6 million per track
km.) . : .

UTDC/Lavlin System
Detroit, Michigan, USA
Vancouver, British Columbia, Canada
Toronto, Ontario, Canada

wWith the interest of USA, Canada, Japan, Germany, and UK in
the development of AGT and/or Peoplemovers, various firms in
France focused upon the technical potentisls and the market. The
most successful of these firms has been Matrs with the
development and installation of their VAL system. From the
passenger's viewpoint (if not pursa) the VAL technology would
seem compatible with both Westinghouse and UTDC. However the VAL
was the first to construct a peoplemover technology directly into
the city centrae in & manner that would permit full urban’

" passgenger services. Pricor to 1984, this type of equipment was

contained only within “special™ areas such as airports, thema
parke, and new town or new industrial park areas. VAL within the
city of Lille France demonstrated what an affective pecplesover
technology could do. While the capital costs and operation
expensas for the technology have been high, the quality of
sarvice offersd to the public resulted in much higher patronage
than had been forecast. The success of the first major radial
line within Lille resulted in an increase in patronage for all
parte of the urban traneport network within that city. Services
have been operated at 16 to 19 hourse per day with frequenclies of

3 minutes for both pesk and non-peak periods. This compares with

the "etandard” practice of undergrounde and LRTs to operate at &
minute headwyuas for peak and 20 minutes headways for non-demand
periocds. Once the public saw the high fraquency they were wmore
willing to use the system at any time day or night. Fares were
established at levels cowmpariable to tram and bus and a network
daily, weekly, and monthly pass was available. The services
commence at two outlying parts of tha metropolitan area and pess
directly through the centre of the city - with stops at both the
main rallway station and the main commercial centre. The
freguency permits non-pesk patrons to have a smeated journey while:
the patrons in peak periods have 50% change of having a seat for
part or all of thair journay. Additionally, tha lower capacity of.
thae vehicle combined with the higher frequency of service has
raesulted in the commuter traffic being high due ta the public's
feaeling that the crowding is less than would be experiaenced on s
conventional bus or tram. There has been no public protest at
fully automatical operation. The technology is operated without
on-board technical staff. Security and fare inspectors are
combined with extensive use of CCTV to provide a’ demonstrated
safaty for the patrons of the system. In the first year, the
randcm acts of vandaliow and theft were effectively dealt with
and the public quickly concluded that the system was a safa
environment to usa, (Compara this with the urban metro system of

_ RATP which had more’ than 4200 theft cases in the year 1986).




.- With the public success of the firaet line, the central -
-~ - 'government and the local public backed the financing for a second

and third commercial line within Lille. With the better corporate

E ..8tability of MATRA coapared with UTDC, seversl tranaport agencies

hava shown interest in contracting this technology. Some current
locations include O'Hare Airport in Chicsgo, USA; Jackhsonvilla,
Floridas USA, and Bordeau Franca. Within the French urban
transport sector, this technology cannot ba said to have clearly
shown a superiority since various French cities are atill
building, planning, and evaluating other technologies, eapecially

- LRT aystoms. . oo

Matra system .’ T
Lille, France ' D
Jacksonville Florida, USA )
‘Chicago O'Hare, Illinois, USA

Within the context of Indonesia, espacially Jakarta, an
additional technology should be mentioned even though it is not
"technically® an automated syetem. Thare has been much comment

-and some consideration within privete and government offices
about the use of bus-related technology being promoted by

Mercedes Benz. This iz called the O-Bahn. A variety of benafits
have been stated for this concept. However, the only full
application of such equipsant is to be found, not in Germany, but
in Adeliade Scuth Australia. The idea is that higher capacities

' can be achieved by bus with such bus is on s controlled guideway

and when the steering is done without driver participation. A

‘14 km line has bean opan for two years. In ths case of this city,

the salection was not dona on a fully technical basis. Barlier
studies had proposed use of a light rail system, but this isgue
became politicized. When the party in powar wes changed through a
etate-wide elaction, the new party needed a non-rail solution to
tha dévelopment of the corridor. The alignment is made through an
environmentally sensitive area - & flood plain which has been
turned into a linear park. However, the use in Jakarta would not
be in a aimilar area, it would be along s major artaerial and
through high-density sattlesents. In Adalaide thera are only two
intermediate stops within the 14 ke. This {8 not the mannar in
which operation would ba made for Jakarta. The cost for

" #tructures would ba high due to their width and the design of the

gtations. The major point is that any type of single-lane busway
must be used by vehiclea which have very high lavels of

. ‘maintenance and dependability. Currentiy within Jakarts the 2600

buses of PPD have a daily failure rate of more than 300 units.
Most of such failures ara short f{n duration. However, ANY failure
within a bum-guideway would mean that many vehicles would ba
quickly affected by the breakdown., If the fleet to use the busway

‘18 to ba & deperate fleet, with separats maintenance location and

special maintenance egquipment, then the cost to provide the
@arvice would be much higher than the current bus oparations. The
proprietary designed guideway has been developed ONLY for the use
of specially equipped bus vehicles. Normal road vehiclas cannot
use the alignment and even emergency vehicles such as police,
fire, and ambulance would not be able to use 1t. In Italy, Japan,
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" veahiclan and,

Bre ’ spacial busways are used for amergency
venicten lro.l‘:‘ :::. gi.tiea. for public taxl vehicles. Except
for s short segment of O-Behn in Eesen, no German city has
regular uea of this tachnology and nc German city has active
intesrast in installing such system within their comprehensive
transport network. One of the major savinge, within European
citiea, comes from removal or reduction in staffing levels.
Howavar, C-Bahn still requires the driver to be sitting in the
vehicle even though he is not steering. Therefore, it is sn
expensive new technology without major savings in direct staff
costs. Productivity is improved due to the higher spead, but

actual cost reduction is not found,

Now, with this summary of world development within AGT
systems, I would turn to a review of the technology that we have
selected for evaluation and use within Indonesia. It ia very
prudient- for professionals to ask what the merits and the
liabilities of such a system would ba. It is best to evaluate the
system on the needs of Indoneaisa, ite people and its cities - not
on the design or desire of the technology's inventor or marketing

paople. o

Concomitant with the private and government afforts to make
a new system within nations of North America and Europe, thers
was a private firwm in Porto Alegre Brasil undertaking & more
methodical evaluation of the needs within urban transport. Under
the direction of Mr Oskar Coaster, the firm of Coester Transport
congidarsd the parameters for urban passenger use of technology
and the trade-offs for energy. cost, sase of cperation, and
gsafety. Without s pre-set deadline of when such equipsent would
have to be on-market, they were able to appruvach the problea in a
much less stressful manner than seen in other larger firms. By
the year 1980 a one-third scale cperating model had been erected.
By May 1983 at the edge of the CBD of Porto Alegre, a 650m pilot
line was completed and placed into operation. From 1983 to date
this line has logged mors than 18000 hours of operation and
103 000 cycles of operation. From early 1988, with partial
government funds, Sur Coeater has supervised the extension of the
pilot line. With this extension, with the development in
Indonesia, and with tha changs of staff within Brasilian agencies
there is wmore interest for funding a complete loop line within
the CBD of Porto Alegre. This would result in a clock-wise
operation along a 3.8km loop with saven stations.

fliowever, our interest is not Brasil, but Indonesia. To most
people familiar with the urbarn development of our country, there
is a major issue to be addressed. Jakarta is NOT the only city
within Indonesia to require improved transport infrasturcture.
There are many cities which will double or triple their resident
population within the next 15 years. If the need was only for one
line within Jakarta or only for one natwork of any technology
within Jakarta, it might be possible to undertaken existing
mathods for urban transport mobllity. However, we have Medan,
Bandung, Surabaya, Ujung Padang, Semerang, and other cities.
Therefore, within Pelita V and Pelita VI, government must
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obtain the best development within the very limited funds
availabla. It is within that context that the Aeromoval is being
considered. It has many advantages not found in other options.
Firstly, it has a low capital cost in regard to the capacity
provided. Second, it can be installed in very short time period
and with au.ni-ial disruption to the local land uses. Third, it
has the beet energy conservation of any urban eystem. Fourth, 1t
can be installed within exiseting public rights of way. ?1tth, it
will not compete with the State Railway for goods. Sixth, Local
materiale ¢an be used for asraction, therefore, foraign costs are
minimal. Seventh, local engineaering talent and local constractors
can undartake guch work without participation of foreign experts.
Eighth, the audio-smissiona (noiss pollution} is 6848 and the
atmospheric pollution within the alignmsent ig¢ nil. An overall
agsat of the Asromoval has not bean stated because it permeated
tha overall concept of the technology. It is a safe syatem for
the user, the worker, and for the contiguous public.

In soms ways it takes “unreasonable” pecple to develop new
approaches to old needa. This seems to be the case with Aeromovel
and the construction within TMII - Jakarta. From the viewpoint of
project developmsent tha Indonasian firw of PT Citra Pratanindo
Nuaa Pratama has agreed to the construction of the 3.2km loop
line within a pariod of less than nine sontha. Ground-breaking
was on 22nd August of this year and the public operation will ba
underway by April 1989. Further, the full cost of the project
will ha kapt to USDSI0 wmillion or less. This is equivalent to
USDS3 per km. Construction will be undertaken within an area that
is already established, unlike some technologies which have beaon
built at the same time as the development of the area to be
served. TMII waa opened in 1975, sc we are building within an
area which has already existed for 13 years. From the viewpoint
of enginsering the more interesting points include: The full use
of Indonesian contractors; the inclusion of 10 percent gradient,
the existance of a 25m radius curvature, fabrication of plers and
beams off-site and maintenace of anvironmental integrety during
the conastruction phase.
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PORTO ALEGRE'S ANROMOVEL DEVELOPMENT
Oskar H. Coester®

Abstract: The Aeromoval technology has operated within
Porto Alegre, RS Brasil on a pilot line of 2Z000£t (650 m)
s8ince May 1983. while daily commercial passenger operation has
not been offered, the installation has provided a Ffull range
of operation and maintenance experience which demonstrate the
financial and physical merits of its use for urban transit.

1. Background of Tachnology:

Frequently, wany cities and firms rea

to tha physicel existence of Aeromoval Taéii;:tg;.sgizfﬁiigz;
has been developad and incrementally designed over the last
two decades. Since the technology was invented by one person
rather than a committee or a work group, there was a
development atmosphere which lacked unrealistic time-limitg
for production of the hardware. A8 a result, the technology
and its sub-aystems were evolved in a comprehengive manner
devold of concern for what current product lines could be
incorporated into the "new” system.

1.1. The Designer's View of Need:

During the mid-1960s, international aviation was chan
fro- pilaton to jet aircraft. During work with Varig Airlig;:g
1;&3 struck with the anomaly that people could traverse 606
miles {1000 km) in an hour within the aireraft, but they
frequently required more than an hour to cover twanty miles
within urban areas to and from the airports. The question then
was raised, "What can be done and howi™

After establishing a private manufacturi fizm in
:ieqre. I continued to think and aketch tha izzuea f;i ;::?:1
stance mobility. With an aviation background, I firet viewad
::2z8::1nting land-transport systems as having a major flaw -
—oe t;atzgight. Second I conciuded that alternatives might
oxlet use of direct electric propulsion of the vehicla.
rd, I reasoned that whatever Syatem evolved, it would have

. wheal guidance and support. Parsmount to

was the raillway and aviation ph
that safety was not to be sacrificed in any way - tﬁL::O:gETg

be redunda
pr i :;L]and there would be fui}-aafa methods and

* Technical Director, Su

T Coester SA, Porto Alegre RS Brasgil o

1.2. Early Tests snd Research:

At a suburban plant, a short test track was built to
demonstrata the basic parameters of the aguipment in 1977.
Thia was a test-bed with a single seat, propelled ovar vary
light rails with use of a 3hp blowar. Even on such a modest
installation, the principle wag well proven. This resulted in
greater interast to built an anlarged test facility. In 1978,
a 2040ft {650 m) steal-duct track was built near Novo Belem, a
Porto Alegre suburb. This alignment had 5% gradas, 94ft (30m)}
radiue curves, and a passenger vehicle with 8 seats. An.
additional test-bed with sand-bag weighte was used to -
calibrate the amount of weight and the degree of valocity’
which could be gained. Throughout these tesats the main
consideration was full, conatant and safe control of -the-
vehicle and tha operation. The resulte confirmed that use of
large diamaeter cross-section ducts with low pressure pneumatic
flows would permit reliable. operation without major leakage.

Within Porto Alagre there was growing public awaransss

that a new technology was being devalopod._Through_local:_ *

govarnment interest, & short demonstraticon line was placed at
the Stata Fair Grounds. In the years 1979-1984, during the
waek-long annual event more than 5000 people wera able Yo try
the sysetem, using a 12 geat vehicla. The raesult of these. two .
operations. was to' demonstrate that larger vehicles and higher
speeds could ba handled. ' = o e L T

1.3. Initisl Gov.rn-gnt_Pnrticipgtion:

From mid-1978, tha Brasil Federal Government, through its’
agency EBTU - Brasilan Urban Tranaport Agency, gainad
interest. A detailed wchedule of testing was formulatad. A
full-size test track was designed near PForto Alegre's CBD.

Part of the earlier steel-duct trial line was shipped to =

Hannover Germany and exhibited as an running system in the:
1980 Commercial Fair. At this location tha technology was
approved for use by Hannover-TUV and 18 000 visitors tried the
technology: T R ' . : o

2. Phase I - Porto Alegre Pilot Line - 1982:

in October 198Z, & joint-effort started between the EBTU . -
and Coester SA for installation of Aeromovael. The original -

schedule c¢alled for a 3150ft (1000m} mingle track section with‘:f”'

two stations. K further extenaion would follow by which &
multi-station circular line would result between the historic

center of'Porto'hlegré_and=the-nqu'State{Govern-ent-” '

Mdministration: Headquarters. .However, in early 1983, the:
government  agency shifted priorities within' its national’
planning  and withdrew- support’ from the constructlion project
Coester and the suppllers of materiala’ completed: &8 650
section and equipped it: with: power unit, vehicle, and & single
station and control centar. The system’s pillot line opened in’
. May. 1983. Theé power plant was custom made with two slectric




motors coupled to'the 1ndustr1a1.pneunatic'hlouet, This
permitted testing and research. The controls were. for gemt -
sutomatic operation. The method of control wan ‘automated
operation betweaen stations, but manual control of the vehicle
within ths station. Therefore door controls wara vested with
the control personnel, but they were positioned within the
atation, not upon the vehicle. . The controller and the driver

: woera merged into one poaltion.that.did-not.rdquirq complex.

alsctronic akill or axtended: years of truining._'_
a. Int.r1-'0§br-tloniaﬁd'i;blufiod of Daesign:

Although the single-station configuration of the pilot
line ‘¢id not permit “normal® pasganger utilization of tha
technology, the firm operated the vehicle and system as if it
were in routine public operation. Betwean 1983 and 1986 the
vehicle "hauled" a atatic load which represented tha
equivalent of 300 passengers within .the car. This load
remained in the vehicle 24-hours throughout the period as a

- masne to test the atructural integrity of the vehicle. Cagual
visitors wers parmitted to ride at wili. Thair comments were

sought. With the daily operation of more than ten hours par

day, msinor modifications to elactronic controls and vehicle
fittings ware made. However, . no substantive changes were
required within the technology. During this' five year

Tinterim” period, 1t was posgible to sonitor the condition of

components and subsystems during severe heat and near-freezing
cold. Operation expariance was logged for sunny days, major
rainy pariods, and high windy occurrences during winter angd
summer. During this five yYears operaticn phase there were na
. amargancy conditions cocuring and no serious failura of sub-
aystems Or components.

