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PREFACE

This test report, presenting the results of engineering tests
on the State-of-the-Art Cars (SOAC), derives from the efforts
of two agencies of the U.S. Department of Transportation: the
Rail Programs Branch of the Urban lass Transportation Adminis-
tration's Office of Research and Development and the Trans-
portation Systems Center.

The report is presented in six volumes. Volume I is a descrip-
tion of the program and a summary of the test results. Volumes
II through V are organized to technical disciplines, as follows:
Volume II, Performance; Volume I1I, Ride Quality; this volume,
Volume IV, Noise; and Volume V, Structures, Voltage, and Radio
Frequency Interference. Volume VI contains a description of

the SOAC Instrumentation System used for Performance, Ride
Quality and Structural testing.
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Section 1

INTERIOR NOISE

1.1 SUMMARY

Test Sequence

Table 1l-1 is a log of Interior Noise Test Run Numbers and
basic test configuration.

TABLE 1-1. INTERIOR NOISE SURVEY TEST RUN LOG

Test Run Log Humbers
SOAC Weight Steel Resilient
|Car No. (1b) Wheels Wheels
1 90,000 87, 89, 111 134
2 90,000 88, 108, 109 136
1 105,000 112 135
Train 90,060 92 137

Test Procedures

Detailed test procedures are as contained in SOAC ENGINEERING
TES! PROGRAM TEST PROCEDURES (Reference 1*).

Objective

The objective of the noise testing was to measure the interior
noise levels in the SOAC cars operating at the HSGTC under
various conditions by sampling car locations representative of
patrons and operating crew and probing possible sources. These
data are then used to describe the acoustical characteristics
of the SOAC vehicles, as well as for comparison with subse-~
quent noise tests performed at the demonstration properties.

A secondary objective is to develop and verify procedures for
performing such tests.

*Reference 1. SOAC ENGINEERING PROGRAM TEST PROCEDURES , D174-10023-1,
Boeing Vertol Company, Philadelphia, Pa., July 1973.

1-1



Status

Interior noise was surveyed for single SOAC cars and two-car
trains at car weights of 90,000 and 105,000 pounds. The base-
line measurements were for cars equipped with steel wheels;
selected data points were repeated with Acouta Flex wheels.
Test procedures were developed and verified.

1.2 TEST DESCRIPTION

A portable microphone/recorder data system was used to survey
a large number of locations throughout the car. The types of
surveys performed were as follows:

a. Equipment noise

b. Speed effect

C. Repeat runs

d. Track construction ef€cct
e. Interior survey

f. Weight effect

g. Absorption test

h. Power condition effect

i. Resilient wheels

Sound measurements were made in a manner which allowed a com-
plete time history of each measured sound signal to he retained
on magnetic tape. Subsequent data reduction included standard
"A" weighted noise levels, 1/3-octave band analysis, and
harrow band spectrum analysis for selected data points (Figures
1-1 and 1-2),

1.3 INSTRUMENTATION

1l.3.1 Field Measurement Equipment

The instrumentation used for measurement of noise levels con-
sisted of a l-inch condenser microphone with battery operated
cathode-follower and a 1/4-inch, single-channel tape recorder.
Table 1-2 lists the specific items of equipment by manufac-
turer, model and serial number. For interior mezsurements,
the tape recorder/microphone pair was operated as a portable
unit. An accelerometer was used for structure-borne noise
measurements. The recorder was operated at a tape speed of
7-1/2 ips to achieve a good frequency response characteristic.
A gain/attentuation system consisting of i0 dB incremental
steps was incorporated into the recorder to maintain accuracy
of the system (Figure 1-3).
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INTERIOR/EXTERIOR NOISE RECORDING EQUIPMENT

CABLE TO
EXTERNAL MICROPHONE

INTERIOR MICROPHONE
AND POWER SUPPLY

STRUCTURE-BORNE NOISE RECORDING EQUIPMENT

POWER SUPPLY

MICROPHONE AND
POWER SUPPLY

ACCELEROMETEKR

Figure 1—1. Instrumentation for Interior Noise Measurement
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DATA ACQUISITION SYSTEM

FIELD CALIBRATOR

B & K 4230
WIND
S CREEN
B & K UA0207
: MICROPHONE
R
§I§R§P§?§1 POWER SUPPLY
B & K 2630
TAPE RECORDER
> KUDELSKI
R NAGRA IIIB
J Q
ACCELEROMETER || ACCELEROMETER
B & K 4329 POWER SUPPLY
B & K 2630

TAPE RECORDER

DATA REDUCTION SYSTEM

KUDELSKI
NAGRA IIIB

*A' WEIGHTED AND
1/3 OCTAVE ANALYSIS

Ly —

SPECTROMETER | | GRAPHIC LEVEL
J' 1 B & K 2112 RECORDER
B & K 2305
NARROWBAND
ANALYS IS
SPECTRUM OSCILLOS COPE
ANALYZER CAMERA
FED. SCIENTIFIC TEKTRON IX
UA-6 c-12

Figure 1-2. Block Diagrams for Noise Measurement Data Acquisition
and Reduction Systems
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MICROPHONE AND
WIND SCREEN

SIDEWALL
EXTERIOR
INSTALLATION

(LoC 102)

MICROPHONE AND
WIND SCREEN

TRUCK SAFETY

STRAP
INSTALLATION
MICROPHONE AND
WIND SCREEN
WHEEL-AXLE
INSTALLATION
(Loc 103)

Figure 1-3. On-Car Microphone Installstions



TABLE 1-2., ON-CAR NOISE MEASUREMENT INSTRUMENTATION

Item Manufacturer Model Serial No.

