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1.0 Introduction

Many comments have been received as a result of the Federal Railroad Administration’s
(FRA) issuance of a Proposed Rule for the “Use of Locomotive Horns at Highway-Rail
Grade Crossings”'. This proposal contains many provisions, two of which are addressed
in this study.

The first provision states that the sound level generated by the horn, when measured at
the side of the locomotive, shall not exceed the sound level measured in front of the
locomotive. In the late 1980’s it became the de facto standard to install horns on the
top/center portion of the locomotive. This was done in an attempt to reduce the noise
exposure for the locomotive cab occupants. However, the result was that measured
sound levels off to the side of the locomotive were often higher than levels in front of the
locomotive causing community noise impact. FRA’s Proposed Rule addressed this
condition with a provision that set a performance standard to mitigate the community
noise impact. One possible means of complying would be for railroad operators to
relocate most installed horns to the locomotive front. A large number of negative
comments were received on this provision, focused principally on noise exposure to the
locomotive crew.

The second provision proposed for discussion a range of maximum sound levels for the
railroad horn as follows: a ‘low’ maximum level of 104 dB(A), for use at active
crossings; and a ‘high’ maximum level of 111 dB(A), for use at passive crossings. This
was also included in response to public concerns of unacceptable community noise
exposure.

In response to comments on these two provisions, the FRA, in conjunction with the
Volpe National Transportation Systems Center, Environmental Measurement and
Modeling Division, has undertaken a measurement study with the primary objective of
documenting precisely the effect of installation location on the sound level output and
directivity of railroad horns. This study examined through measurements, the sound level
inside and around the locomotive for five types of horns, installed in four locations on
two models of locomotive. By measuring and documenting the sound level around
multiple horn and locomotive combinations in a consistent manner, the change in
impacted area, warning effectiveness, and cab noise levels, caused by a change of horn
type, installation location or locomotive model, can be evaluated. Secondary objectives of
these measurements were to document the effect of the 104 and 111 dBA(A) maximum
level settings.

This letter report documents the sound level around the locomotive produced by each
horn / installation location / locomotive combination.



2.0 Measurements

Measurements were conducted at the Transportation Test Center Inc. (TTCI), in Pueblo,
CO, during the period April 10-12, 2001. The Test Center was selected for its remote
location, which makes it ideal for acoustic testing. In addition, TTCI had available two
types of locomotives and all necessary support equipment and personnel. Appendix A
lists the members of the research team and their responsibilities.

2.1 Horns, Locomotives, and Installation Locations

The following five horns, provided by the manufacturers, were utilized for
measurements. These horns represent the majority of horns that are currently in use.

1.) Airchime K-5-LA: A five-chime horn,
operating at frequencies of 311, 370, 415,
494, and 622 Hz. The horn is rated by the
manufacturer to have a sound level output
of 114 dB(A) at 100 ft with a 90 psi air

supply.
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Figure 1. Airchime K-5-LA

2.) Airchime K-5-LAR24: Same as the above
horn with 3 chimes facing forward and 2
chimes (370 and 494 Hz) facing rearward.

3.) Leslie RS-3L: A three-chime horn, operating
at frequencies of 255, 311, and 440 Hz. The
horn is rated by the manufacturer to have a
sound level output of 114 dB(A) at 100 ft
with a 100 psi air supply.
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Figure 3. Leslie RS-3L



4.) Leslie RS-3L-RF: Same as the above horn
with one chime (440 Hz) facing rearward.
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Figure 4. Leslie

5.) Airchime P-3: A three-chime horn,
operating at frequencies of 277, 330, and
440 Hz. The horn is rated by the
manufacturer to have a sound level
output of 114 dB(A) at 100 ft with a 90

psi air supply.
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Figure 5. Airchime P-3

The two locomotives used were chosen to be representative of both older (1970’s)
and newer (1990°s) technologies. They are depicted in Figures 6 and 7 and
described as follows: (1.) an older General Motors EMD GP-40-2, Serial
#786143-1. Overall dimensions: 15.2 feet in height, 10.2 feet in width, 59.2 feet
in length. (2.) a newer General Motors EMD SD60MAC, BNSF #9501. Overall
dimensions: 15.9 feet in height, 10.5 feet in width, 71.6 feet in length.

Figure 6. General Motors EMD GP-40-2



Figure 7. General Motors EMD SD60MAC

Four installation locations, described below and depicted in Figure 8, were chosen
as representative of those currently in service. Note that all horns were centered
over the width of the locomotive.

-

P, = o, - = ...u-
R D e, T o et

Figure 8. Horn Installation Locations

(1.)Center Installation
a. GP-40. Installed on the top of the locomotive, 16 feet above ground level,
30 feet from the front of the locomotive.
b. SD60MAC. Installed on the top of the locomotive, 16 feet above ground
level, 40 feet from the front of the locomotive.
(2.)Cab Roof Installation
a. GP-40. Installed on the top of the cab roof, 16 feet above ground level, 10
feet from the front of the locomotive.
b. SD60MAC. Installed on the top of the cab roof, 16 feet above ground
level, 7 feet from the front of the locomotive.
(3.)Front Hood Installation



a. GP-40. Installed on the top of the front hood, 12 feet above ground level,
5 feet from the front of the locomotive.

b. SD60MAC. Installed on the top of the front hood, 12 feet above ground
level, 3 feet from the front of the locomotive.

(4.)Knuckle (Coupler) Installation

a. GP-40. Installed above the coupler, 3 feet above ground level, 0 feet from
the front of the locomotive.

b. SD60MAC. Installed above the coupler, 3 feet above ground level, 0 feet
from the front of the locomotive.

To facilitate installation changes, each horn was mounted on the locomotive using a
magnetic base, and connected to the main air reservoir (pressurized to between 130 and
140 psi) via the main reservior hose located on the front of the locomotive, next to the
coupler. A control valve and pressure gauge were placed in the air line to monitor and
gulate the air pressure delivered to the horn. Figure 9 shows this setup.

S e b
Figure 9. Air Pressure Control Valve/Pressure Gauge

2.2 Sound Measurement Locations

Sound level measurement instrumentation was positioned inside and around the
locomotive in locations that would satisfy three types of measurement requirements: (1.)
sound level as a function of location around the locomotive (directivity), at a constant
distance from the horn, (2.) sound level per FRA certification regulations, at a constant
distance from the front of the locomotive, and (3.) sound level inside the locomotive cab.
Figure 10 is a plan view showing the measurement locations.

For directivity measurements, fourteen microphones were positioned as follows: four
microphones, located 200 and 400 ft from the front of the horn and 200 and 400 ft to the
side of the horn (90 degrees relative to the front of the horn), were connected to Larson-
Davis Model 824 Sound Level Meter / Analyzers which were set up to measure and
record both the overall A-weighted sound level and the sound level in one-third octave
bands from 25 Hz to 10 kHz, at one-second intervals. The remaining ten microphones
were positioned in a circular array at 45-degree increments, 100 and 200 feet from the



horn, and connected to Larson-Davis Model 820 Sound Level Meters which were set up
to measure and record the overall A-weighted sound level at one-second intervals. All
distances were measured from the horn, allowing direct comparisons to be made between
horn / locomotive / installation location configurations.

For FRA certification measurements, two microphones were positioned at a distances of
100 and 200 ft from the front of the locomotive, and connected to Larson-Davis Model
820 Sound Level Meters, which were set up to measure and record the overall A-
weighted sound level at one-second intervals.

To measure sound levels in the locomotive cab, a microphone was connected to a Larson-
Davis Model 820 Sound Level Meter which was set up to measure and record the overall
A-weighted sound level at one-second intervals. The microphone was placed inside the
locomotive cab, ear-level at the engineer’s typical position. Locomotive cab interior
sound levels were measured both with the windows open (on both sides of the cab) and
closed.

Distance (ft)
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7 A Directivity Measurement Location (Sound Level + One-Third Octave-Band Sound Level)
500 - B Directivity and Cab Interior FRA Certification Location

Measurement Location (measured from front of locomotive)
(sound level only)

Figure 10. Plan View of Measurement Locations



2.3 Test Matrix

Sound levels were measured for each horn/locomotive/installation location combination
in accordance with three sound level/air pressure criteria. The first criteria was such that
the horn was set to a constant air pressure (constant pressure tests). This allowed for
accurate documentation of the barrier effect or shadow zone created by installing the horn
in the center position on top of the locomotive. In this case, the air pressure delivered to
the horn was 135 psi. This is the maximum pressure that could be consistently
maintained in the main air reservoir.

The second and third criteria were such that the sound level output of the horn was
adjusted (by adjusting the air pressure delivered to the horn) so that it achieved a
specified level of (1.) 96 dB(A) and (2.) 111 dB(A) at a position 100 ft in front of the
locomotive(constant level tests).

Tables 1 and 2 summarize the test matrix for the GP-40 and SD60MAC, respectively.

Table 1. Test Matrix, GP-40 Locomotive

Horn Test Number Installation Test Criteria Air Pressure delivered
Location to horn (psi)

K-5-LA 1B Center 96 dB(A) 50

7B Cab Roof 12*

10C Front Hood 10*

11C Knuckle 10*
K-5-LA Center 111 dB(A) ok

TA Cab Roof 90

10B Front Hood 95

11B Knuckle 90
K-5-LA 1A Center 135 psi 135

6A Cab Roof 135

10A Front Hood 135

11A Knuckle 135
K-5-LAR24 4B Center 96 dB(A) 65
K-5-LAR24 4A Center 135 psi 135
RS-3L 3B Center 96 dB(A) 50

8B Cab Roof 24

9C Front Hood 20

12C Knuckle 20
RS-3L Center 111 dB(A) oAk

SA Cab Roof 135

9B Front Hood 85

12B Knuckle 66
RS-3L 3A Center 135 psi 135

SA Cab Roof 135

9A Front Hood 135

12A Knuckle 135
RS-3L-RF 2B Center 96 dB(A) 50
RS-3L-RF 2A Center 135 psi 135




*This is below the pressure required for some of the horns (chimes) to sound.

