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Sponsor Statement

This Resolution urges the Federal Railroad Administration to transfer the Linear 
Induction Motor Research Vehicle (LIMRV) to the State of Alaska. The LIMRV is 
a high speed test vehicle which was used in the 1970's for obtaining 
experimental data by the United States Department of Transportation. The 
transfer of the LIMRV will allow for the potential development of a new industrial 
and research business in Alaska. The mining will take place on Prince of Wales 
Island where the only known North American source of yttrium is located, and 
the processing will take place in Ketchikan. The development of yttrium could 
revitalize Ketchikan, after the loss of the pulp mill.

Yttrium is a rare earth element that is currently being purchased from foreign 
sources at the current world market value of $320,000 for one pound of pure 
yttrium. Power Superconductor Applications Corporation is proposing local 
employment in the mining and refining, as well as in the converting the LIMRV 
to their needs. Upon receipt of the LIMRV, there will be potential employment of 
up to 55 persons for the conversion.

The mining and refining of yttrium would also cause further job expansion on 
Prince of Wales Island. These yttrium deposits are also mixed with other rare 
earth elements, which will allow Alaska further development in other minerals.

Power Superconductor Applications Corporation is also planning to establish a 
high speed test facility at Annette Field on Metlakatla. This airfield makes 
available long flat strips of land and a moderate climate for the testing of the 
LIMRV. Currently, there are facilities in Southeast Alaska that could be quickly 
retrofitted by the Power Superconductor Applications Corporation for their 
requirements for the LIMRV conversions and yttrium development. The fact that 
there are current convertible facilities available, will allow for expedient 
development of the project.

Alaska has a unique deposit of this valuable earth element, the development of 
which could provide an opportunity for economic growth and development. I 
urge your support in this timely resolution.

i t r . e m v s i - M i n g

n 'v  ALASKA'S CAPITAL CITV



Demonstration of Advanced Linear Induction Braking System 
on LIMRV for Enhancement o f Railroad Safety

Abstrac t

A  4-year research  and developm ent program  is outlined w hich designs, builds and tests several 
s ingle-sided 2150-4665 H P  linear induction m otors (S-LIM ) propuls ion  auxiliary sets for 
im provem ent o f  h igh speed braking  on  railroad locomotives and  on  steep grades for mountain 
terrain. The speed range o f  interest is 75 mph to 175 m p h  and specific  to railroad passenger and 
high-speed rail service. The range o f  development for the m ountain grades are 4 .5% -12.25%  and 
two key U.S. electric railways have been identified that have experienced braking failures on these 
grades within the last decade. The technology to be demonstrated is the fully-compensated linear 
induction m otor (FC-LIM ) operating in the regenerative/dynam ic braking mode with a thyristor- 
con tro lled  load bank. The LIM  technology was originally developed  at Imperial College o f  
Science and Technology, L ondon unde r  a grant from  the British  governm ent, pioneered by 
Professor Eric Laithwaite and Dr. Stephen Kuznetsov, principal investigators. The LIM braking 
system has com m ercial potential for augmenting electric  brak ing  on  all h igh speed rail vehicles, 
u rban electric traction vehicles and m ountain-grade locom otives with either A C  induction motor 
propulsion or D C  traction p ropu ls ion  systems. The retrofitt ing  o f  the Linear Induction M otor 
R esearch  Vehicle (LIM R V ) is to occur in Alaska with a lpha  testing to be performed in 
Pennsylvania a t the B rady’s Bend T es t  Site. In Phase ED, two G M  Diesel-electric  3600-4000 H P 
locom otives a re  fitted with a  45 k N  LEM brake system  rated a t 4 ,6 6 5  HP as an auxiliary brake 
system and run  in steep grade  conditions on 2 U .S . railroad properties  for 12 months.

Background

C urren tly  U .S . railroads have approxim ately  96%  o f  their rolling stock equipped with DC 
dynamic brakes using a series w ound  600-750 V D C  class traction m otor  fed by a diesel electric 
synchronous genera to r  set and a 6-pulse  or 12-pulse bridge silicon diode rectifier. These 
propuls ion  sets offer dynam ic braking  but in m ost cases do no t offer regenerative braking and 
consequently  the locomotive and tra in  kinetic energy is dissipated in resis tor banks with fixed 
dissipation limits. Extended dynam ic braking is usually limited to a peak rate of about 3.5 mphps 
in the U .S . w ith  an em ergency  b raking  rate o f  8-9 m phps often resulting in traction m otor 
overload and com m utation failures.