1, Tape Recorder Kudelski NAGRA III PHO 67-10290
2. Tape Recorder Kudelski NAGRA III PHC 67-10441
3. Microphone, l-inch B&K 4131 73624

4. Power S3Supply B&K 2630 168943

5. !MNicrophone B&K 4131 205686

6. Power Supply B&K 2630 87607

7. Calibrator B&K 4230 396443

8. Accelcrometer B&K 4329 86112

1.3.2 Calibration

The recorder was calibrated prior to testing using a swept-
frequency sinusoidal insert voltage over the range 20 Hz to

20 kHz at a level of 100 mv. The input signal was applied at
the cathode follower and recorded on magnetic tape and played
back on the same recorder to produce the frequency response
curve shown in Figure 1-4, Microphone response, does not
change system accuracy over the frequency range of 2 to 15 kHz.

During the test period, a knows: signal (94 dB at 1000 L=2) was
recorded on each tape to establish system sensitivity and
establish a reference level.

1.3.3 System Accuracy

a. The freguency response of each microphone to a
sinusoidal wave of constant amplitude lies within
the limits of 10 Hz to 14 kHz linear, *1 4dB for
sound pressure levels in the range from 50 o
120 4s.

b. Each complete assembly of noise measurement and
recording equipment (including cables) had an elec-
trical frequency response linearity of withing +2 dB
from 50 Hz to 10 kHz foir a range of signal voltage
levels corresponding to input sound levels of 50 dB
to 120 dB at the microphone sensor.

Cc. The total harmecnic distortion of the scund sensing
microphone equipment did not exceed 1 percent over
the measurement dynamic range.

d. The total harmonic distortion of the assembled noise

measurement and recording equipment did not exceed 4
percent over the measurement dynamic range.
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i.4 TEST PROCEDURES

Tests were conducted under ambient conditions during which
winds of 10 to 15 mph occurred. Temperatures were between 55
to 75°F, and a clear and dry atmosphere existed. For interior
measurements, no distinction was made between the directions
cf car operation after a preliminary investigation revealed
there was no change in noise level for dBA weighting. Data ob-
tained when nearby objects were passed (e.g., the locomotive
and diesel generators used for the power source, or special
trackwork such as turnouts) were not reported. The microphone
was positioned so that it was not shielded from the source by
the person taking the data or any other person or object. The
car was occupied by only those persons required for the iLest,
generally less than four. For the baseline survey the micro-
phone was positioned at the height of a seated passenger.
Other heights were surveyed at specific locations within the
car.

Measurement positions for the interior noise survey are shown
in Figure 1-5. Detailed testing procedures employed are as
follows:
Pre-~test

a. Ballast car to required weight (AW ).

b. Set-up, calibrate instruments.

C. Proceed to test zone.

l.4.1 Equipment Noise Survey, Interior

The purpose of this sequence of tests is to determine interior
noise level effects of cycling various items of car equipment.

a. Position one SOAC car on the transit loop near station
location 170, with all equipment turned off.

b. Set-up and calibrate the recording system per previ-
ously described procedures.

c. Position the microphone at ear level at car location
49 (see Figure 1-5),

d. Start the recorder, identify the test point and record
gain level by voice.

e. Record upproximatley 15 seconds of ncise data for this
record.

f. Stop recorder and enter recorder number on a log sheet.
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k.

1.4.2

Repeat steps c through f for the three remaining car
locations: 51, 55 and 60.

Turn on car 1lighting system and repeat steps ¢ through
g.

Turn on air conditioning system and repeat steps c
through gq.

Cycle doors open and closed while recording data,
repeating steps c through gq.

With doors open, and while recording data, vent the
brakeline, repeating steps c through gq.

Effect of Track Section

The purpose of this sequence of tests is to determine the
effect of track sections on interior noise.

a.

1.4.3

Operate the car around the transit loop at 50 mph.
The car will be at 90,000 pounds or the empty weight;
the air conditioning system will be on.

The car operator will announce the entrance into and
departure from all track sections.

Set-up and calibrate the recording system per
previously described procedures.

For each of the track sections and required car
location, identify the test point and record gain
level on the recorder by voice. Obtain a continuous
record of noise around the test loop and enter record
number on a log sheet. The microphone should be
positioned at ear level of a seated passenger for
these test points.

Speed Effect

The purpose of this sequence of tests is to determine the
effect of speed on interior noise. This sequence will be per-
formed on each of the SOAC cars at two different weights
(90,000 and 105,000 pounds).

d.

b.

Operate the SOAC car through track Section I at a
steady speed. The air conditioning system will be on.

The car operator will announce the entering and leav-
ing of this section.
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1.4.4

For each speed and car location required, identify
the test point and record gain level on the recorder
by voice. Obtain 15 secords of data, and enter the
record number on a log sheet. The microphone should
be positioned at the ear level of a seated passenger
for these test points.

Survey of Interior Noise

The purpose of this sequence of tests is to determine the

noise levels throughout the car by a detail survey of passenger
locations. This sequence will be performed on each of the SOAC
cars, at the light weight (90,000 pounds) only.

a.

b.

