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POWER LINE CONDUCTED NOISE MEASUREMENTS

DASHAVEYOR SYSTEM - TRANSPOQ'72

1. INTRODUCTION

This technical report presents the data obtained in the per-
formance of tests for power line conducted noise at the Personal
Rapid Transit (PRT) System of Dashaveyor at TRANSPO®'72 - Dulles
Airport, Washington, D. C. This report covers one of the four
tests defined under Item 5 of Contract DOT-TSC-375, and as performed

by National Scientific Laboratories.

Item 5 calls for the performance of conducted noise measure-
ments on PRT a.c. power lines in the frequency range from d.c. to
at least 10 kHz, with one PRT system on. The objective of the test
was to gather operational data for each of the PRT systems. Such
data will enable characterization of the noise increase attributable
to system operation, when considered in comparison with the ambient

data collected and documented* previously by NSL.

The measurements reported in this document were made during

the late afternoon of August 1, 1972.

¥Technical Report, Item 4, Ambient Power Line Conducted Noise
Survey, PRT Systens, March 1972, Contract No. DOT-TSC-375,
Department of Transportation, Transportation Systems Center,
55 Broadway, Cambridge, Massachusetts 02142.



2. METHOD OF MEASUREMENT

2.1 Instruments

All measurements were made using test set-ups and instruments
as nearly identical as possible to those used during ambient testing.
The power line conducted measurements were performed using a
Fairchild Model EMC-10 Interference Analyzer. This device is a-
battery-operated calibrated RFI/EMI meter, which, when operated as
a narrowband tunable device, covers the frequency range of d.c. to
50 kHz. The receiver has an internal calibration source and in-
corporates a meter circuit of such design that signal levels are
expressed in decibels on a linear scale. 1In addition, the receiver
incorporates circuitry providing buffered voltage outputs in
proportion to meter indication and tuned frequency: A Hewlett

Packard Model 3005B X-Y Plotter was driven from the receiver.

Signals were obtained from the power lines by means of a
Fairchild Model PCL-10 Current Probe. This device is a clamp-on
current transformer which provides an output voltage in proportion
to the current on the conductor which passes through its aperture.
This probe has a specified transfer-admittance characteristic

which is a function of frequency.

2.2 Power Line Arrangement

The power provided to the PRT site via an underground feeder
is 480 v.a.c., 3 phase (%). These feeder lines enter commercial

switchgear in the Dashaveyor building and are coded as follows:



PHASE COLOR CODE NSL CODE

A Orange 4
B Brown 3
C Yellow 1
Neutral Non-Coded 2

The current probe was attached at the point where the feeders
enter the switchgear which is the same point as used when making

the ambient tests described in report Item 4.

2.3 Measurement Technique

Each of the four power conductors were tested by scanning two
frequency ranges, d.c. to 1 kHz using a 5 Hz bandwidth, and 1 kHz
to 50 kHz using a 50 Hz bandwidth. Two recordings have been made
for each frequency range, on each of the four power lines. The

scanning time per recording averaged 4 to 6 minutes.

These recordings are reproduced in the Appendix as the upper
half of Pages A-2 through A-18. The recordings are presented in
order of phase rather then the order in which they were produced.

The dB scale refers to the level at the instrument input connector.

3. INTERPRETATION OF DATA

The amplitude/frequency charts produced during the tests are
reproduced in the upper half of each page of Appendix A-2 through
A-18. The lower chart on each page is a plot of approximately
one level in each major frequency increment of the chart directly

above it. Peaks were selected whenever available. A correction



factor for the current probe (current probe amplitude response is
non-linear with frequency) has been included in the levels plotted

in the lower chart.

In the upper charts, noise peaks recorded in the top major
amplitude division are out of the calibrated range of the instru-
mentation system. Thus, the levels plotted for peaks that enter
the upper division are plotted as having an amplitude of the highest
level indicated numerically on the chart for that particular

frequency.