T he  o ther 4%  o f  the rolling s tock  in the U .S . are A C  induction m otor  propulsion system 
employing 4-pole or 6-pole squirrel cage traction motors and variable-voltage variable-frequency 
( V W F )  inverters  for curren t and speed  regulation. These  system s have been implemented just  
in  the last decade and typically o ffe r  excellent regenerative braking control over a wide range o f  
speeds through a  technique te rm ed  field-oriented-vector (FO V ) control o f  the pow er inverter. 
H ow ever, despite the in troduction o f  these advanced A C  rotary  m otor systems, there remains a 
persistent problem  o f  wheel to rail adhesion  in snow, ice or ra in  laden environm ents. While the



A C  induction  system  have slip-slide detectors on each  locomotive wheel set, once a slip-slide 
condition is initiated by external forces, it is often  im possible  to recover full braking effort  until 
e ither the g rade  is lessened or the external w eather  agent rem oved. T he  FOV control systems 
generally reduce the motor flux and  braking torque in response to slip-slide conditions and recover 
locomotive speed  regulation at the expense o f  a reduced  braking torque. Herein lies the 
fundamental p rob lem  o f  the AC ro tary  system  in rely ing  exclusively on wheel and rail adhesion 
limits.

The situation is compounded for h igh  speed rail opera ting  in the range o f  125-175 mph whereby  
the braking rates  for example at 2 .5  m phps result  in a  full laden 10-car passenger train requiring 
6000-8000 ft. to  come to a full s top . T he  principal investigator has m et with ABB Traction and 
d iscussed  these high speed b raking  problem s a t length . ABB, a leading manufacturer o f  high 
speed rail equipm ent, indicated that  the p rim e factor p reventing  their systems from  braking h igh 
speed tra ins such  as the Type A L P 4 4  (N ew  Jersey  T ransit)  locomotive faster is a basic physics 
principal know n  as rail to steel wheel coefficient o f  adhesion. The 175 m ph high speed locomotive 
has a coefficient / x = 0 .1 2 o n  dry flat rail. On a wet rail,  the coefficient will decrease to ^  =  .0 0 2  
and on ice the coefficient m ay be as low as n —. 0 0 1 .  T h is  clearly indicates that even with the best 
A C - V W F /F O V  propulsion system , a com prom ise  is being m ade on  braking ability for the new 
high speed trains. ]

T he principal investigator docum ents herein, three linear induction m oto r  braking systems for 
e lectric  trac tion  (subway) vehicles w hich have been in place for 6-15 years with superior 
characteris tics  all using single-sided linear induction brakes. These are:

a . Toron to-Scarborough , C anada Transit  System  ( > 1 5  years)
b. V ancouver, British C olum bia , Skytrain T ransit  System ( > 1 3  years)
c . R ailw ay  Technical Institute, Beijing, C hina  (6 years)

T he first tw o  applications are  40-ton  transit cars  num bering  160 cars total. The last application 
in China is a 125-ton diesel electric locomotive with the 2 linear induction brake systems supplied 
by Pow er Superconductor  in 1992 and each S-LIM  had a rating o f  600 K W . In all three 
applications, the locomotive or transit  ca r  is under  automatic control (unmanned) and the system  
designers desired  LIM  braking for the reason that a controlled, uniform  braking effort is obtained 
100% a t  the tim e independent o f  snow , ice o r  rain conditions-this is a m andatory  feature for 
automatic control by com puter  ra the r  than a hum an opera tor. It shou ld  be noted that in the case 
o f  the Chinese 125-ton locomotive, the normal traction rotary motors are used for propulsion and 
the U M  system  is used for acceleration boost and for 100% o f  braking. The PSA LIM is inverter 
controlled and incorporates field-oriented vector flux control to yield optim um  perform ance.



Stale of Alaska Agreement

Power Superconductor has submitted to the State o f Alaska, Division of Trade and 
Development, a comprehensive Teaming Agreement regarding the use of LIMRV for development 
engineering, test and certification o f linear induction machines. The Agreement fully delineates 
the joint responsibilities o f both parties in safeguarding the overhaul, operation, maintenance, 
storage and transportation o f LIMRV including financial. The Teaming Agreement is currently 
being reviewed by the legal staff o f the State of Alaska. PSA anticipates closure on this agreement 
within the next 30 days, for which the FRA will be sent a copy of this Agreement once signed. 
Should FRA require additional information on this Agreement, FRA staff is encouraged to speak 
with Marjorie L. Vandor, Assistant Attorney General, State o f Alaska, who may be reached at 
(907) 465-3600.

