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ABSTRACT: Fabrication and tests of full scde M-2000 components — superconducting quadrupole magnets,
aduminum loop guideway panels, monorall guideway beam and vehicle body — are described. The M-2000
superconducting quadrupole engbles levitated travel on monoral and planar guideways, including exising RR
tracks, high speed dectronic switching to off-line gations, and Earth levdl magnetic fields in passenger cabins.
Two quadrupoles were successfully tested using liquid He cooled NbTi superconductor operating at 600,000
amp tuns. Measured magnetic fidds and forces agreed with predictions for the nomind geap of 4 inches
between the Maglev vehides and guideway. Full scade duminum loop guideway pands that provide verticadly
and horizontaly stable levitation and propulson were dso fabricated and successfully tested. A 72 foot long
monorall guideway beam and 60 passenger vehicle chasss and fusdage were dso faoricated. The next step, the
assembly of M-2000 components into vehicles for testing on an operating guideway is discussed.

1. INTRODUCTION superconductiny Maglev in 1969®.  Subsequent
publications®®©(ME O geyeoped the concept in
The Danby-Powell concepts for usng more ddail, incduding the superconducting Linear

superconductors to levitate and propel high speed
vehicles began in the early 1960's. In 1963, Powdll
proposed the Magnetic Road,Y) a sysem in which
vehides wee magndicdly levitaled by the
interaction between currents caried in
superconducting cables on a guideway and currents
in loops on amoving vehicdle.

While technicdlly fessble the cost and
refrigeration power for the superconducting track was
not practica. Danby then proposed using
superconducting magnets on a moving vehidle to
induce currents in a sequence of normd auminum
loops located on the guideway. The magnetic
interaction between the superconducting magnets on
the vehicles and the induced currents in the guideway
loops provided the forces required to levitate the
vehicle

Working collaboretivdy, Danby and Powdl
published their concept of a superconducting Maglev
system in 1966%and obtained the origind patent on

Synchronous Motor™, in which a smal AC current
in a squence of duminum guideway loops
magneticdly interacted with the superconducting
magnets in the vehide to propd it dong the
guideway a a fixed speed determined by the
frequency of the AC current. For their work on
superconducting Maglev, Danby and Powel were
awarded the Franklin Inditute Meda for Engineering
in April, 2000.

Following the publication of the superconducting
Maglev concept, a number of Maglev development
programs dated in  vaious countries, including
Japan, German and the U.S. Japan chose to develop
the Superconducting Maglev System based on the
Danby-Powdl  inventions Ther 1%  generation
sysem is now operating successfully at Yamanashi in
Japan. (Figure 1) It holds the World ground transport
speed record at 361 mph, and has carried well over
50,000 passengerss. A 300 mile Maglev route
between Tokyo and Osaka, to be completed by 2025,



Figure 1 View of Japn Railways Superconducting Maglev
Guideway and Vehicle System

is under condderation. Germany has developed a
different 1s generation maglev sysem, termed
Transrapid, with 1% generation systems now
operating in Germany and China. It is based on the
use of conventiond dectromagnets on the vehicle,
which ae dtracted upwards to iron rals on the
guideway, levitaing it. To mantan the ~ 1
centimeter gagp between the vehicle eectromagnets
and the iron rals, it is necessary to rapidly servo
control the currents in the windings on the vehide's
electromagnets.

In contragt, the superconducting Maglev System is
inherently drongly stable, with magnetic  restoring
forces that automaticaly oppose any externd force
(eg., winds, curves, etc.) that would act to displace
the vehide from its equilibrium suspenson pogtion.
The gap between vehide and guideway is
ubgtantidly grester for superconducting Maglev
than that for eectromagnetic Maglev, typicaly ~ 10
cm vs ~1 cn. The much larger gap endbles the
guideway to be bult with less demanding
congruction tolerances, helping to reduce the cost of
congtruction.