1.4.5

Operate the SOAC through Track Section I at the re-
quired speed. The air conditioning system will be on.

The car operator will announce the entering and
leaving of Track Section I.

Set-up and calibrate the recording system per
previously described procedures.

For each speed and car location required, identify

the test point and record amplifier gain level on the
recorder by voice, obtain 15 seconds of data, and
enter the record number and record gain level on a log
sheet. The microphone should be positioned at the car
level of a seated passenger for these test points.

Structure Borne Noise

The purpose of this sequence of tests is to determine the
distribution of the noise of the car body structure. This
sequence will be performed on Car No. 2 at one car weight
(90,000 pounds).

a.

b.

Operate the SOAC car through Track Section I at re-
quired speeds. The air conditioning system will be on.

The car operator will announce the entering and
leaving of this track section.

Set up and calibrate the recording system per
previously described procedures.

For each speed and car location required, identify

the test point and record gain level on the recorder
by voice, obtain 15 seconds of accelerometer data, and
enter the record number in a log sheet. The acceler-

ometer should be positioned on double-backed pressure--
sensitive tape.
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1.4.6 Coasting Car Noise Levels

The purpose of this sequence of tests is to determine the
contribution of wheel/rail noise to the interior acoustic en-
vironment of the car. This sequence will be performed on Car
No. 1 at une car weight (90,000 pounds).

a. Operate the SOAC car through Track Section IV at the
required speed, in a coasting moce. All car systems
not required for car operation will be off.

b. The car operator will announce the entering and
leaving of this track section.

C. Set-up and calibrate the recording system per
previously described procedures.

d. For each speed and car location required, identify
the test point and record gain level on the recorder
by voice, obtain a minimum of 15 seconds of data, and
enter the record number and record gain level in a
log sheet.

1.4.7 Absorption Test

The purpose of this sequence is to determine the acoustic
absorption in the interiors of both SOAC cars (in an empty
configuration). Devices which produce impulse type sounds
(similar to the sound of exploding balloons, for example) will
be used for this test.

a. Position the car in an area which has a low ambient
noise level.

b. Explode at least three balloons at each required
location, identify the test point, record gain level
on the recorder, and enter on a log sheet. The micro-
phone should be approximately three feet from the
balloon for each record, and should be midway between
floor and ceiling.

1.4.8 Resilient Wheels - Interior Noise Survey

The purpose of this sequence of tests is to determine the
effect of resilient wheels orn the interior noise of the SOAC
car. This sequence will be performed on each of the SOAC cars
at 90,000 and 105,000 pounds. The car configuration for the
resilient wheel tests will be identical with that for the
noise survey with the steel wheels.

a. Operate the SOAC car through each track section and

speed as required. The air conditioning system will
be on.
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b. For the data taken at steady speed around the test
loop, the car operator will announce the entering
and leaving of this track section.

C. Set-up and calibrate the recording system per
previously described procedures.

d. For each speed and car location required, identify
the test point and record gain level on the recorder
by voice, obtain at least 15 seconds of data, and
enter the record number in a log sheet. The micro-
phone should be positioned at the ear level of a
seated passenger for these test points.

1.5 DATA

The basic analysis of all data recorded during the program
consists of a frequency analysis using an "A" weighting net-
work and is presented in Table 1-3. Selected data points have
also been analyzed using 1/3-octave band filters (preferred
frequencies) and these are presented in Figures 1-6 through
1-29. All data reported has bgen converted to sound pressure
levels referenced to 2.0 x 10~ N/M2, Analysis of the struc-
ture borne noise has been made using "A" weighting and the
levels reported are in dBA .relative to lg rms.

Where narrow band components required identification, data
was analyzed with a digital analyzer (Federal Scientific UA-6
Spectrum Analyzer). Data from this analysis is presented in
the form of oscilloscope photographs in Figures 1-30 through
1-41.

During the testing all systems were operating. Some equipment
normally cycles as part of its operating mode, such as the
brake air compressor and the air conditioner compressor. When
these systems cycled to their 'off’ mode, a small variation in
interior noise level occurred. No correction has been applied
to the data to account for this.
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Figure 1—6. Interior Noise at 0 MPH with All Syster., Off (Car No. 1, Position 55)
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Figure 1-8. Interior Noise at 0 MPH with Motor Alternator snd Lighting System On
(Car No. 1, Position 55)
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Figure 1-10. Interior Noise at 0 MFH with Motor Alternator and Brake Air Compressor

On (Car No. 1, Position 55)
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Figure 1—12. Interior Noise at 80 MPH with A/l Systems On (Car No. 1, Steel Whee'

Flats, Position 55)
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Figure 1—-13. Interior Noise at 25 MPH with All Systems On (Car No. 2; Steel Whee!