Proposer's !>evel of Commitment and Organization

Power Superconductor and its predecessor firm. Electric Machinery Inc. was started in 1986 as 
a spin-off o f the Westinghouse Electric Corporation, Central Research & Development Center, 
Pittsburgh. Its charter is to provide strategic electromagnetics research & development and 
advanced power electronics product design services to the U.S. Department of Defense, the U.S. 
transit and metal-production industries.

The individuals comprising Power Superconductor Applications Corp. have a prominent role in 
m any large engineering programs. The organization, which is a focused manufacturing 
development group, has two primary objectives:

1. To advance basic scientific phenomena in applied cryogenics to electrical 
machinery and power electronics.

2. To apply the resulting knowledge to products for pulsed-power applications, 
civilian Maglev transport systems and rotating electrical machinery for propulsion.

The primary business of the company is development and manufacturing of high speed linear 
induction motors and high power inverters for guided ground transportation and people movers. 
PSA presently has a direct contract with the U.S. Navy to develop a 25,000 HP permanent magnet



propulsion motor diagnostic system fora  ship drive program, geared to the DDG-51 Destroyer 
and SC-21 Surface Combatant. In the power utility area, PSA has a Cooperative Research and 
Development Agreement with Los Alamos National Lab to jointly develop yttrium (YBCO) based 
AC-excited superconducting wire/tape for a commercial development of 15-38 kV liquid-nitrogen 
cooled fault limiters for utility power stations under U.S. Patent 5,596,469.

Power Superconductor owns and operates a large traction & power research laboratory located at 
Bruce & Merrilees Industrial Park, New Castle, PA with 12,000 sq. ft. o f high voltage and high 
current laboratories. This plant has extensive high power apparatus and one Type PCC 52- 
passenger linear induction motor test vehicle.

The Power Development Laboratory comprises a peak power supply of 10 Megawatts, 60 HZ up 
to 23 kV, 3-phase and a large DC magnet supply at 20,000 Amps, 600 Volts using Westinghouse 
Rotary Converter generator sets. The lab is equipped to test utility fault limiters and large 
generators up to 200 MVA short-circuit power and for qualifying large magnetic levitation 
apparatus.

The science and technology pursed by the corporation covers a broad base form high-voltage 
silicon thyristors and synchronous condensers to ultra high speed pulse power rotating generators 
for the U.S. military EM launcher programs. The charter of PSA is to establish a center of 
excellence for electrical engineers, metallurgists, and physicists to focus on improving 
superconducting power apparatus. Experts in every major field are available to assist the 
engineers in producing advanced high-speed m achinery . The firm’s scientists and engineers also 
provide technical support for the Department o f Energy at Brookhaven National Laboratory, 
Argonne National Laboratory and Los Alamos National Laboratory on superconducting coils and 
superconducting electric power technologies.

Power Superconductor was recently awarded two contracts from the U.S. Navy (NAVSEA and 
Naval Surface Warfare Center) titled:

1. Design of High Speed, High Power Synchronous Generators for Surface Ships and 
Submarines, Contract No. N00167-91-D-0042/0018

2 . Internal Fault Detection/Classification System for Permanent Magnet Machines, 
Contract N00024-96-C^205

The firm provided the principal electromagnetic engineering to Babcock & Wilcox Corporation 
on the Dept, o f  Transportation Contract DTFRi3-91 -C-0065 for the design of the 300 mph FRA 
Maglev vehicle using superconducting (SC) vehicle suspension and all magnetic LSM propulsion. 
Power Superconductor provided the electromagnetic design for the SC linear synchronous motor 
and active electrodynamic guideway for the 18 MVA Maglev vehicle.



P ow er S u p e rc o n d u c to r A p p lic a tio n s  C o ., In c .

Linear Induction Catapult Motors

Description

Power Superconductor linear induction motors 
combine direct-drive, high-thrust with an ultra 
high-strength vehicle mounted reaction rail. All 
forces are transmitted over a 2-5 mm airgap from 
the beryllium-copper reaction rail to the stator 
assembly. The LIM catapult motor is designed for 
either a repulsive or neutral vertical force; there is 
no magnetic attraction between the reaction rail 
and the stator. The airgap may be filled with wa­
ter, oil or any non-ferromagnetic fluid. The position 
of the reaction rail is detected by an optical or 
capacitive sensor and used to control frequency 
and phase angle of the inverter power supply in a 
closed loop control. This allows very fast accelera­
tions and decelerations of the reaction rail along 
the stator guideway with positioning resolution of 
+/- 5 mm depending on the airgap selected.

