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PREFACE

The use of high speed guided ground transportation systems for both
urban and intercity travel, including magnetically levitated
(maglev) trains, might become a reality within the decade. The
first such system in the United states will probably be the Florida
Maglev Demonstration Project in Orlando, which is based on the
German electromagnetic attraction (EMS) technology represented by
the TransRapid (TR-07) prototype. The Federal Railroad
Administration (FRA) has the legislative responsibility for the
safety of maglev systems in the United States, under the provisions
of the Rail Safety Improvement Act of 1988.

One of the emerging environmental health and safety concerns
relates to potentially adverse health effects of extreme low
frequency (ELF) electric and magnetic fields (EMF) associated with
power lines and electrified transportation systems. Magnetic fields
at power and harmonics f~equencies are of greater pUblic concern,
because, unlike electric fields, they are pervasive, penetrate
biological tissue, and are more difficult to shield. In addition,
maglev and high speed rail (HSR) systems, like most novel and
unproven teGhnologies, will undergo more public scrutiny in order
to convincingiy demonstrate their safety. However, "no systematic
data on EMF characteristics for existing and advanced electrified
transportation systems exists on which to base an assessment of
relative emissions profile and associated potential health impacts.

The FRA, with technical and administrative support from the
Research and Special Programs Administration (RSPA) Volpe National
Transportation Systems Center (VNTSC) , has sponsored a
comprehensive series of studies and reports addressing the safety
issues for candidate high speed rail technologies 'and systems. The
FRA, through VNTSC, has contracted with .Electr ic Research and
Management, Inc. (ERM) to measure, characterize, and analyze EMF
emissions for both established and advanced rail systems, in order
to compile a database on their common and specific EMF signatures,
as the basis for comparing them with typical home, work and power
line EMF environments. This report on measured levels, spatial, and
frequency characteristics of both static (de) and alternating (ac)
magnetic fields associated with the TR-07 maglev, is the first of
a series: future reports will describe and. discuss EMF
characteristics for representative electrical >rail systems,
existing or proposed for U.S. applications.

This report was prepared by ERM personnel, including Fred Dietrich,
Program Manager, William E. Feero, George steiner, and David
Robertson. We acknowledge technical guidance from the FRA sponsor,
Mr. Arne Bang, and close interaction with the Technical Monitor,
Dr. Aviva Brecher of VNTSC. We also acknowledge exper~mental design
assistance from Dr. Ross Holmstrom, and support from ,Mr. Robert M.
Dorer, Project Leader of the VNTSC Safety Analysis team.





METRIC I ENGLISH CONVERSION FACTORS

ENGLISH TO METRIC

LENGTH I:.PPROXIMA';"EJ

1 inch (in) = 2.5 centimeters (em)

1 foot (t:) = 30 centimeters (em)

1 yard (ydl = 0.9 meter (m)

1 mile (mi) = Hi kilometers (km)

A REA 1.o.P",CX:MA ';"0

1 square inch (sq in, in l ) = 6.5 square centimeters (cm l )

1 square foot (sq ft, ttl) = 0.09 square meter (m:)

1 square )'are! (sq yd, yd l ) = 0.8 square meter (m:)

1 square mile (sq mi, mi 2) = 2.6 square kilometers (lem:)

1 acre =0.4 hectares (he) =4,000 square meters (m 2)

MASS· WEIGHT IAPPROX:MA7E)

1 ounce (0.) = 28 grams (gr)

1 pound (I b) = .45 k:ilogram (kg)

1 short ton = 2,000 pounc's (Ib) = 0.9 tonne (t)

VOLUME IAPPROXIM ...7:)

1 teaspoon (tsp) = 5 milliliters (ml)

1 tablespoon (tbsp) = 15 milliliters (ml)

1 fluid ounce (fl c.) = 30 milliliters (ml)

1 cup (c) = 0.24 liter (I)

1 pint (pt) = 0.47 liter (I)

1 qUiirt (qt) = 0.!;5Iiter (I)

1 sallon (gal) = 3.8/iters (I)

1 cubic foot (cu ft. ttl) = 0.03 cubic meter (m l )

1 cl:bic yare! (cu yd, yd~) = 0.76 cubic meter (m l )

TEMPERATU RE I:XAC7I

[(x· 32)(5/9) ]'F = y'C

METRIC TO ENGLISH

LENGTH (A'PRCXIMUE)

1 millimeter (mm) = 0.04 inch (in)

1 centimeter (cm) = 0.4 inch (in)

1 meter (m) = 3.3 feet (tt)

1 meter(m) = 1.1 yards (yd)

1 kilometer (km) = 0,6 mile (mi)

AREA IAPPROXIMATE)

1 square centimeter (cm 2) = 0.16 square inch (sq in. in 2)

1 square meter (m l ) = 1.2 square yards (sq yd, yd 2)

1 square Ieilometer (km 1) = 0.4 square mile (sq mi, mi2)

1 hectare (he) = 10,000 square meters (m 2) =2.5 acres

MASS· WEIGHT (APPROXIMAr!)