Flats; Position 55)

1-41




SOUND PRESSURE LEVEL - db re 2 x 10-5 N/m2

90

80

70

60

50

40

30

20

DATA PT 135

2 5 100 2 5 1000 2 s 10000
4 dgpand: & -y A eguads d ' hpggredh |
Y 4 S ma ——l - v
22 as 90 180 ssﬂ P § P9 | geod 1rzo0p
4 -+ -
! [
<+ s + 4+ 4 4 4 -+~ 4+ .
. I ! ] ]
E 4 4
[ ]
]
1 3 4
o -
[
b - 4 -~ -~ 4+ - -+~ + -+ p
- - -
F 4+ 4

4 3 3
o -+ -+ -+ <+ -~ -~ <+ <+ -~ -4
4- 3 a
E 1 -
] | b [ t
At 4 b <
] 1 1 <
J b o <
S L 3
5 4 <4+ < -+ <4 + -’ - -+ -
b < L 3 < b < L 3 < <
3 <+ 5 P § <
l 1 49 < + 3 !
b 4 F < 3

315 63 128 250 800 1000 aooo 4000 #co0
OCTAVE BAND CENTER FREQUENCY - Mz

Figure 1—14. Interior Noise at 35 MPH with A/l Systermns On (Car No. 2; Steel Wheel
Flats; Position 55)
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Figure 1—15. Interior Noise at 50 MPH with All Systems On (Car No. 2; Steel Whee!

Flats, Position 55)
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Figure 1-22. Exterior Noise at 0 MPH at Microphone on No. 1 Truck (Car No. 1;
90,000 Pounds, Steel Wheels; No Flats)
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Figure 1-23. Exterior Noise at 35 MPH at Microphone on No. 1 Truck (Car No. 1,
90,000 Pounds, Steel Wheels; No Flats)
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Figure 1—-24. Exterior Noise at 50 MPH at Microphone on No. 1 Truck (Car No. 1;
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Figure 1-25. Exterior Noise at 25 MPH st Microphone on No. 2 Axle of No. 1 Truck

(Car No. 1; 90,000 Founds; Steel Wheels; No Flats)
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Figure 1-29. Interior Noise at 0 MPH with All Systems On (Car No. 2; Steel Wheel
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Figure 1-30. Interior Noise from Equipment, Car at Rest (Fosition 55)
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Figure 1-32. Effect of Track Construction on Interior Noise at 50 MPH (Position 55,
Track Sections | to Vi)
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Figure 1-34. Effect of Car Speed on Interior Noise (Car No. 2; 90,000 Pounds, Steel
Wheel Flats,; Position 55)
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Figure 1-35. Effect of Car Speed on Interior Noise (Car No. 1, 105,000 Pounds; Trued
Steel Wheels, Position 55)
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Figure 1-36. Effect of Car Speed on Interior Noise (Car No. 1,
90,000 Pounds; Resilient Wheels; Position 55)
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Figure 1-37. Interior Noise During Coasting with All Systems Off (Car No. 1, 90,000
Pounds, Steel Wheel Flats; Track Section IV)
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Figure 1-38. Undercar Noise at No. 1 Truck at 50 MPH (Car No. 1, 90,000 Pounds;
Trued Steel Wheels)
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Figure 1-39. Car Body Noise Reduction at 25 MPH (Car No. 1. 90,000 Pounds; Steel
Wheel Flats; Wall Microphone)
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Figure 1—40. Car Body Noise Reduction at 25 MPH (Car No. 1, 90,000 Pounds; Steel
Wheel Flats; End Microphone)
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Car Body Noise Reduction at 35 MPH (Car No. 1, 90,000 Pounds, Steel
Wheel Flats; Truck Microphone)
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1.6 PRELIMINARY ANALYSIS

1.6.1 1Interior Noise Control Features

Car body construction pertaining to noise control is shown in
Figures 1-42 through 1-44. The upholstered seats of Car No. 1
provide absorption that is not achieved with the hard shell
glass fiber seats of Car No. 2. Both cars have carpeted wind-
screens at each door which provide added absorption to that of
the carpeted floor. 1In addition to the car body itself, the
air spring suspension between truck and body provides substan-
tial isolation of truck structure-borne noise. The Acousta
Flex wheels achieve a reduction in noise on tangent and large
radius curve track, as measured at the HSGTC, as a result of
damping not present in the steel wheel (Figure 1-45).

1.6.2 Comparison of Measured Interior Noise with SOAC Goals

A comparison of the SOAC exterior noise levels with the goals
is made in Figure 1-46. Data for the low-density car is pre-
sented as being representative. The high-density car (No. 2)
displays a wider envelope of levels because of the return air
splitter configurations at the ends of the car. This config-
uration permits reduced evaporator blower noise at the "A" end
(1 to 2 dBA), and higher blower noise at the "B" end (1 to

2 dBA), than the lower density (No. 1) car. Return air si-
lencers have been recommended for both cars to achieve more
uniform levels within each car.

1.6.3 Effect of Velocity

Noise levels inside the car are established primarily by the
undercar equipment, the air comfort system blowers in the
overhead region at both ends of the car, and the noise from
wheel/rail interaction. The lighting system ballasts are also
audible at low speeds but are not an important contributor to
the spectrum. When the car is at rest and operating at low
speeds (below 25 mph) the equipment noise predominates in the
"A" weighted levels and masks the wheel/rail noise. At speeds
greater than 25 mph, the wheel/rail noise also contributes to
the audible spectra, and its amplitude is a function of the
wheel construction and tire surface quality.

