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PREFACE

These suggested test procedures have been prepared by the Rail Transit
Electromagnetic Interference and Compatibility (EMI/EMC) Technical Working Group

(TWG) as part of a cooperative effort between the Federal Government -- the
Urban Mass Transportation Administration (UMTA) and the Transportation Systems
Center (TSC) of the U.S. Department of Transportation -- and the transit
industry to develop standard methods of analysis and. testing to quantify and
resolve issues of electromagnetic compatibility (EMC) in rail transit operation.

This activity, over the past 7 years, has kept pace with the development of new
propulsion and signaling techniques. To date. a number of suggested test

procedures have been tested extensively and applied in the process of assuring
compatibility between propulsion and signaling for a number of new and upgraded
U.S. rail transit systems. The experience thus gained has been incorporated,
along with suggestions and comments received from the rail transit operator and
supply industries and their consultants, in preparing the finished versions of
these suggested test procedures.

The suggested test procedures that have reached this final form address
compatibility between rail transit propulsion systems and auxiliary power
systems employing solid-state control of dc power, and signaling system track
circuits. Solid-state control of propulsive and auxiliary power is
characteristic of the types of equipment currently or soon to be available in
new and upgraded U.S. rail transit systems.

The test procedures presented herein initially were developed to address
compatibility of dc chopper propulsion control systems and audio-frequency (300
Hz-20 kHz) signaling systems. Since choppers operate at frequencies of 200 to
400 Hz, their harmonics cannot interfere with power-frequency (25-100 Hz) track
circuits. However. since ac inverters sweep through frequencies used in both·
power-frequency and audio-frequency signaling, the test procedures have been
extended to address compatibility of solid-state propulsion control systems with
power-frequency signaling systems, and they have been applied successfully for
this purpose.
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Three sdlient types of electrical interference are dealt with in suggested test
procedures developed by the TWG - conductive. inductive. and radiated. Radiated
EMI has not been found to impact either power-frequency or aUdio-frequency
signaling, but it poses a potential problem with radio and TV reception near
surface rapid transit lines, and therefore warrants assessment.

These procedures are subject to change as' improved methods and techni ques .are
developed, and as more advanced equipment becomes avai 1able. The Standards and
Foreign Practices Subcommittee of the- Institute of Electrical and Electronic
Engineers {IEEE) land Transportation Committee has agreed to augment and update
them periodically as required. The IEEE should be contacted in the future for
up-to-date information on test procedures.

The Rail 'rransit EMI/EMC Technical Working Group includes representatives from
the following manufacturers of rail transit equipment and industry consultants:

Brown Boveri Canada, Inc.

Garrett Corporation

General Electric Company

General Railway Signal Company

Union Switch &Signal Division, American Standard,. Inc.

Westinghouse Electric Corporation

Comstock Engineering, Inc.

Ohio Brass, Inc.

Siemens-Allis. Inc.

Frasco &Associates. Inc.
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EXECUTIVE SUMMARY

Electromagnetic interference, generated by rail transit propulsion equipment,
can cause a transit system's signaling system to malfunction, resulting in
potential reliability and safety problems. These problems have been complicated
and increased by the introduction and growing use of new types of solid state
propulsion control.

Two types of electromagnetic interference -- inductive and conductive -- have
been found to be the major sources of electromagnetic. incompatibility between
propulsion and signaling subsystems in rail transit operations. The mechanism
of inductive interference is described in Part 1 of this volume, as are audio­
frequency track circuits and solid-state propulsion control.

In response to the electromagnetic interference and compatibility problem, the
Urban Mass Transportation Administration (UMTA), the transit supply industry and
its consultants, and the trans it operators themsel ves have developed, tested,
appl ied, and refined a number of suggested test procedures to ensure
compatibility between propulsion and signaling equipment in U.S. transit
systems.

Note that these are only suggested test procedures designed to acquire valid
data. In-depth knowledge of instrumentation procedures and techniques is
required to assemble and operate the equipment configurations described herein.
The analysis, evaluation and interpretation of data collected will require
detailed knowledge of the systems being examined as well as of various data
reduction techniques. It is recommended that only experienced personnel conduct
these tests and that all safety precautions be observed during test conduct.

These procedures are tested methods for determining the susceptibility of
signaling systems to electromagnetic interference,' and for measuring the
electromagnetic emissions of electrical power subsystems in the field, in the
laboratory, and in track circuits.

Appendices to this report include definitions of terms and systems of units, and
sample outputs of tests using the suggested test procedures.
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PART 1.
INTRODUCTION TO INDUCTIVE INTERFERENCE MECHANISMS IN

RAIL TRANSIT SYSTEMS USING SOLID-STATE PROPULSION CONTROL

1. INTRODUCTION

This presentation is a brief review of the mechanisms that produce inductive
interference in the track circuits of rail transit systems employing solid-state

propulsion control. A more detailed account is presented in other reports.
(Refs. 1-1 and 1-2.)

2. TRACK CIRCUITS

2.1 Audio-Frequency Track Circuits

Figure 1-1 shows a typical jointless audio-frequency track circuit of the type
employed at MARTA, WMATA, and portions of the MBTA, CTA, and Cleveland, as well

as the new Baltimore and Miami systems. In this type of system, rate-coded
bursts of audio-frequency current are injected by means of resonant impedance
bonds at the transmitting ends of track blocks, and are received at the

receiving ends of the blocks. A number, of audio carrier frequencies are used
cyclically down the track. Figure 1-2 shows typical track circuitry in detail.

2.2 Power-Frequency Track Circuits

Power frequency track circuits, which are used on some older systems, operate at
frequencies from 25 to 300 Hz. Figure 1-3 shows one track circuit in a power­
frequency signaling system. Power-frequency track circuits operate similarly to
audio frequency circuits in that the, track circuit signal path is completed
through the transmitter, running rails and the receiver relay. The major
difference is that power frequency circuits employ insulated joints instead of

impedance bonds to electrically isolate and define adjacent blocks so that only
the current associated with a block signal circuit flows in that signal block.
Block occupancy by a train's wheel-axle assembly shunts the signal path., de­
energizing the relay and activating a block occupied signal. When a block is
unoccupied the relay is energized and a block unoccupied signal is activated.

Reference 1-3 provides detailed information on the operation of power-frequency
track circuits.
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3. SOLID-STATE PROPULSION CONTROL

3.1 Description

Two types of solid-state propulsion control currently are in use in rapid
transit systems. These are dc chopper propulsion control. and ac inverter
propulsion control. In both types of solid-state control. high-power solid­
state circuits are used to control the flow of electrical power to traction
motors. in place of control circuits employing rheostats or switched resistors.

DC chopper propulsion control systems are used to control the flow of dc
electrical power from the third rail or overhead catenary:to dc traction motors.
AC inverter propulsion control systems are used to control the flow of dc
electrical power· from the third rail or catenary. and to transform the
electrical power into polyphase ac power for delivery to polyphase ac motors
used for traction. Three-phase ac induction motors are the current standard for
ac propulsion.