. By mid-1987 Coester become encouraged to join forces with
a major Brasilian supplier of eslevators (Bur Elevators SA). In
October 1987 the joint firm of Sur Coester SA was eatablished.
. With further emphasis on Aercwovel, new govarnmant funds were
made available from tha Ministry of Research and Technology to
extend the line up to the firat 3150ft (1000 -},

&. Phass II for Pilot Lina - 1988:.

In February 1988, construction commenced on the 1400ft

(450m) length weastend of the 1983 pilot line. Loocal
contractors and domestic auppliers were used. The asteal woulds
for casting the beam were fabricated. The mould has been
designed to permit use for both straight and curved sections.
During July 1988, nine beam saectiona with curvature of 250
foot (B5m) radius were cast. Thess beams were Placed by late
August. The city and state have plans to enlarge a parallsl
artarial road, so design called for a 118 feet (38m) span
within the guideway. Current designs permit off-site
fabrication of heams up to 'a length of 100feet (33m).
Therefore this long, curved section was done in-sfite. This
work provided a direct coat comparigson for on-site foff-site

‘.
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mathods of erection. At the “Northern” station the systam has
a switch and s track section with 5% gradient. The horizontal
curvature of the switch is 76 feet (25m) radius. A new power
plant wasd installed using the concept of quick-replacesent and
backup for components and systems. The control system was
deaigned with local hardware and proprietary software to
operata the system with full automatic sethods.

5. State Ghv.rnu.at Plans for CBD Loop:

Prior to the complation of the current extension,
sgencies of the central government and the mayor eambarked on
plang to continue the construction into the central historic
area of the city and then axtend the line to form a aingla-
track loop operation. While the interast is evident from the
government, the current problems for implamentation are
related to the general public finance criais of the country.

The engineers of Sur Coester SA have shown tha municipal
government and the Ministry of Research that the envisionead
loop infrastructure can be built within 14 sonths. Howaver
finance betwean national and local sources remains unclear. As
of end-1989, the cost for the 8500ft (2.7km) additiocnal
guideway and relaied components was plannad at USHS58.9
million.

6. Influsnce to Indonesia's THII project:

The five years of operation for Porto Alegre's pilot line
provides clear evidence of the maintenance and inspaction
needs for use of Aeromovel. As one visitor stated, "This pilot
line has the significance of the the Rainhill Trials” (where
English steam locomotives of 1829 showed tha power advantage
over animal horsepower ).

When the varicus Indonesian planners, executivas and
engineers became interested in use of thig technology, the
pllot line provided physical proof of the Aeromovel. It was
geen that this ahort line had been bullt to urban transport
standards and that all sub-systems performed at or above their
envisioned atrength.

When the largest contingent of Indonesian professionals
visited in July 1988, they observed the methods and procedures
for conatruction of the civil works in both straight and
curved locationa. The design and fabrication of an improved
powar plant was shown and the construction of the new vehicle
was inspected. Such activities within Brasil provided quicker
understanding as to how implementation could be done without
major time loss or disruption to others.

7. Emperience Within Aeromovel Technology/Philomophy:

From the aearly 19808, greater numbers of Brasflian
professionals have been brought into the design and operation




of Asromovel Technology. Since 1985 there hae been an
increasing international awareness of Aeromovel and its non-
OECD origina. A number of factors have been demonstrated by
ita development and the Porto Alegre operation.

7.1. Operations Neaeda:

Effactive urban public transport requires the operation
of technologies which can fulfill the needs of all citizens -~
frequent and occasional users, young and old, workers and
touristg. Such transport needs to have an attractiveness - in
routing and in physical appearance -~ that encourages both the
high-incoma and the captive rider to use the service. To be
effective it must be fregquent and it must have & cost of
opsration which 1a ilow. In such regards, the Porto Alegre
Filot Line has demonstrated that freagquencies of 30 to 45
trains per hour can be routinely managed. The operation has
shown the merite of fixed-site propulsion and computer-
dominated control.

7.2. Safety Parametera:

With any svolution within technology, the public demands
that performance, operation, and design must rigorously
provide maximus prudent safety for all members of the
community - the paasengers, the staff, and all others. Whilas
many types of standard “"proven” technology are considered
eafa; events such as the Kingscrose Fire of 1987 clearly show
that all technologies aust continucusly guard sgainst unsafe
conditions whether they are sudden or inherent over time.

7.2.1. Passengers: :

Based on daily operations within rapid transit and LRT
systess, the safety needs are divided into two main groupinga
- firstly, the aspects related to the technology and secondly,

the aspects related to human bahavior. This review is limited

to tha first grouping since the issues of human behavior are
endeaic to all transport methods.

Hazards from fire, sudden jolts in operation, changes 1in
floor levael, poor vehicle design and poor lighting are thae
wain factors in passenger related safaty. With a vehiclas that
sppaars to the riding public similar to existing systems of
LRT, tha Aeromovel technology has a level of aafety within the
sama psramaters. However, where Aeromovel differs 18 that

power and brake ralated power equipment is located OFF tha--. .

vahicle. In the event that such eguipmsent fails, short-
Circuits or burns, the event will not occur within thea vehicle
or within the station weaiting areas. .

Interior materials conform to the safety standardae for
public transport vehicles in Brasil and Indonesia. If more
rigorous standards are desired or legally required for other

nations, modification can be made. Buch option alaso reflects.

the "ability” of Aeromovel to utilize local materials rather
than to force users to import goods and materials.

{

The issue of smoking upon the vehicle is left to local
policy and doeas not incur a hazardous condition more severe
within Aeromovel than within other technologies.

Unlike existing electric urban railway technologies, the
Aaromovel does not require third-rail or overhesd catenary
systems containing very high voltage and electra-magnatic
interference. The duo-rails of Aeromovel are used for 52v .
energy. At this low voltage and with the 5°'6" (1600mm} gauge
of the track, there is no injurious potential to people even
if they enter the prohibited track area, : :

The axtarnal areas of the vehicle are degignad on
seronautic principles and with the fundamental understanding
that NO ares or component can be placed or built in such a -
manner that people can ride or mount on the outside of the .
vehicle. Such problem is found worldwide, but within citiey '
of emerging nations there is frequent experience: with
undisciplined crowds riding on roofs or betwean vehicles. In’ .
part, this phenomenon occurs dua to low freguency.of service.
Ag shown in the high-frequency Manlila LRT cperation, a
traveling public that ils aware of the high frequency service
is less prona to do such “migsconduct™. In OECD nations the:
problem is more with pranksters and vandals. Such individuals
may or may not be under the influence of drugs or alcohol.

Existing electrically powered railway vehicles have -
tendency to jerk the patrons at: the moment of acceleration. -

Such occurrence ise norsal with mechanical’ transmission of- the:

power to the wheels. Since. the propulsion of Aeromovel is-
obtained by pneumatic sethods, the instant of acceleration is
smooth. As a result there is no perceptible jerk rate.
Therefore children and elderly have less risk of falling (or.
ingtability) than has been achisvable with othar technologles.

The most frequent passanger injﬁries.aro.fhllh. SinCe_tth f
riding public is composed of people in varying degreses of -

physical health, the conditions must minimizes the potential.__"

for falls. The Aeromovel operation has flat-level pointe of

entry and exit between the station platforwm end the vehicle's. =~

interior floor. The interior of the vehicle has one floor
leval without any veriation or tapering of angle. ' )

Within the Brasil and Indonesia, there is no lagal -
requirement for mechanical access to the station-vehicle
interchange area. In existing locations no. élevators. or .
escalators are used. Like the LRT .of Manila, auch design is”
desired to limit the capital costs and the annual operating -

and maintenance costs. The Aeromovel technology has no_ 

inherent design factor which would prohibit wheelchair access.

The vehicle design reflects the heights, weights, and

dimensions of the general public. Therefore windows,

stanchions, doors, floor, and other fixtures ara. installed in-

a manner that will NOT cause potential’ injury o;_diaﬁoqfdrtrtéi’ﬂ i




“usars, Such désign tdkes cognizance of the both the genaral
public and tha individuals having interast to aaarch out and

' axploit hazards.

The cpacificationd'raquifd vehiclha to-hava 1hterhh1

illumination which will function under ALL conditions. Each -

vehicle is equipped with batteries and backup powerpacks for

‘lighting. The smount of lumena required conform to the

-;-gulation- of VOV - Germany for public transport vehicles.

7.2.2. Staff: ’

. All Aeromovel operation ‘and security staff are raguire to
complete a training course that anlightens thes to the
principlas of the technology and the occupational aspects of
safety within their specific tasks and responsibilities. The
focus on mtaff safety is directed to the hardware and the
oparation, not the limited potential for contact with the
TeVanue passangers.’

Aeromovel has a track atructure which is unincumbared
with croas-ties, high-voltage slectric, or lcose gravel and
olly surfacesa. The parmanent-way is bullt in a mannar not
raquiring freguent maintenance. No staff are required to work
upon the guideway during revenus operations.

Theraefore, the main hazard area to he considared for
ataff is within the workshop. Since vehicles ars not eguipped
with heavy propulsion eguipment and subsystema, the safety

-anviron-.nt is nqual or better than existing urban rail
Bystoms.

7.2.3. Others:

While any transport infrastructure cean be occupiad by
unauthorized persons, reasonable design standards are taken to
preclude "unintantional®™ or unmalicious entry intc non-
pasaenger areas, On railwaya, the major problem arisaes from
contiguous land users and reaidents. In both rsaillways and

highways tha pedastrian frequently uses portions of the
‘alignment which have not baen designed or considered for their

uBe.

in the case of Aeronovel a fully grade-separated
guideway 18 provided. Generally, it is a dual-track elevated
alignment which has access for panuangars at designatad
etations and access (or egress) for etaff at "sacured” points.
Therafora, traapasaara on such alignment would not be a
fragquent or “accidental®™ occurrence. Rather, such individual
would hava demcnstrated thair overriding purpose to penetrate
into non-public areas. Stationa are the most frequent area for
- such occurrence. In addition to tha gecurity and control
person at the station, there is CCTV and amergency procedures
to counter hazards induced by unauthorized personnel. This
meoang, at the wminimum, the Aeromovel will have safety equal to

" Kobe, Lille, Vancouver or Miami. From Morgantown to Tokyo and
Paris, systesm experience has shown that some individuals will

{

seek to be present in non-public areas. The sscurity staff and
other personnel srxe trained for such cases.

7.3. Maintenance:

Whether in aviation, railwaya, or road transport there is
an underlying need for varying degrees of maintenance to
vehicles and guideways. Many types of APMa have ahown that
thay can operate within a public environment. Howaver, like
the early years of both Morgantown and Dallas-Fort Worth
International Airport, the maintenance needs placed a very,
very heavy burden on the budget and staffing of the operator.
Urban trangport is rxenown for its potential to minimize
maintenance. Therefore, rather than to make problems in regard
to maintenance and repair, an innovative technology should
attampt tO make & system which possesses little need for
complex testing or difficult rapairs. Aeromovel Technology
does require wmaintenance, but its frequency is lower and its
complenity 1e wminor. General elactrical, electronic, and
mechanical tasks dominate the maintenance function,
Infrequency 1ie Jincurred, with the result that reliability of
operation is improved. Componants require weekly and/or daily
inspaction, but such task is not complex. The motor for the
power propulsion unit is built with a sensor to automatically
cloge-down 1f the srmature exceeds a specified intaernal
temperature. Power units, vehicles, electronic pensors are
designed and installed in a manner that permits short-time
replacemant of the unit. The full power unit can be replaced
in less than five hours. The maintenance experience of steal
track 18 known. Howaver, within the Asromovel the axle
weights, under fully loaded conditiona, is below four wmetric
tons rather than tha 17 metric tons permitted on many national
rallways. With ude of 85 lb/yd (42kg) rail, the waar on the
head 18 low and the impact of tha vehicle is not detrimental
to the alignment of the track. The track width of 576"
{1600mm) alsc permits better riding gualities. The beams and
plars are made from concreta and ra-bar. Within the conditions
of Porto Alagre, such structures have a projected life of 40
years.

7.4. Construction Costs 1983 and 1988B:

Prior to construction, proponents can "estimate”™ capital
costs at optimistic or pessimistic levels, Howaver, after the
actual coanstruction, within variocus nationa, the capital cost
parameters are more clear and documented. Prior to 1988 the
building costs were based on the 1983 contracting costs for
the components within the Pilot Line. In 1989, the costs were
derived from work in Porto Alagre and Jakerta. The Aaromovel
installation within Porto Alegre can be considered higher than
normal due to the short length of alignment and the ovarall
cost for wmolds, fabrication yard, mobilization, and
contracting. In effect, many costs related to such projects
are lump-sum whether the project is & wmile in length or 20
miles in length. A steel mould for the beams has a higher
price when ordering only one, rather than five or six. The
cost of use of such mould likewise has wvariation depending on




casting of ten besms Or & hundred. The 198% Porto Alegre
capital costs, including all items required for public
operation, are aguivalent to USD55.4 million per track-mile
(USDS3.4 million per treck km). If a mingle pler, twin-
guideway were built, it would be USDS9.6million per route-
mila. Bacause tha Jakarta TMII project was built over a two
mila {3.2km) TOUte, the per-track-km costs are lowar even
though the time constraints on the projsot increased the
direct coats.

Conetruction coasts have baen reviaewed for wvarious
countriaes based on high wage rates and lowser wage rates for
construction personnel. Since 71% of the capital cost is

related to tha civil works, the price of concrete and Te-bar.

have more significance than has been found in conventional LRT
systeas such as Calgary. Two ooat areas have been omitted from

this work - 1) thae commarcial purchase cost of land, 1f -
required for the project and 2) tha relocation costs of major.

public utilities. In Porto Alegra the alignaent was provided
under authorization by the government parallel to & public
road. The relocation of individual ainor public utility iinos

and lighting ware included, but no sajor water, gas, ox

sewsrage pipes wars sncountered.

7.5. Annualized Costs of Commercial Operation:

Within the context of this paper, Aeromovel oparation ia
considered for public line-haul urban passenger transport. In
such application there would be high utilization of the
voahicles and high-volumas of pasdaenger use. Mithin Porto

Alegra Brasil and Jakarta Indonesia the fare collaction i% -

done manually due to the low wages and the social need for
creation of smployment. The overall coperation costs of the
Asromovel are low, basad on & capacity-unit value. Howaver,
sacondary sysateamas - such aa sscalators, station air-

conditioning, and automated fare collection syetem - could.:

significantly incresse tha coste of the transport function. I1If

atation-platform double-doOrs were installed, tha malntenance

needs of tha saystem would be higher than currently
axparianced.