Notations are written on the charts which indicate instrumen-
tation noise level, and an occasional guideway switch operation.
No operation of the PRT system could be identified with the noise
peaks present on the d.c. to 1 kHz charts. However, in the 1 kHz
to 50 kHz charts, only receiver noise and occasional noise spikes
are present when no vehicles are running as indicated in the
chart on Page A-4. Also, the noise level drops to instrument
ambient when only one vehicle is operational and cuts its power
off when slowing down to make a turn or when coming into a station.
The chart on Page A-16 was a situation where vehicles were in
operation only during the scan time from 43 kHz to 50 kHz with a

short power off when scanning through 49 kHz.

4, TIME LOG

Dashaveyor had two vehicles running during the test period --

1550 to 1710. The log is on Pages A-19 through A-27 of the Appendix.



APPENDIX A

POWER LINE CONDUCTION MEASUREMENTS DATA

Contains data charts for Test No. 406 through 422, The

charts are presented in order of phase - A, B, C, Neutral -- for

ease of analysis, rather then in numerical order as the test were

performed.
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DASHAVEYOR Time Log for August 1, 1972

ARRIVAL VEH B STA C AT 15:46356
SCHEDULED ARRIVAL 15:345:43

ARRIVAL VEH A STA N AT 15:347:21
SCHEDULED ARRIVAL 152345251

ARRIVAL VEH B STA S AT 1S5:48:82
SCHEDULED ARRIVAL 15:46:3!

ARRIVAL UEH A STA C AT 15:48:28
- SCHEDULED ARRIVAL ;5:46:38

SCHEDULE RE-ADJUSTED FOR VEHICLE A

'ARRIVAL VEH B STA N AT 15:49:12
SCHEDULED ARRIVAL ;5:47:42

ARRIVAL VE:Il 4 STA S AT 15:49:55
SCHEDULED ARRIVAL 15:49:25

AhRIVAL VEH B STA C AT 15:50:19
SCHEDULED ARRIVAL 15248229

SCHEDULE RE-ADJUSTED FOR VEHICLE B

ARRIVAL VEH B STA S AT 15:51:16
SCHEDULED ARWIVAL 15:5!:!6

ARRIVAL VEH A STA N AT 15:51:19
SCHEDULED ARRIVAL 15:50:35

ARRIVAL VEH A STA C AT 15:52:69
SCHEDULED ARRIVAL 15:5}:22

VEH B IMPROPER BERTHING AT STATION N -~ UNDERSHOOT

ARRIVAL UEH B STA N AT 15:53:30
SCHEDULED ARRIVAL - 15:52:32

ARRIVAL VEH A STA S AT 15:54312
SCHEDULED AHRHIVAL 15:52:10

SCHEDULE RE-ADJUSTED FOH VEHICLE A

n-19



ARRIVAL VEH B STA
SCHEDULED ARHIVAL

ARRIVAL VEH B STA
SCHEDULED ARRIVAL

ARRIVAL VEHK A STA
SCHEDULED ARRIVAL

ARRIVAL VEH A STA
SCHEDULED ARRIVAL

ARRIVAL VEH B STA
SCHEDULED ARRIVAL

ARRIVAL VEH A STA
SCHEDULED ARRIVAL

ARRIVAL VEH B STA
SCHEDULED ARRIVAL

SCHEDULE RE-ADJUSTED FOR VEHICLE B

ARRIVAL VEH B STA
SCHEDULED ARRIVAL

, ARRIVAL VEH A STA
SCHEDULED ARRIVAL

ARRIVAL VEH A STA
SCHEDULED ARRIVAL

ARRIVAL VEH B STA
SCHEDULED ARRIVAL

ARRIVAL VEH A STA
SCHEDULED ARRIVAL

ARRIVAL VEH B STA
SCHEDULED ARRIVAL

ARRIVAL VEH B STA
SCHEDULED ARRIVAL

ARRIVAIL, VEH A STA
SCHEDULED ARRIVAL

ARRIVAL VEH A STA
SCHEDULED ARRIVAL

ARRIVAL VUFH B S$7TA
SCHEDJLED ARRIVAL

ARRIVAL VEH A STA
SCHEDULED ARRIVAL

S

w

[57]