Of the two types of solid-state control. dc control was developed first. and its
use today is more widespread. A growing number of transit systems currently use
ac propul sion. and development of ac propul sion control techniques is still
continuing. Descriptions of both types of control circuitry. and their
interference characteristics. are given below.

3.2 DC Chopper Propulsion Control

Figure 1-4 shows a typical chopper circuit that might be used for dc propulsion
control. In operation, propulsive power is contrC'lled by varying the fraction
of time that the main thyristor TM stays on. TM is gated on to initiate
application of the line voltage to the motor. Some time later. TC. the
commutation thyristor, is gated ~n to trigger an oscillatory loop current around
the TM. TC. LC. Cc loop. At some point during the first cycle of this
oscillatory loop current. the algebraic sum of motor current and oscillatory
loop current through TM will go to zero. allowing TM to turn off. Repetition
frequency for gating TM on is typically in the 200-400 Hz range. and the
oscillatory frequency provided by LC and Cc is typically ten times as high.
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3.3 AC Inverter Propulsion Control

One type of ac propulsion system, developed by Oy Stromberg AS of Finland, al1d

under further development for the U.S. market by the Garrett Corporation, is
discussed here. As shown in Figure 1-5, this type of system employs a· dc

chopper much 1ike that shown in Figure 1-4 to step dc voltage from the third
rail up or down for supply to the inverter. The inverter consists of a bank of
additional thyristor switch circuits that provide pulsating current at variable
frequency t() the three ·phases of the traction motors. Each phase of the

inverter employs a thyristor switch to provide positJve current and another one
to provide negative current. As in the dc chopper circuit shown in Figure 1-3,
for every thyristor that conducts power, there is a commutation circuit

consisting of an LC circuit and. another thyristor, to turn off the power

thyristor.

Other ac propulsion systems dispense with the dc chopper and use inverter
circuits by themselves. In these systems, pulse width modulation of current
pulses to the three phases is used to control power.

3.4 Gate-Turnoff Thyristors

Semiconductor manufacturers have developed a type-of thyristor, called the gate­
turnoff (GTO) thyristor, that can be turned off by application of an electrical
pulse to the thyristor's control gate. GTO power thyristors obviate the need
for commutation circuits; Their use in both dc choppers and ac inverters is
under development. As is seen in the discussion below, elimination of
commutation circuit inductors will ease the job of assuring electromagnetic
compatibility between rapid transit propulsion and signaling systems.

3.5 Interference Generation

Two possible modes of audio-frequency interferenceilTlTlediately are evident. Tl1e
first, called the inductive mode, can arise because of high levels of stray
magnetic flux rich in audio-frequency transients emanating from the inductive
circuit components. The second, called the conductive mode (Refs. 1-4 and 1-5),
can ari se due to harmonics of the audi o-frequency transi ent current waveforms

present in propulsion control circuits getting past the line filter (Lt, ell.

1-7
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In both of these modes, interfering signals can be produced at harmonics of the
fundamental chopper frequency, throughout the portion of the audio spectrum used
for signaling.

4. INDUCTIVE INTERFERENCE

4.1 Inductive Interference Production

Figure 1-6 depicts the mechanism whereby magnetic flux from the magnetic
components of the propulsion control system induces interference voltage in the
signaling system. When the rapid transit car is imnediately over an impedance
bond as shown in Figure 1-6, the signal current that would be received at that
bond is shunted by the axles of the vehicle', thus normally causing the track

relay to drop. However, magnetic flux lines from the propulsion control box,
normally slung under the vehicle, can pass through the loops formed by rail,
axle, and bond leads, and cause a transient-induced voltage across the track
terminals of the impedance bond. Inductive interference is evidenced by the
observation of abnormally high levels of rail-to-rail voltage observed at
locations under the vehicle. This induced voltage has a harmonic spectrum that
spans the frequency range typically used for audio-frequency signaling.

PROPULSION SYSTEM COMPONENTS AND CONDUCTORS

~/....-__d
J

__...........__ d' -.f
TUNED RESONANT-CIRCUIT
IMPEDANCE BOND

TO BUNGALOW

FIGURE 1-6. GENERATION OF INDUCTIVE INTERFERENCE
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Different operational modes and speeds of the train, in acceleration, steady
runnin9, coasting, and braking, result indifferent amounts of observed
interference. Such interference haslleen observed in actllal transit operation
in the U.S. and has been anticipated in future systems.

Indllctors such as cOl'M1l1tation reactors and motor current sl1l00ti1in9 ,.eactors,
p,.opulsion and braking current buses, and dynamic braking resistor banks are
sources of pulsed magnetic flux which passes through the closed loop formed by
the ,.ails and axles of the car. Other electrical equipment on the car can

produce stray flux as well. The induced rail-to-rail voltage VR depends on the
following factors:

d •. Position· of car over the interconnection point and the position of
various components underneath the car relative to that point;

b. Mode of operation of the car;

c. Specific spectral characteristics of the time-varying fluxes.p l{t) and
¢ 2(t) due to the mode of propulsion control system operation, car speed,
and train consist;

d. Impedance characteristics of the two loops on opposite sides of the
interconnection point;

e. Frequency-dependent impedance characterfsti cs of track ci rcui t receiver

input at the rail connection points.

4.2 EguivalentElectrical Circuit

Figure 1-7{a&b) shows the equivalent electrical circuit whi.ch serves as the

source of interfering signals. The impedances ZI and Z2 account for the self­
inductance of the rail-axle loops, series resistance of· the axles, and rail­
wheel contact resistances.

When a car axle is near the bond, the corresponding values of Zl and Z2 approach
the shunting impedance -- a very small value,. typically. As can be seen from

1-10
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Figure 1-7(b), the equivalent source voltage Voc then becomes very small, since
either <PI and Z2 are small, or vice versa. Since both fluxes <PI and <P2 enter
the expression for induced voltage, the peak-to-peak voltage swing will depend
specifically upon the positioning, phase, direction, and polarity of various
flux sources relative to the rail interconnection point at that time. A

measurement of the voltage induced into the impedance bond under these
conditions can be acquired using the monitoring circuit shown in Figure 1-8.

Figure 1-9 shows a representative plot of the equivalent source impedance Zs as
a function of d. location of rail interconnection point under the vehicle.

Figure 1-10 shows typical wavefonns of the rail-to-rail voltage recorded during
the passage of a car using dc chopper control over a measurement site at one
particular rapid transit system. The voltage wavefonn has a rather complex
shape. arising as the sum of contributions from a number of magnetic components.
Different portions of the waveform change pol ari ty at different times. as the
components causing them cross the bond position.