8. Concluaion:

The decada of pre-operation Aeromovel development coubled
with the five years of physical rasearch and operxation within

Porto Alegre Brasil has shown the marit of this technolagy. .

since the innovation has doublae-track capital costs of

USD89.4million per route wile and operating costs of UsD$2.10. .-

per vehicle-mile, there appears potential for provision of

improved urban transport within many cites at a much lowar
cost level than experienced currently. The merits of Aeromovel

havae ganarated interest in Indoneaia, USA, France, Malaysia,

Philippines and Pakistan for conaideration of this technolegy. -
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URBAN TRANSPORT WITHIN JAKARTA AND
POTENTIAL FOR MEW TECHNOLOGIES

LEE H ROGERS - JAKARTA

Urban transport is a subject dear to the hearts of
evaryone. The views and feelings of each of us on issues of
transport and mobility change from day to day - generally for
the worst. Whether our attempta at sovesent are made on foot,
in public transport, or with self-owned motorcycles and
sutomobiles, sach of these types of equipment and services
have conflict with the other and with tha adjacent land-use.
In Jakarta most of us feal that the condition i1s the worst
possiblae. Howaver, people who have visited and worked in
Bangkok would consider Jakarta's traffic problea mild compared
to their own. Then thera ias Lagos, Nigeria which has a
transport raputation stronger than even New York City. The
fact ie that urban mobility is an issue in all major cities of
the world - from London and Moscow to Cairo and Surabaya.
Lat's just focus on Indonesia today, with emphasis on Jakarte.

As & transport planner, one of the sarly ambiguities seen
is tha “name” of a city - whether London or Jakarta. %hy do I
say thia? Becsuse, whan we say London or Jakarta, pecple think
of ona physical location. Everyone knows that Jakarta is over
460 years old and London can trace its history back to Roman
times. However, the London of 1830, the London of 1900, the
London of 1950, and the London of 1989 are much different
places. The same is true for Jakarta. In 1950 the "satellite

city” of Kebayoran was thought to ba too far to go. Many.

government officers refused to move their famiflies to such
remote area. In 1970, tha areas of Cilandak and Bangka were
remoteé. In 1975 a trip to Country Wood Estates was & half day
adventure. Today Jakarts sees thousands of daily commuting
pacplae from Tanggerang, Bekasi, and Bogor. Dapck and Barpong
ara not considered so far any more. P8 Minggu is an "inner"
city shopping area, aa is Blok M. Prior to 1950 Jatinegara and
Tanah Abang were not really considered as “"ianer” city. What
thie reflects 18 a continuing growth in both population and
land area in urban use. In 1945 Jakarta contsined 600, 000
people. By 1950 this had increase tc 1.5 million. By 1975 it
was above five million and now within the city boundaries the
total 1s 7.5 million. However, that is not the whole story -
because we have what is locally called Jabotabek, something
like Greater London. This covers 2000 sq km and now supporta

13 million citizans. The planners envision more than half a.
million additional people per year - by natural birth angd
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migration. So, by Year 2005, the forecast is for 22 million

people in Jabotabek, of which 13'-11L10n will be within actual
city. Now wa could talk sbout all the needs - housing, woter,
employment, food, educetion, health - but today I will limit
comsents o trangportation. The challenge is not a type which -
is served by passimisa. wWhen we reflect on how much has bean .
done in the past 24 years, there is a good basis for future

Buccess In provision of effective transport. As with Tokyo and

London, regardisss of what measure are taken thers will still

be points of congestion, and conflicting public needs for
mobility,

There is no one urban transport technology that can’
satisfy all needs - aither for goode or passengers.
Governments hava found pasgsenger or citizen mobility to be the

most difficult and costly. New roads are regquired, New .

railways - or at least upgrading of existing alignments - are
required. Bettar bus services cartsinly help. But even with
such projects there is always more needs and more demands for
capital funding. In Indonesia, like UK, or India, or China,

the options of urban transport improvement must be considared -

from the soccial, economic, and political view. Whatever im

done in Jakarta, will be demanded by Surabaya, Madan, Ujung -

Padang, and Bendung. An example ie the national allocation of
double-deck buses from Medan to Sulawesi. For govarnsant that
maans money. From the national finance this is a commodity
which has many uses; but which could ba totally consumed by

just the urban traneport needs of Jakarta. The PJKA urban . . -

railway services have budgeted nearly 2000 million USDS for
improvement up to 1992. The major new highways have a similar
budget figure. It is fine to say it is not anough, but for.
Jakarta it ia more than now found in other million-plus cities
of Indonesia. I oL s : '

What this means {8 that a search has been made to obtain .-
improved urban transport, but without extrems burden on
national or local government funding or on. items which could
be used in only the largest city.’ . = ... - o . .

Since 1965, many firms snd nations have trisd to develop |
new answers to tha “cantury-old" problems of urban mobility,
Soma answers of earlier times - like LRT and rallways - seemed
attractive, until the current price tag wan determined. In
Jakarta, from Manggaral to Kota Station tha elevated railway
has a budgeted cost of USDS42 million por km. In Washington DC
and Tokyo the construction of underground railways costs more
than USDE6S million per km. What ie "feasible” from an
engineering viewpoint may sees a “disaster” from the financial
viewpoint., Such case has been made for both the metro of Rio
da Janiero, ‘Brasil and the metrc of Santisgo, Chile. S

After preliminary data and evaluation, a private firm
within Indonesia sent a small team to Brasil in October 1987 o
to assess a new type of transport. From thia first contact, a

1193hﬂ&4ﬂ93 arraqged,_vg;;ous:rputda-yithln Jakprtqnand.'




H&nduhg{uera'cbnaideréd, and agreemént was reached to build a
demonstration line in TMII. Tha technology used is called
Asrvmovel in Braeil. ' : .

Frankly, on an urban transport bahla, theré'afe'-any

things unique with this projact. First, it is not conventional
‘in ite method of operation. All previous syeteams of fixed

guldeway urban traneport - whether on rubber or steel wheels -
‘had propulsion from electric motora fixed to the runniag:

' vehicle. That has been the atandard for more than 100 yeara. A
recent variation has been linear motors, but this stil] has
major heavy aquipment on the vehicle. Within Aeromoval, the
vehicle and the propulsion are separated.: The guideway becomas
the propulsion area, not the vahicle.'Such_no&enant control ie
made with air pressure. One major advantage of this is that
" the basic weight of the vehicle can be drastically reduced. A
aormal rajilway metro carriage or an LRT vehicle has a waight
of 38 to 42 tons (BEpty). An Aeromovel vehicle has an ampty
+tight of 9 tona. Both types of vehicles hédve the same
tapacity. Energy required for movement is a direct physics
svlationship between mass and velocity. So, 300 passengere
weight 19.5 tons. If thay are moved in matro their weight is
but a third of the moving mass. That means that a msetro car -
at vast - is always moving 66& of its own waight, not the
payload. In Aeromovel the full passenger weight would be 68%
of tha total. To put it another way, for every passenger of a
full metro the dead weight of the vehicls averages 135kg, . but
on Aeromoval the dend weight im only d4kg, . R

The principle of Aeromovel has been known for nearly 150
years, but the application has awaited the Brasilian design as
made and patented by Mr Oskar Coester. Actually, in the 1840s
I.K.8runel built the South Devon rallway line with use of this
propulsesion idea, but for a number of reasons it was not
commercially viable. My viaw is that thare are many things
different batween thess two projects. Firat is 150 years of

‘development. That means advancement in matallurgy: advancemant
in engineering; advancement in rubber and plastics, and
aspacially advancesent in control systems and electronics.

The Aesromovel Tachnology uses & complataly saparated
right of way or Quideway, generally placed 5.5 = above
~surrounding land use. The guideway is normally made from
cnble-strounud concrete beams with a hollow centex of 1 8q
mater. The vehicle operates on the top of such beam with
support and guidance by twin steel rails and flangad stesel
wheels. From the underside of each bogie there 1e a mast or
steal pylon which travels along a slot within the top of the
guldebeam. Thia mast is attached to a rigid msatal plate which
seals the cross section of the duct. At selected points along
the xight of way, a small container-size power unit is rlaced.
Thies contains a blower which can push a volume of air into or

out of the duct. As the air pressure in front of the vehicle -

or behind the vehicle changes, tha car can be movad -
. accelerated or decelaerated. : ’ .

1 could explain much more about how the technology works.

.But the important thing is that it does work, This means that

we have a aituation somewhat like the period when electric
lights were proposad to augment {not raplace)
paraffin/kerosens illumination. It is like the firat years of
the telepghone - when most educated people “knew" that the
human voice could not be made to pags through a tiny copper
wire. Today, few people question the feagibility of eithar
electric lighta or telephonic communication. Today we select
types, modela, and brands for auch needs. In technology
awarenesns, this is the point at which Aeromovel is now placed.

‘For that reason the Indonesian Licensea, PT Citra Patenindo

Nusa Pratama, agreed to construct the demonstration lina. The
550 ha complex 0f TMII has sought a type of internal
diastribution system for more than 10 yearsa. As a result, an
agraement wasg made that served the interasts of both partiaas.

Firstly, a 3.2 km single track loop was designed with eix
stations. Second, it would permit people to view the park and
its attractions from a good vantagepoint. Third it would show
technology merits for future placement in urban areas. In this
last grouping, the parsmeters that have been set includa:
Rapid construction, Reliance on domestic skills and firms,
private funding of the project, and use of an alignmant which
catars to the park conditions, not to tha technology wishas.

On 22nd August 1988, Ibu Tien Sceharto led the ground-
breaking. Eight months later, President Sceharto opened tha
line. During that eight months all civil and mechanical works
were done. There was no "vacant™ alignment or prea-projact
assembly of equipment. Everything of a physical nature for
this project started with mid-August 1968.

After the start of the project we found one piece of
knowledge that had not been Known earlier. In other major
parks - worldwide - such major transport projects have always
been erected at the time of first construction of the park,
not retrofitted later. Of course we could not close the park
for our civil engineering. We could not leave major areas in
open and dirty condition. Further, we had to blend the
guideway to the layout of the park and finally we had to give
consideration to environment and atress probleas for the major
collection of tropical birds housed near the project.

The line as built for public operation in a counter-
clockwise pattern. Along the southern srea of the park a speed
of 70 kph ia operated. Between the Komodo and the Bird Park a
speed of 55 kph 1is done with the remaining route being
operated at a leisurely 20 kph to persit patrona to see tha
main attractions. 5o, we have demonstrated the speed which can
be used in an urban line.

Additionally, curvatures have been bullt to as tight as
25 m radius. For most wetros, anything under 200 m in modern




design 1s rejected. That is part of the reascn that such
matros, like tha new ona in Singapora, have such great capital
cost. Also, satroe seldom have gradients of more than 5% aince
adhssion - especially in wet conditions - is very difficult on
rail. Since Aeromovel doss not use the rail for powear,
braking, or adhesion, we have built a 10% gradient to show the
ability of our system.

Most important to Indonesia, is that the projact has bhean
accomplished with full reliance on locsl engineer rag,
contractors, and workers. Thore'mﬁm%n
enginesers vis ng for short term to advise about various
aepects. But the prime responsibility for success has been
placed with the Indonesian Licensee. This was done to show how
such technology can be used in othar nations actively working

n_aconoaic development, Thers are aspecta within
the civil and machanical work which will bhe changed and which -
required rapeated iaprovement, but in the overall, a project
of this magnitude was accomplishad by Indonasians in Indonesis

in a period of only eight montha. A similar pize project with
convantional aguipment was done in Miami USA, but reguired
morqa_than four years. The Cansdisn projact dons In Detrolt was
a_______M 3.2 Km, Dut work conaused nearly five years.

The moat unique aspect is not the physical materials or
the angineering. It is the finance and the economic merit.
TMII has been done for less than USDE12 miliion (coamplate) -
all foundations, carg, plers, . stations andecaping.
That is for 3.2 ka. Ae comparison, in Jacksonvilla Fla USA, an
800 w line was just openad for a *modest™ USDS34 miliion. What
this means is that Aeromove as a capltal cost naad which
peraits non-government sources to consider the full equity of .
urban transport devalopwent. Without heavy running equipment,
the operating and saintenance costa are also very low, meaning-
about USDO0.03 par pasgenger-km. As a result, offar has been
ande to concession-type arrangement can he
msde similar to what has baan done with new major highway
projects.

In this later option what is proposed is to make a 20
year agreement. During the first ten years the firm would
inastall a full network of 12-15 lines within DK Jakarta
(estimated at 300 km) averaging 30 km of route per year. Then
in the remaining ten years tha invastment would be returned.
This would be done with a fare for daily passengere which ig
Rp500 per trip.

During September, wa should coaplete tha full training of
operating staff._ During the next months we will be making
further raefinements within tha operation. the Titihan Samirono.
ie open for public use. Coma. Ride it. Then, You can fulfill
ona of my atrongeat atatements - *Seeing is balieving™

FOR FURTHER INFORMATION, PLEASE CONTA_C_T: o

U.S.A. & CANADA: S _ . :
SUR COESTER AEROMOVEL : :
Suite 221, 2025 I Straeat

Washington D.C. 20006 USA
Tel: 1-202-223-380S5 L
Fax: 1-202-223-3931

BRASIL & SOUTH ‘AMERICA:
SUR COESTER S.A. .
Rum Waashington Luls 186
Porto aAlegre, RS, Brasil
Tel 2 55-512-261088 .
Fax 3 55-5S1x2-271 392 .
T oxr 342 661 .

INTERNATIONAL:
SUR COESTER .
c/o Leaa H Rogeaers )
A909 St Barnabms Road -
Toemplea Hills, MA 20748 uUsa .
Tal/Fax 1—-301-894—-2037 -
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AEROMOVEL TECHNOLOGY

-Worldwide, vast amounta of research and development work have
been done with the goal to improve urban transit. With 3500 cities
of more than 100,000 population and with the thousands of agencies
holding part-responsibility for urban transit taaks, much
information does not circulate within the transpartetion
profession. Within the 300+ EMSA wetropolitan areas of USA and -

Canada there is growing demand for new projects in urban transit:. .

Sur Coaster S.A. provides this short réport as a means to
introduce enginears, planners, .and government ataff to an urban::
transit technology now in operation in Brasil and Indonesia, An
ovarview of Aeromovel is’ given. Aeromovel 1is an option with
potential to. reduce capital funding coats, raise sarvice quality, -
ond permit rapid installation when demand capacities are below

15,000 peracns per direction per hour.
1. OVERVIEW L '

Since the mid-20th Century, two trends .in urban mobility have -
flooded - the planning and projectas for trangportation. . Following
1945, there was a "manifest-deatiny* that all persons and all
cities would solve their transit neede with total depaendence on.
private automobiles and public expressways. By the end of the
19608 this view had been altered. Even bafore the 1973 anergy

events, ' the urban planners and community officiale were gaining -~

the belief that public transit neaded to be installed. However,
such beliefs were split hetween the group advocating return to -
“proven” .technologies of rail and road and the group - advocating-
vholesale investment in . new-technologies. ' During the. 19808 both
groups have been compromiged by a series of adverse issues.. . .

