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Linearized six degree of freedom rigid body aircraft
equations of motion are presented in a stability axes
system.

Values of stability derivatives are estimated for two
representative STOL aircraft - the DeHavilland of Canada
"Buffalo" and "Twin Otter." These estimates are based on
analytical expressions included in the report. The combi-
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presented.
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automatic flare capability.

This report describes the Piper PA—30 “Twin Comanche” aircraft and a
representative autopilot during the final approach configuration for simulation
purposes. The aircraft is modeled by linearized six—degree—of—freedom
perturbation equations referenced to the aircraft stability axis. Other equations
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ond ground referenc ed velocities (translation equations).
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Simulation models of two representative STOL aircraft - the
DeHavilland (Canada) "Buffalo" and "Twin Otter" transports - have
been generated.

The aircraft are described by means of non-linear equations that
will accomodate gross changes in angle of attack, pitch angle,
flight path angle, velocity, and power setting. Aircraft motions in
response to control inputs and external disturbances are related to
Earth-fixed coordinates. The equations are programmed to run in
"real time" so that they can be used in conjunction with a manned
cockpit simulator. Provisions are made for pilot control inputs to
the simulation, and conventional panel display parameters are
generated. .

The report includes representative simulation results which
demonstrate that the simulation is an adequate representation of
the two STOL aircraft being modeled.
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programs;
Section 5:

Based on current sizing estimates and tracking algorithms, some computer organiza-
tions applicable to future air traffic control computing systems are described and
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lined. System evaluation criteria are presented.
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ATC data processing systems.
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recovery.
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or strategic) chosen.
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the Clear Air Turbulence Detection Program.
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This report describes a series of tests of wake vortex
sensing systems at Logan and Kennedy Airports. Two systems, a
pulsed acoustic radar (acdar) and an array of ground level pressure
sensors, were tested. Site restrictions limited the Logan work to
preliminary evaluation. The tests at Kennedy Airport established
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16. Abstract

Aerial photographs are useful in various studies of
highway traffic behavior. From a timed sequence of aerial
photographs of a fixed highway area, one can find for each
vehicle crossing the area data on position, velocity,
trajectory (i.e., entrancing, lane changing, and exiting)
and type (i.e., car, truck, or bus). 1In this project, an
interactive System consisting of a computer, a computer-
controlled flying-spot Scanner, and a graphics tablet is
utilized to significantly automate the data reduction pro-
cess. This report describes the current state-of-the-art
of data reduction and the system being developed. The
pertinent computer programs developed to date are docu-
mented in detail.
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This manual is intended for use as a tool in predicting
the noise which will be generated by freely-flowing ve-
hicle traffic along a highway of known characteristics.
The manual presents two separate approaches to the pre-
diction problem. The first approach utilizes a simple
nomograph to provide first-approximation solutions to
the traffic noise prediction problem. The second app-
roach utilizes a computerized traffic noise simulation
model, for more accurate and more flexible noise level
predictions. This volume contains an explanation of the
bases for both approaches, to indicate the assumptions
and limitations inherent in the prediction procedures,
and a User's Manual for the computer program. Appendix
B, published under separate cover, contains the Pro-
grammer's Manual and the computer listing for the simu-
lation model. A short version of this report without
Appendices A and B, is published as Report DOT-TSC-
FHWA-72-2 for convenient use by most users.
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The basic manual, published as the first volume of
this report, is intended for use as a tool in predicting
noise levels which will be generated by freely-flowing
vehicle traffic along a highway of known characteristics.
The first volume explains the basis for the computerized
prediction model, used for highway noise level prediction
and contains the user's manual for the computer program.
This volume contains the programmer's manual for the
computer program, and the program listing in FORTRAN IV.
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brovide a more detailed description of the prediction
theory, and a Programmers' Manual.

17. Key Words 18. Distribution Statement

Traffic Noise Pre-
diction N Highway Noise Sim- Availability is Unlimited. Document may be Released

5 g : To the National Technical Information Service,
hlation, Traffic Noise Springfield, Virginia 22151, for Sale to the Public.
Levels :
19. Security Classif. {of this report) 20. Security Classif, (of this page) 21. No. of Pages 22. Price

Unclassified Unclassified 47

68



Report No.
FRA-T71-1A
FRA-T71-2
FRA-T1-3
FRA-T1-5
FRA-T71-7
FRA-T71-8

FRA-T72-2

FRA-72-3
FRA-T72-4

FRA-T72-5

FRA-T2-7

Department of Transportation
Federal Railroad Administration

Unlimited Distribution Reports

Title
Power Conditioning for High-Speed Vehicles
Metroliner Auxiliary Power Electrical System Reliability Study
Technological Innovation in Grade Crossing Protective Systems
Train Control and Operations
Progress on the Ram Wing Concept with Emphasis on ILateral Dynamics
Communication for High-Speed Ground Transportation