Figure 1-47 shows interior noise trends as a function of speed,
with wheel surface quality and the masking effects of equipment
noise as parameters. Flat spots on the wheel tire signifi-
cantly contribute to the acoustic signature of the car, which
degrades as the number of flats increases. Note the difference
in the high-speed noise of Cars 1 and 2 resulting from dis-
similar "flat" patterns on the wheels of each car. The total
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number of flats on the wheels of Car Nlo. 1 at the time of
documentation was 20, with 8 flats 1 inch Oor more in length.
The No. 2 car, on the other hand, had 13 flats, of which only
three were 1 inch or more in length.

Due to differences in the air conditioner evaporator blower
levels, which arise rrom slight differences in the installa-
tion of the fresh and return air splitters in Cars No. 1 and

2, the noise levels below 25 mph display up to 5 dBA differ-
ence; consequently, a completely valid comparison of speed is
not possible between cars. Above 25 mph where the wheel/rail
noise contributes, the trend for the data with flats approaches
2.5 dBA for each 10 mph increment while the data with "trued"
steel wheels displays less than 1 dBA per each 10 mph increase.
The total change in level for the car with flats over its en-
tire speed range (interpolated at 20 naph) was 13 dBA, while

the car with no flats increased by only 3 dBA over the same
speed increment. Trends documented with the resilient Acousta
Flex wheels (no wheel flats) are similar to the steel wheels
with no flats. Ideally, speed trends should be identified
during conditions in which all car systems (other than those
required for operation) are off.
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Figure 1—42. Car Body Noise Reduction Festures, Floor Construction
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Figure 1-43. Car Body Noise Reduction Features, Sidewall Construction
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Section 2

WAYSIDE NOISE

2.1 SUMMARY

Seguence

Table 2-1 gives the test run numbers for the wayside noise
testing.

TABLE 2-1. WAYSIDE NOISE SURVEY TEST RUN LOG

Test Run Log Numbers
SOAC Weight Steel Resilient
Car lo. (1b) Wheels Wheels
1 90,000 87, 89, 110 134
2 90,000 88 136
1 105,000 - 135
2 105,000 113 -
Train 90,000 90, 91, 92 -
Train 105,000 - 137

Test Procedures

Detailed test procedures are presented in SOAC ENGINEERING
TEST PROGRAM TEST PROCEDURES (Reference 1).

Objective

The objective of the wayside noise testing was to measure the
wayside noise levels of the SOAC cars operatirg at the HSGTC
under various conditions. These data will be used to describe
the acoustical characteristics of the SOAC vehicles and for
comparison with subsequent noise tests performed at the demon-
stration properties. A secondary objective is to develop and
verify procedures for performing such tests.
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Status

Wayside noise was surveyed for the single SOAC cars and two-
car trains at car weights of 90,000 and 105,000 pounds. The
baseline measurements were made for the car with steel wheels;
selected data points were repeated with resilient wheels.

Test procedures were developed and verified.

2.2 TEST DESCRIPTION

The microphone was located at a distance of 50 feet from the
track centerline for all of the data points surveyed, and a
distance of 15 feet for selected runs. The types of wayside
noise surveyed were as follows:

a. Equipment noise

b. Speed effect (include repeat runs)
c. Track construction effect

d. Distance effect

e. Two-car effect

f. Power condition effect

g. Resilient wheels

Sound measurements were made in a manner which allowed a com-
plete time history of each measured sound signal to be retained
on a magnetic tape. Subsequent data reduction included stand-
ard "A" weighted acoustical levels, 1/3-octave band aralysis
and narrow band spectrum analysis for selected data points.

2.3 INSTRUMENTATION

2.3.1 Field Measurement Equipment

The instrumentation used for measurement of noise levels con-
sisted of a l-inch condenser microphone with battery operated
cathode~-follower and a 1/4-inch, single-channel tape recorder.
Table 2-2 lists the specific items of equipment by manufac-
turer, model, and serial number. For wayside measurements,
the microphone was mounted on a tripod for each of the passby
reasurements and a windscreer. installed to reduce the inter-
ference of wind on the data. The recorder was operated at a
tape speed of 7-1/2 ips to achieve a good frequency response
charactesristic. A gain/attenuation system consisting of 10 an
incremental steps was incorporated in the recorder to maintain
accuracy of the system.

2.3.2 Calibration

The recorder was calibrated prier to testing using a swept-
frequency sinusoidal insert voltagz over the range 20 Hz to

2-2



TABLE 2-2. WAYSIDE NOISE MEASUREMENT INSTRUMENTATION

Item Manufacturer Model Serial No.

1. Tape Recorder Kudelski NAGRA III PHO 67-10290
2. Tape Recorder Kudelski NAGRA III PHO 67-10441
3. Microphone, 1l-inch B&K 4131 73624

4. Power Supply B&K 2630 168943

5. Microphone B&K 4131 205686

b. Power Supply B&K 2630 87507

7. Calibrator B&K 4230 395443

20 kHz at a level of 100 .v. The input signal was applied at
the cathode follower, recorded on magnetic tape, and played
back on the same recorder to produce the frequency response
curve shown in Figure 1-4. Microphone response does not change
system accuracy over the frequency range from 2 to 15 kHz.

During the test period, a known signal (94 dB at 1000 Hz) was
recorded on each tape to establish system sensitivity as well
as a reference level for analysis of the data.