1 gram (gr) = 0.036 ounCe (el)

1 kilogram (leg) = 2.2 pounds (Ib)

1 tonne (t) = 1,000 k:ilogriims (kg) =' 1.1 short tons

VOLUME (APPROXiMATE)'

1 milliliter (ml) = 0.03 fluid ounce (fl oz)

1 liter (I) = 2.1 pints (pI)

1 liter (I) = 1.06 quarts (qt)

1 liter (I) = 0.26 gallon (gal)

1 cubic meter (m l) = 36 cubic feet (cu ft. ttl)

1 cubic meter (m l) = 1.3 cubic yare!s (cu yei, yei l )

TEMPERATURE. (EXAC7I

[(9/5) y + 32]'C = x 'F

QUICK INCH·CENTIMETER LENGTH CONVERSION

INCHES 0 2 3 4 5 6 7 S 9 10

I
CENTIMETERS 0 2 3 4 5 6 7 S 9 10 11 12 13 14 15 16 17 1S 19 20 21 22 23 24 25

25.40

QUICK FAHRENHEIT-CELSIUS TEMPERATURE CONVERSION

'F ":0' ·22' -4' l'' 32" SO' 6S" 86' 104" 122" 140' 158" 176" 194" 212",
I I Ii

'c -4O' ·30' ·20' ·10" 0' 10' 20' 30' ~o· SO' 60" 70' 80· 90' 100·

For more EXiic1 2nd 'or cthH ccnversion factors. see N6S Miscellaneous Publication 286, Units of Weights and
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DESCRIPTION OF APPENDED DATA

The following 25 appendices contain a detailed reporting of the
magnetic fie.ld characteristics measured onboardthe TR07 vehicle
and near associated facilities. The data have been consolidated
and presented as efficiently. as possible without resorting to
summary measures Which obscure the temporal or frequency
characteristics of the magnetic fields. The analysis of summary
data obtained by collapsing the frequency spectra into a small
number of relatively broad bands or by collapsing the time
distributions into statistical parameters is found in the body of
the report.

One appendix is provided for each of the 25 repetitive waveform
data sets collected during the August 1990 measurement program.
Most appendices contain the following material:

- Table of measurement parameters
- Sketch of sensor locations
- Vehicle speed profile
- Field by frequency and time" plots for each coil-type AC

field sensor
- Field by fr~quency and time plots for each fluxgate-type

static field sensor
Field by distance and time plot for six frequency bands

Each of these items is described below.

Table of Measurement Parameters

Each appendix begins with a table of measurement parameters. It
identifies the data set by number and title and gives measurement
setup code which refers to the detailed description of probe
locations provided in the Interim Report. (A copy of the setup
sketch from the Interim Report is also included in each a~pendix
directly behind the table of parameters.) The vehicle status entry
indicates whether the TR07 vehicle was operating during the test
and includes general comments on the mode of operation.

The next group of data on the table of measurement parameters
identifies the time during which repetitive waveform measurements
were made. start and stop time are merely clock times for the
first and last waveform samples, respectively. During that time
period, the indicated number of waveform samples were taken. The
programmed sample interval and actual sample interval represent the
requested and actual time between successive waveform samples.
These should agree,' except during' those tests in which the test
engineers wanted the MultiWavem System to sample as frequently as
possible. To accomplish that end, they programmed a sample
interval slightly shorter than the sy~tem wa. actually capable of
achieving. The distinction between the programmed sample interval
and actual sample interval is important to the reader because the
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time axis on all of the reported data is derived from the number of
samples and the programmed' sample interval.' Hence, the time
interval identified on the'graph will be slightly less than the
actual clock time in those cases where the MultiWave~Systemwas
forced to run at its maximum rate by programming a sample interval
shor~er ~han the device wa~ capable of ptoviding. If the reader
wishes to correct the time scales on plotted data to actual clock
time, .he inustmultiply the. reported times by the ratio of the
actual sample period to the programmed sample period.

The table of measurement parameters also contains various
parameters from the waveform sampling and subsequent Fourier
transformation of the waveform data that affect the interpretation
of· the magnetic' field frequency spectra. The tabulated maximum
frequency and minimum frequ~ncy are center frequencies of th~upper

and lower components of the Fourier transform. The spectral
bandwidth is the interval between frequency components in the
Fourier transform and is effectively the smallest increment in
frequency that can be resolved in the frequency spectrum. The
spectral bandwidth parameter is also important to the reader
because the intensity of broadband magnetic field components (as
opposed to fields at unique discrete frequencies) such as the lower
frequency components of the magnetic fields near the TR07 vehicle
is proportional to the square root of the bandwidth. Con~equently;

to compare the spectral data for broadband signals contained in
these appendices to values reported by others, one must make the
appropriate bandwidth adjustments to the data.