4.3 Representative Observations of Inductive Interference

Figure 1-11 shows a complete spectral plot of the harmonic components of rail­
to-rail voltage. obtained using an FFT analyzer. As a car passes an observation
point. the rail-to-rail voltage changes in shape and amplitude. and thus
spectral plots taken at different times show different characteristics. Note in
Figure 1-11. however. that strong contributions only exist at the harmonics of
the fundamental chopper frequency.

Figure 1-12(a&b) shows an accurately calibrated plot of rail-to-rail voltage at
its maximum amplitude. as well as a plot of the time variation of the amplitude
of a particular harmonic as a function of time during the passage of a four-car
train. The rapid time variation of harmonic amplitude level is due to variation
of chopper pulse width as the train accelerates. and the corresponding chang~ in
magnitude of the harmonic coefficients. Note that if the audio-frequency
si gnal i ng system had a track frequency that was the same as or suffi ciently
close in value to a chopper harmonic frequency, and if the chopper harmonic in
question reached sufficient amplitude; the track receiver could interpret a
signal such as is pictured in Figure 1-12(b) as being a burst of coded track
signal and could pick up the relay. This set of circumstances has been observed
in fact in a number of instances.
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5. CONCLUSIONS

At this time, inductive interference mechanisms are well understood. In

addition to the extensive observations that have been made in the field under
actual operating conditions, procedures now exist for observing interference

levels in the laboratorj for choppers and track circuits that are still in the

engineering stage of development. Use of these procedures has proven beneficial

in assuring compatibility of propulsion and signaling equipment for rapid

transit systems currently under development.
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PART 2
REPORT FORMATS, RECORDING AND

DOCUMENTATION PROCEDURES

1. SCOPE

This section documents the formats and procedures used in formulating and
applying these suggested test procedures.

2. FORMAT

The test method format shall be as specified in Table 2-1.

TABLE 2-1. TEST METHOD FORMAT

Title Format: TEST METHOD NO. DESCRIPTION/TITLE FREQUENCY RANGE
Sections:

1. PURPOSE
2. APPLICATION
3. TEST MEASUREMENT APPARATUS
4. TEST PROCEDURE
5. TABULATION OF RESULTS
6. NOTES

Test Method Numbering System

The test method numberi ng system shall be of the form RT/XXYYZ. The prefix RT
denotes RAIL TRANSIT. Letters XX denote abbreviations for test .method
classifications as listed in Table 2-2 below. Numbers YY(OI to 99) indicate
the number of a test of a particular classification. Suffix letter Z is a
letter issued sequentially Ci.e., A, B, C, ••. ) to denote a test of a specific
number and classification, that has been adapted to an application involving
specific equipment or requirements.

TABLE 2-2. TEST METHOD CLASSIFICATION

METHOD XX

IS
IE
CS
CE
OC

DESCRI PTI ON

Inductive Susceptibility
Inductive Emissions
Conductive Susceptibility
Conductive Emissions
Operating Characteristics
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3. TEST REPORTING REQUIREMENTS

Integral to the performance of each test method is the documentati on of testi ng
scenarios and test results. Table 2-3 contains a sample test report format
outlining report requirements.

TABLE 2-3. TEST REPORT REQUIREMENTS

1. Photo or Diagram of Test Configuration
2. Test Scenario

Si gni fi cant Detai 1s Concerni ng the specifi c Tests to be conducted and Test
Methods appli ed.

3. Measurement Equipment

a. Description, including manufacturer, model name and number, operating
voltage and current, and frequency and voltage ranges used.

b. Serial number

c. Last Calibration Date

d. Transfer Characteristics and Calibration Factors for Measurement Sensors
(i.e., probes, loops, antennas, etc.)

4. Measured Levels of Emission and/or Susceptibility for each Required Test
Parameter and Condition

5. Graphs of Measured Data

6. Susceptibility Criteria

a. Circuits, Outputs, Displays to be monitored

b. Criteria for normal and degraded performance, and malfunction.
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PART 3
INDUCTIVE SUGGESTED TEST PROCEDURES

METHOD RT/IS01A
INDUCTIVE SUSCEPTIBILITY OF AUDIO-FREQUENCY RATE-CODED

SIGNALING SYSTEMS·FROM 300 Hz TO 10 kHz

1. PURPOSE

The purpose of this test is to determine the susceptibility of aUdio-frequency
rate-coded track circuits to inductive interference voltage induced from rai1­
to-rail by the passage of a rail transit vehicle.

2. APPLICATION

This method is applicable to all audio-frequency track circuit equipment
operating at frequencies between 300 Hz and 10 kHz in which the operating signal
waveform consi sts of amp11tude-modu1 ated audi o-frequency tones, modu1 ated at a
selectable discrete rate (i.e., code-rate). This test method has been applied.
and an example of the results is presented in Appendix B.

3. APPARATUS

The test apparatus shall consist of the following:

a. Amplitude-modulated audio-frequency signal generator, Wavetek Model 146

or equal.

b. Audio-frequency power amplifier, Phase linear Model 400 or equal. (See
Note 6.2)

c. Osci 11 oscope

d. True RMS audio-frequency voltmeter.
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4. TEST PROCEDURE

The test shall be performed as specified herein. For inductive interference to
be present the vehicle must pass over the point at which the track circuit
receiver is electrically connected to the rails. Therefore. the test assumes
that the track circuit is occupied (i.e., track. circuit shunted between its

-transmitting end and receiving end).

4.1 Verification of Nominal Track Circuit Operation

Verify that the track circuit receiver is working according to manufacturer1s

specifications. with the transmitter output impedance included in the circuit as
required for proper impedance matching and with the transmitted track signal

and/or reference signals supplied to receiver when required. Then set up the
equipment as shown in Figure RT/IS01A-1. If the receiver has adjustable
sensitivity, adjust the receiver to its most sensitive operating threshold.

4.2 Inductive Susceptibilty Test

4.2.1 Testing at Initial Amplitude and Code Rate

Adjust the signal generator to sine wave output. 100 percent square-wave
modulation. O.l-Hz modulation rate (hereafter referred to as code rate). and

carrier frequency equal to the nominal operating frequency fO of the receiver
under test. Adjust the signal level at the track tenninals of the impedance
bond to 0.5 Vnns during the on-portion of the signal (1.4 vp-p). (CAUTION - See
Note 6.1.) Note which of the following response modes occurs:

a. track relay remains down

b. track relay momentarily picks up one or more times during each code rate

cycle. and then drops

c. track relay picks up and stays up continuously
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Slowly increase the carrier frequency from fO to 10 kHz, and then slowly

decrease the carrier frequency from fO to 300 Hz. Determine to the nearest 5 Hz
the frequenci es at which response mode changes.. Tabul ate the vari ous frequency
intervals between 300 Hz and 10 kHz in which the different response modes occur.
Care must be taken to maintain constant bond input amplitude as frequency is

detuned from fO.