**Not possible to measure data for test criteria of 111 dB(A), maximum achievable sound level is
102 dB(A)

***Not possible to measure data for test criteria of 111 dB(A), maximum achievable sound level
is 101 dB(A)

Table 2. Test Matrix, SD60MAC Locomotive

Horn Test Number Installation Test Criteria | Air Pressure delivered
Location to horn (psi)
K-5-LA Center 96 dB(A) *
15C Cab Roof 46
14C Front Hood 32
13C Knuckle 32
K-5-LA Center 111 dB(A) *
15B Cab Roof 100
14B Front Hood 88
13B Knuckle 105
K-5-LA 16A Center 135 psi 135
15A Cab Roof 135
14A Front Hood 135
13A Knuckle 135
P-3 19A Cab Roof 135 psi 135
18A Knuckle 135
* Not possible to measure data for test criteria of 96 dB(A) or 111 dB(A), maximum achievable
level is 92 dB(A)

2.4 Measurement Procedure

Each acoustic measurement system was calibrated and the time-base was synchronized to
a master clock at the beginning of each test day. Acoustic data were then measured
simultaneously at the 17 positions for the duration of the test day.

A total of six uncontaminated events were measured for each of the specified test criteria
in Tables 1 and 2. An event was defined as a 30-second period during which the horn
was sounded continuously. To ensure the event was acoustically uncontaminated, wind
speed and direction were measured continuously; if the wind speed exceeded 10 mph at
any time during the event, the event was discarded. Baseline ambient noise levels at the
test site, dominated by the idling locomotive, were always less than 65 dB(A). Since
horn sound levels exceeded 75 dB(A) even at the farthest measurement locations,
acoustic contamination from other noise sources was not a concern.

Because the measurement setup consisted of measurement systems that were both a
constant distance from the horn and a constant distance from the front of the locomotive,
a realignment of the locomotive and certification measurement systems was performed
when the horn installation location was changed. In this manner, the horn and directivity
measurement systems were kept at a fixed relative location for the duration of the study.



3.0 Acoustic Data Reduction

The contiguous, 1-second, A-weighted sound level data measured at each location were
examined to determine the start and stop time for each event, as defined by the 10 dB-
down period. The Maximum A-weighted Sound Level with slow time-weighting (Lasmx)
and Equivalent A-weighted sound level (Laeq) metrics for each event were calculated and
transferred to a spreadsheet. The six events comprising each of the specified test criteria
in Tables 1 and 2 were arithmetically averaged in the spreadsheet to determine a
representative Lagmy and Laeq for each criteria.

For comparative purposes, and to eliminate slight variations in sound level,
measurements at all positions for the constant level criteria were normalized to the
criteria level at the 100 ft certification microphone (i.e., if the average sound level at the
100 ft certification microphone for the 96 dB(A) criteria was 95.5 dB(A), 0.5 dB(A) was
added to the levels at all 17 microphones in the array). This normalization process
resulted in no more than a 2.1 dB(A) adjustment, with the majority of adjustments (84%),
less than 1.0 dB(A).

In addition, it was desirable to make comparisons using data that are representative of a
certification level of 104 dB(A) at 100 ft forward of the locomotive. This level, along
with 111 dB(A), are specified as a maximum allowable level in the Proposed Rule.
These data were derived by subtracting 7 dB(A) from the measurements representing the
111 dB(A) criteria. Manufacturers literature”, which states that sound level distribution
around the horn is the same for all operating pressures, seems to support the validity of
this type of empirical derivation.

If the 96 dB(A) or 111 dB(A) constant level criteria could not be met (i.e., the maximum
achievable level at 100 ft forward of the locomotive was less than the criteria level), the
data the constant pressure test data (i.e., the data that were representative of the maximum
achievable levels) were normalized to the criteria level so that comparisons could be
performed. For example, it was not possible to measure data for the 111 dB(A) test
criteria for a K-5-LA installed in the center location on a GP-40 locomotive. The
maximum sound level measured (using the maximum air pressure of 135 psi) at the
position 100 ft forward of the locomotive was 101.4 dB(A). Therefore, 9.6 dB(A) were
added to the aforementioned data, resulting in data that are representative of the 111
dB(A) criteria. Data that were derived through extrapolation are flagged and identified as
such in subsequent sections. Table 3 summarizes the sources of each set of data and
shows the magnitude of the extrapolation, where appropriate.



Table 3. Summary of Data Sources

Installation Test Critera

Horn Engine Location 96 dB(A) 104 dB(A) 111 dB(A) 135 psi
K-5 GP-40 Center Test 1B Test 1A +2.6 dBA Test 1A +9.6 dBA Test 1A
K-5 GP-40 Cab Roof |[Test7B Test 7A - 7 dBA Test 7A Test 6A
K-5 GP-40 Front Hood|Test 10C Test 10B - 7 dBA Test 10B Test 10A
K-5 GP-40 Knuckle |Test11C Test 11B - 7 dBA Test 11B Test 11A
RS-3L GP-40 Center Test 3B Test 3A +4.1 dBA Test 3A+11.1 dBA  Test 3A
RS-3L GP-40 Cab Roof |[Test 8B Test 8A - 7 dBA Test 8A Test 8A
RS-3L GP-40 Front Hood|Test 9C Test 9B - 7 dBA Test 9B Test 9A
RS-3L GP-40 Knuckle |[Test 12C Test 12B - 7 dBA Test 12B Test 12A
K-5-LAR24 GP-40 Center Test 4B Test4A +5.2 dBA Test4A +12.2dBA  Test4A
K-5-LAR24 GP-40 Cab Roof |Test5A —15dBA Test 5A - 7 dBA Test SA Test 5SA
RS-3L-RF GP-40 Center Test 2B Test 2A + 3.8 dBA Test2A +10.8 dBA  Test 2A
K-5 MAC-60 Center Test 16A +3.7dBA  Test 16A+11.7dBA  Test 16A +18.7dBA  Test 16A
K-5 MAC-60 Cab Roof [Test 15C Test 15B - 7 dBA Test 15B Test 15A
K-5 MAC-60 Front Hood|Test 14C Test 14B - 7 dBA Test 14B Test 14A
K-5 MAC-60 Knuckle [Test 13C Test 13B - 7 dBA Test 13B Test 13A
P-3 MAC-60 Cab Roof [Test 19A —15dBA  Test 19A - 7 dBA Test 19A Test 19A
P-3 MAC-60 Knuckle |Test I8A—15dBA  Test 18A - 7 dBA Test 18A Test 18A

Tables of the average Lacq at each microphone position for each test criteria can be found
in Appendix B. Directivity contours, which are structured to allow comparisons between
installation locations, can be found in Appendix C.
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4.0 Data Analysis

In this study, the data collected can be used to empirically derive excess ground
attenuation and horn installation. Excess ground attenuation results from propagation
over acoustically soft ground (as was the case in this study). The ground surface will
generally absorb some of the sound, resulting in lower sound levels at a distance from the
source. The lower the height of the sound source, the greater the attenuation. Likewise,
the locomotive body can effect sound propagation by creating a sound level reduction, or
‘shadow’ around the locomotive, called the horn installation effect. The sound level
reduction is most pronounced in front of the locomotive, when the horn is installed in the
center. This reduction is greatest at close distances, decreasing with increasing distance.

Because a horn operating at a fixed pressure will, theoretically, always produce the same
sound level output at a given measurement location, the sound level data measured for
the constant pressure test criteria data should be identical for all horn/locomotive
installations. Any relative differences in these data are caused by the horn installation
effect and/or excess ground attenuation. Sections 4.1 and 4.2, respectively, describe how
the constant pressure sound level data were used to empirically derive the horn
installation effect and the excess ground attenuation.

4.1 Horn Installation Effect (Ainst)

The magnitude of the sound level reduction in front of the locomotive for the center-
installed horn was determined by comparing the sound level data measured 100, 200 and
400 ft directly in front of the locomotive for the center installation with the comparable
data measured for the cab-roof installation. Because the cab-roof installed horn is at the
same height as the center-installed, it was assumed that there was no difference in the
excess ground attenuation, and any differences between these installations could be
attributed to the horn installation effect. A similar comparison was performed for the
other directivity angles.

Figure 11 graphically depicts the installation effect, showing the average Lacq as a
function of angular directivity. In general, it can be seen that the presence of the
locomotive body (a GP-40 in this example) results in a 10 dB reduction in sound level
100 feet from the front of the horn (70 feet from the front of the locomotive). For this
particular horn/locomotive combination, the reduction in sound level drops to 9 dB, 200
ft from the front of the horn, and 8.1 dB, 400 feet from the front of the horn. This graphic
shows that there is a slight increase (0.2 to 0.7 dB(A)) in sound level at the 45-degree
position (this increase, however, is negligible) and there is essentially no effect at the 90-
degree position.
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Figure 11. Center-Installed vs. Cab Roof Installed Sound Levels

Table 4 summarizes the magnitude of the installation effect for each horn /locomotive
combination tested for the measurement positions directly in front of the locomotive. In
general, it can be said that the magnitude of the installation effect decreases 1 to 2 dB(A)
for every doubling of distance. The installation effect will be insubstantial when there is
a visual line-of-sight to the horn.