Tha first issue 1ls cost - both capital and oparation, The
public envisions an urban transit system which is useful and with
reagonable  cost. However, matro; LRT, ‘busway, APM, TSM have all.
demonstrated an experience in which the capital costs are-
fregquently 50-~100% more.than the firast estimates. The provision of
pesk-hour capacities have been gained at a unit-cost of USD§2300°
to USDE5600 per space. Such cast levels generate public opposition
in large part due to competing demands for public funds and the:

lack of “attractiveness® for local . citizens to actually use thg_.'

service., . e R . : :

The second issue is time-frame for implementation of
tachnology. The USA, especially at the city and regional level, -
does not take readily. to. embarking on projects. which require:
decades to complete. As Washington D€ shows with a metro which:
started active planning 1n.1963 and Atlanta with a rapid rail
network started in 1965, many rail golutions take longer to. -
implemant. than many, people.spend in their direct employment gpan.

Howeve:;_durinQ'thh:lQBOs}*thé;léanerfbndgété Qf federgl}énd§::3
“and.the expectations’ .

s névt#ed-iﬁtete-t.in-ufhéﬁ-rtahnit:, ey
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while local demand for mobility has continued to increase.’ CHARACTERISTICS OF BTEEL RAIL TRANSIT MODES
Concomitant with™ this ‘is “the ‘urban sprawl which has resulted in o : .

many medium-size cities having commite ‘trips of 20 miles one-way = .. . . .

‘{Grlando to “Sanford, Florida) ‘and ‘large-sizé cities having one- - [ AXMINOVEL WEAYY meto

way worktrips of ‘wmore than 40 ‘miles (Washingtor DC to Frederick : : FINER PACILITIRR
"Md). What 1is seen 1s-a need for a package of options in urban ' . =~ - Sutdeuay - Esclusiva(¥) a0 100 100
transit and transportation, not single reliance on any one item. ’ ) wLdth (fr} 30 n" s
- AMditionally, any aptions ‘which require  the full consumption of . —y . Plavessat Tims * 1% . L1
- available public funds only. for themsalves, ook less attractive - - .. Frogulsise Systes
. ‘to the electorate than options which havé more modest capital . ) _ Cemplestry - Yea [ Yeu
‘needn. Finally there is growing frustrat:l.on with aervioea which’ T kscatiom ©Om Car off car On Car
cam:ot. cover their own hudgntu. o PR . S Oparation Ceatrel cre Computar cre
o IR . . " fara Collectiea : on car At mratien Pra-uss
Aaro-ovel'a : Advantagen- . - e o Bcatian Ragous '
o ’ T . ’ Leagth 10" 0" 0"
Many attributes of Aero-ovel ara’ sinilar to I:.R'r but without ' | Cemplasity ) L1t saple Conples
the .game capital cost levels and without extended time periods for ’ Eatyy Baight . lew/Sigh Lats Latfarn

_development. There is the use for special locations within the
community and for develop-ﬂnt of a ‘network within the metropolitan’ _ : o .
area. There is'a’ fleaibility in" ul.{gn-nnt or - right ~of-way - VERICLE/THAIN PARANSYERS

requlralents. . ) ] S . Traim Compeattisn {(# Snite) 1-4 1 3-10
: : R vehicle Length (£t} T8-30 o -0
Aeromovel providas an Lntomd:l.ata capacity technology wh;lch ' o Yahicle Capscity (Baata)®®  32/%8 aa/184 38704
can function cost-affectively in a range from a few-hundred ) Vehicla Capsoity (Tetal}**  1M4/80 Mo/ 108/100
patrona per hour to 15,000 patrons per-direction per hour. It has
strongest advantuga co-parad ‘with other options when no service .
alignment axists. Baseéd on projects in twe cities, the o OFEATIONAL PRUAMKTENR
infrastructure  can bae installed without wajor distruption to o Operating bpesds - Moz (PN} 80 %o [
exiating city. activitios., It can be pl.aced within’ euisting urban . . Bey {wew) 2% W »
layouts. . : . ) L Beadways - Fask Sewr 12-20 10-48 s-30
L ! ’ Bes-Fosk Seur -8 10-28 3-10
Even though long :lnbtallatioh time ia’ not required, the .
permanence of the alignment aerves to enhance 1and values o SYRTEM ANPECTS
contiguoua to tho Toute. . . ’ : . Batwork Pattein rair Soed Linited -
: o ) ' ’ : Stap Imtarval 10064008 500-1008 1880-7000 .
_cgnstruction coata are’ one-half to one—fifth congarabla . } Sssr's Trip Leagth Hals Comwuta  Rized Wain Commuts
_project costs for LRT and/or heav* rail. As a result, existing ' Ability fer Cosrdinatisa  deed Wory Swcd Wory Swed
.budget levels can used to provide a greéater amourit of benefit o
" by providing a larger network within the ssme budget: 1imits. . oo ) rimance .
. ) L . Capital Bsquirsasst (VESSe ) 35 1n 40-05
Operaticn costs tef].ect the automated factors of Aerunoval., o Operstion Beymirensat L Eow Vary Righ
Fotuntial for Repaymamt ow Elph Wary Lew

Reduced expsnsa paraite higher levels of service and greater

ability to cover direct expanditures. Bassd on exiating Aeromovel

projects, financial conditions siggast that private eguity can be .
attracted to the full- ‘implementation of "this- technology when . L . ;

logally perwmitted by govarn-ont agencies. * Montha per double-track mile installed

** High Density/Low Density (# of meats)

Environmentally, Aeromovel BUrpasses LRT :ln quality since
electric energy is conserved by use &f permasnent. site power units
and the wvehicle generutes less audiblie emissions.: ‘With 'a lighter.
‘vahicle (Empty=10 tons ve. 35 tons), the Aeromovel incurs less S
ground vibration, thereby peruitting usa into euilt.l.ng bulldinga_ -
and close to reaidential districts. RSP C B .




Historical Perspective:

In re-assessment of early LRT development within cities
of USA, plannsrs found that the pre-auto tranait conditions were
gimilar to currant methods of exclusive rights-of-way for transit.
The marit if LRT was not the actual hardware, but the use of a
dedicated aligneent which did not have disruption froam other land
usa activities or othar transportation activities. It is in this
contaxt that Aaromovel contains the same potegtial. However, with
usa of an exclusive alignmsent, there is further merit in that
totally sutomatic control can bhe used., The merit of pre-1940
streetcars wad not their actual squipment capacity or their
slactric energy usagse, but rather the fact that much of their
right-of-way was fully or seal-axclusive. After that period, too
many corridors wers converted to full private auto usage and
priority for public trangit was not continued. Now, entering the
1990a, it is difficult for public officiale to support return of
portions of ground level public roads to be used for transit. The
transit option requires an alignment totally separate from othar
uses. Within the family of conventional urban railroad eguipmant -
albeit metro or LRT ~ the capital cost has been found to be
axtremely high. While short routes or a single prestigious line
can be built, public funds are not sufficient to support the
devalopment of a comprehensive network within any one city.
(Washington D.C. provides clear evidenca of this batwean 1963 and
1989].

Existing Aeromovel Operationg; From May 1983, Aeromoval has
operated in Porto Alegre, RS, Brasil. In October 1989, this line
was extended furthar into the CBD of the city. On 20th April 1989
a two mile line was openad in Jskarta Indoneaia as a distributor
systas within a major activity complex.

These projects demonstrate that Aeromoval Technology is
suited to urban transit needs.

It is an affordable cption in development of new urban
transit corridors.

It can be installed within a city in a much shorter time and
with much legs disruption than alternative technologies

Ite modest width is 10' for one-way guideway or 21' for a
two-way guideway. This coapares with 26' for standard double track
rallroad and 30' for conventional two-lane city street. The
ground-print for piers 1s 27"x34" for single guideway and 32"x52"
for twin guidewsy. Therefore, existing road medians and non-used

railroad lines and minor water coursaes have ability to serve

transit needsa.

Environmentally, madium-cspacity urban transit can be
provided with sacrifice to surrounding land area quality.
Landascaping permits high aarvica levels and positive neighborhood
aeatectic gualities.

The two decades of “new technology® quesat and the profession-
al interest in LRT have combined in new interest for Aeromoval due
to 1ta usa in Indonesia and Brasil.

Aeromove]l is now baing degigned for Manaus, Amazonas, Brasil @ |
and planned for Vitoria, ES, Brasil for -1xad-aqu1ty agenciea. ... .-
Construction deeign i being made for one district in Manila,.’
Philippinaa using private equity for coaprehensive davelopmant.
Project design for Jakarta, Surahaya, and Bandung Indonaniu
using private concessionary finance. :
Financial Study for Airpott Usaga wlth privnte equity in
Sydney NSW Australia S
Financial and Engineering Study for Lahore nnd Raualpindi :
Punjab, Pakistan, : |
Engineering Study for Pattaya, Thailand, by ‘hotel onner.;_ .
Enginsering Study for Gale#o International Alrport 1n Rio de
Jantero, Brasil for puhlic operation.- L

11 TECHNOLOGY  COMPONENTS

All urben transit technology requires ressonable understend- .
ing of its potentiales and limitations. The mundane standards are

wore important than the exceptions. Ability of technology to adapt: .

to local needs and to accommodate financial requirements needs
evaluation., The hardware components are vehiclae, guidauay,
controls, propulsion, -aintenancé -upport and stationa. o .

Vehicla: The vuhicla haz less 1-po:tance within the ovarnll
project, baaed on budget, : than observed with LRT or APM. In_
Jakarta Indonesis and Porto. Alegre Brasil, tho palaangnr vehicles .

reflect the local policy that good appearance; non frill equipment -

is sought. Reflective of axisting public transit and the policy to
maintain tha lowesat adult fare, vehicles sre designed with major
floor ares for standees. In outward appearance the vehicle looks
similar to a eingle-articulated LRV.with a length of B80'. Doors’
are positioned at four pointas on each side of the car, SQating for
48 patrons is provided. Like LRVa in FRG-Germany this permits off-
peakhour users to sit, but retains vehicle . capacity for hsndling .
major peak-hour volumes. With the short stop,  limited duration

service nelither. operation uses air-conditioning or- heating within '/ -~

the vehicle. Service efficieacy is maintained by use of lavel=
platform entry and exit from vehicle. This also permita wheelchair
patrons direct accese at any ‘door nrea rather than being
ragtricted to one door only._ e .

The basic car ieg dosigned as's linple ahfe'c#rriaga”fdr
passengars. lInterior. can be outfitted . for high-seating or’ high-.
standing demands. Double Doors are furnished on’ both aidea,_but if

all gtations are to one side only, the vehicle can bé built’ uith”jiﬁ

doors on one side only._Paasongor-uctivntad deor: control is
provided as option. Hotel services are. placad in panels at: the.
articulation axea  and underfloor..&ince the vehicle is - passiv
with all control- at atation and CCC’ (Central Coaputar Centery
thare is no epecial area’for: drivar, attendant, -or:- staff and. no
operation controls within' the vehicla,: ‘Such’ vehicle can operate 1
bi-direction method; so pinchad-loop or etubend  terminals ‘can’-ba
used. The current. vnhicla has &’ single articulution.ltwo body

sections joined by a nulvel dasign uhich parnits paasanga'




movement between the compartaments and peraits the vehicle to
negotiste curvatures as sharp as 75'and vertical gradients of 10%.
For corridors with highar passenger demsnda, a double-articulated
vahicle has bean designed. : . S

Compared with metro and LRT vehicles offered in USA and
internationally, the Aeromovel vehicle has the ability to be built

iocally dus to reliance on standard materials and a non-complex

ST gn. s parmits local project to consider local manufacturer
OR purchasa for regional, national, or international sources.

Guideway: Aeromovel utilizes a fully dedicated alignment
which is totally restricted from any other use or incursion.
Howaver, such alignment ia not limited to one style of design. It
can ba placed at ground level, near ground level, or below ground
in addition to its normal pattern of above ground position. The
:only reguirement is that. no . contiguous plannad oz unplanned
sotivity will sater into the alignment cross-sectiom. = ... -~ .7

In Brasil and Indonesia tha placesent of Asromovel has baen
on B narrow above-ground structure with sufficient height to
permit normesl highway vehicles to pass underneath at croseing
points. Such height is normally 15' to 17' (5m). Since gradient is
not a limitation in placesent of tha Aeromovel, transition from
one elavation to another can be made in short distance and in
conformity to tha local urban needs. Uss. of alevated structures
within any urban area must be cerefully considered. The haritage
of such structures has resulted in sajor reluctance by much of the
public to approval of their use. Howsever, a modern design
structure used by vehicles without on-board sotors for carriage of
many thousands per hour is preferable to alteration of the urban
fabric by placement of wide elevated highways. [Thie would coapare.
SW Freeway in Washington DC with Harbour-View APM of Tampa or Dan
Ryan Expressway in Chicago with Boston's Green Lina.]}

Median and Side of Existing Arterial Highways
Grade Separation with Single and Double Guideway
Undarground Alignments

Shared Use of Non-Road Aligmment. ) : -
Britry into major Buildings -end Shopping Malls .

Track Structure:

Asromovel Technology has endorsed steel rail and flanged-
whoeal guidance. Such component reduces ogperation coste and
maintenance demands while providing low-friction means to guide
and support the vehicle. While track gauge could be varied, the
two oparation lines have a 5'6* (1600mm) gauge which augments
stability and operating speed. With the 66 inch gauge and the 39
inch inner-duct sail, riding quality is maintained. Aeromovel 1is
bulilt for passenger mobility within the city and region, not: for
interchange with conventional rail services. Since equipment is
very light weight, civil works for alignment are built without the
standard requiresants of railrcads using 120 ton locomotives and

{

2000 ton freight trains, For that reason there is no requirement
to have the ssme track gauge. Aeromovel uses railroad track
components, but otherwisa its operation and design varies as
compared with standaré railroads.

Steel rail is welded, but support is placed directly into the
guideway beam. Wooden or concrete ties are not usad. Rail
expaneion jointe are designad differently than railroads.
Fastening of rasil toc beam is done with DE Clips; an alastic clamsp
which provides firm anchorage for welded sections. Betwaean
baseplate and rail a neoprema/rubber dampening pad ia fitted.
Boetween the under-xail rubber pad, the guidabeam resting pad, and
the non-rigid link between beams, train vibration is dampensad.
Railroad ballast material is not used. A a result, the track
structure doss not encumber the upper surface of the guidebesm
with hazardous conditione if it is required for pedestrian or
ataff occupation.