The epoxy-encapsulated stator assembly is com­
posed of a copper-wound magnetic core using 
high permeability cobalt silicon steel. Custom 
widths and special lengths are available on re­
quest. Windings with ratings from 240 volts to 4160 
volts are available depending on the kW rating. 
The reaction rail is composed of beryllium-copper 
for high-duty cycle operations. High Power Den­
sity Models LIM-CAT-1200 and LIM-CAT-2100 have 
water cooled stator windings. Standard models 
are force air cooled,

Typical applications include aircraft catapults, 
locomotive test stands, ejector seat testing, metal 
forming and amusement park rides.

Military specification and EMC Shielded 
moTors available on request,

C h a ra c te r is t ic s  
 ►

♦ Force ratings: 2,500-28,000 N/module
i

♦ Fast response, accelerations up to  120 G's 

| ♦ No m echanical or frictional parts

♦ Uniform acceleration a t all speeds

♦ Available speed range 5-150 m/s

♦ Hermetically sealed, oil resistant stator

♦ Explosion proof reaction rail and stator
I

♦ High resolution with closed-loop control
j

♦ Pulse Width M odulated (PWM) inverter 

■ ♦ NEMA Class H temperature stator

O p t io n s  
  ►

♦ Current-source IGBT inverter

♦ IEEE-488 Bus interface to  inverter

♦ High temperature Class R Stator winding

♦ Water Cooled stator for higher power

♦ Custom stator winding voltage rating

Warranty 
  ►

Five year warranty on all units-the longest 
warranty in the linear motor industry.



1 Linear Induction C atapult M otor Specifications
j) Model LIM-CAT-200 LIM-CAT-750 LIM-CAT-1200 LIM-CAT-1500 LIM-CAT-2100

Outline Drawing W-65 W-66 W-67 W-68 W-69 [
Static Thrust** N 2,000 7,500 12,000 15,000 21,000 i

Thrust a t 160 km/hr N 2,500 8,900 16,000 20,000 28,000
Synchronous 

m Speed* m/s 50 48 48 46 46

}j Maximum 
i Frequency Hz 180 150 150 150 125 !
Ij: Peak Power kW 110 392 704 880 1232

j l Terminal Volts V 480 480 480 4160 4160

jj Airgap mm 2.5 2.5 3.0 3.0 4.0

1 Stator Surface Area sq.m. 0.111 0.393 0.393 0.508 0.710 f

s! Core Depth mm 88 88 100 100 100 |

ij Overall Width mm 455 455 600 600 600

! Standard Length mm 440 1560 1560 2000 2000

[? Weight kg 77 275 315 405 564

* Based upon design for operation at 160 km/hr.
** Static thrust is dependent on reaction rail material, and temperature rise.

Catapult Motor Model LIM-CAT-750 Prior to Epoxy Encapsulation

P o w e r s u p e r c o n d u c to r  A p p l ic a t io n s  C o ., In c .
930 Cass Street, New Castle, PA 16101 
Tel.: (412) 657-9450 Fax: (412) 657-0774
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W A S H I N G T O N , D C  2 0 6 1 0 ^ 0 2 5

February 5, 1998

The Honorable Jolene Molltoris 
Administrator
Federal Railroad Administration 
400 Seventh Street, S.W.
Washington, D.C. 20590

Dear Administrator Molitoris:

The people of Metlakatla. Alaska, axe working with the State 
of Alaska and Power Superconductor Applications Corporation on a 
joint venture to investigate uses of linear induction motor 
technology. They have asked me to look into the possibility of 
moving the Linear Induction Motor Research Vehicle (LIMRV), which 
is owned by your agency, to their Annette Island test facility for 
a period of four years. I understand the LIMRV has been in storage 
in Pueblo, Colorado, for the past twenty years.

I would be interested in hearing your views on this proposal. 
Apart from my interest in advancing the development of U.S. based 
technology, this proposal involves creating employment 
opportunities for as many aB 55 Native Alaskans on the Metlakatla 
reservation, where displaced timber workers have contributed to a 
serious unemployment problem. Thank you for your attention and 
consideration of this proposal to put these people back to work.

With best wishes,

loo® laSNllOD dHIHO/V&J 60i t  2C9 Z0Z XVJ L Z ' L X  I M  9 6 / OZ / Z O
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W A S H IN G TO N  OFFICE 
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TELEPHONE 202/225-57G5

COMMITTEES. 

C H A IR M A N . 