2.3.3 System Accuracy

a. The frequency response of each microphone to a
sinusoidal wave of consistent amplitude lies within
the limits of 10 Hz to 15 kHz linear *1 dB for sound
pressure levels in the range of 50 to 120 dBSPL.

b. Each complete assembly of noise measurement and
recording equipment (including cables) had an elec-
trical frequency re:ponse linearity of within :2 4B
from 50 Hz to 10 kHz for a range of signal voltage
levels corresponding to input sound levels of 50 dB
to 120 4BSPL at the microphone sensor.

€. The total harmonic distortion of the sound sonsing
microphone equipment did not exceed 1 percent over
the measurement dynamic range.

d. The total harmonic distortion of the assembled noise

measurement and recording equipment did not exceed
4 percent over the measurement dynamic range.

2.4 TEST PROCEDURES

Locations selected for wayside noise surveys had relatively
flat terrain on both sides of the right-of-way. Trackside
locations are shown in Figure 2-1; specific sites are indicated
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in Figure 2-2. Measurements of wayside noise were made at a
distance of 50 feet from the track centerline on the outside
of the test oval (the third rail is on the inside). Selected
data points were recorded 15 feet from the track centerlire,
as well. Height of the microphone as mounted on the tripod
was 5 feet above the local ground level and approximately 3
feet above ri¢il height.

A brief investigation at the Track Section I location showed
that there was no observable difference in passby noise with
car direction for dBA weighting if car speed was held constant.
Thus, to facilitate noise measurements, data were taken with
the car operating in both directions.

Measurements of ambient noise showed that levels were, in all

cases, substantially gr-ater than 10 dBA below maximum passby

levels and thus did nct contribute to reported sound levels of
the car.

Detailed testing procedures are as follows:

Pre-Test Procedures

a. Ballast car to required weight (AW )
b. Set-up and calibrate instruments at the test site.
c. Move the car to the test zone.

2.4.1 Equipment Noise Survey, Wayside Noise

The purpose of this sequence of tests is to determine the
effect on exterior noise levels of cycling various undercar
equipment items.

a. Position the SOAC car at a boarding platform away from
other noise sources with all equipment turned off.

b. Set-up and calibrate the recording system per previ-
ously described procedures.

c. Position tho microphone at the ear level of a standing
passenger on the platform.

d. Start the recorder prior to equipment cycle, identify
the test point, and record gain level by voice.

e. Start up each item of equipment noted below and record
approximately 15 seconds of noise data for each record.

l. 211 equipment off
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Figure 2-2. Trackside Microphone Locations

2-6



2. Lighting system inverter

3. Motor alternator start-up

4. Air conditioning compressor

5. Traction motor blowers

6. Brake air compressor

7. Passenger door cycle

8. Venting of brakeline

9. Service stop: decelerate from 50 mph; stop at
platform with a passenger door at the platform;
cycle doors and accelerate to 50 mph.

f. Stop recorder and enter record number on Log Sheet.

2.4.2 Effect of Car Speed on Wayside Noise

The purpose of this sequence of tests is to determine the
effect of car speed on wayside noise of both SOAC cars at two
car weights (90,000 and 105,000 pounds).

a. Set-up and calibrate the recording system per previ-
ously described procedures at a level, tangent portion
of Track Section I on the outside of the loop at a
distaace of 50 feet from track centerline.

b. Position the microphone at a height 5 feet above the
rail.

C. Start the recorder prior to the passby of the car.
ldentify the test point, locatiorn, amplifier gain
level, and ambient weather cznditions by voice.

d. For each passby, maintain car test speed for a i:inimum
of 10 seconds prior to passing the microphore. Main-
tain test speed for the same length of time after
passing the microphone.

e. The passby direction of motion of the car will be the
same for all runs unless the wind is calm, in which
case either end of the car may lead. In this case,
document the car end approaching the microphone.

f. Determine the effect of data repeatability by obtain-~
ing three data points at the 50 mph test condition,



2.4.3 Distance Effect on Wayside Noise

The purpose of this sequence of tests is t. dctermine the
effect of distance on SOAC wayside noise. Using at least two
data channels, position a reference microphone 15 teet from
the track centerline, and progressively position a second
microphone at 50, 100, and 200 foot distances on the level,
tangent portion of Track Section I. This test will be per-
formed on one car at a single car weight (90,000 pounds).

a. Set-up and calibrate the recording system per
previously described procedures.

b. Position the microphones at a height of 5 feet above
the rail.

C. Start the recorder prior to the passby of the car;
identify the test point; record amplifier gain level,
location, and ambient weather conditions by voice.

d. For each passby, maintain car test speed for a minimum
of 10 seconds prior to passing the microphone. Main-
tain test speed for the same length of time after
passing the microphone.

e. The passby direction of the motion of the car will be
the same for all runs unless the wind is calm, in
which case either end of the car may lead. 1In this
case, document the car end approaching the microphone.

2.4.4 Effect of Track Construction on Wayside Noig2

The purpose of this sequence of tests is to determine the
effect of the different types of track section construction
on SOAC wayside noise. The test will be evaluated on one
SOAC car at the 90,000-pound weight.

a. Set-up and calibrate the recording system per previ-
ously described procedures at a distance of 50 feet
from the track centerline and at a height of 5 feet
above the rail on the outside of the test loop.

b. Start the recorder prior to the passby of the car.
Identify the test point, location, amplifier gain
level, and ambient weather conditions by voice.

c. For each passby, maintain car test speed for a minimum
time of 10 seconds prior to passing the microphone.
Maintain test speed for the same length of time after
passing the microphone.