Following the 1966 Danby-Powel publicaion the
U.S. initiated R&D programs on superconducting
Maglev, but stopped in the early 1970's, on the belief
that exising U.S. transport systems — autos, trucks,
arplanes, and conventiond rals — would be
aufficient into the indefinite future. U.S interest in
Maglev revived in 1989 when Senator Danid Patrick
Moynihan sponsored legidlation for a 750 million
dollar R&D progran on Maglev. His legidation
passed the Senate, but was killed in the House of

Representatives.  Senator Moynihan's vison was for
a U.S Naiond Maglev Sysem to be built on the

rigntsof-way dong the Interdate  Highway
System.t?
Subsequently, legidation was passed for a

program to assess the potentid for deployment of a
Maglev demondration routs of 20 miles or greater
length to be built in the US. Seven routes were
sdected for study. Six of these studies proposed
building the Geman Trangapid sysem as a
demondration. The seventh study, which was carried
out by the Maglev 2000 of Florida Corporation*®,
used the new 2" generation superconducting Maglev
sydem developed by Powdl and Danby. The
proposed 20 mile route ran from the Canaverd
Segport to the Titusville regiond arport, with an
intermediate dation at the Kennedy Spaceport visitor
center. After initid operation of the demondration
route, it was proposed to add a 30 mile extenson to
the Orlando Internationd Airport and Disney World.

As pat of the Florida study, 2" generation full
scae Maglev components were fabricated and tested
to deermine peformance and vdidae cogt
projections. The components included
superconducting quadrupole magnets, guideway loop
pands, a 72 foot long monoral guideway beam, and
the undercarriage and fusdage for a urban/suburban
vehicle. The desgn and fabrication of these
components is described in more detall later in the
paper.

Following completion of the Phase 1 Stes of the 7
Maglev routes, two routes, Fittsburgh and Batimore-
Washington, were sdected for further study. Both
routes proposed using the German Transrapid system.

2. THE 2P GENERATION MAGLEV-2000
SYSTEM

The 1% generation Maglev systems, while technicaly
successful, have limitations that to date have
prevented implementation of a lage scde.  Two
fectors are of paticular importance in limiting ther
implementation, particularly inthe U.S.

Fird, the congruction cogt of the guideway is very
;high, $50 million dollars or more per mile.  This is
much more than the cost of High Speed Ral (HSR)
sysgems which is on the order of 20 to 30 million
dollars per mile. While Maglev offers shorter travel
times than HSR, its advantages are not grest enough
to jusdtify the higher congtruction cost.

Second, the 1% generation Maglev systems only
cary passenges. While very useful in densdy



populated areas like Europe and Japan, passenger
only sysems are of less utility in lower populaion

densty large countries like the United States.  In the
U.S. the big transport outlays are for intercity trucks
(over 300 Billion dallars annudly) not intercity ar
passengers (60 Billion dollars per year) and intercity
ral passengers (only 3 Billion dollars per year.)
Passenger only systems in the U.S,, whether they are
Maglev or High Speed Rail, will require mgor
government financing for congruction and continued
lage subgdies for opeation and mantenance.
Because of America’s very large governmental del,
both State and Federd, it is unlikely tha magor
govenment  financing is possble To be
implemented, Maglev routes will have to attract
private investment. To achieve this they must be
profitable, with a rdativdy short payback time on
inveted capitd, eg. dgnificantly chorter than a
decade.