Improvement of Metroliner Telephone Channel Capacity and Modeling
of Telephone Channel Demands

Automatic Car Identification - An Evaluation
Automatic Car Identification - Evaluation

Measurements and Analysis of 115 kv Power Iine Noise and its
Effect on Pueblo Test Site Radio ILinks

Noncontact Power Collection for High-Speed Ground Transportation

Systems
(FRA-RT-73-7)

69







1. Report No. 2. Government Accession No. 3. Recipient’'s Catalog No.

. Report Date

%ebruary 1971

6. Performing Organization Code

4. Title and Subtitle
Power. Conditioning for High-Speed
Tracked Vehicles

7. Author(s) 8. Performing Organization Report No.

F. L. Raposa DOT-TSC-FRA-71-1A
9. Performing Organization Name and Address ]%l\iiﬁg’b’ No.
Transportation Systems Center
55 Broadway . IERC(;r:r;r:c(f) or Grant No.
Cambridge ’ MA 02142 13. Type of Report and Period Covered
12. Sponsoring Agency Name and Address Interim Technical

Report

Federal Railroad Administration
14, Sponsoring Agency Code

15. Supplementary Notes

16. Abstract

The linear induction motor is to provide the propul-
sion of high-speed tracked vehicles and speed control of
the motor is essential for vehicle operation. The purpose
of power conditioning is to provide the matching interfacd
between the available power and the desired power for
driving the motor. As an integral part of the propulsion
system the power conditioner provides the means for con-
trolling both the thrust and the braking of the vehicle.

This interim technical report identifies and
describes candidate power conditioners for driving linear
induction motors in the variable frequency power mode.
The power conditioners described include those for appli-
cation with either on board electric power sources or
with wayside electric power sources.
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16. Abstract

The reliability of the electrical system of any vehicle
is greatly affected by the way the system is configured.
The propulsion and braking systems of a train must be un-
affected by failures occurring in the nonessential power
areas. With these criteria in mind the so-called "Auxili-
ary Power System" of the Metroliner car was analyzed.
This auxiliary power system was found to be deficient in
achieving these ends. Recommendations suggest methods of
satisfying these criteria by segregating the essential
from the nonessentisl elements, thereby enhancing the
overall availability of the Metroliner car.
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16. Abstract

The constraints on innovative grade crossing protec-
tive systems are delineated and guidelines for development
indicated. 1Inventory data has been arranged to permit an
estimate of the classes of systems needed, the allowable
costs, and contribution of various types of crossings to
accidents. Many crossings warrant very limited expense
and account for very few deaths. A number of approaches
are possible for the intermediate cost classes, based on
use of conventional signals with low-cost activation sys-
tems. Use of similar elements, singly or in combination,
can also improve effectiveness of more expensive systems.
The very high cost locations may well benefit from inter-
connection of train and vehicle detectors and small com-
puters.

Extensive analysis and laboratory investigation has
been carried out relating to a microwave telemetry alter-
native to conventional track circuits and possible cross-
ing-located radar and impedance train detection systems.
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16. Abstract

ATO (automatic train operation) and ATC (automatic
train control) systems are evaluated relative to avail-
able technology and cost-benefit. The technological
evaluation shows that suitable mathematical models of the
dynamics of long trains are required before substantial
improvements can be made to ATO systems, and the present
ATC systems are presently near optimum. The cost-benefit
analysis concludes that only railroads which find CTC
(centralized traffic control) economically desirable will
also find that ATC offers improved operating economies.
ATO does not seem economically or politically practical
in the general railroad environment.

A brief evaluation is made of both the contribution
of the railroad locomotive to air pollution and the
possible means of controlling this pollution.
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15. Supplementary Notes

16 Abstract Theoretical and experimental efforts conducted

at TSC in the ram wing program are described. Glide Tests
were performed using a simple ram wing model operating in
an open rectangulat trough 50 feet long. Lift drag ratios
of 13 were recorded, and a low-frequency roll oscillation
was observed. A theorectical model for a flat-plate air-
foil in a rectangular trough of infinite depth is des-
cribed and compared with existing theories and experi-
mental data. The lateral dynamics of tracked vehicles of
this type are reviewed and the most important stability
parameters are identified.

It is recommended that future research continue to
focus on lateral dynamics and that careful experimental
measurements be made for the stability derivatives.
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OHSGT contractors and others since 1968.

ports were prepared on the following:

(a) Mechanical Properties of Long Rigid Lines. (Section 2)
(b) Electromagnetic Properties of Surface Wave Couplers

(Section 3).

(c) Electromagnetic Properties of Bends in Surface Wave

Lines (Section 4).

(d) Propagation Properties of a Trench Line (Section 5).
(e) Pulse Code Modulation for Long Line Communications

(Section 6).