The final item on the table of measurement parameters is. a listing
of any missing or suspect data within that particUlar data,' set.

Sensor Location Sketch

Each appendix contains a copy of the sensor location sketch from
the Interim Report which applies to that particu~ar data set. Some
of these sketches report more than one set-up configuration. The
one applicable to the data set of the appendix is identified on -the
table of measurement parameters as' "Measurement Setup Code."

Vehicle speed'Profile

During the magnetic field measurements onboard the TR07 vehicle,
the' test engineers maintained a manual log of. vehicle speed
readings from the vehicle's speedometer. Those' data are plotted' in
the ~ehicle speed profile and are useful when interpre~iri~th~

changes in magnetic field conditions which occur over the time'of
the measurements. c .

Field by Frequency and Time Plots for coil-Type AC Field Sensors
,

The first set of' data plots in' each appendix are the field by
frequency and time plots for each coil-type AC field sensor. 'These
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plots are described in more detail 'in section 2 of this report.
Although all of the measurementswith-coil-type.sensors extended
out to a maximum frequency of -' 2560 HZ,only- that portion., of the
spectrum containing fields of significant amplitude were plotted.
In some cases, supplemental plots showing extended portions of the
frequency spectrum or "blow-ups"of-portions of the time domain are
included to show interesting field characteristics in more detail.

Field by Frequency and Time Plots for Fluxgate-Type Field Sensors

The second set of data plots in each appendix are the field by
frequency and time plots for magnetic fields measured with the
fluxgate sensors. These are similar in construction to the plots
for measurements with the coil-type sensors, except that they focus
on the static field and very low frequency components of the time
varying fields. They are generally distinguishable by the presence
of the large static component at the left edge of the graph. Since
the spectral bandwidth used in the magnetic field measurements and
analysis with the fluxgate sensors is not the same in all data
sets, but is always smaller than that used for the measurements
with the coil-type sensors, the reader must determine the spectral
bandwidth for these data from the table of measurement parameters
and make the necessary bandwidth corrections prior to attempting
quantitative comparisons of, the intensity of broadband magnetic
field components between data sets or between the coil-type and
fluxgate-type measurements.

Field by Distance and Time Plots

The last group of graphs in each appendix show the intensity of the
field in each of six frequency bands as a function of distance from
some reference point (such as floor of the vehicle, centerline of
the guideway, - etc.) over the time of the measurements. These
graphs were created for each set of measurements whether the
spatial distribution was expected to help identify the source of
the magnetic field or establish an attenuation rate which would be
useful for predicting field intensities at other distances from the
source.

The spatial sampling of the magnetic field level is by necessity
limited to only the few points where magnetic field sensors were
placed (see the sketch o.f sensor locations in each appendix). From
this relatively sparse sample, the contours of the field by
distance and time plots were generated by a computer program which
attempts to fit a surface to the available data points. These
piots .'''are therefore very accurate at the sensor locations but
repre'sent a "best fit" approximation of the field levels between
sensor locations. In those cases where the attenuation data are
orderly and consistent, ,the contours are, expected to be a good
approximation of reality. However, in the cases where field values
are erratic or inconsistent bet~een_ probe locations, the validity
of the contour is more uncertain at places other than the sample



locations. In evaluating these curves , the reader should be
cognizant of the actual measurement locations and place the most
credibility in the data at those locations.
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APPENDIX B

DATA SET TR7001
VEHICLE PASSENGER SECTION, WINDOW SEAT, MID CAR

Measurement setup Code:

Vehicle Status:

Measurement Date:

Measurement Time:

Number of Samples:

Programmed Sample Interval:

Actual Sample Interval:

4 (coil-type) & 3 (fluxgate-type)

Running continuously

August 7, 1990

Start: 10:20:00
End: 10:30:00

21

30 sec

30.sec

Frequency Spectrum Parameters

Probe Type:

Maximum Frequency (HZ)

Minimum Frequency (HZ)

Spectral Bandwidth (HZ)

Missing or Suspect Data:

Coil (AC)

2560

5

5

None

Fluxgate (DC)

512

o

1
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APPENDIX C

DATA SET TR7002
VEHICLE PASSENGER SECTION, AISLE SEAT, MID CAR

Measurement setup Code:

Vehicle status:

Measurement Date:

Measurement Time:

2 (coil-type) & 1 (fluxgate-type)