4. The passby direction of motion of the car will be the
same for all runs unless the wind is calm, in which
case either end of the car may lead. 1In this case,
document the car end approaching the microphone.

2.4.5 Coupled~Car Wayside Noise Levels

The purpose of this sequence of tests is to determine the
effect on wayside noise of running two SOAC cars at one car
weight (90,000 pounds). Track Section I will be used for the
evaluation.

a. Set-up and calibrate the recording system per previ-
ously described procedures at a distance of 50 feet
from the track centerline and at a height of 5 feet
above the rail on the outside of the test loop.

b. Start the recorder prior to the passby of the car.
Identify the test point, location, amplifier gain,
and ambient weather conditions by voice.

c. For each passby, maintain the car at test speed for a
minimum of 10 seconds prior to passing the microphone.
Maintain test speed for the same length of time after
passing the microphone.

d. The passby direction of motion of the car will be the
same for all runs unless the wind is calm, in which
case either end of the car may lead. 1In this case,
document the car end approaching the microplione.

2.4.6 Car Body Noise Reduction Survey

The purpose of this sequence of tests is to determine the
noise reduction of the SOAC car body. Tests will be conducted
for the sidewall, car floor, and car end. Car weight will be
90,000 pounds.

a. Mount one microphone on the exterior wall of the car,
approximately at midpoint between the sill and roof
(not at a window). Install a nose cone on the forward
facing microphone and route the lead wire through the
nearest passenger door, minimizing all acoustical
leaks.

b. Set-up an interior microphone at a location just in-
side the exterior system. For a sinqgle channel tape
recorder, connect the exterior and interior microphone
leads to a switching box.

c. Calibrate recording system per previously describec
procedures.



d.

2.4.7

-ndentify the test point ard record gain level. Record
at least 15 seconds of data for both the interior and
exterior microphone. Stop the recorder and enter
record number and amplifier gain on a loq sheet.

Repeat steps (a) through (d) for a micrcphone mounted
on the outside at the B end of the car, approximately
at midpoint of the panel adjacent to the end door.

Repeat steps (a) through (d) for a microphone mounted
on the No. 2 truck safety strap on the third rail side
of the car to measure noise of the third rail collector
shoe.

Effect of Resilient Wheels on Wayside Noise

The purpose of this sequence of tests is to determine the
effect of resilient wheels on the wayside noise level of each
of the SOAC cars. Tests will be conducted at 90,000-pound car

welghts.

Car configuration will be the same as for the noise

survey with steel wheels, except that resilient wheels will be
installed.

a.

Set-up and calibrate the recording system per previ-
ously described procedures at each required location.
The microphone shall be located at distance of 50 feet
from the track centerline on the outside of the loop
at a height of 5 feet above the rail.

Start recorder prior to the passby of the car.
Identify the test point, location, record amplifier
gain level, and ambient weather conditions by voice.

For each passby, maintain the car at test speed for a
minimum of 10 seconds nrior to passing by the micro-
phone. Maintain test speed for the same length of
time after passing the microphone.

The passby direction of cthe motion of the car will be
the same for all runs unless the wind is calm, in which
case either end of the car may lead. 1In this case,
document the car end approaching the microphone.

The effect of data repeatability will be decermined
by obtaining three data points at the 50 mph test
condition.

2.5 WAYSIDE DATA

Much of the data obtained at the wayside during car passby was
recorded during variable conditions of temperature and wind
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velocity. As a result, some data recorded on the same car
with the +ehicle at rest and all systems operating display
differences cf 3 to 6 dBA. Corrections have not been made to
these data to "standard day" conditions accounting for wind,
temperature and pressure, and any comparisons which are made
between configurations (e.g., wheels) should account for these
anomalies.

Tre Boeing Vertol Company operates a Calibration/Certification
Laboratory to insure the maintenance of instrumentation stand-
irds traceable to the National Bureau of Standards. Analyzer
characteristics such as filter bandwidths are checked twice
yearly, as are microphone calibrators. Frequency response
characteristics of record systems are typically run prior to
each test program.

The hasic analysis of ali data recorded during - he program con-
sists of a frequency analysis using an "A" weighting network
(see Table 2-3). Selected data points hae also been analyzed
using 1l/3-octave band filters (preferred frequencies) as in
Figures 2-3 through 2-10. All data reported has been con-~
verted to sound pressure levels referenced to 2.0 x 10-5 n/m2,

Where narrow band components required identification, data
were analyzed with a digital analyzer (Federal Scientific UA-6
Spectrum Analyzer). Data from this analysis are presented in
the form of oscilloscope photographs. For passby noise, the
frequency spectra was captured at the maximum level for that
run. These spectral data are presented in Figures 2-11
through 2-18.

2.6 PRELIMINARY ANALYS'S

2.6.1 Comparison with SOAC Goals

A comparison of measured wayside noise levels with SOAC goals
(Figure 2-19) shows that goals have been achieved above 35 mph.
Below 35 mph, the noise of the traction motor blowers estab-
lishes the "A" weighted sound levels of the car.

A comparison of noise levels for each wheel configuration
(Figure 2-20) indicates that the increase in wayside noise of
measured steel wheel levels over the levels for resilient
wheels is 2 to 3 dBA over the car operating speed range, as
is expected.