Table 4. Summary of Installation Effect
Installation Effect (Anst) dB(A)

Distance from Horn to Distance from Horn (ft)
Horn Engine Front of Locomotive (ft) 100 200 400
K-5-LA GP-40 30 -10 -9 -8.1
K-5-LAR24 GP-40 30 -10.8 -9.1 -9.5
RS-3L GP-40 30 -9.8 -7.9 -6.8
K-5-LA MAC-60 40 -18.3 -15.7 -15.1

4.2 Excess Ground Attenuation (Agnp)

The reduction in sound level over distance, caused by excess ground attenuation,
geometric spreading, and atmospheric absorption, is usually reported in terms of a drop-

12



off rate (X dB per distance doubling). As stated in Section 4.0, geometric spreading
causes 6 dB reduction for every doubling of distance, and atmospheric absorption can be
effectively neglected for the small distances and low frequencies examined in the current
study. Any variance measured in drop-off rate from 6 dB(A) can therefore be attributed
to excess ground attenuation. The following Tables summarize the drop-off rate (dB /
distance doubling) for each horn installation as a function of angle, for the measurement

locations depic

ted in Figure 10.

Table S. Drop off rate (Lseq at 200 ft minus La.q at 100 ft)

for Center-Installed Horns (16 feet above ground level)

Angular Position

Engine Horn 0 degrees 315 degrees 270 degrees 225 degrees 90 degrees Average
GP-40 K-5-LA * -4.7 -5.8 -4.6 -6.3 -5.3
GP-40 RS-3L * -4.2 -8.1 -5.1 -6.4 -6.0
GP-40 K-5-LAR24  * -4.8 -6.9 -5.3 -7.4 -6.1
GP-40 RS-3L-RF * -4.7 -5.5 -5.1 -53 -5.1
MAC-60 K-5-LA * -4.5 -8.9 -4.7 -5.4 -5.9
Average -4.6 -7.0 -4.9 -6.2 -5.7
* Due to the influence of the locomotive body at this position, it was eliminated from analysis.
Table 6. Drop off rate (Lacq at 200 ft minus La.q at 100 ft)
for Cab Roof-Installed Horns (16 feet above ground level)
Angular Position
Engine Horn 0 degrees 315degrees 270degrees 225 degrees 90 degrees Average
GP-40 K-5-LA -6.8 -5.0 -8.6 -4.7 -7.2 -6.5
GP-40 RS-3L -6.3 -5.2 -9.2 -5.3 -7.5 -6.7
GP-40  K-5-LAR24 -6.2 -5.3 -7.8 -3.8 -6.9 -6.0
MAC-60 K-5-LA -6.7 -6.1 -8.2 -4.3 -6.8 -6.4
MAC-60 P-3 -9.2 -3.8 -8.2 -2.3 -5.7 -5.8
Average -7.1 -5.1 -8.4 -4.1 -6.8 -6.3
Table 7. Drop off rate (Lacq at 200 ft minus La.q at 100 ft)
for Front Hood-Installed Horns (12 feet above ground level)
Angular Position
Engine Horn 0 degrees 315degrees 270degrees 225 degrees 90 degrees Average
GP-40 K-5-LA -7.1 -7.6 -7.2 -5.7 -7.5 -7.0
GP-40 RS-3L -6.6 -6.5 -1.5 -7.8 -8.7 -7.4
MAC-60 K-5-LA -6.8 -7.2 -8.4 -5.3 -9.6 -7.5
Average -6.8 -7.1 -7.7 -6.3 -8.6 -7.3
Table 8. Drop off rate (LAeq at 200 ft minus LAeq at 100 ft)
for Knuckle-Installed Horns (3 feet above ground level)
Angular Position
Engine  Horn 0 degrees 315degrees270degrees 225 degrees 90 degrees Average
GP-40 K-5-LA -8.0 -9.2 -8.4 -7.2 -7.8 -8.1
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GP-40 RS-3L -8.4 -9.3 -8.3 -6.5 -7.1 -7.9

MAC-60 K-5-LA -94 -9.0 -10.3 9.2 -7.9 -9.2
MAC-60 P-3 -17.4% -18.0* -15.2%* -13.1%* -7.3* -14.2*
Average -8.6 -9.2 -9.0 -7.6 -7.6 -8.4

*1t is unclear why the drop-off rate for this horn is much larger than the others. It was eliminated
from analysis and not reflected in the presented averages.

It can be seen that, as expected, the drop-off rate increases with decreasing horn height,
that is to say that the drop-off rate is higher for propagation paths closer to the
acoustically soft ground. The average drop-off rates are 5.7 dB, 6.3 dB, 7.3 dB, and 8.4
dB for the horn placed at heights of 16 ft, 16 ft, 12 ft, and 3 ft, respectively. Because the
cab-roof-installed and center-installed horns were at the same height, the results were
averaged together. As a result, for the 16 ft height, the average drop-offis 6.0 dB; this
signifies that there is no excess ground attenuation at 16 ft.

4.3 Directional vs. Bi-Directional Horns

Figure 12 shows a plot of the directivity of the directional Airchime K-5-LA in contrast
to the directivity of the bi-directional Airchime K-5-LAR24. These data are
representative of sound levels measured at 100 ft for a cab-roof installation under
constant pressure test conditions.

180

Angle (deg)

o K-5-LAR24
O K-5-LA

270
Figure 12. Directivity of Directional vs Bi-Directional Horn
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As expected, the bi-directional horn projects less sound pressure to the front of the
locomotive and more sound pressure to the rear of the locomotive, as compared to the
directional horn. Table 9 shows that this trend is also evident in other horn/installation
location combinations. Note that the sound level differences measured at 90 degrees
appear to vary with installation location.

Table 9. Sound Level Output Differences: Directional vs. Bi-Directional Horns

Cab-Roof Center
Horn / Engine 0 degrees 90 degrees | 180 0 degrees 90 degrees | 180
degrees degrees

K5 minus K5R 1.8 2.1 -1.3 2.6 -1 -1.4
GP40
RS3L minus RS- 0.7 -0.2 -3.1
3L-RF
GP40

4.4 Locomotive Cab Interior Noise Levels

Tables 10 and 11 and Figure 13 summarize the sound levels measured in the locomotive
cab interior. In general, the following conclusions can be reached:
e There is a negligible difference in interior levels between the cab roof and front hood

positions.

e Moving the horn from the cab-roof to the center of the locomotive or the front
knuckle will provide a substantial reduction in interior levels, usually between 3 and 18

dB(A).

¢ Closed windows provide between 5 and 15 dB(A) of sound level reduction. This is
consistent with previous research on the sound level reduction of automobile windows?.
e Levels in the newer SD60MAC average 5.5 dB(A) lower than in the older GP-40.

Table 10. GP-40 Average Sound Levels, (La¢q) in the Locomotive Cab

Horn

K-5-LA

K-5-LA

K-5-LA

K-5-
LAR24
K-5-
LAR24

Installation
Location

Center
Cab Roof
Front Hood
Knuckle
Center

Cab Roof
Front Hood
Knuckle
Center
Cab Roof
Front Hood
Knuckle
Center

Cab Roof
Center
Cab Roof

Test Criteria

96 dB(A)

111 dB(A)

135 psi

96 dB(A)

135 psi

LAeq’
Windows
Open
96.5

96.7
92.1
110.2%*
105.1
105.4
98.0
100.6
104.9
108.7
99.4
97.8
89.3**
101.4
104.0

LAeq’
Windows
Closed
82.2
82.9
81.8
79.2
96.4%**
96.5
94.2
90.6
86.8
96.3
98.8
91.8
84.3
83.0**
86.0
97.7
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Horn Installation Test Criteria Laeqs Laeqs

Location Windows Windows
Open Closed
RS-3L Center 96 dB(A) 93.0 82.8
Cab Roof 96.2 92.4
Front Hood 95.7 91.4
Knuckle 87.8 74.6
RS-3L Center 111 dB(A) 109.1** 08.8%*
Cab Roof 105.3 98.1
Front Hood 105.8 93.1
Knuckle 95.2 83.8
RS-3L Center 135 psi 98.0 87.7
Cab Roof 106.1 98.9
Front Hood 95.3
Knuckle 96.6 86.4
RS-3L- Center 96 dB(A) 94.6 83.4
RF
RS-3L- Center 135 psi 99.7 87.4
RF

Table 11. SD60MAC Average Sound Levels, (Lacq) in the Locomotive Cab

Installation Test L acqs Lcqs
Horn Location Criteria Windows Windows
Open Closed
K-5-LA Center 96 dB(A) 98.4%* 83.1%*
Cab Roof 90.2 81.4
Front Hood 88.7 80.2
Knuckle
K-5-LA Center 111 dB(A) 113.4%* 98.1**
Cab Roof 99.4 91.8
Front Hood 104.9 90.7
Knuckle 92.2 79.7
K-5-LA Center 135 psi 94.7 79.4
Cab Roof 99.4 92.5
Front Hood 103.9 91.2
Knuckle 93.2 80.7
P-3 Cab Roof 135 psi 94.5 89.1

Knuckle 91.3 76.7
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Figure 13. Locomotive Cab Interior Noise Levels
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Federal Railroad Administration, Office of Passenger Programs:

David Vaenstein, Environmental Program Manager
Mr. Vaenstein was responsible for the senior management of all aspects of the study.

Federal Railroad Administration, Transportation Technology Center Inc.:

Gunars Spons, FRA Resident Engineering Manager
Mr. Spons served as the main point-of-contact at TTCI, and participated in pre-test
planning.

Volpe National Transportation Systems Center, Environmental M easurement and
Modeling Division:

Amanda S. Rapoza, Acoustics Engineer
Ms. Rapozawas in charge of all aspects of the study design, acoustic measurements, data
reduction and data analysis.

Gregg G. Fleming, Chief, Environmental Measurement and Modeling Division
Mr. Fleming was responsible for the senior management of all aspects of the study.

Cynthia S.Y. Lee, Acoustics Engineer
Ms. Leewasin charge of all of the acoustics-related instrumentation, and was a member
of the team that performed the acoustic measurements.

Clay Reherman, Acoustics Engineer
Mr. Reherman was a member of the team that performed the acoustic measurements, and
participated in data reduction and analysis of excess ground attenuation.

David R. Read, Computer Specialist
Mr. Read was responsible for the development, configuration, and testing of the
acoustics-related instrumentation.