Running continuously

August 7, 1990

start: 10:38:00
End: 10 : 48 : 00

Number of Samples: ·21

Programmed Sample Interval: 30 sec

Actual Sample Inte~val: jo sec

Frequency spectrum Parameters

Probe Type:. Coil CAC) Fluxqate CDC)

Maximum Frequency (Hz) 2560 512

Minimum Frequency (HZ) 5 0

Spectral Bandwidth (HZ) 5 1

Missing or Suspect Data: None
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APPENDIX D

DATA. SET TR7003
VEHICLE PASSENGER SECTION, AISLE SEAT, MID CAR

Measurement setup Code:

Vehicle Status:

Measurement Date:

Measurement Time:

Number of Samples:

Programmed Sample Interval:

Actual Sample Interval:

2 (coil-type) & 1 (fluxgate-type)

Running continuously

August 7, 1990

start: 13:30:00
End: 13:40:00

17

30 sec

35 sec

Frequency Spectrum Parameters

Probe Type:·

Maximum Frequency (Hz)

Minimum Frequency (Hz)

Spectral Bandwidth (HZ)

Missing or Suspect Data:

Coil CAC)

2560

5

5

None

Fluxqate CDC)

102.4

o

0.2



ON-VEHICLE MEASUREMENT POINTS (AUG. 7, '90)

E I'
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CONFIGURATION
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APPENDIX E

DATA SET TR7008
VEHICLE PASSENGER SECTION, WINDOW SEAT, LAST ROW

Measurement setup Code:

Vehicle status:

Measurement Date:

Measurement Time:

Number of Samples:

Programmed Sample Interval:

Actual Sample Interval:

12 (coil-type) & 11 (fluxgate-type)

Running continuously

August 7, 1990

start: 17:35:00
End: 17:44:00

19

30 sec

30 s.ec

Frequency spectrum Parameters

Probe Type:.

Maximum Frequency (Hz)

Minimum Frequency (Hz)

Spectral Bandwidth (Hz)

Coil CAC)

2560

5

5

Fluxgate CDC)

102.4

o

0.2

Missing or Suspect Data: The floor level fluxgate sensor
saturated on the vertical axis for
the last 3 of the 19 samples.



ON-VEHItL~ MEASUREMENT POINTS (AUG. 7, '90)

E I'
F II'
GIII'
H IV

13,14

ACPROBE CONFIG.
AT UCH MEASVRE~

MENT POINT (EVEN #'5)

15,16

BULKHUD REFERENCE

NOTE: CAR #1
WAS FORWARD

. VEHICLE

PORT

'l n

STAR
BOARD

VIP
SECTION·

DC PROBE
CONFIGURATION
AT EACH
MEASUREMENT
POINT (ODD #' S)

(FIRE EXTINGUISHER,
6 kg, TYPE ABC) --

~T
I

V..... REFERENCE 0 3 , 2" .QJ 13 '10"
PROBES ~~ ~ ENTRANCE/EXIT

--- DOORWAYS
(THESE WERE DC ( 6' 6"
FIXED DURING I I~-- ~

ALL DATA SETS.) ~
~'~':(9) ~I~~t'-IB=I1 AC II~ ~-'~~11 r PASSENGER 10,12

C=111 0 &,;1'6" I COMPARTMENT

.... 6_'_~ ~ bQ!~' 13'2" 6'""" """ .." "'" I I ... •SUT SUT.
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• • • • Ct:1 LU\ • 0 •• WALKING
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APPENDIX F

DATA SET TR7009
VIP PASSENGER SECTION, AT SEAT, ~EAR CAR

Measurement setup Code:

Vehicle status:

Measurement Date:

Measurement Time:

Number of Samples:

Programmed Samp~e Interval:

Actual Sample Intetval:"

14 (coil-type) & 13 (fluxgate-type)

Running continuously

August 7, 1990

start: 17:50:00
End: 18:00:00

17

30 sec

35 'sec·

Frequency spectrum Parameters
e,' '.:-

Probe Type: Coil CAC) Fluxgate CDC)

Maximum Frequency (HZ) 2560 102.4

Minimum Frequency (Hz) 5 0
< ~, ~ .-'

Spec't,ral Bandwidth
:

(Hz) 5 0.2

Missing or Suspect Data: The floor level fluxgate sensor
saturated on the vertical axis for
all 17·samples. The seat level and
seated head level fluxgate sensors
saturated on the vertical axis for
2 and 4 of the 17 locations,
respectively.