4.2.2 Testing at Other Signal Amplitudes

. Change the signal amplitude at track terminals of the impedance bond to 0.25

Vrms (half of 0.5 V~ms), and repeat 4.2.1. Repeat 4.2.1 at each of the
following signal levels given in Vrms: 0.125, 0.0625, 0.0313, 0.0156. If
response mode (b) or (c) occurs for any frequency in the 300 Hz to 10 kHz range

at the 0.0156 vrms signal level, continue by repeating 4.2.1 at successive
signal levels that are half the previous level, until a level is reached at
which response mode (a) is observed for all frequencies in the 300 Hz to 10 kHz
range. (The si gnal 1evel s used above correspond to -6 dBV, -12 dBV, -18 dBV,

etc. )

4.2.3 Testing at Other Code Rates

Change the code rate to 0.2 Hz, and repeat 4.2.1 to 4.2.2. Repeat 4.2.1 to
4.2.2 again at each of the following code rates given in Hz: 0.5, 1.0, 2.0,

5.0, 10, 20, 50. If, after having increased the code rate to 50 Hz, response
modes other than (a) are occurri ng for any frequency between 300 Hz and 10 kHz
and any of the specified signal levels, continue increasing the code rates using
decade multiples until only response mode (a) occurs. When a code rate is

reached at whi ch only response (a) occurs, note the previ ously used code rate.
Repeat 4.2.1 to 4.2.2 at code rates that are 1.25, 1.5, 1.75, etc., times the
previously used code rate. Stop when a code rate is reached at which only

response (a) occurs.
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5. TABULATION OF RESULTS

Tabulate data on a data sheet or sheets as shown in Figure RT/IS01A-2.

6. NOTES

6.1 Maximum Allowable Signal Levels

When performing the tests in 4.2, do not exceed manufacturer's stated maximum
allowable signal level in any frequency range. Modify test procedures as
required to stay within allowable signal levels.

6.2 AM Test Duty Cycle

The test procedure described in 4.2 -- Amplitude Modulation Test --has been
specified with square-wave modulation (50 percent duty cycle). This test does
not include measurement of receiver sensitivity as a function of duty cycle. If
duty cycle is believed to be an important parameter, the entire test procedure
may be performed using duty cycles other than 50 percent as well.

6.3 Audio Amplifier Output Impedance

Ordinarily, when driving the track circuit impedance bond with a signal that has
the prescribed voltage waveform, a signal source with very low output impedance
should be used. However, the tests specified in 4.2 use signals of sufficiently
narrow bandwidth that acceptable results can be obtained using a signal source
wi th hi gher output impedance, such as the 4-ohm output taps of an audi 0 power
amplifier. The narrow bandwidth of the applied signal assures that the gain
reduction factor due to impedance match, (Zi,bond/Zsource), is approximately
constant over the entire signal bandwidth, for. any fixed carrier frequency.
Furthermore, since the receiver filter bandwidth typically is much narrower than
the impedance peak of the impedance bond near the nomi nal recei ver frequency,
there generally will not be an appreciable variation in VI across the bandwidth
of the receiver filter.
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METHOD RT/IE01A
INDUCTIVE EMISSIONS OF VEHICULAR ELECTRICAL POWER SUBSYSTEM,
. RAIL-TO-RAIL VOLTAGE FROM 20Hz TO 20 kHz

1. PURPOSE

This method is used for measuring amplitudes of the hannonic components of
interference voltage from 20 Hz to 20 kHz, measured from rail to rail during the
passage of a rail transit vehicle.

2. APPLICABILITY

The test is intended primarily for rail transit vehicles equipped with solid­
state propulsion control systems (e~g.; choppers orac drives). but may be
performed for other types of· rail transit vehicles as well. where applicable.
Inductive interference is caused by the time-varying magnetic flux lines
emanating from propulsion equipment and other electrical equipment on the
vehicle passing through the rail-axle loop under the vehicle. Its presence is
evidenced by the [observation of abnormally high levels of rail-to-rail voltage
observed at locations under the vehicle. The passage of a vehicle over a fixed
location induces a transient interference voltage from rail to rail. ·the
harmonics of which can have measurable amplitude throughout the aUdio-frequency
spectrum. The induced voltages can be coupled into track circuit apparatus and
disrupt the nonnal operation of such equipment. The procedure described below
has been applied successfully and an example of the results is presented in
Appendix B.

3. APPARATUS

Test apparatus shall consis~ of the following:

a. GenRad Model 2512 Spectrum Analyzer, or equal (FFT spectrum analyzer
capable of real-time spectral analysis at 20 kHz. with 400 evenly spaced
frequency increments from 0 Hz to maximum of range used).

b. Oscilloscope camera for spectrum analyzer (optional).
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c. Tape recorder. Brtiel and Kjcer Model 700S with Direct Record Unit ZE­
0299. or equivalent (IRIG Intennediate. Band. Direct Record. IS" in/sec.

with at least two channels).

d. X-V plotter. Esterline - Angus Model XYS7S. or equal. compatible with FFT
analyzer.

e. Audio-frequency signal generator.

f.True RMS voltmeter.

g. Track coupling network consisting of 1:1 isolation transformer (UTC Model
LS-33 200 ohm/200 ohm. or equal); 4 Ilf-1500 v capacitor; and 220 ohm.
2 watt resistor; or other suitable means for assuring dc isolation.

h. Rail clamps.

4. TEST SETUP AND PROCEDURE

4.1 Test Setup for Data Collection

The test set-up for data collecUon shall be as shown in FigureRT/IE01A-1.

4.2 Procedure for Data Collection '

This procedure shall be performed for each different operating mode of the rail
transit vehicle. e.g .• each different propulsion setting. and each different
brake rate that the vehicle can be operated in, with the objective of obtaining
worst-case data.

4.2.1 Initial Preparation of the Spectrum Analyzer

Select the "max • Hold" averaging mode,· the Hann windowing mode, 10 db/division
display. 0 dbv sensitivity. and linear frequency scale. Select the appropriate
frequency range.
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4.2.2 Calib~ation

Perform a calibration sweep covering the frequency range of interest as follows:
Set up the equipment as shown in Figure RT/IEOlA-1, but attach the rail clamp
connections to the output of the audio-frequency signal generator rather than to
the rails. Adjust the spectrum analyzer as noted in 4.2.1. Tape-record the
signal into the spectrum analyzer. Using a fixed signal amplitude in the r~nge

of expected si gnal 1evel s, step the frequency across the enti re frequency range
of interest. Each step must be of sufficient duration for the corresponding
amplitude displayed on the spectrum analyzer to reach a steady final value.
Make an X-V plot of the final spectrum analyzer display. Note on the plot the
signal amplitude. expressed in dbv, displayed on the spectrum analyzer at each
frequency step. This amplitude is defined as Xodb(f). Calculate the dbv value
of the audio-frequency signal generator output, defined as Xidb. Then
calculate, tabulate, and graph the instrumentation transfer function Hdb(f) =

Xodb(f) - Xidb.· Values of Hdb(f) may be .ei.ther greater than or less than O.