This report is an account of investigations and analyses
undertaken for the OHSGT, beginning in July of 1970, which relate
to communications systems for high speed ground vehicles.
authorized scope of the effort was at the rate of one man-year.
The first task undertaken was a survey of work carried out by
Subsequently, specific
aspects of the problem were explored in greater detail, and re-

The
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15. Supplementary Notes

16. Abstect mhe channel capacity of the present Metroliner
telephone system is analyzed and methods are proposed
to increase that capacity without increasing the over-
To determine the number of channels re-
quired, calculations have been carried out using two
the Erlang Modal and
Three criteria have been used:

(1) the probability that no channel is available,

the probability of

all bandwidth.

available mathematical models:
the Waiting Model.

(2) the mean waiting time and (3)
having to wait at least t minutes.
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16. Abstract

In response to a Federal Railroad Administration
request, the Transportation Systems Center evaluated
the Automatic Car Identification System (ACI) used on
the nation's railroads. The ACI scanner was found to
be adequate for reliable data output while the label was
found to cause most problems with ACI data accuracy.
System costs are discussed with several considerations
which, depending on the application, can minimize system
cost. A number of effective applications of ACI are
cited., In addition several reasons why system imple-
mentation has not proceeded as planned are discussed.
Finally, recommended Department of Transportation
actions are included.
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In response to a Federal Railroad Administration
request, the Transportation Systems Center evaluated
the Automatic Car Identification System (ACI) used on
the nation's railroads. The ACI scanner was found to
be adequate for reliable data output while the label was
found to cause most problems with ACI data accuracy.
System costs are discussed with several considerations
which, depending on the application, can minimize system
cost. A number of effective applications of ACI are
cited. In addition several reasons why system imple-
mentation has not proceeded as planned are discussed,
Finally, recommended Department of Transportation
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16. Abstract
This report treats the design of navigation systems that collect data from two or more
on-board measurement subsystems and process this data in an on-board computer. Such systems
are called Multi~-Sensor Navigation Systems.

The design begins with the definition of the design requirements and a list of n sensors
and ¢ computers. A Design Procedure is then developed which automatically performs a system-
atic evaluation of the (27°-1) x c candidate systems that may be formed. This procedure makes
use of a model of the navigation system that includes sensor measurement errors and geometry,
sensor sampling limits, data processing constraints, relative computer loading, and environ-
mental disturbances. The performance of the system is determined bv its terminal navigation
uncertainty and dollar cost. The Design Procedure consists of three design options, three
levels of evaluation, and a set of auxiliary data. By choosing from among the design cptions
and the auxiliary data, the designer can tailor the Design Procedure to his particular applica-
tion.

A design option is developed to answer each of the three following questions: (1] Which
candidate system meets the system accuracy specification and has the lowest system cost? (2)
For each sensor or computer chain, which is defined as the set of all systems containing that
component, what is the system that satisfies the accuracy requirements and has the lowest cost?
(3) wWhich systems satisfy the design accuracy requirements?

The system evaluation is accomplished using one optimal and two non-ocptimal techniques.
The optimal performance evaluation uses the measurement schedule that minimizes the terminal
uncertainty. A first-order optimization procedure is developed to determine this schedule.
This uses optimal sampling logic derived by applying the Maximum Principle. One non-optimal
analysis uses the idea that the addition of a sensor or the increase of the computer processing
capabxuty can not degrade the uyutem s performance. The second non-optimal technique obtains
approximate values of the system's accuracy by assuming measurement schedules that do not
satisfy the processing constraint.

The Procedure is applicable to a large clags of air or space missions for which a nominal
trajectory can be defined. To illustrate how the Procedure would be used, the design of an
aircraft navigation system for operation in the NE corridor is presented., This problem
considers the configuration of a system starting with four candidate sensors and three candidate
computers. The outputs from all three design options are presented and discussed,.
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Industry's approach has been,
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ing of the aluminum system, now the most widely used
material, and (2) evaluation of alternative metal

systems.
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tion systems require low temperature deposition tech-
niques and critical etching-through methods due to
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Aluminum metallization offers many advantages,

but also has limitations.

Alternative materials are

being considered for large scale integrated arrays.
This survey defines the merits and restrictions of
metallization systems in current usage and those under

development.
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made references can be drawn from the data presented.
The advanced state of beam lead technology is apparent.
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16. Abstract

testing approach.

This report presents the results of a series of
experiments performed in the evaluation of nondestructive
tensile testing of chip and wire bonds.
devices were subjected to time-temperature excursions,
static-load life testing and multiple pre-stressing loads
to determine the feasibility of a nondestructive tensile
The report emphasizes the importance
of the breaking angle in determining the ultimate tensile
strength of a wire bond, a factor not generally recognized
nor implemented in such determinations.
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16. Abstract The two milestones of the program (1) development of a high

quantum efficiency 1.06 micron photoemissive surface and (2) narrow
pulse propagation in the earth's atmosphere at 0.63 microns were
completed.