Judith Rocaht, Acoustics Engineer
Dr. Rochat was responsible for the development of the enhancements to the spreadsheet
program which calculates acoustic signal detectability.

Transportation Test Center, Inc.
Mr. Thomas Roderick, Test Controller
Mr. Roderick was responsible for all railroad-related aspects of the study, including

locomotive positioning, air pressure regulation setup, and horn operation.

Mr. Mark White, Senior Engineer
Mr. White was responsible for test planning and oversight.
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Table B-1
As-Measured Acoustic Data
Airchime K-5-LA, Center-Installed, GP-40 Locomotive
135 psi delivered to horn

Offset LAeq

Mic#  Offset (ft) (deg) (dB(A))

1 100 0 103.1
2 200 0 98.0
3 400 0 91.3
4 100 45 110.6
5 200 45 106.0
6 100 90 105.3
7 200 90 99.1
8 400 90 93.6
9 100 135 104.7
10 200 135 100.2
11 100 180 93.7
12 200 180 90.8
13 100 270 106.0
14 200 270 99.8
1C 130 0 101.4
2C 230 0 96.8
150  Cab, Windows Open 100.6
15C  Cab, Windows Closed 86.8

One-Third Octave Band Sound Levels (dB)

Offset Offset
Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 0 68.9 61.4 704 600 48.7 503 51.6 526 883 924  86.3 71.7
3 400 0 64.3 55.7 61.3 53.0 437 414 411 43.7 82.3 88.7 84.1 75.9
8 400 90 69.8 60.9 70.2 622 496 440 422 400 759 844 827 903

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz 4000 Hz 5000 Hz 6300 Hz 8000 Hz 10000 Hz

89.4 90.3 88.4 83.3 89.7 86.3 84.7 81.7 79.4 76.3 71.7 66.4
79.0 79.6 82.7 80.1 80.2 80.8 78.2 74.3 713 66.4 59.6 513
90.7 82.2 79.5 76.9 78.6 74.7 73.2 67.9 63.1 56.6 48.6 38.7
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Table B -2
As-Measured Acoustic Data
Airchime K-5-LA, Center-Installed, GP-40 Locomotive
96 dB(A) 100 ft forward of the locomotive

Offset LAeq

Mic#  Offset (ft) (deg) (dB(A))

1 100 0 97.4
2 200 0 92.2
3 400 0 85.7
4 100 45 105.1
5 200 45 100.4
6 100 90 100.4
7 200 90 94.0
8 400 90 88.7
9 100 135 100.8
10 200 135 96.1
11 100 180 89.8
12 200 180 86.6
13 100 270 101.4
14 200 270 95.0
1C 130 0 95.7
2C 230 0 91.3
150  Cab, Windows Open 100.6
15C  Cab, Windows Closed 86.8

One-Third Octave Band Sound Levels (dB)

Offset Offset
Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 o 684 609 703 60.0 471 499 464 49.7 86.0 90.1 83.1 732
3 400 0 63.8 550 610 528 415 413 362 398 788 854 788 742
8 400 90 694 608 702 61.7 472 442 364 350 739 819 782 833

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz_ 4000 Hz 5000 Hz_ 6300 Hz 8000 Hz 10000 Hz
8l.6 839 842 778 824 185 763 727 704 666 617 558
717 719 764 761 732 706 69.7 657 622 565 490 399
8.3 782 7717 732 711 680 643 583 531 453 373 284
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Leslie RS-3L-RF, Center-Installed, GP-40 Locomotive

Table B -3
As-Measured Acoustic Data

135 psi delivered to horn

. Offset LAeq
Mic#  Offset (ft) (deg) (dB(A))
1 100 0 101.9
2 200 0 97.3
3 400 0 91.0
4 100 45 106.7
5 200 45 102.3
6 100 90 103.3
7 200 90 98.6
8 400 90 933
9 100 135 102.8
10 200 135 98.5
11 100 180 94.0
12 200 180 90.3
13 100 270 103.7
14 200 270 99.0
1C 130 0 100.2
2C 230 0 95.8
150  Cab, Windows Open 100.6
15C  Cab, Windows Closed 86.8

One-Third Octave Band Sound Levels (dB)

Offset Offset

Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz
2 200 o 682 61.1 706 60.1 47.0 493 475 883 909 859 86.0 80.1
3 400 0 633 551 o611 527 40.7 414 380 77.8 825 817 8l.5 823
§ 400 90 69.1 60.5 700 614 459 44.6 374 71.0 777 787 81.0 82.7
800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz 4000 Hz 5000 Hz 6300 Hz 8000 Hz 10000 Hz
83.4  90.8 90.0 845 88.5 85.2 81.4 795773 73.2 68.5 62.9
77.8 81.1 81.9 822 83.3 779 744  72.6 69.0 63.5 57.0 48.5
86.4 86.4 88.8 785 78.1 73.1 71.1 65.5 60.6 53.0 457 352
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Table B -4
As-Measured Acoustic Data
Leslie RS-3L-RF, Center-Installed, GP-40 Locomotive
96 dB(A) 100 ft forward of the locomotive

Offset LAeq

Mic#  Offset (ft) (deg) (dB(A))

1 100 0 97.8
2 200 0 93.6
3 400 0 88.3
4 100 45 103.2
5 200 45 98.3
6 100 90 101.0
7 200 90 95.2
8 400 90 89.2
9 100 135 100.7
10 200 135 94.9
11 100 180 89.8
12 200 180 87.0
13 100 270 100.4
14 200 270 94.6
1C 130 0 96.1
2C 230 0 92.7
150  Cab, Windows Open 94.7
15C  Cab, Windows Closed 83.5

One-Third Octave Band Sound Levels (dB)

Offset Offset
Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 0o 684 613 702 60.0 459 49.0 46.7 874 883 84.1 87.6 802
3 400 0 635 554 o6l1.1 525 394 417 374 762 77.1 784 815 79.8
8 400 90 689 60.7 69.8 609 460 428 36.6 71.0 764 762 824 80.5

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz_ 4000 Hz 5000 Hz_ 6300 Hz 8000 Hz 10000 Hz
779 868 864 823 &4 790 764 749 712 668 605 545
752 798 792 787 794 749 724 678 644 591 520 420
81.7 832 84 728 714 668 620 569 515 464 389 288
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Table B -5
As-Measured Acoustic Data
Leslie RS-3L, Center-Installed, GP-40 Locomotive
135 psi delivered to horn

Offset LAeq

Mic#  Offset (ft) (deg) (dB(A))

1 100 0 102.6
2 200 0 98.2
3 400 0 93.8
4 100 45 106.9
5 200 45 102.8
6 100 90 103.0
7 200 90 97.1
8 400 90 87.9
9 100 135 101.2
10 200 135 96.7
11 100 180 90.9
12 200 180 87.1
13 100 270 103.7
14 200 270 97.8
1C 130 0 100.9
2C 230 0 97.2
150  Cab, Windows Open 98.0
15C  Cab, Windows Closed 87.7

One-Third Octave Band Sound Levels (dB)

Offset Offset
Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 o 681 612 705 603 472 49.1 474 885 903 88.0 884 858
3 400 0 632 555 619 530 41.6 423 390 772 785 79.2 803 834
8 400 90 688 602 69.2 605 459 454 426 740 79.1 804 809 79.7

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz_ 4000 Hz 5000 Hz_ 6300 Hz 8000 Hz 10000 Hz
824 892 912 89 85 8.8 840 797 767 723 67.0 61.1
80.1 844 8.4 847 864 831 799 759 716 649 583 499
782 798 184 780 770 745 670 651 596 517 439 332
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Table B -6
As-Measured Acoustic Data
Leslie RS-3L, Center-Installed, GP-40 Locomotive
96 dB(A) at 100 ft

Offset LAeq

Mic#  Offset (ft) (deg) (dB(A))

1 100 0 98.1
2 200 0 93.9
3 400 0 88.8
4 100 45 103.4
5 200 45 99.1
6 100 90 99.9
7 200 90 93.0
8 400 90 82.6
9 100 135 99.5
10 200 135 93.8
11 100 180 86.4
12 200 180 84.2
13 100 270 100.3
14 200 270 93.4
1C 130 0 96.4
2C 230 0 933
150  Cab, Windows Open 93.4
15C  Cab, Windows Closed 83.2

One-Third Octave Band Sound Levels (dB)

Offset Offset
Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 o 681 615 703 603 465 486 46.7 87.8 874 837 88.6 843
3 400 0 63.0 558 620 53.0 404 418 383 765 769 753 805 802
8 400 90 687 60.1 693 60.1 46.1 433 402 73.1 764 752 809 753

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz_ 4000 Hz 5000 Hz_ 6300 Hz 8000 Hz 10000 Hz
803 858 8.6 832 822 788 790 741 704 655 599 537
76.6 8.0 8.0 787 797 764 745 704 653 586 514 420
729 745 707 662 658 626 583 535 478 415 329 236
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Table B -7
As-Measured Acoustic Data
Airchime K-5-1LAR24, Center-Installed, GP-40 Locomotive
135 psi

Offset LAeq

Mic#  Offset (ft) (deg) (dB(A))

1 100 0 100.5
2 200 0 96.0
3 400 0 89.3
4 100 45 108.5
5 200 45 103.3
6 100 90 106.2
7 200 90 99.0
8 400 90 93.1
9 100 135 107.0
10 200 135 101.5
11 100 180 95.1
12 200 180 91.9
13 100 270 106.0
14 200 270 98.8
1C 130 0 98.8
2C 230 0 95.0
150  Cab, Windows Open 101.4
15C  Cab, Windows Closed 86.0

One-Third Octave Band Sound Levels (dB)

Offset Offset
Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 o 682 619 704 605 476 489 503 52.1 885 939 899 803
3 400 0 632 572 623 534 412 419 405 412 77.1 847 8l.1 739
8 400 90 692 609 69.8 61.1 492 450 452 428 775 825 84.6 883