This transfer function characterizes the behavior of the system comprised of the
track coupling circuit and spectrum analyzer.

Some spectrum analyzers, including the one specified herein (Item 3.0-a), do not
correct automati cally for _the reducti on in di spl ayed ampl i tude occurri ng from
use of the Hann window. In thateveQt, the values of Hdb(f) determined above
will include a term of -1.8 db amplitude due to Hann windowing. For other
spectrum analyzers, refer to the val ue of Hann wi ndow correcti on factor stated
by the manufacturer.

4.2.3 . Performance of Test

With rail clamps attached to the rails, turn on the tape recorder, activate the
spectrum analyzer, and have the vehi cl e run past the observati on poi nt. When
the vehicle is clear of the observation point, store the spectrum analyzer

display.
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NOTE: If the spectrum analyzer's input signal overdrive indicator remained off
, ' -

during the passage of the vehicle, the data are valid. If the input signal,

overdrive indicator flashed or remained on during the vehicle's passage, change

the sensitivity setting to +10 dbv and repeat 4.2.3. If overdrive indicator

fails to remain off, change sensitivity setting to +20 dbv and repeat 4.2.3. If

further densensi ti zati on is requi red, change transformer taps to achi eve the

required voltage reduction, and repeat 4.2.1-4.2.3. Use the voice channel of

the tape recorder to record salient operating characteristics of the run, e.g.,

starting point or stopping point of train, propulsion or'braking mode, and speed

when the front of train reaches observation point.

4.2.4 Field Reduction of Data

Wi th the di spl ay stored in the spectrum analyzer, move the frequency cursor

across the spectrum analyzer screen and record the di spl ayed dbv ampl i tudes of

the peak values of harmonic components. If convenient, plot the spectrum

analyzer display using the X-V plotter. (It is reconmended that X-V plots be

made in the field of some if not all runs, for later use in the lab in

validating tape-recorded data.) Optionally, photograph the spectrum analyzer

display. Using data from the graph of Hdb(f) from 4.2.2, subtract the

corresponding values of Hdb(f) from displayed amplitude' at each harmonic,. to

obtain the actual rail-to-rail dbv amplitude of each harmonic.

4.2.5 Test Repetition

Repeat 4.2.3 and 4.2.4 for each acceleration and braking mode. If a one-car

train is used, multiple runs in each mode will be required to obtain data for

the train passing the measuring point at a variety of speeds.

4.3 Laboratory Reduction of Data

4.3.1 Test Setup - The test setup shall be as 'shown in Figure RT/IE01A-2.
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FIGURE RT/IEOIA-2. TEST SETUP FOR LAB REDUCTION OF DATA

4.3.2 Calibration

Adjust the spectrum analyzer as noted in 4.2.1. Play back the calibration
·signals recorded in 4.2.2 into the spectrum analyzer. Using the tape recorder

output as the stepped frequency source, repeat the remaining steps of 4.2.2, to
obtain data for the overall instrumentation transfer function in both graphical

and tabulated form, defined as H'db(f). This overall instrumentation transfer
function will include characteristics of the track coupling network and spectrum

analyzer as did Hdb(f), and in addition those of the tape recorder.

4.3.3 Data Reduction

Adjust the spectrum analyzer as described in 4.2.1. Play back the recorded
interference signals into the spectrum analyzer, following procedures outlined
in 4.2.3. Generate x-v plots of displayed data as outlined in 4.2.4. To
calculate the actual rail-to-rail dbv amplitude of each harmonic, subtract the

corresponding value of H'db (F) from each displayed harmonic amplitude. Compare
the results of field data reduction and laboratory data reduction to verify the
validity of the tape recorded data.
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5. TABULATION OF RESULTS

5.1 Index of Runs

An index shall be prepared, giving pertinent infonnation of each run, with runs
numbered consecutively.

5.2 Tape Recordings

The tape recording shall be stored for future use and analysis, along with a
written index of its contents, in the fonn of tape distance indications for

. various runs. The tape recorder used to make recordings shall be noted by.make,
model, and serial number.

5.3 Spectrum Analyzer X-V Plots

X-V plots of spectrum analyzer displays generated in the field according to
4.2.4 and in the lab according to 4.3.3 shall be numbered by run and stored in a
permanent manner.

5.4 Spectrum Analyzer Photographs

Spectrum analyzer photographs taken in the field as noted in 4.2.4 shall be
numbered by run and stored in a permanent manner.

6. NOTES

6.1 . Recorded Rail-to-Rail Voltage

The recorded rai l-to-railvol tage is equivalent to an open-ci rcui.t source
voltage. and is.the Thevenin equivalent source voltage of the rail-axle loop.
The Thevenin equivalent source impedance of this loop is fonned by the
impedances of the rails, wheels, and axles.. Observation of. this voltage does
not account for a voltage drop that would occur if actual track circuitry were
connected between the rails .. Such connection would allow current to flow
through the source impedance and track circuit impedance in series, resulting in
voltage division. The resulting voltage drop can be significant, depending on
the relative values of track circuit impedance and source impedance.
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6.2 Alternate Track Coupling Circuits

The track coupling circuit shown in Figure RT/IE01A-1, consisting of a 411 f

capacitor, 220 ohm resistor, and transformer,acts as a high-pass filter with a

lower cutoff frequency of approximately 180 Hz, with response below that

frequency falling off at a rate of 6 db per octave. To achieve better response

at lower frequencies, the value of capacitance may be increased. As an

alternative to the R-C-transformer circuit, other active or passive coupling

circuits may be used if: a) they possess adequate. frequency response

characteristics in the frequency ranges of interest, and b) they provide an

acceptable level of dc isolation of the electronic instrumentation from the

running rails.

6.3 Alternate Tape Recorder Operation

Direct-record tape recording is a band-pass process, with both l6wer and upper

cutoff frequencies. Many tape recorders do. not possess a low enough lower

cutoff frequency to accurately record signals at the lower power frequencies

used in signaling. When interfering signals must be· recorded at such

frequenci es, and di rect-record tape recordi ng does· not provi de adequate low-

.frequency response, fm recording may be employed.