The 2" generation Maglev-2000 system is
specificdly desgned to address these two factors.
Firs, the guideway congruction cost is projected to
be only about 25 million dollars per mile, a factor of
2 or more lower than 1% generation systems. To
achieve this, low cost prefabricated monorals are
used for most of the elevated guideway congruction.
Figure 2 shows an atis’s view of a Maglev-2000
passenger vehicle on the monorall guideway.
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Figure 2 Artist's Drawing of Maglev-2000 Vehicle on
Monorail Guideway

The prefabricated monorail beams would be mass
produced in factories, with ther guideway loop
panels, sensors, dectronic equipment, etc. attached to
them at the factory. The beams and piers would then
be transported by truck or rail to the congtruction gte,

where they would be quickly erected on pre-poured
concrete  footings or pilings, usng conventiond
cranes. Guideway cost would be kept low by the use
of conventiond box beams for the monorail, which
minimizes the amount of materids required, and
prefabrication, which  minimizes expensve fidd
congtruction. Diguptions to traffic and other
activitties would dso be minimized, which would
help to reduce locd oppostion to guideway
congtruction.

Figure 3 shows a cross sectiond view of the
Maglev-2000 superconducting quadrupole.  The 2
superconducting loops that form the quadrupole carry
oppositely directed currents, with the separation

Figure 3 Superconducting Maglev-2000 Quadrupole Magnet
Cross Section

between the loops equd to their width. The 2 loops
can operate as separate circuits or be connected
together into asingle circuit.

The quadrupole has 4 magnetic poles that dternate
in sgn around its circumference. When used on a
monoraill guideway, the verticd sde of a quadrupole
interacts with the duminum loops atached to the
adjacent verticd dde of the monoral guideway.
When operating on a planar guideway (Figure 4), the
bottom face of the quadrupole magneticdly interacts
with  duminum loops locaed on the guideway
benesath the vehicle,

The &hility to operate on a planar guideway as
well as monorail dso helps to reduce the congruction
cos of Maglev routes. When operating in densdy
populated urban and suburban aress, the Maglev-
2000 vehicles does not need to build a new, very

expendve  guideway with its  accompanying
disuptions  and modifications  to exiging
infrastructure.  Instead, Maglev-2000 can trangtion



Figure 4 Maglev-2000 Vehicle on Monorail and Planar
Guideways Using Quadrupole Magnets

to, and operate on, exising RR tracks to which
duminum loop guideway pands have been attached
on the cross-ties (Figure 5). Conventiond trains can
continue to use the RR tracks, given appropriate
scheduling.  The cogt of ataching guideway pands to
endble levitated maglev-2000 operation is very smdl,
only about 4 million dollars per mile, compared to
the high cost of a new devated guideway for Maglev
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Figure 4 Drawing of Levitated maglev-2000 Vehicle
Traveling on Conventional RR Tracks to Which Aluminum
Loop Panels Have Been Attached to the Cross-Ties

systems that cannot operate on existing RR tracks.
Tuming to the 2" factor affecting Maglev
implementation, revenues and net profits, the
Maglev-2000 system is designed to carry trucks as
well as passengers vehicles on its dua-use guideway.
It accomplishes this because the powerful

superconducting maglev-2000 quadrupoles can be
located dong the length of a Maglev vehicle without
producing magnetic fidds indde the wvehide tha
sgnificantly exceed the naturd Eath ambient vaue
This is a rexult of the condgderably lower vaue of
magnetic fringe fidds from a quadrupole, compared
to the dipole configuration used in the 1% generation
superconducting Maglev system.

Figure 6 shows a drawing of a passenger Maglev-
2000 and a truck carying Maglev-2000 vehicle
operating on the dud-use Maglev-2000 monorail
guideway. The gross revenues from trangporting
3000 trucks daily on a Maglev-2000 route (1/5" of
the daly truck traffic on a typicd Intedtae

M-2000 Sysiem Can
Handle Both Freight
and Passengers

=

Passangar
Copartrmeanl

Eguiprant
Comparimsent

Equiprmant
Cormpartrmanl

Figure 6 Maglev-2000 Passenger and Truck Carrier
Vehicles on Dual-Use Guideway

Highway) are equivaent to 180,000 passengers per
day, assuming a revenue of 30 cents a ton mile
(typicad U.S. outlay) for trucks, and 10 cents a
passenger mile.  The truck revenues aone would
enable a payback time of less than 5 years for the
Maglev-2000 guideway  cost, an  dttractive
opportunity for private invesment.