In most Asromovel installations s double-track design would
ba used with each track dedicated to a single service direction.
Single-track design with bi-diractional use is poasible, but
productivity of technology would ba incurred if high passenger
demande are tc be handled. In aslected urban corridors s mixture
of double and single track design would be used when frequency of

.gervice is 3 minute or greater.

Switching of trains between routes and/or tracks ia done with
conventional railroad-type steel switch coaponents. A double-point
system is used; as found on Swiss Railways' cog sections and the
Stuttgart (FRG-Germany) incline rack.

Propulsion:

Whereas LRT routes have requirement for continual use of
overhead wire to provide slectricity for operation, Asromovel
locatea its power needs at a few permanent sites along the
alignment. As a result, the latent hazard of high-voltage electric
wire iz eliminated. This snhances the asstectics of the public
trangit route.

Aeromovel's vehicles are moved by control of low-pressure
pneumatic flows within a hollow duct of the guidebeam. While the
vehicle and guideway suggest the appearance of LRT or standard
rail, the actual structure is lighter and audible eminsions are
reduced. Since thae propulsion is planned for sach section of tha
routa, less energy is required. Why? In & bus or LRV the motor
must have enough power - at all times - to surmount any grade
with any loaded and within any climatic conditions. Aa a Tesult
the vehicle's power on-board ias excessive for *normal® use. In
Aeromovel, the level sections would have sufficient power for the
operation while the grades would have powar which reflects the
added energy required in that one gection.

The SPU - Stationery Power Unit - has the dimension of a 20'
Container. It is positioned under the guideway at selected points,




normally naar & station. wWithin this unit are two ‘compartments -
one for electric panel and linkage with commercial power supply
and one for the prisary msotor, blowar and value setls.

The pneumatic blower is used to push air into the duct or
sxtract air from tha duct. If singularly usad, this permits the
vehicle to ba pushed froa tha rear by positive pressurs Or pulled
from tha front by vacuuma {negative) pressure. since a very large
diamater duct is used with low pneumatic pressure, there is no
high-dfia sudible eaissions along the alignment. If tha power unit
is used jointed with another, then the vehicle can ba operated
with one pushing snd the other pulling. Thim permits retantion of
smaller enargy units at sections with heavy gradient or need for
higher speseds. Various options exist for matching the tranait
neads, the energy noods, and tha urban structure need.

To tha public, the only avidence of the power system along
tha right-of-way is the rubber-capped slot parallel to the running
rails. No moving parts sre seen. Ko latent hazards are present in
tha alignment. Tha result is uss of transit technology which does
not emit atmoapheric pollution along the alignment. This
tachnology has low dBa propagation, an slignment which is not
above human perception of ressonable haight, and which provides
high quality service.

At option of contracting agency, this eguipment can be
oparated with non-slectric primary power. However, within USA and
Canada all cities have sufficient eleactric resourcas that such
option would be used for full-tima power. Soma cities might select
to outfit power units with UIS ganerators as a maans to keap the
aystem running undsr all conditicns.

Unlike LRT, the sudden loss of prisary energy doas not result
in immediate stoppage of tha equipment. The bhlowers have
sufficient momentum to ba able to move vehiclas to the next
station, wharae patrons could be discharged. This reflects fail-
safe philosophy - passengers should be handled at stations under
all copnditions which retain safety. Exit of passengers at astations
18 normally wore prudent than other opticne during a time of
ungcheduled degradation of the system's operation. While the
guideway 1s design for safe passage of walking pedestrians slong

it, it is an option/feature which should not be used if other

slternatives exist to have passangers de-train at stations.
Stations: ' S

Aeromovel functions with high-frequency services with use of
single-vahicle trains. Vehicles ara not coupled to increase train
capacity. Rather route capacity is satisfied by provision of
medium to high freguency services. Since all trains are unilform
length (B5') the platform required for such train is much shorter
than observed in other APMa or LRT projects. It is fundamental
that the longer the train, the longer will be the station
platform. Within urban areas this means that locationa which

require service sre frequently not served because the technology
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of standard rail options csnnot place a station without physically = .
destroying the area or requiring a very high cost for construc-

tion. Within Aeromcvel the station reguirement ies 85' in length. -
the depth can be limited to ptatform width plus  track width.
Examplas of the potentisl for such stations ara.seen in the Worid
rrade Center Station in CBD Miami and the office building station
of the Datroit APM near Rensilasance Center. However, in both those :
coses the building was built at the same time aa tha APM.. As
Aeromovel demonstrated in Jakarta, 1t can be. inserted into: an
existing structure. Hith combination of sharp curvature,

responsivae gradient, and low ground vibration, Asromovel permits

direct entry into major activity arsas and existing CBD areas.

Stations can be designed as free standing or directly
incorporated into existing structures. with high fraguency service .
and short tr_ainp,-' tha stationa do not require massive investment. .
Patrons will not wait axcessively for the servica. -5tations parmit ' -
integration with bus and rail operations and joint-use of smaller.
atations with convenience stores and professional offices. The
actual design of stations is a function of logal social -
raquiresant, fare collection mathod, seourity needs, climata to be
provided in addition to the headway of trains and the.volume of
demand, While underground stations are not raguired nor
encouraged, such stations would:have lower coat: due. to the more

modest dimensions. -
Maintanance l‘u:l.l.l_.tlci

All technologies require maintenance. Bowever, the issua is -
how much and with use of what support facilities. LRT and heavy
rapid tranait demands huge maintenance ‘facilities and . frequent,
detailed inspection and maintenance. proceduras. Due:to.vehicle
complexity and tradition, nightly service suspension 18 achieved - -
with stabling of all eguipment in depots or yards,. Aerosovel does
not reguire this extensive method of support. Firstly, the power
units are permanantly sited along the right-of-way rather than
within the vehicle. Therefore the vehicle ise much more simple in
its characteristice. Wheal wear is raduced dua to saparation of .-
power transmipeion from the wheel and truck coaponents. Poors, .:
hotel services, and parking brake components need periodic
inspection and prevaentive maintenance, but in a system ueing 30

vehicles, the maintenance facility can be provided with cepacity . .

for ten vehicles, or less. At tha option of the operating  agency,: -
the nightly service guspension of Aercsovel  would 'be  accomplished .
with parking of most’ vehicles:at wayside! station

Cleaning and minor servicing of vehicles: can ba.done by ataff also
reasponsible for cleaning of the station. Do e T

With the sub-system and/or component sspects of Aeromovel, -
much of the maintensnce can ba contracted to- local suppliers and:
gervice firms, especially for operations with lesa.than 20 3
vehicles. B S e S

arking o8 at ‘wayside: ! ALl stations. ..
. have  24-hour;  7-day security’ using:electronic and’ patro. mathoda ..



Op.ration Control-

With the’ benefits of high spead electronic detn processlng
and industrial computer process controls, Aercmovel achieves
complete safaty within opsration but without the heavy, costly
railway type components. Firstly, the train operation is directly
related to the pneumatic flow within the duct. Since this flow
propals the train, only -ona train can bs passed through a section

at a time. Controls on the power unit preclude more than one train -

‘‘antering-a ‘section (of block). WwWhen the propulsion system also
msarvaes as the train control asystem, tha technology has achieved
direct full-time train protection within the operation. This
compares with CTC on metro and railroads. CTC is a proven safe
toohnology-for.-on;toring and controlling trains, howaver it is
actualiy an elaborate lacondary system rather than a direct
primary -yston ot control. .

In fully auto-ntic oparation, Aero-oval functions in a manner
similar to elevators. All safety components within train
protection and oparation are made in & redundant mannher, =0
failure of any one component will not cause faillure or danger
within the operaticns. Dual sensors along the alignment monitor
the direction, speed, and movement of trains. This is relsted. to
the coaputers via two independent circuite. Tha two computers
within the section and the two central computers compare the

updated information with the program-logic. In this way velocity

is controlled and decaleration for stations ig activated in a
manner permitting exact stopping at the platform. When the train
is stopped at the station, 'the computer intregates ‘the data to
confirm location, brake condition, and powar unit condition prior
to opsning the doors. Convarsaly, the doors are closed, and brakes
raleased with computer verifies safe condition for movement.
Pagssangers or objects no outside the area of the doors, will cause
the dooras to recycle 2-3 times before mesgage for control
inspection is eent. .

All trains have voice-link phone communicaticn with the
control center. This ig activitated in either compartment and
without centinual holding of the emargency signal plunger. Any
passangar can activate this cosmunication at any time during the
vehicle operation. However, the result will be immediate link with
‘control, not ssmergency braking of the vehicle. If tha train is in
a ltation-and passsnger activateas emsrgency phone link, than door
interlock wili be maintained until overriden by control etaff.
This ensures that no one im caught in the doors during operation.
dith CCTV and video dncunentntion, little problem of prankster or
vandalism u111 oocur.,

III SIIVICl CHIIICTIRISTICS

Having - reviewaed tha hardware and equipnent interest now

turns to the mathod by which the technology is used.
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Freaquancy:

During the 1980s within cities of the USA the peak hour bhua
and LRT e@ervices have bean provided on freguancies of only 6-10
vahicles per hour compared with the need for higher frequencies to
attract users. The frequency or headway 18 the amount of service
given for the dominate direction of demand. The first current-
decade awarenesse of the nead for high frequency was shown in
Lille, France with the Lina 1 of VAL. Patronage was 25% higher
than envisionad due to the high frequency of service offared (3-5
minute headways). Aaromovel providaes thie type of attraction.
Without direct linkage of sach vehicle with an operating actaff
momber, it is possible to run five trips or 40 trips with the sama
amount of on-duty operation staff. Within line-haul application
Aeromovel would provide 30-55 services per hour in pesak periods
and 15-20 services in non-paak hour peariods. From the passengers
viewpoint it is better to provide wmany services per hour rather
than trying to cram the maximua number of people in a few trains
par hour. That may be the fundamental difference in urban transit
betwean the early 20th and late 20th Century.

TABLE
LEVELE OF SERVICK (FREQUENCY PER DIRECTION)
LRT Bus Aarcaoval
Peak Hour 6-15 5-20 30-55
Base Day 5~10 1-6 20-45
Evening 2-5 1-4 15-20

Spaed:

A8 observed with introduction of PCC on older street
railways, the top speed of the transit vehicle is not as important
as tha efficent accaleration and braking of the wvehicle. The
attainable maximum veloclity for msulti-stop urban services lies
within a rangg of 40-75mph. Acceleration curves 113 in the araa of
3.0-3.5 mphps®. Aeromovel accelerates at 3.2 mphps” with loads up
to 70% and hns top apeed of S0 mph with existing power design.
Commercial speed reflects the end-to-end time for distance
inclusive of station stopas. Dwell time at stationa can range from
158 to 608 with the aversge between 15-30s. When services are
provided on uncbstructed, exclusive alignmente, the clear path
operation compensates for lower top velocity. Aeromovel would
provide commercial speaeds comparable to metro and LRT with the
same station sapacing, but with lower energy coets and lowaer
capital costs.

System Capacity:

American urban corridors desiring new technolegy for
passenger demand regulre peak-hour volumes of 23500-8500 pphpd.
During feasibility studies, LRT and APM are freguently “graced"
with top of the range capacities. Once daily coperation starts the
peak-hour movements are below 5000 pphpd. Capacity offared has
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baan limited by the employee-input to capacity provided ratio,
Constaints in labor usage preclude cost efficency in offering high
capacity. Without high capacity offering many potential patrons do
not come forward.

Asromovel's single articulated vehicla has the same capacity
as a single-articulatad LRV. Therefora, interior layout partly
determines the hourly per direction system cspacity. Within USA,
such vehicle would have capacity for 225 persons with probable
desired peak load of only 180 persons. 1f 30s headways were used,
this would provide a capacity of B100-10,00¢ pphpd. Such capacity,
when provided at modest cost, can be sesn by public as more
attractive for frequent or occcassional usse.

In non-peak hours the capacity offered seems very high, but
the ahort wait times at atops further encourages patrons due to
diminished security anxiety.

Exprass Barvices:

Within Aeromovel the option exists to offer services which
reflect heavy loadings and heavy demands for selected stations.
This can be provided with deasign for local, limited and express
oparation, or it can bae dona with restricted service to light-
desand intermediate stations. The need for such options muat be

determined in the feasibility and daesign phase of the Aesromavel

project.
Interwmodal Interface:

Asromovel provides a commsunity is an option to divert private
automobile flows from selectsd portions of tha city. This is done
by providing off-street parking within the station area and
combining the parking charge with the Aercmovel usage charge.
Effective atation design can snhance inter-changes between urban
modes - bus, LRT, taxi, rail, and Aerocmovel. Additionally, the

abillity of Aeromovel to pass directly through major office and
shopping coamplexes would parmit public transit users an improved

accass to such destinations.
Safety:

With cognizance of avaiation and railroad policlee for
maximum passenger safaty, Aeromoval has acheived a type of mervice
security which at laast eguala LRT and conventional metros. Safety
must be considered in the two groups of tachnology related and

human related. The later grouping is a problem to any type of .
tschnology -~ &8 seen in public precaeption of subway use within New .

York City.

For Aeromovel, the technology-relatad safaty has been
provided. vehicles are designed so that patrons can only use the
sarvice when properly positioned inside tha aequipmant. Station-car
interface ia provide at cowson floor level. Platform-car gap is

reduced to under 3%, Doors and interior fittings axe fabricated
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with safety reguirements held paramount. Train design precludes
derailment under all conditions. Train propulsion system offers an
operation which precludes two-unlts colliding or hitting. With the
guideway fully protected from other contiguous activities, no.
disruption or accident can occur to local residents or public
astreot users. Power loss and dagraded garvice are handlad with
methods to have all "on-board" patrons reach s station before
exiting the vehicle. As back-up each vehicle has emergency axit
doors and atairs which permit entry to the uppar surface of tha
guldaway. The guldeway eurface is smooth, width and without overt
hazard. No high-ealectric voltaga is required or positioned along
the guideway. '

At local option, Aeromovel can be installed with double-door .
platforms which block station-users from direct accesa 1o track,
While thig design is not comson within urban transit, it has merit .
{(at additional expense) of eliminating accidental or mslacious . .
antry onto running guideway by non-staff. As Hong Kong MTR and

singapore MRT and Vancouver UTDC demonetrate, such. station door’ .

link with the vehicle door reduces suicide attespts, but doas not:
eliminate tham totally.. @ . S e O e

. rl.mx_uaﬁ'uin. _iurmmumu ASPECTH

Within the planning ond implementation of Aeromovel a number
of lasues are to be addressed. These include the lavel of servics, .
the capital costs,  tha cperation expenses, the time .reqguired -for -
installaticn, - social  ismpact of the project and the environmental:
aspacts. .- : - SR ' CL T sl

Planning Criteria: _:'

Placement of Aeromovel will aa.ldon.tuke. plaé.a in 8 city which .
lacks public demand for imsproved traneit and/or growth in. urban
mobllity flows. - S o ) .