6.4 Rail Clamp Connection Points

When assessing levels of inductive emissions that would be coupled into audio­

frequency track receivers connected to continuously welded rail with no

insulated joints, the rail clamps must be connected rail-to-rail at a point at

least one interior wheelbase away from the nearest rail joint. When assessing

levels of inductive emissions that would be coupled into power-frequency track

receivers connected to rails using insulated·. joints for block-to-block

isolation, the rail clamps must be connected rail-to-rail at a point directly

adjacent to a single insulated joint or pair of insulated joints. In this case,

the next insulated joint must be at least one interior wheelbase away;
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6.5 Applicability to Measurement of Conductive Emissions

The measurement procedures outlined herein also may be applied to measure
ampl i tudes of open-circuit rail-to-rafl voltage due to conductive inteference.
For this purpose, instead of operating the train over the measuring point as
stated in paragraph 4.2.3, the train must be operated away from the measuring
point, either in the same track circuit for the track circuit occupied case, or
in an adjacent track circuit for the track circuit unoccupied case. Due to the
nature of impedances of the circuit comprised of third rail, running rails, and
track circuit components, extreme caution must be exercised in extrapolating the
results of such measurements to predict worst-case conductive inteference
levels.
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METHOD RT/IE04A

INDUCTIVE EMISSIONS OF VEHICULAR ELECTRICAL POWER SUBSYSTEM,
EMULATED TRACK CIRCUIT

1. PURPOSE

The purpose of this test is to reproduce inductive emissions of transit vehicle
electrical power equipment in the laboratory under emulated track circuit
conditions.

2. APPLICABILITY

This test is applicable to all electric power equipment used on transit vehicles
which utilize steel wheels and steel rails for guidance, signaling, and train
control. The passage of a vehicle over a fixed location may induce a transient
rail-to-rail interference voltage, the harmonics of which can have measurable
amplitude throughout the audio-frequency spectrum. The induced voltages can be
coupled into. the track. circuit signaling apparatus and disrupt the normal
operation of such equipment. Three test conditions are possible:

TEST CONDITION A - with simulated in-band resistance of the track circuit
impedance bond

TEST CONDITION B - with actual signaling equipment

TEST CONDITION C - recorded open-circuit voltage of the rail-axle loop,
i.e., the Thevenin equivalent source voltage as per
Figure 1-7

Unless otherwise specified, TEST CONDITION A shall apply, and this procedure
details that test condition. Test conditions A, Band C have been applied and
an example of the test'results for TEST CONDITION A is presented in Appendix B.

3. APPARATUS

The following equipment is required:
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a. A complete operating set of vehicular electrical equipment suspected of
producing inductive emissions.

b.A1uminum tubing, grade 6061-T6 or similar, 95 1111I (3.75 inches) outside
diameter and 0.89 mm (0.35 inch) minimum wall thickness (see Note 6.4 for
modifications), and length equal to the interior wheelbase of the car
(see Note 6.5 for modifi cati on). The tubi ng is used to s imu1 ate runni ng
rai 1.

c. Aluminum tUbing, grade 6061-T6 or similar, 15.9 mm (0.625 inch) outside
diameter and 0.89 mm (0.035· inch) wall thickness, or equivalent
conductor. This conductor is used to simulate the vehicle axle
reactance.

d. A specified resistor RB to simulate the in-band resistance of the track
circuit impedance bond.

e. Copper wire, AWG No. 6 or heavier, to connect the resistor RB (item 3.0.
d) to the test apparatus.

f.. FFT real time spectrum analyzer, GEN RAD model 2512 or equi val ent.

g. X-V plotter compatible with spectrum analyzer (Esterline-Angus Model
XY575, or equivalent).

h. A specified resistor RA to simulate rolling axle resistance. The
resistance shall not be greater than is specified for track signal
shunting. If unspecified, the RA shall be 0.12 ohms (noninductive), 2
watts.

i. Strip-chart recorder and adjunct instrumentation as required to record
essential operating parameters of propulsion equipment.

j. Tape recorder (opti ona1 ), Brue1 and Kj cer Model 7005 wi th Oi rect Record
Unit ZE-0299, or equivalent (IRIG, intermediate band, direct-record, 15
in/sec).

k. Wayside Track Circuit .Signa11ing Equipment (TEST CONDITION B).
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4. TEST PROCEDURE

4.1 Test Setup

The apparatus shall be set up in accordance with Figure RT/IE04A-1. The
arrangement of vehicle equipment shall confonn as closely as possible to the
undercar configuration. Traction motors may be located remotely (see Note 6.S).
The tubes used to emulate the running rails shall be marked in equal increments
0.4 meters apart, and the increment boundaries marked in numerical sequence 0,
1, 2. 3, etc., starting at one axle. These are called bond positions.

4.2 Calibration

A calibration sweep covering the frequency range of interest should be
perfonned. Using a fixed signal amplitude in the range of expected signal
1evel s, the frequency sweep shoul d be recorded on tape for use in 1ater data
reduction and analysis. Additionally.
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FIGURE RT/IE04A-1. TEST SETUP
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the sweep should be captured on the spectrum analyzer, plotted and fully
annotated. This provides characterization of instrumentation throughput for the
entire measurement configuration.

Some spectrum analyzers, including the one specified herein (Item 3.0 f), do not
automatically correct for the' ampl itude reduction associated with Hann
windowing. In that event, the data as displayed by the spectrum analyzer shall
be adjusted by adding +1.8 dB, to obtain actual levels. This correction must be
made especially to correlate level of injected' reference signal with its
amplitu~e measured with spectrum analyzer.

4.3 Testing with Zero Added Axle Resistance

Starting with resistor RB in position 1, and resistor RA replaced by a short
circuit, the propulsion equipment shall be exercised through all its operating
modes (e.g., acceleration, dynamic, and regenerative braking), under
predetermined worst case conditions (usually maximum dc propulsion line voltage
and maximum propulsion current). Nonpropulsion equipment shall also be operated
under worst case conditions, if possible. The spectrum analyzer shall be
operated in peak holding (maximum) and hanning timewindowing modes. The
spectrum analyzer shall acquire data throughout each operating cycle, and the
cumulative spectrum shall be photographed and plotted (see Note 6.3). This
sequence shall be repeated at alternate (odd numbered) bond positions, except in
the neighborhood of response maxima, where data shall be obtained at all bond
positions as well as at intermediate. positions if needed. As the test
progresses, a graph of the greatest amplitude of any spectral line in the
signaling band versus bond position shall be generated.

At maximum response, and last bond position, the following system parameters
shall be recorded on the strip chart:

• input filter capacitor bank voltage

• propulsion system input current

• traction motor current
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• field supply current (if separately excited)

,. vehi cl e speed

• pertinent parameters of the auxiliaries (if included)

4.4 Testing With Added Axle Resistance

The test shall be repeated with the specified axle resistance RA inserted first
at one axle and then at the other axle.

4.5 Testing Auxiliaries Only

If applicable, the procedure shall be repeated with auxiliaries only (propulsion
off) to obtain emission signature of a stati~nary vehicle.