N

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

AT

15:54:36
15:53:19

15:55:33
;5:54:@8

15:55:36
15:55:33

15:56:26
;5:56:20

15¢56:45
15:55:}9
/
15:57:27
15257:069-

15:57:560
15:5€: 06

15¢58:47

15858248

15:58:50
45358:2@

15:59:39
15:59: 67

16:00: 04
16:00:05

16:00: 46
15¢59:56

16:01:09
16:06:54

16:02:06
16:01:43

16:02: 09
16:01: 06

16: 02259
les01:54

16:03:18
16:62:54

16:204:00
16: 02242



AR LVAL VEIL B STA
SCHEDJLED n:axlvaLl

ARRIVAL VEH B STA
SCHEDULED ARRIVAL

ARRIVAL VEH A STA
SCHEDULED ARRIVAL

ARRIVAL VEH A STA
SCHEDULED ARRIVAL

ARRIVAL VEH B STA
SCHEDULED ARRIVAL

ARRIVAL VEH A& 5STA
SCHEDULED ARRIVAL

" SCHEDULE RE-ADJUSTED FOR VEHICLE A

[ &]

AT

AT

AT

AT

AT

AT

1614324
16: 03241

16:€5:20
16:04:39

16:05:24
16:03:53

16:06214
16:04: 40

16:07:16
16:05:40

16:07:22
!6:@5:29

ARRIVAL VEH B STA C AT 16:08:10

SCHEDULED ARRIVAL

SCHEDULE RE~-ADJUSTED FOR VEHICLE B

}6:@6:27

ARRIVAL VEH A STA N AT 16:(£8:36

SCHEDULED ARRIVAL

ARRIVAL VEH B STA
SCHEDULED ARRIVAL

_ARRIVAL VEH A STA
SCHEDULED ARRIVAL

ARRTVAL VEH B STA
SCHEDULED ARRIVAL

ARRIVAL VEH A STA
SCHEDULED ARRIVAL

ARRIVAL VEH B STA
SCHEDULED ARRIVAL

ARRIVAL VEH A STA
SCHEDULED ARRIVAL

ARRIVAL VEH B STA
SCHEDULED ARRIVAL

ARRIVAL VEH A S5TA
SCHEDULED ARRIVAL

ARRIVAL VEH B STA
SCHEDULED ARRIVAL

N

AT

AT

AT

AT

AT

AT

AT

AT

AT

16:08:41

16:09:27
}6:@9;@9

16:69:52
16:69:30

16: 10249
16:;0;2@

16:10:54
;6:1@:19

16:11z:42
16:11:@7

16:12:67
16:1}:29

16:12:58
16:;1:56

16213:23
16:12:16

16214208
16:}3:06

A-21



ARRIVAL VEH A STA S AT 16:14:50

SCHEDJLED ARRIVAL

16:13:05

SCHEDULE RE-ADJUSTED FOR VEHICLE A

ARRIVAL VEH B STA
SCHEDULED ARRIVAL

ARRIVAL VEH B STA
SCHEDULED ARRIVAL

ARRIVAL VEH A STA
SCHEDULED ARRIVAL

ARRIVAL, VEH A STA
SCHEDULED ARRIVAL

ARRIVAL VEH B STA
SCHEDULED AREIVAL

ARRIVAL VEH A STA
SCHEDULED ARRIVAL

ARRIVAL VEH B STA
SCHEDULED ARRIVAL

C

AT

AT

AT

AT

AT

AT

16:15:14
16:13:53

16:16:211
16:;4:42

16216214
16216310

1€:17:04
;6:16:57

16:17:24
16215253

16:18: 036
!6:@7:46

16:18:58
;6:16:40

SPHEDULE RE-ADJUSTED FOR VENICLE B

ARRIVAL VEH A STA
SCHEDULED ARRIVAL

ARRIVAL VEH B STA
SCHEDULED AREIVAL

ARRIVAL VEH A STA
SCHEDULED ARRIVAL

ARRIVAL VEH B STA
SCHEDJLED ARRIVAL

ARRIVAL VEH A STA

SCHEDULED ARRIVAL

N
s
c
N

S

AT

AT

AT

AT

AT

16:19:20
16=!8:57

16:20:01
!6:19:57

16:20:26
;6:19:44

16:21:23
16:21:12

16:21:28
16:203:33

VEH A IN SECTION 9 MORE THAN 30

ARHfQAL VEH B STA C AT 16:22:47

SCHEDULED ARRIVAL

ARRIVAL VEH A STA N AT

SCHEDULED ARRIVAL

ARRIVAL UEH B STA § AT

SCHEDULED ARRIVAL

16:21:59

16:23:06
!6:21:43

16:23: 47
!6:22:48

- A-22
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ARRIVAL VEH A STA C AT 16:24:13