Urban areas are not only in change' but vﬁribﬁs co.rridors .anq::
districte within each city are also. in change. Soma are antering

naw davelopment while others are faced with- decline or . transition . . ..

in activities, As the community identifies each of these. areas
mathods of transit are considared. for atrengthening the community.:

Within this issue there is evaluation of the intensity of demand

and the medium and longer-term growth for such mobility. Such-
question faces the issue of the joint-role batween public transit

and private wmobility. With the agreement to undertake a new . -

project, alignments must be considered. In some proiects the
existance of under-used reilroad lines or placement within medisns
of older artaerial atreets may be considered. In other projects

there will be need for totally new alignment. The salection of the -

alignment will reflect the ability of the city and the technology
to blend the new. service into the actual fabric of the community. .
Stations will be designed with a frequency and location required
for best-use of the Aerowmovel route. K . :

- .15i._-.




Applications:
'Thafe are a nu-bar:of'ipplication'types_fdr'néronoﬁsl. Given

the modest capital costs, -Aeromovel. can be used for a network of :

urban radial linee or as an individual line-haul. It has the
‘ability to ba a single or multi- leoop distribution within the CBD,
It can be used 88 a short -or longer feeder into existing rail
matro oparations(as proposed in Manila). Without the need for. high
volumes of daily traffic, it can be placed between major suburban

areas. A number of special transport functions have merit; for’

asirportes, major shopping co-plax, stadiums, and very large
industries. :

Implementation :

Within North America the project time for inatalling new

transit has caused much problem, Once officials and public begin
to beliave in the merit for LRT or setro or other option, they
fraguantly return to an opposition view of the project after
determining the time required for construction. Buainess leaders
saldoa endorse such projects dua to disruption along the alignment
which can last for months and years. Even whan we datermine the
long-term merit for a project, the currant small-acale merchant
cannot support the interium of customer lose. Aeromovel, as
damonstrated in Jakarta, ovarcomas this issus. Firstly, the system
can ba installed without major physical disturbance and without
multi-month occupancy of ths ground under the alignmant. Secondly,
the Aaromovel can be rapidly installed. A single~-track loop of two
miles was installed in Jakarta in only aight months. With greater
committment to a project, an average rate of mile
jnetalled per month. This is a breakthrough for cities when
comparad with LRT projacta which have raquirod years from design
to final public opening.

Environmental :

When comparad with other urban transit options, Aeromovel
agquals the values of LRT for physical presence, noise intrusion,
and atmospheric contamination. For values of ground vibration,
construction disruption, and latent hazards the Asromovel eaxcels
LRT and APM systems. Since snergy requirements per vehicle-mile
are lower than incurred by other transit options, Aarouoval causes
less demand for greater slectric power gengration.

Social:

Studies maintained in Brasil and Indonesia are compiling data
on the social impact of Aeromovel for users and non-usersg. Given
tha physcial seperation from ground-based activities, Aeromovel
doss not have a negative impact on existing land-use patterns.
With stations of less length than conventional metros, Aeromoval
is able to serve the passengsr demand in the locations people
dasire rather than locations large enocugh for the equipment need.
Lack of wayside noise, lack of high-current exposed electric
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cables, and provigsion of high frequency service suggest Aeromovel
can contrihute to community enhancement in a manner not gained by
other options.

"¥. FINANCIAL AND ECONOMIC

Within urban transit, there are few projects which could not
be undertaken due to engineering, design, and equipment. However,
many projects fail implementation due to a varlety of financial
and economic parameters. The bueiness leader has interest in the
commercial (financial) merit of a project while planners and
officials have interest in the projects true economic benefit to
the nation and/or cosmunity.

Capital Costs:

Asromoval demonstrates an ability to require capital coets in
a more modest amount than witnessad by LRT or metro. Prior to
more Aeromovel projects, there iz discuseion regarding the capital
coste on a par double-track guideway mile. Capital costs in Brasil
and Indonesia were generated in employment areass having labor
intensive sathods and low hourly wages. However, in USA and Burope
the improved productivity by mechanizaticn suggests the costs
would be of similar magnitude. However, compared with other
trangit options with like peak-hour capacities, Aeromovel appeaars
to be one-half to one-~fifth tha per-mile cost. As of early 1990,
preliminary project cost evaluations are USDS9-11 million per mile
compared with USD§25-40 million for LRT and surface metro.

Non-local Costs:

From the late 1970s, the USA has seen a growing dependence on
non-local and non-national sources for equipment. UMTA and several
state agencies have shown interest to have a type of transit
technology which can be fabricated and installed with thea bulk of
the capital costs being contained within the recipilent cossmunity.
Aeromovel Tachnology, as demonstrated in Indonesia, has the
ability to rely on local firms, engineering groups, and
contractors for most equipment and work. Even the wvehicle can be
produced within the region of the project.

Operation Costs:

Aeromovel differs from LRT in that staffing is maintained off
the vehicle. LRT advocates frequantly cite the LRT ability to
incur lower operation costs than heavy metro rail and to have
lower labor costs per vehicle mile than found for bus. However,
the igsue is raised regarding how the coata will be covered. A
growing view 18 observed that direct fares and contiguous
benaficiaries should cover the budgats.

Labor Costs:

The labor needs must be based on a type of efficiency which
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combinas tha safety of patrons/staff with the taska to operate the
technology. Both bus aad LRT require one parson within the
operating train or vehicle for sechanical functions. Aeromovel is
more like an slevator with the train in sefe operation with
control from a central point, not by on-board staff. This has
potential for improvesent of services without a linsar relation to
tha employeas reguired.

rinancing Ispact - short Isplesentation

Matros and LRTs and APMs have not attracted direct private
aquity for urban transit spplication dus in part to the very lang
lead-time for implementation of such projects. Commercialiy thare
is cost to money. When investors cannot start a strong cash flow
until 4-8 years from the time woney is committed, the burden for
support of the project becoses unacceptable. Aeromovel does not
have this problem. As & result, banks and major firms have shown
interest in direct financial participation for projects. The
Indonasia project was finanoced and is operated by private firm.

Options in Project ¥inance due to Duration

With lower capital costa than previously available, sowme
major davelopers ars avaluating Aaromovel for inclusion into thair
current real estate complex. When the traneit link to a new
service area is only 5-10% of the. total infrastructure cost of the
complex, it is more feasible to include it in the package. A
usD§S00 million developsment with a USDE20 million Aeromovel is
more palatable than a building of USDS480 million with a USDS125
APM of coaparative laength. Tha issue of “"value-capture™ is more
directly applied since the developer roguires less "sweetening" to
contribute for the transit portion of a complex.

SUWMARY

This document 18 provided to review selected issues which
currently impact the urban transit activity within many cities of
the United States. It shows the merit which might be gained by use
of a new urban transit technology, Aeromovel. While no one
technology provides the answer to all mobllity sneeda, Aerocamovel
does exhibit quality which many comaunitias are seaeking. With the
existence of two cperating ryoutes (one in Brasll and one in
Indonesia) and the active design and planning for building
Aeromovel in three new locations; officisle, business leaders, and
plannara may have interest in this pneumstic transit option. -
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FOR FURTHER INFORMATION, PLEASE CONTACT;

U.S.A. & CANADA: S
SUR COESTER AEROMOVEL.

Suita 221, 2025 I Streat NW

Washington D.C. 20006 . USA
Tal:z: 1-202—-223-3805 co
Faxz: ' lu—;Z‘):a-:;:ZESH-EBE?ESJ.

BRASIL & SOUTH AMERICA:S
SUR COESTER S.A.. .
’ Rum Washington Luamis 186
Porto Alagreae, RS, Brasil
Tal: S5S5-512-261088 s
Fax: S55-512-2°71 392
or 342 661

INTERNATIONAL:
SUR COESTER _ _
/o Leaea H Rogers
4909 St Barnabas Road ‘ .
Templa Hills, MdA 20748 UsSA
Teal  / Fax 1-301-894-—-2037
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THE AEROMOVEL OPERAYION IN JAKARTA
FINANCIAL AND ECONOMIC

Ir Irsan Ilyas*

Abatract: The non-engineering parameters for selection of
Aaromovel within Jakarta, Indonesia, provide awareness of the
priorities and requirements for new transit within major world
cities. The need is for technology which can provide whole
natworks, not showy single lines at excesgive prices,
Succeasful technology must satisfy the financial and econocalc
Gemands without resort to subsidies.

Backgzround: As the author, ay interest was not derived
from long-tera association with one type of transit hardware.
Rather, I consider the commercial and managesent merits of
projecta. From thie vantage point I hersin review the events
which lead private firms within Indonesia to underwrite the
construction of the first Aeromovel Technology outside Brasil
and to consider financial support of such system in other
nations.

Since 1966 there has been a vary good rete of economic
and social development within indonesia. It is seen in the
performance of agriculture, industry, aducation, and tha
improvement of heslth. It has alao be seen in the rapid
physical growth of citias. The effact of auch davalopment
shows within the daily life of Indonesian citizens. Farmers
have improved income with increansed high-yield crop
production. Youth have increased 8kills from increased
attendance in public and private schools and univergities.
Familieg have an improved condition due to improved nutrxition,
adoption of family planning, and improved housing. Conditions
are not perfect or enchanting, but they are significantiy
better for the asjority of Indonesian people. The govermment,
at both the central and regional lavels, has encouraged multi-
=actor development through four phases of five-year plans. In
1989 Indonesisa embarked on its Fifth National Plan. The plan
will have greater impact upon the urban needs of the nation.

t Executive Director, PT Citra Patenindc Nusa Pratama, Jakarta

<

Urbanization: In a manner similar to the United Stapaa,
Indonesia is a nation with many wmajor cities. Jakarta, the
national capital, is the largest, but 1t shares the urban.
activities with Surabaya, Madan, Bandung, Palembang, and Ujung
Padang. The growth in urban importance is saen throughout
Indoneaia. A8 a nation with 172 million peaople living on 3,500
islands spread over an sast-waat diastance of more than
3000 miles (5000 km), the role of provincial and district.
cities is greater than amight be incurred if the nation ware.
one contiguous land-msss. The major thrust of urbanization is
atarting. Whareas over 80% of tha USA population is urban, the
percentage within Indonesia 1s the reverss. Over 65% of the

people still reside fn village or rural areas. Since we

already have citias with populations of more than five
million, the aspects of major urban migration present major.

challenge within the next decade of davelopsant.

Future Trends: There are 26 provincial capitals and 257
district cities with major administrative respongibility.-
While the matropolitan area of Jakarta, locally termed
Jabotabek, supported a 1989 population of 13.5 million, the
forecaat for the year 2005 indicates a 60% growth in this .
figure. There will be 22-23 miliion citizens within Jabotabak
at that tima. Each year the component of increase in Jakarta's
population is larger than the total axisting population of
Austin, Texas or Gothenburg, Sweden. Additionally, the other
brimary cities are envisioned tc have a doubling or tripling -
of population growth alsoc. With Surabaya now having five .
million, Bandung having 3 wmillion, Medsn having 2.5 million,
and Palambang, Ujung Padang, Semarang, and Malang each having
one million; the future can only be termed a vary great
challenge for providing all services raquired to support -thia
magnitude of people. A8 it is, each of thess cities has -
already exparienced unparalleled growth during the last 40
Years with increases of six to ten times. With tha axisting
past growth and the future projects for growth, the amount of
public infrastructure existing in serviceable condition has
fallen behind the direct needs of the communities. Ag traffic.
enginesrs we may be focused on the transport needs. but the
government's focus for urbanization must be directed to a
numbar of different sectors within such comsunities. There are
water, sewerage, waste disposal, eéducation, health care,
housing, telecomnunication, residential alectricity, and

employment creation to be considered . in addition to Just urban -

transit. .

Exiating and Future Demands for Urban_!rnnu;tﬁ While few
people or government agencies feel that the current conditions:

of urban tranalt are good within the cities of Indonesia, it
must be stated that during the last 20 years there has been a -~

relentless attempt to match the capacity supplied with the -
demands being created. The problems of congestion, pollution, i
and cost are not dasired; but they are viewed from -the:
direction . that they represent scae indication of .the . succesa
of the overall aconomic .development within the_nat;an.;Nauﬁ'*
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‘roads ‘havae been built: Within Jakarta thefe_is'hujbr
investsant in railway capacity. Private funds have been  used

to augment the bus and road transport mervices. Government
firms operate nearly 3000 buses in Jakarta and several hundred

.in each of thea other wajor citles. However, the growth in

damand continuee at 5 to B percant per annum. Even this growth
understatas . the needs, since there 1s ‘strong demand for

privata vehicles. Unlike Europe and USA, the majority of

citirzens are looking to ownership of motorcycles or scooters
‘rathaer than private automobiles. Jakarta has more than one

million powered two-wheel vehicles. On the expanding periphery
" .of the city thers sra. thousands of hectares of farm land being
converted into residentiel areas and industrisl areas. . In

1989, the. public. transport of Jakarta carried 98% of the
passenger trips with road-based technology. This volume
accounted for 8.7 million trips per workday. In the Year 2005
the daily passenger demand will be more than 15 million. ‘Such
growth will also occur in other cities. Even with greater
private vehicle ownership thersa will be growth market for
public urban transport operation. : . ’ : ’

Exinting and Future Demands on Public Funding: Up to the
early 1980s, the conventicnal wisdom of urban transport stated
that all capital funding and, frequently the budget for tha
operation agency, had to be teaken from the public sector.
Therefcre, public transport is found to compete with other
national transport needs and with other sectors of the aconomy
to obtain funding. In cities of under 500 000 population, the
daily tranaport function may be handled in ways that require a
minimum of capital rescurce. However when cities reach over
one million inhsbitants, the demands for capital funding of
transport become very largas, Today within Jakartas there is
multi-year commitment for USDS2 billion for intra-urban
expressways. Thars is long-term commitment for sore than USDs2
billion in railway improvemsnt to tranaform four corridors
into rail dominated travel. Thers is public equity of
§200 000 000 investment in city buses. Each year within
Jakarta the direct needs are USDS§250 000 000 for the transport
services. However, even this budget is below tha actual neads.
Therefore the city ia falling increasing behind the needs. If
wa take the 20 largeat cities of the nation, the annual urban
transport capital requirement is more than USDS550 million.
Where would such level of funding bs obtained? The full
national annual development budget for 1989 was but
USDS1,225.6 million. As has been done with some of the road
transport services, there is a genuine nead for sncouragamant
of private eguity within this activity. However, private
wquity source demand ona fundasental feature for their help -
They want a proper return on their inveatment. In some nations
"propezr” might be 2 or 3 percent, but within commercial rates
of Indonesis,  there would be no private investor having
interest at annual -rates below 15 percant. Whether such
condition i1s liked ie not relevant. The relavance is that
private equity will not be encouraged to help without such

levels of return. Within most Indonesian cities, private
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equity has been encoursged to own and operate medium size
buses on both exclusive and compating routes. All owners
complain of their lack of return, but we note that each city

‘recelved o annual increase in the number of vehicles and

private funding ie always availsble for each routa. Therefora,
pragmatically the owners still eenae s ressonable return on
the capital. The queation within DPM and AGT syntems is
whather the traffic forecasts and the capital costs will be
such as to encourage private psrticipation in the direct

technology, not just tha pariphary real astate activities.