ON-VEHICLE MEASUREMENT POINTS (AUG. 7, '90)
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APPENDIX G

DATA SET TR7010
VEHICLE ENGINEER' S COMPARTMENT, AT SEAT, REAR CAR

Measurement Setup Code:

Vehicle status:

Measurement Date:

Measurement Time:

Number of Samples:

16 (coil-type) & 15 (fluxgate-type)

Running continuously

August 7, 1990

Start: 18:02:00
End: 18:12:00

20

P~ogrammed sample·:i:ht~rva'i:''30sec'

Actu~l Sample Interval: 31 sec

Frequen~y spectr~ Parameters

Probe Type:

Maximum Frequency (HZ)

Minimu~Frequency (HZ)

Spectral Bandwidth (Hz)

Coil CAC)

2560'

5

.5

Fluxgate CDC)

102.4

o

0.2

Missing or Suspect Data: The floor level fluxgate sensor
saturated on the vertical axis for 9
of the 20 samples. The seat level
fluxgate sensor saturated on the
vertical axis for 5 of the 20
samples.
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APPENDIX H

DATASET TR7011
VEHICLE PASSENGER SECTION,

LATERAL PROFILE AT FLOOR LEVEL, MID CAR

Measurement Setup Code:

Vehicle Status:

Measurement Date:

Measurement Time:

Number of Samples:

Programmed Sample Interval:

Actual Sample Interval:

17

Running, stop and Levitate, Running

August 7, 1990

start: 18:17:30
End: 18:20:00

6

30 sec

30 sec

Frequency Spectrum Parameters

Probe Type:

Maximum Frequency (Hz)

Minimum Frequency (Hz)

Spectral Bandwidth (Hz)

Coil CAC)

2560

5

5

Fluxgate (DC)

102.4

o

0.2

Missing or Suspect Data: The fluxgate sensors at floor level
at the aisle and window seat
locations saturated on the vertical
axis during the last sample (vehicle
accelerating from a stop).
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APPENDIX I

DATA SET TR7012
LATERAL PROFILE BENEATH THE HIGH STEEL GUIDEWAY

Measurement setup Code:

Vehicle status:

Measurement Date:

Measurement Time:

Number of Samples:

Programmed Sample Interval:

Actual Sample Interval:

18

Running continuously

August 8, 1990

start: 10:42:50
End: 10:47:12

6*

30 sec

6 sec

Fr~quency Spectrum Parameters

Probe Type:.

Maximum Frequency (Hz)

Minimum Frequ~ncy (Hz)

Spectral Bandwidth (Hz)

Missing or Suspect Data:

Coil CAC)

2560

5

5

None

Fluxgate CDC)

256

o

0.5

* Measurements were suspended while vehicle was in the south loop
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APPENDIX J

DATA SET TR7013
LATERAL PROFILE BENEATH THE HIGH STEEL GUIDEWAY

Measurement setup Code:

Vehicle status:

Measurement Date:

Measurement Time:

Number of Samples:

Programmed Sample Interval:

Actual Sample Interval:

18

Running continuously

August 8, 1990

start: 10:50:00
End: 11:12:00

.221

3 sec

6 sec

Frequency Spectrum Parameters

Probe Type:

Maximum Frequency (Hz)

Minimum Frequency (Hz)

Spectral Bandwidth (Hz)

Missing or Suspect Data:

Coil CAC)

2560

5

5

None

Fluxgate CDC)

256

o

0.5
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APPENDIX K

DATA SET TR7014
LATERAL 'PROFILE BENEATH THE HIGH STEEL GUIDEWAY

Measurement setup Code:

Vehicle status:

Measurement Date:

Measurement Time:

Number of Samples:

Programmed Sample Interval:

Actual Sample Interval:

18

Running continuously

August 8, 1990

start: 12:26:00
End: 12:37:30

116

3 sec·

6'sec

Frequency Spectrum Parameters

Probe Type:

Maximum Frequency (Hz)

Minimum Frequency (Hz)

Spectral Bandwidth (Hz)

Missing or Suspect Data:

Coil CAC)

2560

5

5

None

Fluxgate CDC)

256

o

0.5
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APPENDIX L

DATA SET TR7015
LATERAL PROFILE BENEATH THE HIGH STEEL GUIDEWAY

Measurement Setup Code:

Vehicle Status:

Measurement Date:

Measurement Time:

Number of Samples:

Programmed Sample Interval:

Actual Sample Interval:

18

Running continuously

August 8, 1990

Start: 12:39:20
End: 12:40:32

'13

3 sec

"6 sec

Frequency spectrum Parameters

Probe Type:

Maximum Frequency (Hz)

Minimum Frequency (Hz)

Spectral Bandwidth (Hz)

Missing or Suspect Data:

Coil CAC)

2560

5

5

None

Fluxgate (DC)

256

o

0.5
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APPENDIX M

DATA SET TR7017
LATERAL PROFILE BENEATH THE HIGH STEEL GUIDEWAY

Measurement setup Code:

Vehicle Status:

Measurement Date:

Measurement Time:

Number of Samples:

Programmed Sample I-htervcH':

Actual Sample Interval:

18

Running continuously

August 8, 1990

Start: 12:46:00
End: 12:54:57

16*

3 sec

6 sec

Frequency Spectrum Parameters

. Probe Type:

Maximum Frequency (Hz)

Minimum Frequency (Hz)

Spectral Bandwidth (Hz)

. Missing or Suspect Data:

Coil CAC)

2560

5

5

None

Fluxgate CDC)

256

o

0.5

* Measurements were suspended when vehicle was in loop section
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APPENDIX N

DATA SET TR7018
LATERAL PROFILE BENEATH THE HIGH STEEL GUIDEWAY

Measurement Setup Code:

Vehicle Status:

Measurement Date:

Measurement Time:

19

Running on other part of guideway

.~. August 8, 1990

Start: 12:56:00
End: 13:01:06

Number of Samples: 52

Programmed Sample Interval: .3 sec

Actual Sample Interval: 6 sec

Frequency Spectrum Parameters

Probe Type:

Maximum Frequency (Hz)

Minimum Frequency (Hz)

Spectral Bandwidth (Hz)

Coil lAC)

2560

5

5

Fluxgate (DC)

256

0'

0.5

Missing or Suspect Data: The fluxgate probe between the
inverter building and transformer
yard was not connected.
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APPENDIX 0

DATA SET TR7019
LATERAL PROFILE BENEATH THE LOW CONCRETE GUIDEWAY

Measurement Setup Code:

Vehicle 'Status:

Measurement Date:

,Measurement Time:

Number of Samples:

Programmed Sample Interval:

Actual Sample Interval:

20

Running continuously

August 8, 1990

start: 16:00:00
End: 16:20~04

194

4 sec

6.2 sec

Frequency spectrum Parameters

Probe Type:

Maximum Frequency (Hz)

Minimum Frequency (Hz)

Spectral Bandwidth (Hz)

Missing or Suspect Data:

Coil CAC)

2560

5

5

None

Fluxgate CDC)

256

o

0.5
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APPENDIX P

DATA SET 7020
LATERAL PROFILE AT THE PASSENGER STATION

Measurement Setup Code:

Vehicle Status:

Measurement Date:

Measurement Time:

Number of Samples:

Programmed Sample Interval:

Actual Sample In~erval:

21

Running continuously

August 9, 1990

Start: 10:26:00
End: 10:46:00

229

4 sec

5.3 sec

Frequency Spectrum Parameters

Probe Type:

'Maximum Frequency (HZ)

Minimum Frequency (Hz)

Spectral Bandwidth (Hz)

Missing or Suspect Data:

Coil CAC)

2560

5

5

None·

Fluxgate CDC)

256

o

0.5
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APPENDIX Q

DATA SET TR7021
LATERAL PROFILE AT THE PASSENGER STATION

Measurement Setup Code:

Vehicle Status:

Measurement Date:

Measurement Time:

Number of Samples:

Programmed Sample Interval:

Actual sample Interval:

21

Running continuously

August 9, 1990

Start: 10:51:00
End: 11:10:00

229

5 sec

5 sec

Frequency spectrum Parameters

Probe Type:

Maximum Frequency (Hz)

Minimum Frequency (Hz)

Spectral Bandwidth (Hz)

Missing or Suspect Data:

Coil CAC)

2560

5

5

None

Fluxgate CDC)

256

o

0.5
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APPENDIX R

DATA', SET TR7022
MEASUREMENTS NEAR THB TRANSFORMER YARD

Measurement Setup Code:

Vehicle status:

Measurement Date: .

Measurement Time:

Number of Samples:

Programmed Sample Interval:
. . .

Actual S~mple interval: .

22

Running continuously

August 9, 1990

start: 15:08:00
End: 15:28:00

230

4 sec
. ,.

5.2 sec

Frequency Spectrum Parameters

Probe Type:

Maximum Frequency (Hz)

Minimum Frequency (Hz)

Spectral Bandwidth (Hz)

Coil (AC)

2560

5

5

Fluxgate . (DC)

256

o

0.5

Missing or Suspect Data: The fluxgate probes 3 m and 10 m.
from the transformer yard were
inoperative. .