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz_ 4000 Hz 5000 Hz_ 6300 Hz 8000 Hz 10000 Hz
83.1 862 8.2 848 846 849 87 777 738 698 639 573
793 803 785 787 8.0 785 763 717 67.1 615 542 445
87.6 845 81.8 82 788 770 743 685 646 571 489  39.0
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Table B -8
As-Measured Acoustic Data
Airchime K-5-1LAR24, Center-Installed, GP-40 Locomotive
96 dB(A)

Offset LAeq

Mic#  Offset (ft) (deg) (dB(A))

1 100 0 97.6
2 200 0 93.5
3 400 0 87.0
4 100 45 104.2
5 200 45 99.8
6 100 90 102.4
7 200 90 94.8
8 400 90 87.7
9 100 135 104.0
10 200 135 99.0
11 100 180 92.9
12 200 180 90.1
13 100 270 103.9
14 200 270 96.3
1C 130 0 95.9
2C 230 0 92.9
150  Cab, Windows Open 97.7
15C  Cab, Windows Closed 84.2

One-Third Octave Band Sound Levels (dB)

Offset Offset
Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 o 683 61.7 702 60.1 467 489 472 492 869 91.7 87.0 83.1
3 400 0 633 57.1 621 528 41.1 424 395 394 758 834 774 764
8 400 90 69.0 60.5 69.5 608 480 449 412 393 762 803 80.0 82.0

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz_ 4000 Hz 5000 Hz_ 6300 Hz 8000 Hz 10000 Hz
83.0 81.7 824 841 82.0 798 784 737 682 626 56.6 49.6
767 766 770 772 777 762 726 675 626 560 484  38.0
825 717 759 789 724 694 684 612 567 487 40.6  31.1
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Table B -9
As-Measured Acoustic Data
Airchime K-5-LAR24, Cab Roof-Installed, GP-40 Locomotive
135 psi/ 111 dB(A)

Offset LAeq

Mic#  Offset (ft) (deg) (dB(A))

1 100 0 111.3
2 200 0 105.1
3 400 0 98.8
4 100 45 108.2
5 200 45 102.9
6 100 90 103.8
7 200 90 96.9
8 400 90 88.3
9 100 135 104.7
10 200 135 100.9
11 100 180 93.8
12 200 180 90.4
13 100 270 105.7
14 200 270 98.8
1C 130 0 110.7
2C 230 0 104.5
150  Cab, Windows Open 104.0
15C  Cab, Windows Closed 97.7

One-Third Octave Band Sound Levels (dB)

Offset Offset
Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 o 67.1 61.1 682 59.1 476 495 592 58.0 90.6 986 957 994
3 400 0 625 569 614 51.0 422 425 490 475 79.1 884 854 0915
8 400 90 688 60.6 694 604 482 450 458 447 795 841 813 83.6

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz_ 4000 Hz 5000 Hz_ 6300 Hz 8000 Hz 10000 Hz
977 936 937 932 9.1 925 91.8 888 859 824 785 738
91.8 892 883 870 9.3 8.0 8.1 84 776 722 659 58.0
88 777 759 740 733 708 701 626 585 50.1 423 311
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Table B -10
As-Measured Acoustic Data
Airchime K-5-LA, Cab Roof-Installed, GP-40 Locomotive
135 psi

Offset LAeq

Mic#  Offset (ft) (deg) (dB(A))

1 100 0 113.1
2 200 0 107.0
3 400 0 99.4
4 100 45 109.9
5 200 45 104.5
6 100 90 105.9
7 200 90 99.2
8 400 90 91.2
9 100 135 104.0
10 200 135 99.5
11 100 180 92.5
12 200 180 88.9
13 100 270 105.8
14 200 270 99.1
1C 130 0 112.5
2C 230 0 106.1
150  Cab, Windows Open 104.9

15C  Cab, Windows Closed

One-Third Octave Band Sound Levels (dB)

Offset Offset
Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 0 669 61.1 681 59.0 525 508 59.1 614 905 992 99.1 983
3 400 0o 623 57.1 617 512 478 440 499 51.6 79.6 894 88.1 8§95
8 400 90 68.6 608 70.0 60.6 49.6 451 474 455 802 850 856 853

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz_ 4000 Hz 5000 Hz_ 6300 Hz 8000 Hz 10000 Hz
101.8 962 962 955 958 928 937 91.1 887 841 811  76.0
944 897 883 878 9.0 8.5 89 89 781 728 67.0 594
8.5 787 789 786 788 73.0 739 684 633 563 479 369
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As-Measured Acoustic Data
Airchime K-5-LA, Cab Roof-Installed, GP-40 Locomotive

Table

B-11

111 dB(A)
. Offset LAeq
Mic#  Offset (ft) (deg) (dB(A))
1 100 0 111.2
2 200 0 106.3
3 400 0 97.8
4 100 45 107.5
5 200 45 102.7
6 100 90 104.0
7 200 90 96.6
8 400 90 86.7
9 100 135 103.0
10 200 135 98.4
11 100 180 92.6
12 200 180 88.6
13 100 270 105.2
14 200 270 97.8
1C 130 0 110.6
2C 230 0 105.6
150  Cab, Windows Open 104.7
15C  Cab, Windows Closed 96.1

One-Third Octave Band Sound Levels (dB)

Offset Offset

Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz
> 20 0 670 612 681 59.1 516 502 577 579 893 98.1 964 99.2
3400 0 624 563 614 513 465 437 493 484 769 883 850 89.4
§ 400 90 681 602 693 599 472 449 439 428 788 83.1 814 798

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz 4000 Hz 5000 Hz 6300 Hz 8000 Hz 10000 Hz

101.0 943 95.1 96.8 95.0 93.0 91.0 88.9  86.8 82.7 78.5 74.0
92.2 86.5 86.5 88.1 87.8 86.7 83.9 80.3 76.7 71.5 65.4 57.4
81.5 73.1 73.6 753 729 669 675 62.2 57.1 489 408 31.0
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Table B -12
As-Measured Acoustic Data
Airchime K-5-LA, Cab Roof-Installed, GP-40 Locomotive
111 dB(A)

Offset LAeq

Mic#  Offset (ft) (deg) (dB(A))

1 100 0 97.1
2 200 0 91.9
3 400 0 83.4
4 100 45 94.5
5 200 45 89.8
6 100 90 92.1
7 200 90 84.6
8 400 90 72.3
9 100 135 90.7
10 200 135 85.6
11 100 180 80.4
12 200 180 75.4
13 100 270 91.2
14 200 270 83.7
1C 130 0 96.4
2C 230 0 91.5
150  Cab, Windows Open
15C  Cab, Windows Closed 83.3

One-Third Octave Band Sound Levels (dB)

Offset Offset
Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 o 674 61.1 677 582 441 46.6 441 465 853 793 878 86.9
3 400 0 629 56.6 608 504 396 405 365 36.6 722 69.0 756 77.1
8 400 90 683 59.6 683 584 434 421 355 344 746 657 704 649

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz_ 4000 Hz 5000 Hz_ 6300 Hz 8000 Hz 10000 Hz
80.0 848 89 796 772 729 697 657 611 543 465 365
711 783 762 704 706 667 616 559 504 41.1 304 207
570 594 583 495 464 395 345 325 265 222 191 18.7
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Table B -13
As-Measured Acoustic Data
Leslie RS-3L, Cab Roof-Installed, GP-40 Locomotive
135 psi/ 111 dB(A)

Offset LAeq

Mic#  Offset (ft) (deg) (dB(A))

1 100 0 112.4
2 200 0 106.1
3 400 0 100.6
4 100 45 106.9
5 200 45 102.2
6 100 90 103.3
7 200 90 97.3
8 400 90 85.6
9 100 135 100.8
10 200 135 96.6
11 100 180 89.9
12 200 180 84.8
13 100 270 103.3
14 200 270 97.3
1C 130 0 111.8
2C 230 0 105.5
150  Cab, Windows Open 106.1
15C  Cab, Windows Closed 98.9

One-Third Octave Band Sound Levels (dB)

Offset Offset
Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 0o 672 608 681 587 478 516 525 87.6 927 934 97.0 975
3 400 0 627 564 612 51.1 429 449 443 752 82.1 83.0 874 904
8 400 90 68.0 60.0 69.1 594 466 442 424 746 803 781 786 79.6

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz_ 4000 Hz 5000 Hz_ 6300 Hz 8000 Hz 10000 Hz
97.1 974 975 956 9.0 932 926 899 871 839 801 755
908 924 920 907 927 895 8.5 824 718 725 666 593
749 766 775 737 739 713 624 599 536 455 378 275
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Table B -14
As-Measured Acoustic Data
Leslie RS-3L, Cab Roof-Installed, GP-40 Locomotive
96 dB(A)

Offset LAeq

Mic#  Offset (ft) (deg) (dB(A))

1 100 0 98.1
2 200 0 94.9
3 400 0 84.6
4 100 45 96.4
5 200 45 90.6
6 100 90 92.5
7 200 90 83.6
8 400 90 73.6
9 100 135 92.6
10 200 135 86.3
11 100 180 84.1
12 200 180 79.7
13 100 270 95.4
14 200 270 86.5
1C 130 0 97.5
2C 230 0 93.8
150  Cab, Windows Open 97.7
15C  Cab, Windows Closed 93.9

One-Third Octave Band Sound Levels (dB)

Offset Offset
Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 0 668 61.0 675 58.0 445 474 441 833 863 774 93.6 882
3 400 0 623 562 609 503 392 407 362 704 728 656 822 785
8 400 90 679 60.2 68.5 584 448 434 370 713 73.6 614 73.1 658

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz_ 4000 Hz 5000 Hz_ 6300 Hz 8000 Hz 10000 Hz
89.7 8.6 798 780 755 719 689 639 596 547 478 393
794 759 712 696 685 657 60.6 538 48.0 408 315 21.6
626 587 51,6 479 451 417 329 30,6 247  20.1 19.8  19.6
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Table