The same Maglev-2000 guideway could aso
transport persond  autos together  with  ther
passengers, offering travelers the opportunity to take
their persond cars with them on long trips, a a lower
cost than by highway. The Maglev-2000 system
could aso trangport and ddiver high vaue freght
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Figure 7. Drawing of aluminum loop guideway panel
providing vertical lift and stability, lateral stability, and linear
synchronous propulsion.

containe's in a much shorter time
conventiond rall.

Truckers will find Maglev very dtractive A
trucker could pick up a load at its origin, drive a few
miles to the neares Maglev dation, travel across the
U.S. in a few hours rather than a few days, and drive
off the Maglev vehice to ddiver the load to its
degtination a few miles away. There would be much
less wear and tear on the truck, and it could make 5
deliveriesin thetime it woud take to go by highway.

The ability of M-2000 vehicles to travel on planar
guideways dso endbles high speed dectronic
switching to off-line gations. This dlows Maglev-
2000 vehicles to by pass a high speed dations they
are not scheduled to stop at, enabling dations to be
closdly spaced for convenient access, which increases
revenue potentid for the system, compared to having
only a sngle or few dations in a given metropolitan
area

Figure 7 shows a drawing of the Maglev-2000
auminum wire loop gideway pands. It has 3 sets of
multi-turn duminum loops. 1) a sequence of 4 short
independent Figure of 8 loops, 2) a sequence of 4
short dipole loops; and 3) 1 long dipole loop.

than by

When the pands are mounted on the verticad Sdes
of the monoral guideway beam, the Figure of 8 loops
provide levitation and verticd dability. The dipole
loop on each side of the beam are connected together
into a null flux drcuit that mantains the vehide in a
centered pogtion on the beam — when centered no
curent flows in the duminum null flux dreut.

When an externd force (wind, curves, etc) acts to
push the vehicles away from its centered pogtion, a
magnetic force develops that opposes the externd
forcee. The long dipole loop is pat of the Linear
Synchronous Motor (LSM) propulson system, in
which the loops on a sequence of panes are
connected in series to form an energized block dong
which the Maglev vehicles travels. The energized
block is typicdly on the order of 100 meters in
length; as the vehidle leaves an energized block, its
AC propulson current is switched into the next block
thet the vehicle is entering.

For the planar guideway, the same pand design is
used, with the pand lad flat on the planar surface
benesth the line of quadrupoles on the moving
vehicle. The Figure of 8 loops now provide laterd
dability, generating magnetic restoring forces if an
externd force acts to digdlace the vehicle from its
centered pogtion on the guideway. The dipole loops
act individudly, with inductive currents that levitate
and veticdly dabilize the vehide as it passes
overhead. The LSM loops function in the same way
as they do on the monorail guideway.

The planar guideway pand configuration can aso
be used to levitate and prope Maglev vehicles dong
exiging RR tracks, with the pands attached to the
cross-ties of the RR tracks.

The planar guideway is dso used for high speed
switching. At a switch section, there are two lines of
overlapping guideway loops, which can be ather
electronicaly open circuited or closed circuited,
depending on the desired switching action. Line A of
guideway loops runs draight ahead on the main ling
while the second line (Line B) of loops diverges
laterdlly at a rate acceptable for passengers. If the
loops in line A are close-circuited and those in Line
B ae open drcuited, the vehicle travels draight
ahead on the main route. If the reverse is used (Line
A open, Line B dosed), the vehides diverges
laerdly from the man route onto a secondary
guideway tha leads to the off-line gaion. The high
speed vehicle then decderates on the secondary
guideway tha leads to the off-line gation. When the
vehide leaves the dation to rgoin the man ling, it
accelerates on an out-bound secondary guideway that
leads to the switch section where the high speed
vehicle re-entersthe main line.