SCHEDULED ARRIVAL

SCHEDULE RE-ADJUSTED FOR VEHICLE A

ARRIVAL VEH B STA N AT 16:25:20 %¢$

SCHEDULED ARRIVAL

ARRIVAL VEH A STA
SCHEDULED ARRIVAL

ARRIVAL VEH B STA
SCHEDULED ARRIVAL

AR! (VAL VEH A STA
SCHEDULED ARRIVAL

ARRIVAL VEH B STA
SCHEDULED ARRIVAL

SCHEDULE RE-ADJUSTED FOR VEHICLE B

S

c

N

S

AT

AT

AT

AT

ARRIVAL VEH A STA C AT

SCHEDULLD ARRIVAL

ARRIVAL VEH B STa
SCHEDULED ~T0IIVAL

ARRIVAL VEH A STA
SCHEDULED ARRIVAL

ARRIVAL VEH B STA
SCHEDULED ARRIVAL

ARRIVAL VEH A STA
SCHEDULED ARRIVAL

APRIVAL VEH B STA
SCHEDULED ARRIVAL

SCHEDULE RE-ADJUSTED FOR VEHICLE B

AT

AT

AT

AT

AT

16:22:30

16:23:58

16:25:26
16:25:10

16:26:i5
16324:45

16:26:40
16:26:21

16:27:21
16:25:34

16327347
16:27:08

16:28:43
16328340

16:283 49
}6:27:57

16:29:37
l6:29:27

16:30:02
}6:29:07

16:32:14
;6:3@;@4

" ARRIVAL VEH A STA C AT 16:32:39

SCHEDULED ARRIVAL

SCHEDULE RE-ADJUSTED FOR VEHICLE A

§6:29:53

ARRIVAL VEH B STA N AT 16:33:36

SCHEDULED ARRIVAL

ARRIVAL VEH A STA S AT

SCHEDULED AERIVAL

ARRIVAL

SCHEDJULED ARRIVAL

VEH B STA C AT

!6:33:35

16:33:41
16:33:36

16:34:30
16:34:22

A-23



ARRIVAL VEIl A STA
SCHEDULED ARRIVAL

ARRIVAL VEH B 5TA
SCHEDJLED ALRIVAL

ARRIVAL VEH A STA
SCHEDULED AERIVAL

ARRIVAL VEH B STA
SCHEDULED ARRIVAL

ARRIVAI, VEH A S5TA
SCHEDULED ARRIVAL

ARRIVAL VEH B STA
SCHEDULED ARRIVAL

ARR1IVAL VEH A S5TA
SCHEDUL YT, ARRIVAL

"ARRIVAL VEH B STa
SCHEDULED ARRIVAL

SCHEDULE RL-ADJUSTED FOR VEHICLE B

N

N

aT

AT

AT

AT

al

16:34:59
16334249

16:35:39
16:35:11

16:36:05
16335235

16:37:35
;6:36:2;