B -15

As-Measured Acoustic Data
Leslie RS-3L, Front Hood-Installed, GP-40 Locomotive

135 psi
. Offset LAeq
Mic#  Offset (ft) (deg) (dB(A))
1 100 0 113.3
2 200 0 106.1
3 400 0 99.0
4 100 45 109.3
5 200 45 103.3
6 100 90 104.7
7 200 90 97.2
8 400 90 91.2
9 100 135 101.4
10 200 135 94.1
11 100 180 90.6
12 200 180 84.4
13 100 270 103.8
14 200 270 95.6
1C 130 0 112.3
2C 230 0 105.2
150  Cab, Windows Open
15C  Cab, Windows Closed 95.3

One-Third Octave Band Sound Levels (dB)

Offset Offset

Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 0 68.7 609 678 583 46.1 53.1 56.1 89.6 845 100.1 96.9 98.2

3 400 0 643 545 60.1 512 409 474 487 779 754 929 894 894

7 200 90 750 652 77.6 683 542 522 512 821 863 899 869 924

8 400 90 699 61.1 71.8 62.7 46.5 456 429 738 71.0 802 786 86.2

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz 4000 Hz 5000 Hz 6300 Hz 8000 Hz 10000 Hz
91.8 934 979 966 977 92.1 93.2 88.2 879 83.8 81.1 76.7
87.5 86.2 85.4 88.8 92.5 89.8 8.0 779 793 73.8 67.9 622
90.7 89.8 87.0 84.3 84.3 82.1 76.3 73.8  69.7  64.1 58.8 52.2
85.2 84.5 829 758 77.5 774 678 650 59.7 523 459  36.8
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Leslie RS-3L, Front Hood-Installed, GP-40 Locomotive

One-Third Octave Band Sound Levels (dB)

Table

B -16

As-Measured Acoustic Data

111 dB(A)
. Offset LAeq
Mic#  Offset (ft) (deg) (dB(A))
1 100 0 111.7
2 200 0 104.9
3 400 0 97.6
4 100 45 108.1
5 200 45 102.2
6 100 90 103.2
7 200 90 95.3
8 400 90 89.1
9 100 135 101.1
10 200 135 93.6
11 100 180 89.5
12 200 180 82.8
13 100 270 102.6
14 200 270 94.2
1C 130 0 110.9
2C 230 0 104.0
150  Cab, Windows Open 105.7
15C  Cab, Windows Closed 93.0

Offset Offset

Mic # (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 0 683 605 679 580 465 514 551 90.0 824 99.0 979 943

3 400 0 63.8 542 603 513 41.8 448 468 769 732 927 91.1 86.0

7 200 90 74.6 650 779 68.7 542 52.1 49.7 746 84.0 88.6 892 90.5

8 400 90 694 612 721 63.0 469 456 415 734 692 79.5 80.7 84.8

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz 4000 Hz 5000 Hz 6300 Hz 8000 Hz 10000 Hz
90.2 92.0 96.7 97.6 94.9 89.9 91.4 85.6 86.2 82.5 78.4 74.1
87.0 84.6 84.9 90.2 90.0 83.8 78.6 80.6 76.1 71.2 66.2 59.7
89.5 87.5 83.8 82.2 80.5 74.6 71.7 66.4 63.4 59.6 54.7 47.8
83.8 82.3 79.1 73.3 73.6 69.7 62.4 58.9 54.2 48.4 41.6 324

B-17



Leslie RS-3L, Front Hood-Installed, GP-40 Locomotive

Table

B-17

As-Measured Acoustic Data

96 dB(A)
. Offset LAeq
Mic#  Offset (ft) (deg) (dB(A))
1 100 0 94.9
2 200 0 91.2
3 400 0 83.8
4 100 45 94.4
5 200 45 86.7
6 100 90 92.4
7 200 90 82.6
8 400 90 75.3
9 100 135 91.2
10 200 135 82.7
11 100 180 79.2
12 200 180 73.2
13 100 270 91.2
14 200 270 81.5
1C 130 0 95.4
2C 230 0 90.3
150  Cab, Windows Open 95.1
15C  Cab, Windows Closed 90.8

One-Third Octave Band Sound Levels (dB)

Offset Offset

Mic # (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 o0 684 609 67.6 582 433 478 445 84.6 80.7 881 92.6 69.7

3 400 0 63.8 546 599 509 389 420 362 727 71.1 80.8 851 615

7 200 90 745 651 773 672 524 525 46.1 479 77.0 76.1 8277 757

8 400 90 694 612 715 61.6 453 454 36.7 693 627 669 745 71.0

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz 4000 Hz 5000 Hz 6300 Hz 8000 Hz 10000 Hz
78.7 76.4 71.0 70.4 67.5 64.5 63.4 514 494 46.3 40.7 31.2
74.8 65.9 61.3 63.5 63.0 61.2 51.3 429 41.2 34.2 29.5 21.6
74.5 66.9 57.5 51.2 52.5 47.9 43.0 43.8 39.7 37.1 334 30.6
69.0 62.6 53.5 45.9 43.6 42.5 34.2 36.0 31.0 25.7 22.1 20.7



Table

B-18

As-Measured Acoustic Data
Airchime K-5-LA, Front Hood-Installed, GP-40 Locomotive

135 psi
. Offset LAeq
Mic#  Offset (ft) (deg) (dB(A))
1 100 0 114.5
2 200 0 106.3
3 400 0 100.1
4 100 45 111.5
5 200 45 104.0
6 100 90 106.4
7 200 90 98.7
8 400 90 92.2
9 100 135 104.3
10 200 135 99.4
11 100 180 91.2
12 200 180 85.6
13 100 270 106.7
14 200 270 99.0
1C 130 0 113.3
2C 230 0 105.9
150  Cab, Windows Open 108.7
15C  Cab, Windows Closed 98.8

One-Third Octave Band Sound Levels (dB)

Offset Offset

Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 0o 688 612 677 585 51.8 527 605 6277 909 96.8 959 995

3 400 0 644 548 602 51.7 47.1 469 510 528 819 905 89.1 922

7 200 90 75.1 651 775 68.6 56.0 524 544 810 845 855 905 95.6

8 400 90 699 610 71.6 63.0 49.6 459 46.0 428 70.6 79.1 812 894

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz 4000 Hz 5000 Hz 6300 Hz 8000 Hz 10000 Hz
98.3 954 954 969 975 90.8 944 88.9  89.2 84.4 81.6 77.1
95.0 88.3 84.4 89.3 91.8 89.5 83.1 79.5 804  73.6 69.1 62.6
95.0 87.4 86.0 80.1 85.3 81.0 80.4 763 73.8  68.6 62.4 55.9
88.4 82.4 81.3 77.1 73.5 75.1 70.7 668 620 559  48.1 38.8
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One-Third Octave Band Sound Levels (dB)

Table

B-19

As-Measured Acoustic Data
Airchime K-5-LA, Front Hood-Installed, GP-40 Locomotive

111 dB(A)
. Offset LAeq
Mic#  Offset (ft) (deg) (dB(A))
1 100 0 112.4
2 200 0 104.6
3 400 0 98.5
4 100 45 109.6
5 200 45 102.2
6 100 90 102.5
7 200 90 95.4
8 400 90 89.4
9 100 135 103.1
10 200 135 97.5
11 100 180 89.5
12 200 180 83.5
13 100 270 102.9
14 200 270 96.7
1C 130 0 111.4
2C 230 0 104.2
150  Cab, Windows Open 105.8
15C  Cab, Windows Closed 94.6

Offset Offset

Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 0 685 61.1 679 584 477 506 533 581 904 962 941 091.0

3 400 0 64.1 548 604 514 428 444 454 48.6 822 90.2 879 84.0

7 200 90 7477 648 77.6 687 556 52.6 504 782 838 842 877 905

8 400 90 695 61.0 71.8 632 485 459 42.0 38.1 70.0 783 79.1 85.1

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz 4000 Hz 5000 Hz 6300 Hz 8000 Hz 10000 Hz
95.7 920 956 966 965 89.5 92.1 86.2 872 824  78.6 74.2
93.2 85.0 84.0 894 913 86.9 80.2 80.0  78.7 70.8 67.6 59.9
92.6 84.3 80.2 79.3 82.1 782 767 736 706 643 58.1 52.8
86.5 792 76.1 76.7 704 721 66.8 633 57.8 51.5 43.7 357
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Table

B -20

As-Measured Acoustic Data
Airchime K-5-LA, Front Hood-Installed, GP-40 Locomotive

96 dB(A)
. Offset LAeq
Mic#  Offset (ft) (deg) (dB(A))
1 100 0 95.4
2 200 0 88.4
3 400 0 81.4
4 100 45 93.8
5 200 45 85.7
6 100 90 90.7
7 200 90 81.8
8 400 90 74.8
9 100 135 89.2
10 200 135 82.6
11 100 180 78.2
12 200 180 71.7
13 100 270 89.7
14 200 270 81.1
1C 130 0 95.2
2C 230 0 87.6
150  Cab, Windows Open 95.9
15C  Cab, Windows Closed 81.0

One-Third Octave Band Sound Levels (dB)

Offset Offset

Mic # (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 0 685 60.8 67.7 581 43.1 479 446 469 849 83.6 822 847

3 400 0 63.8 545 598 50.8 388 422 368 379 756 777 7155 772

7 200 90 74.6 651 773 66.8 528 529 47.0 495 79.8 63.8 789 78.8

8 400 90 694 612 714 614 459 450 37.6 338 67.7 623 69.7 722

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz 4000 Hz 5000 Hz 6300 Hz 8000 Hz 10000 Hz
74.3 78.8 80.6 75.4 72.1 63.2 66.0 55.4 56.0 50.1 42.8 32.7
73.5 73.6 69.4 66.8 66.7 62.2 56.7 45.2 46.1 41.0 27.7 21.4
74.6 70.0 71.4 57.2 57.4 49.5 44.6 45.7 42.2 38.7 323 26.9
67.2 64.7 67.4 56.9 46.7 41.1 40.0 38.5 34.2 27.1 21.3 20.3
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As-Measured Acoustic Data