The next section of the paper describes the
fabrication and teding of full scde Maglev-2000
components discussed above in order to determine
their performance and vaidate the projections of thar
cost.



3. FABRICATION AND TESTING OF MAGLEV-
2000 COMPONENTS

Figure 8. NbTi Superconductor L oop for Maglev-2000
Quadrupole

Figuue 8 shows one of the two wound
superconducting loops used for the Maglev-2000
quadrupole.  The loop has 600 turns of NbTi
superconducting wire, supplied by Supercon, Inc. of
Shrewsbury, MA®® . At the design current of 1000
Amps in the NbTi wire, the Maglev-2000 quadrupole

L

Figure 9. NbTi Superconducting Loop Enclosed in Stainless
Steel Jacket

has a totd of 600,000 Amp turns in each of its 2
superconducting (SC) loops.  The SC winding is
porous, with smal gaps between the NbTi wires to
dlow liquid Hdium flov to mantan thar
temperaiure & 4.2 K, and to dabilize them against
flux jumps and micro movements.

Figure 9 shows the SC loop enclosed in its
danless ged jacket. Liquid Hdium flows into the
jacket a one end and exits a the end diagondly
across from the entrance providing continuous
Helium flow through the SC winding. Before
insertion of the SC loop into the jacket, it is wrapped
with a thin sheet of high purity, duminum (5000
resdual resgance ratio) to shidd the NDbTi
superconductor  from  exteend  magnetic  fied
fluctuations. After closing the jacket, a second layer
of high purity duminum is wrapped aound it for
additiond shidding.

Figure 10 shows a CAD-CAM drawing of the
complete Maglev-2000 cryostat that holds 2
superconducting quadrupoles.  The magnetic polarity
of the front SC quadrupole is opposte to that of the
rer quadrupole.  This dlows levitation a lower
speed than if the 2 quadrupoles had the same polarity,
due to less L/R decay of the currents induced in the
duminum guideway loops The 2 SC loops ae
supported by a graphite-epoxy composite sructure
that ressts the magnetic forces — due both to the
forces in a loop from its sdf current, and to the forces
between the 2 loops — that act on them.

Figure 10. CAD-CAM Drawing of Maglev-2000
Superconducting Quadrupole

Figure 11 shows the SC loops, support structure,
and cooling currents for the Maglev-2000 quadrupole
being assembled in Maglev-2000's facility on Long
Idand. The SC loops have a 10 K thermd shield,
which is cooled by Hdium exiting from the jacket
holding the SC loop. The SC quadrupole structure is
then encosed by an outer layer of multi-layer
insulation (MLI) conaging of multiple dternating
layers of glass fiber and duminum foil. A second
therma shidd encloses the SC quad, and maintained



a ~70 K by the hdium out-flow from the 10 K
primary thermal shield.

Figure. 11 Assembly of Maglev-2000 Superconducting
Quadrupole

Figure 12 shows the completed SC quadruple
enclosed in its vacuum cryodat, while Figure 13
shows teging of the quadrupole magnetic levitation
and propulson forces usng DC current in the
duminum loop guideway assambly beneath the
quadrupole as a sand-in for the induced currents.
The quadrupole was successfully tested to its full
design current of 600,000 Amp turns. The magnetic
forces between the quadrupole and the guideway loop
assembly were messured as a function of verticd
separation and lateral displacement from the centered
postion, and longitudind pogtion in the direction of
movement aong the guideway. The measured forces
agreed with 3 D computer andyses.