SETUP 22: OUTPUT TRANSFORMER YARD
I_a--- 20 m-------,-------------1

#1
20 kV TO

220 V

I

20 kV TO
220 V

I

4 m~----I---t

5 m .....-----...<f--o=-"--=--.......,; elL

20 k~ TO
2.6 kV

5 m t-------1II-----l

20 kV TO

~61 kV

50 Hz
STEP-DOWN

e/L

-t-----.....--·--7 m --+--.-j

V IV

II \N
DC SENSOR

7 m
Z

~
AC B-DOT

PROBE/AMPLIFIER

Y
X T

III

V

" PROBE
ORIENTATION --

CABLE TO De AMPLIFIER
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APPENDIX S

DATA SET TR7023
MEASUREMENTS NEAR THE BRAKING RESISTOR BANKS

Measurement setup Code:

Vehicle status:

Measurement Date:

Measurement Time:

23

Running continuously

August 9, 19.90

start: 16:18:00
End: 16:38:00

Number of Samples: 255·

Programmed Sample Interval: . 4 sec

Actual Sample Interval: .4.7 sec

Frequency Spectrum Parameters

Probe Type: Coil CAC) Fluxgate CDC)

Maximum Frequency (HZ) 2560 256

Minimum Frequency (Hz) 5 0

Spectral Bandwidth (HZ) 5 0.5

Missing or Suspect Data: The fluxgate sensors 3 m and 10 m
from the resistor bank yard were
inoperative.
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APPENDIX T

DATA SET TR7024
MEASUREMENTS NEAR THE BRAKING RESISTOR BANKS

Measurement Setup Code:

Vehicle Status:

Measurement Date:

Measurement Time:

Number of Samples:

Programmed Sample Interval:

Actual Sample Interval:

23

Running continuously

.August 9, 1990

Start: 16:49:10
End: 16:55:30

68

4 sec

5.8 sec

Frequency Spectrum Parameters

Probe Type:

Maximum Frequency (Hz)

Minimum Frequency (HZ)

Spectral Bandwidth (HZ)

Coil CAC)

2560

5

5

Fluxgate CDC)

256

o

0.5

Missing or Suspect Data: The fluxgate sensors 3 m and 10 m
from the resistor bank yard were
inoperative.
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. APPENDIX U

DATASET.TR7025
LATERAL PROFILE BENEATH THE LOW CONCRETE GUIDEWAY

WITH THE VEHICLE PARKED

MeasuiementSetup Code:

Vehicle status:

Measurement Date:·

Measurement Time:

Number of Samples:

Programmed Sample Interval:

Actual Sample Interval:

24

Parked overhead

Aug.ust 9, 1990

start: 17:31:00
End:. 17 : 32: 44

10

4 sec

11. 6 sec

Frequency spec~rum Parame~ers

Probe Type:

Maximum Frequency (HZ)

Minimum Frequency (HZ)

Spectral Bandwidth (HZ)

Coil CAC)

2560

5

5

Fluxgate CDC)

256

o

0.5

Missing or Suspect Data: The f luxgate sensor 3 m from the
guideway was inoperativ7.
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APPENDIX V

DATA SET TR7026
LATERAL PROFILE BENEATH THE LOW CONCRETE GUIDEWAY

WITH THE VEHICLE LEVITATING

Measurement Setup Code:

Vehicle Status:

Measurement Date:

Measurement Time:

24

Levitating overhead

August 9, 1990

start: 18:06:10
End: 18:10:34

Number of Sampies: 39

Programmed sample Interval:. 4 sec

Actual Sample Interval: 7.2 sec'

Frequency spectrum Parameters

Probe Type:

Maximum Frequency (Hz)

Minimum Frequency (Hz)

spectral Bandwidth (Hz)

coil CAC)

2560

5

5

Fluxgate CDC)

256

o

0.5

Missing or Suspect Data: The fluxgate probe 3 m from the
guideway was inoperative and the
vertical axis of the fluxgate sensor
along the guideway but 6 m northeast
of the profile was saturated on 3 of
39 samples.
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APPENDIX W

DATA SET TR7028
MEASUREMENTS .NEAR THE INVERTER BUILDING AND FEEDER CABLES

Measurement setup Code:

Vehicle status:

Measurement Date:

Measurement Time:

Number of Samples:

Programmed Sample Interval:

Actual Sample Interval:

26

Running continuously

August 10, 1990

start: 10:05:30
End: 10:05:58

6

4 sec

5.6 sec

Frequency Spectrum Parameters

Probe Type:

Maximum Frequency (Hz)

Minimum Frequency (Hz)

Spectral Bandwidth (Hz)

Coil CAC)

2560

5

5

Fluxgate (DC)

256

o

0.5

Missing or Suspect Data: The fluxgate sensor 15 m north of the
inverter building and 2 m west of the
feeder cables was inoperative.
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ALONG· MAIN FEEDER CABLES
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APPENDIX X

DATASET TR70~O

MEASUREMENTS NEAR THE
INVERTER BUILDING AND FEEDER CABLES

Measurement' setup Code:

Vehicle status:

·Measurement Date:

Measurement Time:

26

Running continuously

August 10, 1990

start: 12: 07: 30
End:, 12: 27: 38

Number of Samples: 219 .