16:37:41
16:36:24

16:36:28
;6:37:@8

16338155
16:37:35

16:40: 30
!6:37:56

ARRIVAL VEH A STA C AT 16:40:55

SCHEDU.UD ARRIVAL

SCHEDULE RE-ADJUSTED FOR VEHICLE A

16:38:2{

, ARRIVAL VEH B STA N AT 16:41:52

SCHEDULED ARRIVAL

ARR:VAL VEH A STA
SCHEDULED ARRIVAL

ARRIVAL VEH B STA
SCHEDULED ARRIVAL

ARRIVAL VEH A STA
SCHEDULED ARRIVAL

ARRIVAL VEH B STA
SCHEDULED AERIVAL

ARRIVAL VEH A STA
SCHEDULED ARRIVAL

ARRIVAL VEH B STA
SCHEDULED ‘ARRIVAL

ARRIVAL VEH A STA
SCHEDULED ARRIVAL

AT

AT

AT

AT

AT

AT

AT

}6:4}:49

16:41:58
;6:4}:52

16:42: 45
16:42:86

16:43:13
16:43: 04

16:43:53
16:43:25

16244319
16:43:5;

16:45:20
!6:44:35

16:45:26
16:44:40



AT AL

ARRIVAL VEH B STA
SCHEDULED ARRIVAL

ARRIVAL VEH A STA
SCHEDJLED ARRIVAL

ARRIVAL VEY B STA
SCHEDULED AraIVAL

A NTUAL W A SN
SCHEDULED A:=IuAL
ARRIVAL Vi & STA
SCHEDJL=D AlLl.IVAL
VEH B 1IN .0 Ei. BE.
ARRIVAL VEH B oA
SCHED,LED A:..IVAL

™

C AT

N AT

S AT

JAHING A

N Al

_W-A C A

3 JL ST

SCHEDJLED ARi-IVAL

ARRIVAL VEH A STA

SCHEDULED £1: ;l\,.f‘.L
SLRH T TN, .0 E - S
a I AL, “H P a
XCHEDLED A 1 AL
a I.nl. FH A A

ARG ' I AL
AziIc I EH B A

CH¥O LED A I AL

EH b
CHED LED A I A

o

AIVAL  EH A
SCHED.LED & I A

-

ARRIVAL VEH A STA
SCHEDULED ARRIVAL

O
&

16:46:14
16:45:22

16246240
!6'&5 Sl
""!Hi‘- !
1pesreal
1624€211

16:2508:51
16247226

- ‘CH?D DC‘_E ADJ.;LED FO.. EHICLE B

STAL 10U

N

D FO«&. 5nnICLL a

ATZIVAL VEH B STA & AT

16:52:41
16:52:36

16653267
16:523 46

‘e
)
=~

tcines 1y

137t 4D

16357308
16:55:32
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ARRIVAL VEH B STA N AT 16:57:27
SCHEDULED ARRIVAL 16256336

ARRIVAL VEH A STA S AT 16:58:09
SCHEDULED ARRIVAL 16:56:21

SCHEDULE RE-ADJUSTED FOR VEHICLE A

AT 16:55:32

16:57:23

ARRIVAL VEH 8 STA C
SCHEDULED Aanlval

16:59:28
16:58:12

ARRIVAL VEH B STA S AT

SCHEDULED ARRIVAL

16:59:28
16:58:12

ARRIVAL VEH B STA S AT

SCHTDULED ARRIVAL

16:59:32
!6:59:30

ARRIVAL VEH A STA N AT

SCHEDULED ARRIVAL

17:00:21%
17:00:17

ARRIUVAL VEH A STA C AT

SCHEDULED ARRIVAL

17:00:40
@6:59:23

ARRIVAL VEH B STA N AT

SCHEDULED ARRIVAL
VEH B IN SECTION @ MORE THAN 30

17:01:25
l7:9;:08

ARRIVAL VEH A STA S AT
SCHEDULED ARRIVAL

17:81:49
17:00:10

ARRIVAL VEH B STA C AT
SCHEDULED ARRIVAL

17:02245
!7:@@;59

ARR1VAL VEH B STA S AT
SCHEDULED ARRIVAL

SECONDS

SCHEDULE RE-ADJUSTED FOR VEHICLE B

ARRIVAL VEH A STA N AT 17:02:49
SCHEDULED AKRIVAL !7:82;}9

AT 17:83:39

ARRIVAL UEH A STA C
© 17:03:06

SCHEDULED ARRIVAL

VEH B IN SECTION S5 MORE THAN 30
ARRIVAL VEH B STA N AT 17:064:21
SCHEDULED ARRIVAL ' g7:e4:os

17:05:063
37:03;54

ARRIVAL VEH A STA S AT
SCHEDULED ARRIVAL

17:05:26
17: 04352

ARRIVAL VEH B STA C AT
SCHEDULED ARRIVAL

A-26
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ARRIVAL VEH B STA S AT 17:066:22
SCHEDULED ARRIVAL 17:05:41