Types of Equipssnt Available: From the above "parameters”
of Indonesla, thaere has bheen an swarenesse that evan within
such conatraints something should be attempted to permit
better urban trangport. It was in this sanner that existing
téchnologies ware avaluated by membara and advisors to the
Indonesian firm of PT Citra Patenindo Nusa Fratama. Within its
staff there existed awarensss of the developments in setandard
and naw tachnologles from sany nations - including Japan, USA,
France, Canada, Germany, Australia, and Great Britain.

Criteria Used in Selection: The review of technologies
was made from two points for private business interests -
first that technology could be obtained and built on contract
basis for government and second that some new tachnologies
"might* offar potential for partial or full funding froa
private sources. The raview was done on capacity, performance,
reliaskhility, capital costs, staffing requiramanta, foreign
material requiremanta, construction complexity, project time
requirements, and employsent training needs.

Types of Application Desired: Although naw technology
systeme of Canada, USA, France, Germany, and Japan hava baen
built in specisl test conditions or even within one or two
city corridors, there was & ganaral view within Indonesia that
any oyatema would have to be demonstrated on a pilat line
before 1t could seriocusly be viewed as a candidate for
extengive use. Conditions within Indonesia have been open for
any firm to provide and mself-finance such a prototype
operation in Jakarta or other city, Howsver, all the offers
for equipment were provided with ths view that governmant
would totally finance such construction. Additionally, by the
time financial review was wmade for use of various AGT
aquipment 1t wag concluded that the project cost levels were
of a magnitude that would not permit private funds to be
recovered within a reasonable period. The exception was found
to be Aeromoveal of Porto Alagre Brasil. The full per-ka
capital costs of this systam indicated that full private
funding could be used for the introductory line and that most
materials could be obtainad from domastic sources.

Local Parameters for Aeromovel: Following two
professional visits by Indonesians to Brasil and one visit of
the Brasiliang to Indonesia, it was concluded that the
Mheromovel Technology had a strong potential for im: -ovement of




the urban transit within the cities of Indonesia. Politically
thare has been increasing demand for providing projects within
Jakarta. However, with the need to undertake only an
introductory line, & location was raquired which had urbhan-
type passengsr demand but which was not in the direct arterial
road pattern or within the centre of the historic city. As a
result, PT Harapan Kita, the private corporation owning and
operating the 500 ha theme recreation area, THII - Taman Mini
Indonesis Indah was seen to be good candidate for the firat
operating site. .

Asaromovel Pilot Line of THMIY: In 1975, a private
foundation opened a major theme park and recreation area
within scutheastern Jakarta. Since that time, T™MII has becowme
the point for citizens and foreign tourists to vigit. The
basic theme is one of the diversity and richnesas of culture
and economy within the Indonesian Nation. Gradually, the
complex expanded to include not only 27 buildings representing
sach province and five buildings for aach sajor religion, but
wmany other areas for diverse interesats - such as tropical
birds, stamps, transport, military sclence, fantasy and
handicrafta. Sunday and holidays arxe the penk demand for
entry. With the growth of viamitors there has been an improved
skylift system installed for trangport east-west., A railway of
Nnarrow gauge is used for a non-satop tour of tha outer edga of

the complex. Minibus vehicles are oparated on damand and for.
charter. Private vehicles are permitted to anter into the

center of the complex. With the lack of adequate parking at
each pavilion there is severe conflict betwesn tha pedestrians
and the vehicles. This reduces the charm and secure fealing
within the complex. The administration has triad to find
transport mathods which could return the conditions of the
park to the intended chara, but the capital cost has been
prohibitively high. In this way, a8 joint-interest was
generated for installation of Aeromovel within Taman Mini II,

Dasign Characteristics Intentionally Used: While the park
officiale desired a slow sighteseeing service connacting
varicus points, the firm with local license had interest to
ahow the ability of the Asromovel Technology. Therefore the
deaign is a blend of the two criteria,

Langth of Inetallation: An operation of legs than one km
length could be made for the neads of tha park, but the mserit
of Asromovel as an urban systes would not ba clearly shown on
such short lina. Tharefore, within TMII the single-track loop
has a length of 1.9 milas {3200m).

Multi-Station Operatioca: A point to point operation, like
the airport sarvices in Tampa and Orlando, would not raflact
tha normal requirements for urban high—frequency searvice
within many Parta of a city. Therefore within TMII, the route
wan: designed with gix stations and option for ona additional
station. All stations are abovea ground, with pPrepayment for

entry. No mechanical squipment is used in the stationa. This
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reduces the energy requirement, reduces the saintenance neads

and reduces the caplital costs. Public acceptance of  this
design is being made. A "future®” astation has been planned as'
& manner to ghow the sase by which Aeromovel routes can be:
altered to serve changes in demand and changes in land usa,:

Extreme horizontal curvsture: Urban planners are fre-
quently cool to the placement of new guideway systems due to
their excessive engineering diwensions-. Curvatures on public
routes for standard LRT are seldom parmitted at radius of lese
than 300 feet (90m). Aeromovel has taken cognizance of the
previous eaperience with Streetcars. Therefore, three special . .
curves have boen designed with sharp radius. Two have only 100°
feet (30m) while the third haas 80 feet (25 m) radius. Thia.
demonstrates the ability of Aeromovel to pass through confined.
araas of the city. Such curvas are. studied for paasenger -
comfort amnd behavior. ’ N o . o

Extreme vartical gradient: While bus syatems can ’
routinely climb or descend gradients of ona in aeight {(12%),
modern design urban railways saldom permit gradienta of more
than 2.5% (one in forty). Such gradusl fnclines result in very
expensive construction. Within the TMII Aeromovel route, one
section was built with a gradient of 10% (one in ten). This.
demonstrates the ability of track vehicle to operate either up
or down such gradient without impairment to operation since
propulsion is not psssed through the wheels, : : S

Minimixed power requirement: Single LRT vehicles and
urban electric railcars frequently have on-board alectric
power of more than 400 kW. Such aquipment is operated in
troina of from two to sight vehicles, meaning that per train
power neads of 800 to 3200 kW are generated. Within the TMII
Aeromovel the propulsion is fixed in location. Since the - ;
power/energy needa are Known within sach section, the power -
need is much reduced. As a result within the six sections of
TMII loop there will be total power installed of only 500 kw.
This power will persit speeds of 43mph (70 k/h} and operation
of six trains along the system. Such parameter claarly
demonstrated the modesat Power needs of the system - st full
load a vehicle consumes 32 watt-hours of enargy per passanger-

Spoed of Installation: The bana of public acceptance for:
urban tranaport alignments is frequently directed to the
multi-year disturbance of the alignpant-uhen_installingﬂtha;:
technology. Within Aeromovel it was shown how fast the civil -
works could be done and how it had very limited disturbance to-
contiguous land usee. As a result, the projact of 3.2 ka has '’
been planned for full and total construction and  testing
within a period of only 240 days - ' about eight montha. Based
on the experience of Miami and Detroit, the Jakarta aystem
should have required mora than.2.5 years for construction. The
first construction ‘commenced on. 22nd’ August 19868 and: the.

public dedication and operation was ‘provided 20 April 1989, - ;




Envircnmental Ounliilasﬁi'hiké'all iﬁjor citiea of
" Indoneaia, the TMII complex already exiats, It has a layout

. and activity pattern which has evolved ovar more than one

decade. Therafore the Aeromovel was inserted into auch
environment. Being a public recreation cantre, the normal
construction conditions of urban transport could not be
permitted; dirt and debris had to be contained or removed in a

mannar not seriously detracting from tha character of the

park. Additionally, treeas, shrubs and public furniture had to
be protected to a smaximum extent. Treas were cut, but the
majority were only trimmed or3tenpornt11y-t1ad back during
placesent . of tha piers and beams. - Tha lake centerpieca of the
park could not be violated with debris. Additionslly tha water
area abutting the plers between stations five and 8ix could
nct be drained, aven temporarily. Tharefore tha technology had
to permit low cost installation with atrict awareness of the
green and sensitive locations. In the ares of tha tropical
bird center the foundations were mads with bore aystems to
mitigate the noise of conventicnal plle driving. Also near

buildinga with modest foundations, the bore pile saystem waas

used.

Two of the stations ware made from modification of
existing structures within TMIL. This was done to show the
ability of tha Aeromovel technology to pasa THROUGH exigting
structures. This could ba done becausa the vibration is
reduced to very low lavels since the vehicle-~waight ia low,
the propulsion is not on the vehicle, and the wheals are only
for guidance. ’ : .

Relisnce on Domestic Materials: With encugh monay and/or
external asesistance, nearly any type of technology could have
bean obtained for the TMII routa. However, for demonstration
of the future impact that Aeromovel Technology will have on
Indonesia, major reliance was an made on existing domestic
Suppliers of materisle and equipments. Dua to the time
limitationg in conatruction and the nawneas of the technology,
a limited amount of materials - including one vehicle ~ were
purchased in Brasil. However, 71% of tha costs ralated to the
civil works - all of which are obtained from Indonesian
sources. For the opening period three vehicles #re used. Two
of thege vehicles waera huilt within Indonesia, using the
facilities of bus body bullders, not traditional rail coach
buildars. The Aercmovel showed that both the congstruction
phasa and the operation phase could be done without continual
purchase of eguipment and maintenance spsres from foreign
sources. The major savinga of foreign exchange further enhance
the technology to the governmant.

Use of Local Professiocnals & Workers: While many projecta
have been granted far the transfer-ofntachnology betweean
foreign experts and local specialiats, it is frequently seen
that this process requires a duration of years and a continual
Persavarance within the recipient nation. The Aeromovel is a
technology utilizing existing enginearing methodas - both for
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civil and mechanic aspaects. Therefors, it permited the use of
low-gkilled day-workers as a means to stimulate local
employment and improve tha purchase power of locel low-income
households. Secondly, tha project was deaigned and supervised
by local persons. In this first Aeromovel project in
Indonesia, there was no permanent on-eite Brasilian engineer
Or counterpart., Therefore an additional source of foreign
exchange outflow was reduced. The public has pride in a
technology which they have seen buflt by their own national
engineering profession. The professionala have ancouragemant
for further use of the technology.

Futures Lines within Jaksrta: Following the April 1989
opening of Aeromovel in Jakarta, continued work is being done
for the devaelopment of a comprahensive system of lines linking
all sub-dietricts within the conurbation. The B4 citifea with
metros and the 220 cities with Light Rall and/or tram
ocparation demonstrats that greater effectivenessa in use of
public transport can be achieved when the technology is
provided on a multi-route network. In the past the provisicn
of such network has been hampered by the extreme high capital

cost of providing such technologies.

Physical Layout of Bystem: Within discussions at
municipal government level, the view has been takan by both
the public and private participants that a aystem of 12 to 15
lines would be regquired. Each line would be interlinked with
other linas. Such a development would be dona incremantsally,
probably over a decade, If the approval for such project is
raeceived, it will permit more rational planning for tha urban
mobility. This can be accomplished because contracts for
equipment and gsupplies can be imsued on a multi-year bagis,
thereby giving the manufacturer or supplier an extended
production run for his asquipment. As example, the supplier of
vehiclas would ba required to make 40 units per annum, aven
though the apecific assignment of the aquipment had not been
determined. Since all components are standardized, the
previous lock hetwean planning and contracting is opened -
hopefully with benefit to all parties including the genaral
public.

Financial Potential for System: Too frequently what is
forgotten in the halls of trangport technology is that the
local public and the nation are required to cover the costs of
construction and operation. Excluding times of earthguakse,
volcanic aruption, or major floods there are few cases in
which equipment and technology have been given “gratis™ to a
nation or a city. Soft loans may be offered to permit
construction of a specific technology, but such loans still
have to be repaid by the country or by tha city. Repayment
ocbviously comes from tha funding sources of the city and/or
the nation. Such funding sources sre obtained from taxation of
various types - the majority of which ia either a property tax
or an income tax or a value-added-tax. Each of these taxes are
generated (or taken) from the local populous.




Projectad Linas within Other Major Cities: Aercmovel's
davelopmant within Indoneaia is a project looking bayound
Jakarta. It is within that context that preliminary study has
bean done for four cities. The case is made that Surabaya,
#edan, and Bandung have s deficiency within urban transport
even more severe than Jakarts, since they have less daveloped
bus networks and wore modest road patterns. Therafore a
tschnology which can be inserted intc the urban fabric in a
mannar that will sarve the demand but that will not destroy
the existing land use pattern, 1a tha type of systam sought by
both private and government groups. Within Bandung there is
continued growth of enrcllment for higher education in the
north and east districte. Thars is axpanglon within the labor-
intensive industrias in the west and east. Thare ie increasing
residantial settlement fn the south. All these pattarns
Suggest tha need for improved tzransport without direct
reliance on axisting roads and streats. .

Conclusion: With the April 1989 dedication of the Jakarta
Aeromovael Line and the current public operation, public
agencies and private firms are evaluating new transit projacts
for sajor route within Jakarta and other Indonesia cities. The
besat way to understand the potantial of this new tachnology
option is to visit Indonesia and ses it and ride it yourself.
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.2. Motor-Propulsion Group
.3. Energy Requirements

1.5. Command and Control System
1.6. Passenger Stations
1.7. Workshop and Stabling Requirements

1.8. Isolation Values withi
1aaeolarion n the Guideway

1.9. Restrictions
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1.9.2. Restrictions and Basic Conditions

1.10. Factors for Cost Optimization, Construction Tims, and

Operation of Systea

1.11, Vehicle Operation

1.11.}. Principle of Oparation

1.11.2. Automatic Operation

1.11.3. Semi-Automstic Operation with Operator

1.1. Background

The Aeromovel Technology is a medium capacity transport
syatem demonstrating wmodern concepta to improve mobility and
safety within urban routes. B :

a. By elevating tha guideway the technology can obtain =
maximum utilization with low capital coats, minimal energy usage,
and light-welght rolling stock and alignment. — - C

b. Provide high comfort and safety :

c. The exclusive slevated guidewsy permits use of automatic
computer-based operation without interfarence from other traffic’
or land uses. ) : . S

4. Total absence of pollution along the guidaway, since
pneumatic pressures are lnduced by electric or natural gas prime

) novars.

a. Simplified design with emphasis on users/passenger npads,

The Sur Coester Aefo-oval;Pnau-atic ?topulsiounis'div;dad..

into five principle perta:

Permanent. Way

vehicles T .
Motor-Propulsion Units
Command and Control Syatem
Passanger Stations - .

L3R 3% I O

1.2. Permanent Way - Qualities and I-plnntgtidn

The persanent way is divided into four qub-grdupa°

* Sub-structure/infrastructura’
* Mid-structure o T
. * Super-structure’

* Accessories .