After successful testing in Long Idand, the SC

Figure 12. Completed Maglev-2000 Quadrupole Enclosed in
its Cryostat

quadrupoles were shipped to Maglev-2000's facility
in Titusville, Horida for a levitation tet of the firg
end of the Magle-2000 vehicle chasss

Figure 13. Testing of Magnetic Forces on Maglev-2000
Quadrupole Using DC Current in Aluminum Loop Panel

Unfortunately, because the quadrupoles had been
trangported by commercid highway truck service
without adequate protection againgt vibration and
bumps on the trip (program funding was not adequate
for ar supported transport service) the cryodats
developed some micro cracks a weld points in ther
cases.  These microcracks degraded the thermd
insulation performance by ar inlesks sufficiently
that the operating temperature of the NDTI
superconductor remained just above the trangtion
point to the superconducting state.  Program funding
was not avalable to repar the microcracks and retest
the quadrupoles on the Maglev-2000 vehicle.

In the time following the Maglev-2000 quadrupole
tests, high temperature superconductors have become
much more capable, and ae being commercidly
produced in substantid amounts. Using YBCO high
temperature superconductor wire , it agppears very
possble to fabricate Maglev-2000 quadrupoles that
would be much sSmpler in condruction, with much
easer refrigeration  requirements. The YBCO
superconductor would operate at 65K with pumped
liquid nitrogen coolant and a much smpler on-board
cyocooler than would be required if NbTI
superconductor a 4.2K were used. One Maglev-
2000 quadrupole requires 3600 Kilo Amp turns of
superconductor. At 10 per Kilo Amp meter, which
gopears achievable with large scae production  of
high temperature superconductor, the superconductor
for it would cost $36,000. A passenger vehicle with
8 quadrupoles would then have a superconductor cost
of $288,000, while a truck carying vehicle with 16
quadrupoles would then have a superconductor cost
of $576,000, both of which are very reasonable for a



projected total cost of 5 million dollars per vehicle.
Future tests of Maglev-2000 quadrupoles will
probably involve high temperature superconductors
with liquid nitrogen coolant, rather than NDbTi
superconductor with liquid Helium coolant.

As described in Section 2, the guideway loop
pands (Figure 7) contan 3 sats of wound auminum
loops, composed of a set of 4 Figure of 8 loops, a set
of 4 dipole loops, and 1 long LSM propulsion loop.
Figure 14 shows a wound dipole loop, to be used in
the pand. The duminum conductor has a ~10 mil
layer of nylon usng a dip process to coa the
conductor. The nylon insulation withsood 10

Kilovolt tests without breskdown. Figure 15 shows a
completed guideway loop pand with al of its 9
loops.

Figure 14. Wound Dipole Loop for Guideway Panel Using
Nylon Coated Aluminum Conductor

The completed pand is then enclosed in a
polymer-concrete sructure for handling and westher

Figure 15. Completed Guideway Panel with Figure of 8,
Dipole, and LSM Propulsion Loops

Figure 16. Guideway Loop Panel Enclosed in Polymer-
Concrete Matrix

protection. (Figure 16) Polymer concrete — a mixture
of aggregate, cement and plastic monomer — can be
cad into virtudly any form as a durry. When the
monomer polymerizes (the rate of polymerizetion is
controlled by the amount of added promoter), the

Figure 17. Polymer Concrete Panel with Enclosed
Aluminum Loop Exposed for 2 Y ears to Outdoor
Environment with Multiple Freeze-Thaw Cycles

resulting concrete-like dructure is much gronger — a
factor of 4 or greater — than ordinary concrete and not
affected by freeze-thaw cycles, sdt, etc. Figure 17
shows a completed polymer concrete pand |eft
outsde of the Long Idand facility for 2 years. It was
subjected to a wide range of wegather conditions and
multiple freeze-thaw cycles over the 2 year period,
without any degradation.

After being fabricated a the Maglev factory, the
guideway panels would be attached to the sides of the
monorail or the surface of planar guideway beams to



be shipped to a condruction sde for an devated
guideway, or transported to existing RR trackage that
was to be modified for use by Maglev-2000 vehicles.