2.6.2 Effect of Two Cars on Wayside Noise

Comparison of wayside noise levels for single and two-car
trains (Figure 2-21) shows an increase of 3 dABA for the second
car at speeds below 50 mph. At 70 mph, there is an increase
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of 8 dBA over the single car level which may stem from small
magnitude flats on the second car not present on the first car
and not significant at the lower apeeds. No documentation of
wheel flats exists for these test runs for either car, however.
A 2 to 3 dBA increase for the second car would be predicted on
the basis of doubling the number of cars (randoml: phased
sources) and this is confirmed at the lower speed values.

2.6.3 Effect of Wheel and Rail Surface Roughness

Data obtained on the SOAC with wheel flats is substantially
higher than displayed by the wheels after they had been trued.
The initial survey was obtained on the cars after the wheels
had developed numerous flats. Later in the program, the sur-
faces of the wheels were smoothed by removing the flats, using
grinding stones fixed tn» the wheel brake pads, applying a rela-
tively licht load to the brake system, and then towing the car
until the flats had been removed. Noise from these two con-
figurations are compared ip Figure 2-22. Wayside noise is
shown to be dependent cn the number and maagnitude of flats on
the wheels.

Rail surface also plays a role in establishing wayside noise
levels. As expected, the smoothest rail surfaces produce the
lowest noise levels. An illustration of this can be seen by
comparing car noise on each of the six track sections at the
HSGTC. Each section of track was ground smooth, to the same
standards, ir. Fervuary 1973, but Track Section I had more
usage throujhout the year. This section of track is used by
heavy locomotives and equipment cars traveling between the
Army Depot at Pueblo and the test site at the HSGTC. This
generates a rail surface with higher roughness than the other
track sections in the test oval which are used only for test
purposes. In the period since grinding, these latter sections
had been used for SOAC testing only.

A plot of the data obtained in May and June 1973 from each of
these sections (Figure 2-23) reveals a grouping of data for
the relatively unused irack sections, and higher levels for
Track Section I. Measurement of both rail and wheel roughness
should be made in conjunction with noise levels to more accu-
rately assess the efferrt of the wheel/rail interface on way-
side and interior noise.
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Figure 2-3. Wayside Noise at 25 MPH 50 Feet from Track Centerline Data Point 430
(Car No. 1, 90,000 Pounds; Stee/ Wheels; No Flats,; Track Section 1)
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Figure 2—4. Wayside Noise at 35 MPH 50 Feet from Track Centerline Data Point 431

(Car No. 1, 90,000 Pounds; Steel Wheels; No Flats; Track Section 1)
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Figure 2—5. Wayside Noise at 50 MPH 50 Feet from Track Centerline Data Point 432
(Car No. 1, 90,000 Pounds; Steel Wheels; No Flats; Track Section 1)
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Figure 2—6. Wayside Noise at 70 MPH 50 Feet from Track Centerline Cata Point 433
(Car No. 1, 90,000 Pounds, Steel Wheels; No Flats; Track Section 1)
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Figure 2—7. Wayside Noise at 25 MPH 50 Feet from Track Centerline Data Point 587
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Figure 2—8. Wayside Noise at 35 MPH 50 Feet from Track Centerline Data Point 588
(Car No. 1, 90,000 Pounds; Resilient Wheels; Track Section |)
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Figure 2—9. Wayside Noise i 50 MPH 50 Feet from Track Centerline Data Point 590
(Car No. 1, 90,000 Pounds; Resilient Wheels. Track Section 1)
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Figure 2—10. Wayside Noise at 70 MPH 50 Feet from Track Centerline Data Point 591

(Car No. 1; 90,000 Pounds; Resilient Wheels; Track Section 1)
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Figure 2—11. Noise from Undercar Equipment Measured at Ground Level 5 Feet from Car
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Figure 2—12. Noise from Car Equipment Measured on Boarding Piatform
at Passenger Ear Level 5 Feet from Car
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Figure 2—13. Passby Noise at Various Speeds 50 Feet from Track Centerline (Trued Steel
Wheels,; Track Section 1)
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Figure 2—14. Passby Noise at Various Speeds 50 i‘eet from Track Centerline (Two-Car
Train, Steel Wheel Flats,; Track Section I; Clockwise Direction)
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Figure 2—15. Passby Noise at Various Speeds 50 Feet from Track Centerline (1 wo-Car
Train, Steel Wheel Flats,; Track Section I Counterclockwise Direction)
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Figure 2—-16. Passby Noise at Various Speeds 50 Feet from Track Centerline (Two-Car
Train, One Car Powered, 90,000 Pounds, Stcel Wheel Flats,; Track Section 1)
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Figure 2—18. Effect of Wheel Configuration on Wayside Noise 50 Feet from Track Centerline
(90,000 Pounds, Track Section 1)
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Figure 2—19. Effect of Speed on Wayside Noise 50 Feet from Track Centerline
(105,000 Pounds; Resilient Wheels; Track Section 1)
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Figure 2—-20. Effect of Wheel Surface Roughness on Noise 50 Feet from Track Centerline

(90,000 Pounds; Track Section IV)
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Figure 2-21. Effect of Wheel Surface Roughness on Noise 50 Feet from Track Centerline
(Car No. 1, 90,000 Pounds; Trued Stes! Wheels)
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