5. TABULATION OF RESULTS

The tabulation of results for these te'sts shall include the following:

a. all spectral plots fully annotated

b. tabulated harmonic amplitudes (where spectral plots are not made)

c. annotated strip charts of the propulsion system parameters

d. test equipment identification, serial numbers, and certification
information

6. NOTES

6.1 Tape Recorder

In the event that a tape recorder is used for recording data for later analysis,
the tape recorder initially shall be set up according to the procedures outlined
in METHOD RT/lE01A, Sections 4.2.1, 4.2.2, and 6.3. Recorded tapes shall be
documented as set forth in METHOD RT/IE01A, Section 5.2.
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6.2 'Spectral Plotting

Spectral plotting is time-consuming and usually is not required at each position
because the character of the spectrum changes only as the bond comes under the
i nfl uence of different major fl ux sources. Experience has shown that all the
needed infonnation can be' obtained by making spectral plots at a few
representative positions. and by reading and recording the following data
directly with the aid of the cursor at each position:

a. frequency and amplitude of the spectral line nearest the low-frequency
end of the signaling band

b. frequency and amplitude of the spectral line nearest the high-frequency
end of/the signaling band

c. frequency and ampli tude of the maximum-ampl i tude spectral li ne in the
signaling band

6~3 Tubing

Although 3.75 inch diameter tubing allows a fonnally correct simulation of the
running rails. experience has shown that tubing as small "as 1 inch 00 can be
used under appropriate circumstances. The rationale for this approach. together
with an example. are given in RT/IE04A-Exhibit A.

6.4 Reduced Loop Length

A loop of tubing whose length is equal to the interior wheel-base of the car may
be unwiel dly under cramped 1aboratory conditions. It has been found that a
shorter loop provides essentially unchanged results, provided the loop is
sufficiently long to capture essentially all of the magnetic flux that would be
captured by a full-l ength loop. Since a shorter loop has lower inductance than
a longer loop. at times it may be desirable to compensate for this lower
inductance by. addi ng 1umped seri es inductances to the ends of the loop. A few
turns of heavy copper wire wound on a nonconducting mandrel of approximately 1.5
inch diameter generally are sufficient.
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6.5 Traction Motors

To date, traction motors have not been observed to produce inductive
interference in track circuits. However,· if they are suspected of being a
significant source of induction into the rail s, they must be tested separately
under conditions that appropriately emulate the motor-truck-track circuit
relationship.

6.6 Track Circuit Impedance

The recorded results of TEST CONDITION A serve as an indication of interference
voltage levels that occur within the passband of a track receiver filter. Track
circuit impedance bonds generally are tuned to resonance at or very near
receiver frequencies. The bandwidth of the resonance peak in bond input
impedance is typically greater than the bandwidth of the receiver filter.
Therefore, across the passband of the track receiver filter, .the input impedance
to the track tenninal s of the impedance bond typically will be approximately
constant and resistive. The value of this resistance is typically a few tenths
of an ohm.

6.7 Test Condition B

TEST CONDITION B provides the most accurate modeling possible in the lab of the
effects of inductive interference on track circuitry. During the conduct of
tests using TEST CONDITION a, the actual response of track circ~it receivers can
be observed and recorded. The dynamic response of the tracl( circuit receiver
can be observed as the carborne power equipment lS cycled through various
operati ona1 modes •.

6.8 Test Condition C

TEST CONDITliON C provi des the most general measure of· inductive interference
voltage. since 'it directly measures VOC. the Thevenin-equivalent open-circuit
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voltage of the circuit that serves as the source of inductive interference to
the track circuitry. This knowledge can be used in conjunction with wheel-axle.
rail. and bond input impedances to calculate levels of inductive interference in
track circuits under arbitrary conditions.

6.9 Emulation of Jointless Track Circuits vs. Track Circuits Employing
Insulated Joints

To emulate circuit conditions prevaiHng when insulated joints are used to
delineate track circuits. resistor RA in Figure RT/IE04A-1 must be replaced by
an open circuit., To emulate circ,uit conditions prevailing when track circuit
receiver leads are attached to continuously welded rail and insulated joints are
not used to delineate track circuits. resistor RA should be replaced by a short
circuit; or a resistance value should be used that simulates rolling axle
resistance as noted in paragraph 3h.

6.10 Static Test Conditions

Note that this test method is a static laboratory test insofar as the effects of
car motion on observed rail-to-rail voltages as a function of time cannot be
observed.
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METHOD RT/IE04A

EXHIBIT A - SIMULATION OF RAIL-WHEEL-AXLE IMPEDANCE

1. The electrical characteristics of the rail-wheel-axle l·oop under a rail car
can be simulated accurately by use of aluminum tubing, since at audio­
frequencies the loop impedance is largely inductive. Furthermore, the
inductance is approximately constant across the range of track circuit signaling
frequencies due to the fact that skin effect prevents fields from penetrating
into the interior of conductors, yielding essentially equal inductive

characteristics for solid steel and tubular aluminum conductors. This exhibit
outlines the electrical characteristics of actual and simulated rail-wheel-axle
loops.

2. AXLE IMPEDANCE

Axle impedance is nearly all inductive, with inductance lying in the range of

1.2 to 1.8 Ilh at audio-frequencies. Skin effect causes inductance to decrease
as frequency increases. Aluminum tubing can be used to simulate this
inductance.

The inductance of a strai ght nonmagneti c tubul ar conductor is gi ven by the
relation:

LA = 0.2 [10ge(u/r) - 1 + a.] Ilh/meter

where JL is length, r is outer radius, and a. is a function of ID/OD ratio and
skin depth. The parameter a. is ~pproximately zero for a thi~ shell or for zero
skin depth, and approximately 0.25 for a sol id conductor whose radius is much
less than skin depth.

An aluminum tube with 1.59 cm (0.625 inch) 00, 0.09 cm (0.035 inch) wall

thickness, length of 1.4 m, and with a. = 0, has an inductance of 1.4 ]J H.
Because of the slowly varying nature of the log function in the above equation,
a tube of 2.54 cm (1 inch) diameter, for example, has an inductance of 1.2 Ilh -­
a figure which provides sufficient accuracy in most instances.
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The resistance of a conductor at dc and 200 C is given by the relation:

R = (0.17254/0 'A) milliohms/meter

where 0' is the conductivity relative to ,copper at 200 C. and A is the

crossection in cm2. For 6061-T6 aluminum. a' = 0.43. A 6061-16 aluminum tube
having 1.59 cm 00. 0.09 cm wall thickness and 1.4 m length has a dc resistance
of 1.3 milliohms. Since the wall thickness is small with respect to the skin
depth. resistance would only increase by 6 percent at 10 kHz.I Since inductive
reactance is approximately 9 milliohms at I kHz and even greater at higher
frequencies. this resistance is negligible. The resistance of a rolling wheel­
axle set is a complex function of wheel and track condition, of frequency, and

of current through the wheel. Since· for frequencies above 500 Hz the value of
actual axl e resistance measured tread to tread is always larger than the 1. 3
milliohm figure given above, the effects of actual axle resistance and wheel­
rail contact resistance both can be accounted for by addition of series lumped
resistance, as shown in Figure RT/IE04A-Al.