Item 1 was completed in a contract award.

Item 2 was complete to the. extent permitted by the weather con-
ditions in that only two foggy days were encountered during the three
month period.

The clear air measurements indicated that: pulse broadening in
the atmosphere is less than 20 picoseconds or a coherence bandwidth
in excess of 50 GHz; aperture averaging appears to progress with the
square of the collector diameter for large diameters; statistics of
aperture averaged signals remain log normal.

The measurements from one foggy day indicate: no pulse broaden-
ing was observed in fogs with % mile visibility although a 20 dB loss
was encountered; no return from multiple scattering could be observed
to a 4 degree field of view with a 20 dB dynamic range in the de-
tector; no Doppler broadening greater than 1 KHz was observed with
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Attenuation statistics resulting from a twelve month
Observation program are presented. The sun is used as a
source of microwave radiation. The dynamic range of
atmospheric attenuation measurement capability is in
excess of 30 dB. Solar radiation characteristics with
amplitude variations of a few percent are easily measured,
while at the same time provision is made to accommodate a
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activity occurs. The solar phenomenon was extracted from
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program. A discussion and analysis of the measurement
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16. Abswrecr This report documents the flight test results of the optical
infrared (IR) Pilot Warning Instrument (PWI) system conducted by the

Transportation Systems Center as part of an FAA/NASA PWI development
program. The test program is described and the flight test data pre-
sented. The data is analyzed and used to calibrate a model that is
developed to characterize the system performance. The cumulative
probability of detection versus range for a given system threshold is
calculated and compared with the PWI performance specification de-
fined by the Collision Prevention Advisory Group (COPAG). The com-
parison indicates that the Optical IR PWI system tested met the COPAG
specifications for a detection likelihood of 95% for a 1 nmi range
for an appreciable fraction of the testing time. Even under the
worst testing conditions encountered, the range at which this detec-
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this approach. A series of recommendations for improving system per-
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16 Abstroct . . . . .
" From a literature survey a qualitative evaluation was made

of four network control strategies for the fundamental control philo-
sophy of the moving synchronous slot. In the literature concerning
automated transportation systems, such as dual mode, a great deal of
effort has been expended in discussing the pros and sometimes the
cons of a specific control concept without reviewing other

control strategies that may be available. This paper summarizes the
major advantages and disadvantages associated with four control
strategies for the moving synchronous slot. A description of each of
these control strategies is provided and conclusions are made showing
that:the deterministic slot/cycle concept and the quasi-synchronous
slot concept with entrance station throughput modulated by historic
demand data are the most promising. Additional investigations of
these two concepts showed that a further study of alternative net-

| work control strategies is needed, oriented towards addressing the
issues of network capacity, interchange design, passenger conven-
ience and system failure and recovery,
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techniques that will be helpful in studying a variety of noise
propagation problems. These involve not only aircraft sources, but
also surface traffic (automobiles, trucks, and rail vehicles) as welll
The second and more narrow goal is the application of these modeling

techniques to a specific problem, the propagation of V/STOL aircraft
noise into an urban area.

Two particular flight-path-street-configuration situations were ex-
amined, using a 1:32 scale for the laboratory model. A steady-state
aerodynamic noise source was used to simulate flyover noise. A
second source for generating sound pulses was used for ray-tracing
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. Abstract

The purpose of this work is to study the acoustic fields associated with two
different nozzle configurations; a rectangular and a circular. Both nozzles are
designed with the same exit Mach number and have an identical momentum and energy
flux..

The other main aim of this study is to establish scaling laws of supersonic jet
noise. A shock tube is a very versatile apparatus for such an analysis. A short
test time allows the use of a heat sink nozzle and eliminates the use of an anecho
chamber. So far tests have been made in the range of 1000-5000°R, for different
levels of expansion and an exit Mach number of 2.7. In comparing the two nozzles,
it is found that the rectangular nozzle is indeed quieter than the circular nozzle
The low acoustic efficiency of the over-expanded rectangular jet is related to a
rapid deceleration of the jet through a system of strong shocks. At high tempera-
ture, this effect is not observed because an important density ratio exists across
the shear layer which becomes very unstable due to the Taylor instability.

For both the circular and rectangular nozzle, the effect of temperature showed an
increase in the directivity angle at high temperature which is correlated to an
increase in eddy convective velocity, rather than refraction due to density grad-
ients, which seems to play a secondary role.

The low temperature overexpanded jet showed a difference of about 2.6 db in the
OPWL between the two nozzles. However, at this condition, for the rectangular
nozzle, a difference of 8 db between the maximum and minimum noise direction is
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