Based on fabrication experience at Maglev-2000's
faclities on Long Idand and Horida, usng hand
operated tooling, the 9 loops for a 2.2 meter long
guideway pand can be fabricated in less than 1 week
by one person. At $25 per hour, fabrication would
then cogt less than $1000 per loop. Per mile of 2-way
guideway (2800) this amounts to less than 2.8 million
dollars if made by hand. With automated tooling, he
feorication cost of the duminum loops can be
brought down consderably, to the order of 1 million
dollars per mile. At $4 per kg for the duminum
conductor and $1 per kg for polymer concrete, the
cogd of the materids for the monoral guideway
panes would be approximatedy 5 million dollars per
2-way mile

Figure 18 shows the basc design for the monorail
guideway beam. It is a hollow box beam made with
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Figure 18. Design for 72 Foot Long Monorail Guideway
Beam

reinforced concrete.  Beam length is 22 meters and
weight is 34,000 Kkg. It uses post tenson
condruction, which dlows the tendoning cables in
the base of the beam to be retightened if some
dretching were to occur. The beam is tensoned to
have a 0.5 cm upwards camber a the midpoint of the
beam when it is not carying a Maglev vehicle
When the Maglev vehicle is on the beam, the beam
flatens out to a draght line condition, with no
verticd dip or camber dong its length.

Figure 19 shows a photo of the fabricated beam
after transport by highway truck from the
manufacturing dte in New Jarsey to Maglev-2000's

facility in Horida

No problems in trangport by

Figure 19. Photo of 72 Foot Long Monorail Guideway
Beam Delivered to Maglev-2000 Facility in Florida From
Construction Sitein New Jersey

highway were encountered. The firs beam cost
$45,000 with a projected large scae production cost
of $25,000 per beam. Since 1999, congtruction costs
have increased. At $50,000 in today’s dollars, 140
beams for a 2 way monorail guideway would cost 7
million dollars per mile.

Figure 20 shows a CAD-CAM drawing of the
duminum chasss faoricaed for a 20 meter long
Maglev-2000 test vehicle, designed to cary 60

Figure 20. CAD-CAM Drawing of Aluminum Chassisfor
60 foot Long Maaglev-2000 Vehicle

passengers in urban and siburban service. Figure 21
shows the fusdage for the tet vehide If the
Maglev-2000 Florida program had been down
sdected by the FRA, the assembled vehicle would



have been tested on a short section of guideway. The
Maglev-2000 components are presently in storage.

4. CONCLUSIONS

Febrication and testing of the basc Maglev-2000
components — superconducting quadrupole magnets,
duminum loop guideway pands, monoral guideway
beam, and vehicle body — have been successfully
caried out. The next step for the development of the

Figure 21. Photo of Fuselage for 60 Foot Long Maglev-2000
Vehicle

commercid 2" generation Maglev-2000 system is to
test operating vehicles on a guideway. A 3 phase
program for these tests has been developed. In Phase
1, tests on a 0.5 mile guideway of a passenger type
vehicle would be caried out, with maximum speeds
of 60 mph. The guideway would include both
monorail, planar, and RR track sections. In Phase 2,
the guideway would be extended in length to ~4
miles, enabling high speed tests up to ~ 300 mph.
Both truck carrier and passenger type vehicle would
be tested in Phase 2. In Phase 3, a guideway of ~20
to 25 miles in length would be congructed, which
would ultimatdly become a segment of a commercid
Maglev-2000 route, on which long duraion
continued running tests could be caried out. The
projected time for the proposed program is 5 years.

Maglev will inevitably become a mgor mode of
trangport in the coming decades, as World ail
production pesks and then declines. Because it is
eectricdly powered with the dectricity coming from
nonfossl power sources, it will hep to reduce
greenhouse gas emissons and globd warming. As

with al other previous transport technologies, its
cgpabilities can evolve with time, resulting in lower
cods and grester implementation. It is vitd that this
evolution proceed as rapidly as possible, due to the
rddivey short time that ol — the bass for virtudly
al of today’s transport sysems — will be avaladle in
aufficient amounts a affordable prices to maintain
World economies.
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