Programmed Sample Int~rvaJ~. ..4 s.ec

Actual Sample Interval: 5~5sec

Frequency spectrum.Parameters·

Probe Type:

Maximum Frequency (HZ)

Minimum Frequency (HZ)

Spectral Bandwidth (Hz)

coil CAC)

2560

5

5

Fluxgate CDC)

'256

o

0.5

Missing or Suspect Data: The fluxgate sensor 15 m north of the
inverter building and 2 m west of the
feeder cable was inoperative.



SETUP 25 AND 26: OUTSIDE INVERTER BUILDING·
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APPENDIX Y

DATA SET TR7031
LATERAL PROFILE ABOVE A FEEDER CABLE (GROUND LEVEL)

Measurement setup Code:

Vehicle status:

Measurement Date:

Measurement Time:

Number of Samples:

Programmed Sample Interval:

Actual Sample Interval:

27

Parked in maintenance facility

August 10, 1990·

start: 13:04:00
End: 13:05:00

6

4 sec

6· sec

Frequency Spectrum Parameters

Probe Type:

Maximum Frequency (Hz)

Minimum Frequency (Hz)

Spectral Bandwidth (Hz)

Coil CAC)

2560

5

5

Fluxgate (DC)

256

o

0.5

Missing or Suspect Data: The fluxgate sensor 1 m east of the
guideway centerline and 2.5 m west of
the feeder -cable location was
inoperative.
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TR7031 - 3.5M WEST OF SOUTH LOOP FEEDER CASLE. GROUND LEVEL

<II
.~

4. to
...

0
.~

. " \Sl
<II ..:
<::
OJ

~
It)

~

" ..
:$

<:--: -: oS'
-"9'oS'..>- ~ $

0 ....

TR7031, SOUTH LOop fTEDER CAelE 3.5m EAST OF r;UlOEWAY _ 'OW FREOI "'NCY. S 4S".

1-7

. I



8 r,
E

~\...

~
"-

Ql...
ll. l\,j

\)
~

.....,
Ql
<:
tll

~
..
~

TR7031. SOUTH LOOP FEEDER CABLE 3.5m EAST OF GUIDEWAY - POWER FREQUENCY 50-60Hz
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TR7121Jl. SOUTH LOOP FEE-OER CABLE J.5m EAST OF GUIDEWAY- HIGH FREQ 31215-256121Hz
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APPENDIX Z

DATA SET TR7032

LATERAL PROFILE ABOVE A FEEDER CABLE
(1 K ABOVE GROUND)
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APPENDIX Z,
DATA SET TR7032

LATERAL PROFILE ABOVE A FEEDER CABLE
(1 M ABOVE GROUND)

Measurement setup Code:

Vehicle status:

Measurement Date:

Measurement Time:

Number of Samples:

Programmed Sample Interval:

Actual Sample Interval:

28

Running continuously

August 10, 1990

start: 16:20:30
End: 16:40:34

219

4. sec

5.""5 sec

Frequency Spectrum Parameters

Probe Type: Coil CAe) Fluxgate (DC)

Maximum Frequency (Hz) 2560 256

Minimum Frequency (HZ) 5 0

Spectral Bandwidth (Hz) 5 0.5

Missing or Suspect Data: The fluxgatesensor 1 m east of the
guideway centerline and 2.5 m west of
the feeder .cable location was
inoperative.
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SETUP 27 AND 28: FEEDER ·CABLE

TOP VIEW

BURIED CABLE TO SOUTH LOOP
._----~------------------

1m
.• _ .• _~UID.~A~. Cl.~_.

ABOUT 5 m ABOVE GROUND
HIGH STEEL SECTION

N

PILLAR 2421 SIDE VIEW

SETUP 28: PROBES 1 m
ABOVE GROUND

1.m

. SETUP 17: PROBES AT
GROUND LEVEL

. GROUND
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JR70J2 - 1.5M:WEST OF'SOUTH LOOP FEEDER CABLE. GROUND LEVEL
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TR7032 - 0.5M EAST OF SOUTH LOOP FEEDER CABLE. GROUND LEVEL
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TR70J2. SOUTH LOOP FEEDER CABLE J.5m EAST OF GUIDEWAY - LOW FREQUENCY, 5-45Hz
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TR70J2. SOUTH LOOP FEEDER CABLE 3.5m EAST OF GUIDEWAY - POWER FREOUENCY 50-60Hz
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TR7032. SOUTH LOOP FEEDER CABLE 3.5m EAST OF GUIDEWAY - PWR. HARMONICS 65-J00Hz
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TR70J2. SOUTH· LOOP FEEDER CABLE J.5m EAST OF GUIDEWAY - HIGH FREO, 65-2560Hz
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TR70J2 SOUTH LOOP FEEDER CABLE 3.5m EAST OF GUIDEWAY - ALL FREOUENCIES 5-2560H:
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