With excapt of two accessory-items,_alllcompbnehts within

the guidebeam are constructed from reinforced concrete with.

embedded tension cables that are post-streseed. This permits the

lowest capital cost concomitant with long-term durability and low .

.maintenance requirements.over the sarvice life. -

The'SQb-sttuctura/;nfrqstrudture compriges the foundation; .

which is' made based on local soll -conditions: and height of
guldeway. Such foundations are prepared for the footings and pler: @ -
of the alignment, Direct: cccupancy of land 1s limited to. the time
required for placing the foundation, shaping the footing,. and

casting the plug receptacle in which ‘the pler is:positioned. ... .

ALl Ltems ahd'eléméhfa'rQQuiredwfdr‘théthid~étrdéture-ahd,

superstructure can-be built in pre-fabrication procedure at a

gite away. from the alignment. This permits higher construction..
rata and'dramaticg;ly;rqducaﬂ-tha'1ntgr£areng95fgrhe;1y.-




5expariancéd with;LhT.phq'oihﬁf’Urbnﬁ?tfahapo}t-fechndlogieﬁ
during the construction of the guildeway. e EEEE
'  The'nld-ntrhctu;g'cbﬁétitﬁtes ‘the piers and théir:ﬁbﬁnting
pads . which are used ‘to support the single or double ‘guidebeam;
maintain the elevated leval. o : N e

",Thé'shper-strdétufe'ccnbista”of-thé gﬁiﬁébéaQ for -each

alignment with tangent' beams having length of. 25m, Léngtha vary -

_with vertical ond horizontal. curvature reflecting -technical

_conditionp and practical aspects of tha implantation. ¢
. The gutdebeams -are pré4ca§t'6f£ nité,éﬁd'fullylpreﬁﬁééd:16

the work yard pr;or:td'-pvenent_to tha alignment. R

. The perssnent way sccessories are installed after the beaw :
. 1is positionaed. These consist of the steal rails for the track, .

-related rail fastenings, and rubber eeala between besm ends .and
along the nlot-seul_. ; L I e PR

1.2.1, Par-&nant-ﬁay'Aééaésoriés g

Rails

from stoel rall treckaga, generally of 5-41 or TR-45 design. Rall
ie fastened to the guidebeam with elastic DE-type clips. Between
the baseplste and the rail and clip there ' is inserted nylon
and/or rubber pads to isolate the rails from the guideway.

Slot Seal - PR a B Lol
: Along the longitude of the .guidebeam two strips. of
laminated rubber (mine conveyar belt/industrial quality) are

fized to enclose .the - slot during positive or .negeative pneumatic .

pPressures.

Section Valvas . ) . ) ’ ’ :
Within selected parts of the guideway, control valves
are mounted within the beam to control the flow and security of
the pneumatic pressurs. Thess are activated by either pneumatic
mathods of hydraulic msethods. : : : .

.1,2.2, Mandatory Items. . .

In the evolutionary development and 1nblei§hfﬁt16ﬁ of

AsTomovel Technology awarenesa has been maintained sbout the
dimensions of physical components and the volume of pnaumatic
flow required for operation within the system. This permits
dosign of an optimsl system that does not over-stress any of its
componants and doas not incur capital costs of high levals.

The items mentionsd herein are found 6n tha'Pilot.Line'of
::ro-o::;aoperated in Porto Alegre; which has been in operation
ncea . . :

The vehicle opérates with ﬁuiﬁanca éhdﬂsuppdtt;défiﬁaﬁ

-~

Pneumatic duct within permanent way e 1a2

Length of tangent guidebeam: 25 m
‘Width of beam at ends; Lower portion « 1.70m
. Upper portion = 2.46m

Width of beam {n aiddle: (22m of length)
- Lower portion: 1.40m
- Uppar portion: 2.46m

Height of beam At ends: 1.B82m
Height of beam in middle: 1.66a (22a of the length)

Track gauge: 1600mm
Clearance below guideway {Aversge) 4.575.5m

Minimum distance between track centers - double track
3.78m for tangent sections
4.48m for tight curve of 25a radius

Max fmum Superélavation in curves = 10% {5'50")
Dimensions of pler: single track = 0.9m x 0.65m
double track = 1.7m x 0.65m

Dimension from top of rail to underside of beam = 1.52m
Avarage diastance between plers 25m

Dimenaion of alr intake/exhauet {each) 2.0m x 2.65m
Numbar of intakes per section = 4

1.3. Vehicle
1.3.1. General Characteristics

The vehicle is designed with two or more passanger
compartments with articulated linkage between them. When tha
vehicle im a single articulated vehicla with two compartments
there are four double doors on each aide having width of 180ca
and a haight of 190cm. With leval car floor to platform, this
permits raplid entry and exit of patrons betwean the station and
the vehicla. The vehicle contains a public address system which
can (at option of operating authority) provide music es well as
public announcements.

The body of the vehicle is fabricated froa aluminum with &
monogquoce design. The floor has specisl construction to suppress
noise from the underside and track area.

ventilstion is provided in Brasil and Indonasia by use of
circulation fans and eight open roof hatches. The upper gquarter
of side windows can be openad to parmit entry of air without
danger of occupants reaching out from auch opening.

Such vehicle has crush load capacity for 300 parsons at an
average of 7 qFrsona per sg. meter or 264 persons if an average
of 6 peraons/m~ are used. For urban applications with high demand




and short distance, saats are placed for 24 people within each
compartment: giving 48 seats for each vehicle.

The interior is formed from fire-resistent and vandal
reaigtant materials with fiber-glass panels. All materials are
eany: to clean.

Illumination is degign for 500 lux intensity at one meter
above the floor. It is provide by a two paraliel fluoreacqnt
groupings.

Disk-brakes are used with actuation by hydraulic-pneumatic

components. Such brake is separated into four 1ndependent'

circuits to insure fall-safe quality.

The compartments are suspended on air-bellows that dampen

vibration and noise.
1.3.2, On-Board Electric Reguirements

Electrical requirementa of vehicle asubsysteme are supplied
by a dual arrangement of batteries and low-current voltage passad
through the running rails with 55 Vac. Wiring is design with two
indepandent systems to insure reliability under all conditiona
during public operation. The syastems include: ’
Internal Lighting
External Signalsa
Compressors for door operation
Battery UPS backup - double
Control of Door Securlity
Control of communicationa

If the 55 Vac current is interruptad, there is automatic
changeover to tha battery reserve within the vehicles.
1.3.3. Pneumatic Syatem cof Vehicles

The vahicle is built with a dual syastem of compressors and
air tanks. Such system operates both the doors and the "atop”
brake/ position brake.
1.3.4. Braking and Safety Syateams of Vehicle

The following methods have been deaigned for safety within

the vehiclea, ita operation and tha_security of patrons and

staff.

steps, permitting egress along the wide guidaway. This will
parmit rapid exit, if required, for all ambulatory patrons.

Emargency brakes are built into the vehicle to pecmit
stopping in the event of powar fa{lure.

A secondary security syatem of retaining wheels are mounted

from the articulated portion of the vehicla into the upper
portion of the pneumatic duct. As & result there is no technical
or opsration condition that can be made in which the vehicle
would be derailed or separatad from the guideway.

At each end of the vehicle there is an esergency door, with .

_ supplies..

Fire extinguishers for type A, B, .and C fires are mounted  in
each compartment, L h N

A permanent telecommunication link is maintained with the
vehicle and the control center.. Each. compartment has a speaker
for passenger emergency use. ' . e

1.3.5. pDimenslione and Spacial Aspects
Dimensiona: . - s -

Langth of Vehicle . e
{2 compartments) = = 25m ..

Width - Externsl . 2.75m
Internal .. . 2.60m . -

Helght - External . 2.86m.
Internal 2.12m

Door Width . - 1.80m

Waight of Vvehicle:
Single Articulated - aempty 8700 kg
: groas. 28200 kg

Passenger Capacityz o ' . o
' 7 passenger/m- =« 300 48 seated; 252 gtand

6 passenger/m“ = 264 - 48 seated, 216 stand.

1.4. Power Unita
1.4.1. General

The building containing the motor-propulsion equipment has
the size of an ISO TEU container. Since the propulsion equipment
is land-based, the-control and monitoring of the eaquipment is
much more simple. The oversize of the air intake results in no
external noise,. : : a L

Tﬁe container for power propulsion is placed at required
points directly below the guideway (eimilar to DC substations on
new elevated metros). The unit can'be:-ounteq-at'ground.level-or

elevated to fit into . the guidebeas.

Location of such units is depeﬁdéhf.bbpﬁ-thd bﬁwer needs of
each alignment. Given the satandard design, replacement and -

maintenance are more easy and lees p;pnamtoggnuaq.¢1arupt;pnftq:::.;r'

commercial coperation.

1.4.2. Mo;or-?ropuialon Group -

Within the motor-propulsion unit,-the: basic power unit isg
an industrial-grade centrifugal blower with rating between 36,000 -
to 120,000 wm”/hr. It is balanced and directly linked to: elactric’
motor. In wost. applications such blower would be powered by -
electric energy, but option does exilst to use gas-powerad
turbines.. This options ig attractive to cities near surplus NPG




Abova tha blower 1is placed a four posltlon value uhich
controla the. diraction of air flow and tha prasnura.

Such motor- propulsion unitn are locatad near stationa but
outside the area 1n uhich public has accaa-.

The ntructure contnining this aquip-ent 1a secure from’

- vandals and -abuse. Except in very hostile- Jenvironmsents, it does .
not require chain-link fence perimeter.’ Rnthar, ‘senaor are placed’

‘within the wunit to automatically Jnform central control of
Antruders touching tha axternal -1dan or: door- of tha unit.__

) Tha ventilntion ‘and silencer equip-ant uithin this unit
preclude msajor nolise emissions from the unit. Hydraulic and

slactric panels are saparated from: tho -otor and blower by n_.

‘ fire- rosistant wall.
1.4.3. Energy Raquire-anté .

K . The electric anargy is -obtained . fro- co-narcial sources and
brought inte the unit 1n industrial rate-.

A -ubstntion tranafor-ar ‘converts the high currant 1nto uhat"
can be used for the pneu-atic untt- and tor ths 55 vdc track

enargy aysatem.

N 1.5. Command and Control ay-t- '

The syatan of command and control has the follouing
-componants ;
Panal of command at each station for monitoring and
sami-automatic operation, )
Electric circuits for commsand of PPUs
Pneumatic or hydrsulic aystom for valve positions
for both tha power unit and the guldeway
Velocity sensors upon the guideway, spaced each 25w
with redundancy system
Communication systes betwean station-central control
_ Atation - vehicle, station to powar unit, station
to station,
Circuits to monitor operation and condition within
local powsar unit.

~ 1.6. Paasanger Stations .

- . The stationas permit the ‘access and egress from the .vehicle
for passengers in a safe, orderly, and high capacity manner. The
station 18 divided into the lower area - for fare collection and
sundries, the upper platform for access to the wvehicla, the
control cabin, utility rooms, and other features as reguired by
aach aystem. . '

The stations are design with consideration .of local

<

" architectural valuas and desires and ¢an be done locally. Size of

installation can reflect the small dimensions required for
Aeromovel or enlargement for additional uses.

The technology permits placement of the alignment into
exigting major atructures; either to permit stations within such
buildings or simply to pass through them.

‘General Dimensions:
wWidth of Platform = 5.0m
Length of platform « 25.0m
Platform lavel

{above rail head) = 70cm
Platform edge to track center = 1.3m
variation in car floor

and station platform = 2.5cm
Control Cabin 2.5m x 1.8m
Control Cabin floor level

abova passenger platform 1.10m {(minimum)
System of pneumatic valuss for guideway.

1.7. workshop and Stabling R-quitanentt

The following 13 the minimum reguired for a fleet of 10
vehicles within 1000m

'1,8. iIsolation Values within the Guideway

1.8.1. General

The guideway values are installed in the lower part of the
guidebeam and are controlled by the cosmand center during vehicle
oparation.

The location of such values is based on the needs of each
project prior to implementation. The maximum space required
below the guideway is l.1lm, with the normal being 40cm.

1.9. Restrictiona
1.9.1. General

Considering the degres of flexibility within the Aeromovel
Technology, measure are taken to gain optimum and rational design

for each project. Trade-offs betwsen the capital costs and the
long-ters operation and ssintenance costs are considared.

. 1.9.2. Restrictions and Bagic Conditions

Vartical Gradients:
Ideal 5%
Feasible 12% *
* Note: Standing passengers have difficulty in position when
gradient of more than 9% is traversed.




Horizontal Curvature
Ideal 80a
Feaslble 24m*
* Note: Velocity limited to 12 kph, therefore should ba done near
to entry or exit from station rather than within tangent section.

Dimension along the alignment to permit transport of
baams, piers, and accessories to the point of use.

1.10. Factors for Cost Optimization, Construction Time, and
Operation of System .

The baaic factors enumerated are required to maintain
the rational and optimal costs, spesad in construction, and
quality within the permanent way.

Dasign a route or line with the minimal number of
different beoms. . :

Dasign emcoth transitions in curves

Minimize the curves required

Attempt to have stations epaced at least 500 to 700m

apart. System can function with station apacing

& short as 250m, but the operation coste increase
Compensate for curve and gradient in a manner to .

permit good velocity.

1.11. Vehicle Operation
1.11.1. Principle of Operation

To determina the profile for location and vahicle oparation
batween atations, the speed and total travel time is weasurad.
This considered the various loadings (or waight} that the vahicle
can carry. This ranges from 90.000N to 285.000N. Vehicle
performance is measured as 0-30%, 31-50%, 51-70%, and 71-100%
total weight. Variation in travel time betwsen atations for any
vaehicle is limited to a maximum of 5%. .

1.11.2. Autcmatic Operation

With the fully automstic operation of the vehicles, & series
of pre-programmed computer commands are used. The programs
contain the profile and characteristics of the way. The computer
monitors and evaluates the speed, position, and welght of the
vehicle and ensures that its operation conforms te tha programa.

1.11.3. Semi-Automatic Operation with Operator

Option exiasts for the Aeromovel Technology to be operated in
eeml-automatic method with a command oparator placed at each
station within the control cabin. They control the procedures
within the station, the acceleration of the vehicla, and the
guideway values. The operator decelerates the vehicle with
Yaverse air-pressure.
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FOR FURTHER INFORMATION, PLEASE CONTACT:

. SsS.A.. & CANADA: B
SUR COESTER AEROMOVEL . '
Suilte 2231, 2025 I Streat NwW
wWwashington D.C. 20006 USAhA
. Tel: T-202--223-380S5 S
Fax: 1-202-223-3931

BRASII & SOUTH AMERICA: _
SUR COESTER S.A. . _
U Rua Washington ails. 186
FPorto Alegrea, RS, Brasil
- Tel 55-512-261088 : o
Fax: 55-512-271 392
oxr 342 661 - :

INTERNATIONAL:
SUR COESTER S
c/0 Lea H RoOogears ] o
A909 S+t Barnabasos Road
Templea HA1ls, MA 20748 USA.
Tel/ Faix 1L—301-894-2037 .
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