CO M M ITTEE ON 
RESOURCES

C O M M ITTEE ON 
TRA NSPO RTA TIO N A N D  

INFRASTRUCTURE

,pr .-»• A k
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ISaBljIngtOTi, S .® . 20515

February 26, 1998

DISTRICT OFFICES:

222 W E S T  7TH AVENUE. 03 

ANCHORAGE. ALASKA 90613-7695 
TELEPHONE 907/271-5078

B o x  10. 101 12th  a v e n u e  

Fa i r b a n k s . A l a s k a  99701-6775 

TELEPHONE 907/A66-0210 

401 f e d e r a l  Bu ild in g  

P .O . BOX 21247 
JUNEAU. ALASKA 99802-1647 

TELEPHONE 907/586-7400 

109 M a i n  S treet 

KETCHIKAN. ALASKA 99901-6489 

TELEPHONE 907/225-6880 

130 TRADING BAV ROAO 

S u ite 350 
Ke n a i. A l a s k a  9 9 6 11-77 16  

907/283-5808

The Honorable Jolene Molitoris 
Administrator
Federal Railroad Administration 
400 Seventh Street, S.W.
Washington, D.C. 20590

D e a r  A d m in i s t r a to r  Mol i tor is :

I have recently learned of a promising effort to organize a joint public-private partnership 
in Southeast Alaska to develop new advanced propulsion technology based on linear induction. I 
have been asked to look into the possibility of moving a Linear Induction Motor Research 
Vehicle (LIMRV), which is apparently owned by your agency, to a test facility on Annette Island 
in Southeast Alaska, for a four year period. I understand that the LIMRV was originally built to 
test this technology for use in a braking system for railroad engines, but it has been in storage at 
Pueblo, Colorado for the past 20 years.

If the proposed project is successful, new U.S.-developed high technology would be used 
in a number of important applications, and the resulting economic development in Southeast 
Alaska would create many new high wage employment opportunities in an area where there is a 
serious unemployment problem.

I am interested in learning your views on this proposal. Thank you for your consideration 
of this proposal to commence research and development on cutting edge technology while 
simultaneously employing Alaskans in high technology jobs.

Sincerely,

DON YOUNG '  
Congressman for all Alaska

DY/j r
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MEMORANDUM

\

TO: Representative Bill Hudson, C o -C ha irm an^^ -
House Resources Committee 
Marieke Barnes, House Resources Committee Aide

FROM: Douglas Salik

SUBJECT: HJR 56

DATE: February 18, 1998

I respectfully request that the House Resources Committee schedule a hearing 
for House Joint Resolution 56 at your earliest convenience.

House Joint Resolution 56 supports the mining and refining of yttrium, a rare 
earth element found in large quantities in Alaska. This resolution also supports 
the transfer of the linear induction motor research vehicle (LIMRV) from the 
Federal Railroad Administration to the State of Alaska.

The transfer of the LIMRV would create up to 55 Alaskan jobs with the Power 
Superconductor Applications Corporation. Additionally, there is the possibility 
that many more jobs would be created as the actual mining and refining of 
yttrium begins.

I appreciate your consideration of my request. Please do not hesitate to contact 
me if I can answer any questions or provide further information.



VEHICLE ACCELEROMETER 
(81 THROUGH B 6) :  
LONGITUDINAL, VERTICAL, 
AND LATERAL ACCELERATION; 
ROLL, PITCH, AND YAW

LIM VOLTAGE AND 
CURRENT SENSORS 
(A2) THROUGH (A5)

LIM LINEAR BEARING 
DISPLACEMENT LVDT 
(01 AND D 2 ) ;  LIM 
ROLL ANGLE (D t̂)

TORSION SPRING AND 
MICROSYN ( A l l )

LIM LINEAR BEARING 
DISPLACEMENT LVDT (Dl AND D2); 
LIM ROLL ANGLE (D**)

r  j sl=d£
'  .

■SEE DETAIL A, 
FIGURE A-2

LINEAR INDUCTION MOTOR

LIM LATERAL 
ACCELERATION
(D3)

- L I M / R A I L  GAP TRANSDUCERS 
(G l -L ,  G I- R, G 2 -L , G2-R); 

TYP, PLACES (SEE DETAIL
R F I R I i n F  A - l

SEE DETAIL 
FIGURE A-2

Fig. 10 LIMRV at Pueblo Test Track about 1974 with original Garrett 
propulsion system.



POWER SUPERCONDUCTOR APPLICATIONS CORP., New Castle, PA
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Linear Induction Motor Research Vehicle with 260 mph propulsion system,it I IS Department of Transportation Test Track. Pueblo. Colorado

P R O P O S E D  PROJECT F O R  KETCHIKAN, W I T H  F E D E R A L  R A I L R O A D  A D M I N I S T R A T I O N  
S PONSORSHIP O F  A N  Y T T R I U M - B A S E D  S U P E R C O N D U C T I N G  LIM B R A K I N G  S Y S T E M  

D E M O N S T R A T I O N .

Juneau contact: Pearson Associates, (907) 789-1402