Table

B -21

Airchime K-5-LA, Knuckle-Installed, GP-40 Locomotive

135 psi
. Offset LAeq
Mic#  Offset (ft) (deg) (dB(A))
1 100 0 112.0
2 200 0 104.7
3 400 0 96.3
4 100 45 111.8
5 200 45 103.2
6 100 90 104.8
7 200 90 96.4
8 400 90 88.3
9 100 135 98.9
10 200 135 91.9
11 100 180 82.7
12 200 180 75.6
13 100 270 104.7
14 200 270 97.0
1C 130 0 112.2
2C 230 0 104.4
150  Cab, Windows Open 99.4
15C  Cab, Windows Closed 91.8

One-Third Octave Band Sound Levels (dB)

Offset Offset

Mic # (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 0o 688 60.7 68.0 59.1 483 49.1 539 569 881 92.0 89.8 96.2

3 400 0 642 548 60.5 515 429 438 446 465 760 849 800 874

7 200 90 747 649 776 68.1 56.7 5277 547 813 82.0 873 882 89.8

8 400 90 69.5 60.7 71.7 62.5 495 457 46.2 438 689 76.1 757 80.3

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz 4000 Hz 5000 Hz 6300 Hz 8000 Hz 10000 Hz
94.9 90.9 89.9 93.1 96.8 97.7 93.7 84.6 87.7 85.3 78.4 76.6
87.0 81.7 81.1 83.9 87.5 89.2 87.3 81.9 74.0 72.7 68.8 60.0
90.6 83.2 85.7 86.4 88.0 81.3 78.0 71.1 73.9 68.2 61.4 56.5
82.4 74.6 77.2 78.0 80.4 75.9 76.4 70.1 61.7 55.5 50.9 40.2
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One-Third Octave Band Sound Levels (dB)

Table

B -22

As-Measured Acoustic Data
Airchime K-5-LA, Knuckle-Installed, GP-40 Locomotive

111 dB(A)
. Offset LAeq
Mic#  Offset (ft) (deg) (dB(A))
1 100 0 110.3
2 200 0 103.6
3 400 0 95.0
4 100 45 110.8
5 200 45 102.2
6 100 90 103.3
7 200 90 95.3
8 400 90 87.6
9 100 135 96.9
10 200 135 89.6
11 100 180 80.3
12 200 180 73.7
13 100 270 102.5
14 200 270 94.8
1C 130 0 110.7
2C 230 0 103.4
150  Cab, Windows Open 97.7
15C  Cab, Windows Closed 90.3

Offset Offset

Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 0 68.6 610 682 594 46.7 483 51.1 539 877 91.8 89.0 87.6

3 400 0 64.1 549 61.0 522 419 429 407 43.6 762 847 793 8l1.2

7 200 90 7477 648 777 684 564 53.0 53.1 789 817 864 876 888

8 400 90 69.6 60.7 72.0 63.0 49.2 457 447 403 68.6 756 758 799

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz 4000 Hz 5000 Hz 6300 Hz 8000 Hz 10000 Hz
93.7 89.1 86.8 923 952  98.0 929 82.7  8e.1 83.3 76.9 74.9
85.2 79.1 77.2 83.2 85.7 89.3 859 783 72.9 71.6 65.1 57.2
89.4 81.2 85.3 85.6 86.8 789 749 693 719 640 595 53.1
81.7  73.0 777 78.0 80.0 743 740  66.5 57.5 55.0 483 37.2
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Table

B -23

As-Measured Acoustic Data
Airchime K-5-LA, Knuckle-Installed, GP-40 Locomotive

96 dB(A)
. Offset LAeq
Mic#  Offset (ft) (deg) (dB(A))
1 100 0 93.7
2 200 0 85.9
3 400 0 76.5
4 100 45 95.5
5 200 45 85.2
6 100 90 88.2
7 200 90 78.7
8 400 90 69.7
9 100 135 84.0
10 200 135 76.7
11 100 180 71.2
12 200 180 61.4
13 100 270 88.7
14 200 270 80.7
1C 130 0 93.9
2C 230 0 85.5
150  Cab, Windows Open 90.0
15C  Cab, Windows Closed 77.1

One-Third Octave Band Sound Levels (dB)

Offset Offset

Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 0 68.6 60.6 679 588 432 476 441 469 825 773 789 829

3 400 0 64.0 547 605 513 390 422 373 39.0 70.0 693 68.6 73.8

7 200 90 745 652 774 66.6 524 531 471 499 769 714 76.0 73.0

8 400 90 694 608 71.6 61.1 456 453 38.6 349 63.6 61.7 653 64.3

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz 4000 Hz 5000 Hz 6300 Hz 8000 Hz 10000 Hz
75.5 773 731 73.8 736 70.8 656 529  55.1 525 419 326
66.8  67.1 66.0 638 635 625 589 488 415 383  29.0 19.8
71.1 67.1 68.8 643 61.6 499 458 464 451 40.7 369  32.0
634 590 613 56.6 548 440 428 402 338 297 260 214
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Table

B -24

As-Measured Acoustic Data
Leslie RS-3L, Knuckle-Installed, GP-40 Locomotive

135 psi
. Offset LAeq
Mic#  Offset (ft) (deg) (dB(A))
1 100 0 112.9
2 200 0 105.1
3 400 0 96.1
4 100 45 109.2
5 200 45 100.9
6 100 90 103.1
7 200 90 97.0
8 400 90 89.1
9 100 135 96.3
10 200 135 91.2
11 100 180 81.1
12 200 180 76.0
13 100 270 102.4
14 200 270 95.4
1C 130 0 112.3
2C 230 0 104.8
150  Cab, Windows Open 96.6
15C  Cab, Windows Closed 86.4

One-Third Octave Band Sound Levels (dB)

Offset Offset

Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 0 68.7 606 68.1 592 458 499 495 888 933 949 91.0 95.1

3 400 0 64.1 549 606 513 414 448 41.6 79.0 79.7 857 822 850

7 200 90 745 650 775 679 554 521 52.0 85.0 863 90.8 851 872

8 400 90 694 60.6 71.7 62.1 475 455 445 728 726 773 727 779

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz 4000 Hz 5000 Hz 6300 Hz 8000 Hz 10000 Hz
924 917 923 95.6 987 96.7 912 85.6 879 83.0 792 75.4
84.1 80.7  82.7 85.9 89.4 88.5 85.3 784 732 72.9 66.8 58.9
83.6 86.3 89.2 90.6 86.3 85.0 772 698 713 65.8 58.2 54.6
75.3 71.7 80.9 834 790 790 750 695 62.7 50.3 47.6  40.1
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One-Third Octave Band Sound Levels (dB)

Table

B -25

As-Measured Acoustic Data
Leslie RS-3L, Knuckle-Installed, GP-40 Locomotive

111 dB(A)
. Offset LAeq
Mic#  Offset (ft) (deg) (dB(A))
1 100 0 110.5
2 200 0 102.5
3 400 0 94.1
4 100 45 106.8
5 200 45 97.9
6 100 90 100.2
7 200 90 933
8 400 90 84.3
9 100 135 94.4
10 200 135 88.5
11 100 180 80.7
12 200 180 73.4
13 100 270 99.7
14 200 270 92.2
1C 130 0 110.2
2C 230 0 102.3
150  Cab, Windows Open 94.4
15C  Cab, Windows Closed 83.0

Offset Offset

Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 0 685 606 682 59.0 457 485 489 89.1 909 935 92.0 92.6

3 400 0 639 549 609 513 41.1 429 412 785 785 84.6 83.7 83.0

7 200 90 743 652 77.6 67.6 545 523 513 77.1 847 89.0 86.6 849

8 400 90 69.1 60.7 71.7 61.8 469 452 427 739 71.7 762 738 752

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz 4000 Hz 5000 Hz 6300 Hz 8000 Hz 10000 Hz
90.8 89.2  90.1 94.1 95.0 934  88.0 834 854 79.0 76.8 71.4
829 795 80.8 84.8 87.2 85.7 82.3 73.0  73.1 70.0 623 56.1
81.9 83.1 86.1 84.0 81.1 77.1 69.5 62.5 63.5 60.5 522 477
73.0 747 776 764 73.6 703 67.1 62.0 559 466 400 323
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Table

B -26

As-Measured Acoustic Data
Leslie RS-3L, Knuckle-Installed, GP-40 Locomotive

96 dB(A)
. Offset LAeq
Mic#  Offset (ft) (deg) (dB(A))
1 100 0 96.3
2 200 0 87.8
3 400 0 78.9
4 100 45 94.1
5 200 45 83.4
6 100 90 89.9
7 200 90 80.8
8 400 90 70.1
9 100 135 83.3
10 200 135 75.1
11 100 180 73.7
12 200 180 65.5
13 100 270 89.8
14 200 270 83.0
1C 130 0 96.3
2C 230 0 87.7
150  Cab, Windows Open 88.1
15C  Cab, Windows Closed 74.9

One-Third Octave Band Sound Levels (dB)

Offset Offset

Mic # (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 0 685 60.7 682 590 432 479 440 839 824 844 86.9 76.7