3. RAIL IMPEDANCE

At audio-frequencies, rail impedance is essentially inductive, with a value of
X/R typically greater than 9 at a frequency as low as I kHz. Running rail s
behave electrically at aUdio-frequencies as if they were cylinders with
effective radius of 4.7 cm. or diameter of 9.4 cm (3.7 inches).

The inductance of a return circuit of identical straight parallel cylindrical
conductors is given by the relation

LR = 0.4 £. [loge(d/r) - (d/ i) + (l/4)(d/ i)2 - ••.J uh

1Owight. Electrical Coils and Conductors, McGraw-Hill. 1945
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where ~is the length of the conductors, d the distance between their axes, and
r their outer radius. 1 Because of the log function, inductance is only weakly
dependent on radius, and frequently tubes with a .diameter less than 9.4 cm can
be used to simulate running rails. (See Figure RT/IE04A-Al.) At times, tubes as
small as 2.54 cm (1 inch) in diameter have been used successfully.

The minimum diameter of a tube used to simulate the electrical characteristics
of the rails depends directly upon the input impedance to the track circuit
impedance bond at frequencies within the passband of track circuit receiver
filters. That input impedance is typically in the range of 0.2 ohm to 0.5 ohm,

.. and is resistive. If a tube with too small a diameter is chosen, results from
Method RT/IE04A under TEST CONDITIONS A or B will predict erroneously low values
of inductive interference. The error results from an unrealistically high ratio
of simulated rail-wheel-axle impedance to bond input impedance.

The actual source inductance LS seen by an impedance bond in Figure RTIIE04A-1
is maximum when the bond is attached to the rails midway between the interior
axles of the car. For a car with an interior wheelbase of 16 meters, resting on

- standard-gage track with d = 1.5 meters, the. bond sees a source inductance due
to two parallel loops of length 8 meters each tenninated by an axle, plus the
seri es inductance of the bond 1eads. Bond 1ead inductance La is typi cally
approximately 1.5 ~h. Assuining then that each axle has inductance LA = 1.4 ~ h,
each loop has rail inductance LR (d=1.5m, r=4.7 cm, Q. = 8 m) = 10.5 ~ h, and the
impedance bond has lead inductance La = 1.5 ~h, then the total series circuit
inductance is LS = La + iL~ + LR)/2 = 7.45 ~h

1Trueblood & Wascheck, "Investigation of Rail Impedances, II

Engineering, December 1933.
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This value of inductance, taken with an in-band bond input resistance RB =
0.5 ohm yields an upper half-power frequency for attenuation of interference

signals of fH = RB/2 1T LS = 10.7 kHz. (See Figure RT/IE04A-A2.) As long as this
frequency is sufficiently higher than any signaling frequency of interest, tube

diameter can be reduced without producing erroneously optimistic results,

provided RB is in the range of 0.5 ohm. However, in the case of much smaller

RB, for instance 0.15 ohm, the corresponding value of fH becomes 3.2 kHz -­
directly in the middle of the audiO-frequency signaling range, and tube diameter

cannot be reduced.

RS

(B ON D)

FIGURE RT/IE04A-A2. EQUIVAlENT CIRCUIT OF UNDERCAR NETWORK
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APPENDIX A

DEFINITIONS AND SYSTEMS OF UNITS

1. SCOPE - This section provides standard definitions and a system of units for
the suggested test procedures.

2. GENERAL INFORMATION

2.1 Definitions - Definition of tenns used in these test procedures shall be
detennined by using the references in the order specified below:

a. Section 3.0 (next section)
b. MIL-STD-463A
c. IEEE Standard Dictionary (Second Edition, 1977)

2.2 System of Units - System of units shall conform to IEEE standards.

3. DEFINITIONS

CODE RATE - The frequency at which the track circuit signal is modulated.

EMMISION, CONDUCTIVE - Desired or undesired current flowing from a source along
an ohmic path.

EMISSION, INDUCTIVE - Desired or undesired magnetic flux which is propagated
through space.

FLUX MAPPING - The process of detennining the spatial distribution of a magnetic
. field emanating from a source.

FREQUENCY, TRACK CIRCUIT - The frequency of a sinusoidal audio-frequency signal
occurring during the on-portion of the code-rate cycle.

INTERFERENCE, CONDUCTIVE - Interference caused by current flowing through a
common ohmic path between the emission source and the susceptible circuit.

INTERFERENCE, INDUCTIVE - Interference caused by inductive emissions.
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RAIL-TO-RAIL VOLTAGE - The voltage occurring at a point on one rail with respect _

to the opposing point on the adjacent rail.

SUSCEPTIBILITY, CONDUCTIVE - The degree to which equipment, together .with all
conductors· associated with its intended function, evidences undesired end
responses caused by conductive emissions to which it is exposed.

SUSCEPTIBILITY, INDUCTIVE - The degree to which equipment, together with all
conductors associated with its intended function, evidences undesired end

responses caused by inductive emissions to which it is exposed.

SUSCEPTIBILITY THRESHOLD - Limiting characteristics of· an interfering signal

which caused an u~desired response under defined operating conditions.

TRACK CIRCUIT, AUDIO-FREQUENCY - A train detection and comnunication scheme

'generally operating above 300 Hz using the rails as the transmission link.

These track circuits do not require, but may use insulated joints to estab1 ish
their boundaries, and are, in rail transit applications, generally less than
2000 feet in length. Also, they generally operate at receiving-end current

levels of less than 1.0 amperes.

TRACK CIRCUIT, POWER FREQUENCY - A train detection and communi cati ons scheme

operating in the 0 to 300 Hz range using the rails as the transmission link.

These track circuits require the use of insulated joints to provide· the track
circuit boundaries, and generally are used where long track circuits are

. required. Also, they generally operate at current levels in the ampere range.

TRACK CIRCUIT SIGNALING, AUDIO-FREQUENCY - The system employed to vitally
control safe train movement, using aUdio-frequency track circuits. The
functions Of train detection and train separation control are involved. Cab

signaling, overspeed detection, and other ATP related parameters may also be
involved.
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TRACK CIRCUIT SIGNALING, POWER FREOUENCV - The syst~m e~ployerl to vitally
control safe train movement, using power frequency track circuit~. The
functions of train detection and train separation are involve~. Cab sionalin~,

overspeed, and other ATP related parameters may also he involve~.

VEHICULAR ELECTRICAL POWER SUBSYSTEM - Those transit vehicle ~evices involverl in
converting the prime power into forms for utilization by the car, viz.,
inverters, converters, propulsion controllers, etc.

. ~
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APPENDIX B

SAMPLE TEST OUTPUTS USING INDUCTIVE
SUGGESTED TEST PROCEDURES

METHOD EXAMPLE PAGES

RT/IS01A GRS B-2 - 8-3
RT/ISOlA US & S B-4 - B-5
RT/IE01A MARTA B-6 - B-7
RT/IE01A BART B-8 - B-9
RT/IE04A GARRETT LAB B-I0
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