ARRIVAL VEH A STA N AT 17:86:26
SCHEDULED ARRIVAL !7:05{65

VEH B IN SECTION / MORE THAN 30 SECONDS

ARRIVAL VEH A STA C AT 17:08:04
SCHEDULED ARRIVAL @7:05:51

VEH B IN SECTION 5 MORE THAN 30 SECONDS
SCHEDULE RE-ADJUSTED FOR VEHICLE A

ARRIVAL VEH B STA N AT 17:068:46
SCHEDULFED ALRIVAL }7:@6:51

SCHEDULE RE-ADJUSTED FOR VEHICLE B

VEH B IN SECTION / iZORE THAN 306 SECONDS
VEH B IN SZCTION O MORE THAN 30 SECONDS

ARRIVAL VEH A STA S AT 17:1@0:22
SCHEDJLED ARRIVAL 17:089:02

ARRIVAL VEH B STA C AT 17:10:46
SCHEDULED ARRIVAL 17:069:34

VEH B IN SECTION / MORE THAN 36 SECONDS
VEH B IN SECTION 4 MORE THAN 30 SECONDS

ARRIVAL VEH B STA S AT 17:12:13
SCHEDULED ARRIVAL !7:@0:22

SCHEDULE RE-ADJUSTED FOR VEHICLE B

ARRIVAL VEH A STA N AT 17:12:17
SCHEDULED ARRIVAL 17:10:12

SCHEDULE RE-ADJUSTED FOR VEHICLE A

ARRIVAL VEH A STA C AT 17:13:07
SCHEDULED ARRIVAL 17:13: 66

ARRIVAL VEH B STA N AT 17:13:25
SCHEDULED ARRIVAL 17:13:34

ARRIVAL UVEH A STA S AT 17:14:09
SCHEDULED ARRIVAL 17:14:¢0



T

+




ARRIVAL VEH B STA S AT 17:06:22
SCHEDULED ARRIVAL 17:05:4}

ARRIVAL VEH A STA N AT 17:06:26
SCHEDULED ARRIVAL !7:05;05

VEH B IN SECTION / MORE THAN 38 SECONDS .

ARRIVAL VEH A STA C AT 17:08:04
* SCHEDULED ARRIVAL 17:05:51

VEH B IW SECTION 5 MORE THAN 30 SECONDS
SCHEDULE RE-ADJUSTED FOR VEHICLE A

ARRIVAL VEH B STA N AT 17:068:46
SCHEDULED ALRIVAL 17:06:51

SCHEDULE RE-ADJUSTED FOR VEHICLE B

VEH B IN SECTION / iORE THAN 36 SECONDS
VEH B IN SZCTION O NORE THAN 30 SECONDS

ARRIVAL VEH A STA S AT 17:10:22
SCHEDJLED ARRIVAL 17: 893202

ARRIVAL VEH B STA C AT 17:18:46
SCHEDULED ARRIVAL 17269234

VEH B IN SECTION ¢ MORE THAN 38 SECONDS
VEH B IN SECTION 4 MORE THAN 30 SECONDS

ARRIVAL VEH B STA S AT 17:12:13
SCHEDULED ARRIVAL !7:1@:22

SCHEDULE RE-ADJUSTED FOR VEHICLE B

ARRIVAI. VEH & STA N AT 17:12:17
SCHEDULED ARRIVAL 17:{@:12

SCHEDULE RE-ADJUSTED FOR VEHICLE A

ARRIVAL VEH A STA C AT 17:13:07
SCHEDULED ARRIVAL 17:13: 66

ARRIVAL VEH B STA N AT 17:13:25
SCHEDULED ARRIVAL 17:13:34

ARRIVAL UVEH A STA S AT 17:14:69
SCHEDULED ARRIVAL 17:14:€0