3 400 0o 640 548 61.1 51.7 38.6 42.0 360 740 714 762 785 669

7 200 90 743 651 774 66.6 525 525 46.1 525 758 784 80.6 70.5

8 400 90 69.1 60.7 71.6 609 453 451 374 678 625 653 687 633

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz 4000 Hz 5000 Hz 6300 Hz 8000 Hz 10000 Hz
79.4 76.1 67.9 70.9 70.7 69.4 61.9 49.8 49.7 46.1 43.1 32.5
70.9 62.9 59.0 61.3 62.5 62.7 54.8 39.7 39.5 34.3 27.9 20.7
69.5 67.5 61.1 60.3 56.4 52.5 43.0 45.3 40.7 36.8 34.8 31.0
61.5 59.1 533 53.2 49.3 46.7 39.7 38.2 31.9 26.1 23.0 20.9
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As-Measured Acoustic Data

Table

B -27

Airchime K-5-LA, Knuckle-Installed, SD60MAC Locomotive

135 psi
. Offset LAeq
Mic#  Offset (ft) (deg) (dB(A))
1 100 0 112.0
2 200 0 103.6
3 400 0 92.0
4 100 45 110.1
5 200 45 101.6
6 100 90 103.1
7 200 90 94.8
8 400 90 83.9
9 100 135 97.2
10 200 135 88.6
11 100 180 79.0
12 200 180 71.8
13 100 270 103.2
14 200 270 95.4
1C 130 0 112.0
2C 230 0 103.5
150  Cab, Windows Open 93.2
15C  Cab, Windows Closed 80.7

One-Third Octave Band Sound Levels (dB)

Offset Offset

Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 0 662 649 594 50.6 482 454 505 548 892 86.0 959 83.6

3 400 0 635 o6l1.1 593 50.0 43.1 427 442 451 749 783 83.6 73.1

7 200 90 70.0 704 656 609 575 527 545 51.7 859 780 855 887

8 400 90 64.8 66.1 624 56.1 503 443 46.0 43.7 755 693 736 779

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz 4000 Hz 5000 Hz 6300 Hz 8000 Hz 10000 Hz
96.3 89.1 874 91.0 937 951 947 913 864  81.8 78.2 73.7
86.7 78.5 76.5 80.5 81.8 82.7 80.7 784  76.1 70.9 64.7 57.8
89.1 80.3 82.7 83.4 86.4 81.9 81.9 76.0 695 62.5 59.1 54.4
79.5 704 724 721 744  70.1 69.1 63.9 59.6 52.5 450 355
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As-Measured Acoustic Data

Table

B -28

Airchime K-5-LA, Knuckle-Installed, SD60MAC Locomotive

111 dB(A)
. Offset LAeq
Mic#  Offset (ft) (deg) (dB(A))
1 100 0 110.9
2 200 0 102.8
3 400 0 93.1
4 100 45 109.3
5 200 45 100.8
6 100 90 102.4
7 200 90 93.7
8 400 90 81.1
9 100 135 97.0
10 200 135 87.4
11 100 180 78.5
12 200 180 71.1
13 100 270 103.2
14 200 270 95.5
1C 130 0 111.0
2C 230 0 103.0
150  Cab, Windows Open
15C  Cab, Windows Closed

One-Third Octave Band Sound Levels (dB)

Offset Offset

Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 0 694 668 595 510 477 46.1 493 528 883 855 925 86.2

3 400 0 651 619 591 50.0 43.0 429 428 438 73.6 789 804 77.1

7 200 90 746 730 663 612 57.0 53.1 53.0 504 854 779 822 872

8 400 90 695 689 62.8 56.6 50.0 451 44.6 43.0 753 695 702 758

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz 4000 Hz 5000 Hz 6300 Hz 8000 Hz 10000 Hz
96.4 88.7 874 91.1 93.9 942 93.6 89.3 82.7 78.6 76.8 71.9
87.6 783 77.2 81.7 83.7 84.5 82.7 80.0 77.1 70.5 63.5 55.8
89.1 78.3 80.8 82.3 84.4 80.6 81.0 764 73.0 655 60.1 54.2
78.1 669 68.0 68.1 68.5 63.5 62.4  56.6 524 447 372 292
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As-Measured Acoustic Data

Table

B -29

Airchime K-5-LA, Knuckle-Installed, SD60MAC Locomotive

96 dB(A)
. Offset LAeq
Mic#  Offset (ft) (deg) (dB(A))
1 100 0 97.1
2 200 0 88.4
3 400 0 78.3
4 100 45 96.8
5 200 45 86.7
6 100 90 91.1
7 200 90 81.7
8 400 90 69.9
9 100 135 85.6
10 200 135 76.2
11 100 180 70.5
12 200 180 62.7
13 100 270 92.3
14 200 270 84.2
1C 130 0 97.6
2C 230 0 88.1
150  Cab, Windows Open
15C  Cab, Windows Closed

One-Third Octave Band Sound Levels (dB)

Offset Offset

Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 0o 61.6 602 577 48.7 425 41.1 427 450 846 77.0 87.0 82.6

3 400 0 598 572 582 493 40.7 39.7 384 372 69.1 689 750 735

7 200 90 64.8 648 624 58.1 54.0 49.1 46.7 447 812 69.0 740 80.1

8 400 90 59.6 604 599 532 455 404 383 39.7 71.1 588 619 679

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz 4000 Hz 5000 Hz 6300 Hz 8000 Hz 10000 Hz
78.8 76.3 77.7 737 729 713 71.3 61.6  56.8 540 486 375
70.0 674  69.1 64.1 64.2 633 629 534 49.1 42.6 333 22.4
722 682 721 61.3 61.2 53.2 532 499 495 464 434 384
61.2 56.8 582 485 466 383 379 331 32.1 28.3 24.1 21.0
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One-Third Octave Band Sound Levels (dB)

Table

B -30

As-Measured Acoustic Data
Airchime K-5-LA, Front Hood-Installed, SD60MAC Locomotive

135 psi
. Offset LAeq
Mic#  Offset (ft) (deg) (dB(A))
1 100 0 113.2
2 200 0 105.6
3 400 0 99.5
4 100 45 112.5
5 200 45 105.1
6 100 90 107.0
7 200 90 100.0
8 400 90 91.1
9 100 135 102.4
10 200 135 97.7
11 100 180 84.9
12 200 180 84.2
13 100 270 108.2
14 200 270 99.6
1C 130 0 112.1
2C 230 0 105.5
150  Cab, Windows Open
15C  Cab, Windows Closed

Offset Offset

Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 o 720 73.6 627 518 564 521 599 61.1 920 86.6 99.6 99.4

3 400 o 672 67.7 599 49.6 518 477 502 50.8 803 80.1 909 929

7 200 90 76.6 810 71.2 619 623 56.7 582 559 903 91.7 885 96.7

8 400 90 706 756 662 563 557 493 503 49.0 80.6 849 79.7 869

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz 4000 Hz 5000 Hz 6300 Hz 8000 Hz 10000 Hz
97.6  93.1 943 946 963 91.6 93.0 90.1 86.8 84.0 80.3 75.8
93.1 88.2 85.5 87.0 902 90.2 86.7 81.1 78.2 74.1 69.0 618
96.6 86.6 89.9 82.6 83.6 779 81.9 77.2 722  68.1 62.0 55.6
86.8 71.7 80.1 76.0 797 743 732 688  63.7 57.0 488 39.1
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One-Third Octave Band Sound Levels (dB)

Table

B -31

As-Measured Acoustic Data
Airchime K-5-LA, Front Hood-Installed, SD60MAC Locomotive

111 dB(A)
. Offset LAeq
Mic#  Offset (ft) (deg) (dB(A))
1 100 0 111.3
2 200 0 104.2
3 400 0 97.9
4 100 45 108.9
5 200 45 102.3
6 100 90 103.3
7 200 90 96.6
8 400 90 87.3
9 100 135 101.6
10 200 135 96.3
11 100 180 85.8
12 200 180 84.1
13 100 270 107.7
14 200 270 97.9
1C 130 0 110.3
2C 230 0 104.2
150  Cab, Windows Open 104.2
15C  Cab, Windows Closed 90.0

Offset Offset

Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 0 646 622 582 498 492 475 545 570 90.6 859 97.0 98.6

3 400 0 61.6 58.6 583 49.0 455 442 468 47.0 788 79.0 879 90.8

7 200 90 695 68.0 639 59.6 548 51.8 502 51.5 89.5 913 857 85.1

8 400 90 644 63.1 60.7 54.6 472 437 425 440 800 844 773 749

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz 4000 Hz 5000 Hz 6300 Hz 8000 Hz 10000 Hz
969 919 949 950 93.0 89.8 89.3 88.7  83.7 81.4 77.0 725
91.8 87.1 87.7 87.0 87.0 88.1 84.8 809 772 71.8 65.9 58.2
93.7 84.4 87.4 83.4 83.6 75.0 76.2 72.6 678  62.7 57.1 51.7
83.7 751 76.7 74.3 75.8 683 66.7  62.0 56.6 495 41.8 33.1
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As-Measured Acoustic Data
Airchime K-5-LA, Front Hood-Installed, SD60MAC Locomotive

96 dB(A)
. Offset LAeq
Mic#  Offset (ft) (deg) (dB(A))
1 100 0 97.5
2 200 0 91.7
3 400 0 83.8
4 100 45 95.9
5 200 45 88.4
6 100 90 92.8
7 200 90 84.7
8 400 90 74.1
9 100 135 88.7
10 200 135 82.9
11 100 180 74.0
12 200 180 72.6
13 100 270 95.9
14 200 270 85.5
1C 130 0 97.0
2C 230 0 91.9
150  Cab, Windows Open 89.7
15C  Cab, Windows Closed 81.2

One-Third Octave Band Sound Levels (dB)

Offset Offset

Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 0 619 60.0 580 492 451 440 447 471 86.0 733 &87.8 89.9

3 400 0 60.2 574 587 495 43.0 427 40.7 403 733 662 779 82.0

7 200 90 647 645 61.2 577 537 498 482 47.6 84.7 7T6.1 779 818

8 400 90 595 59.8 592 528 472 4311 42.0 426 753 692 673 70.0

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz 4000 Hz 5000 Hz 6300 Hz 8000 Hz 10000 Hz
804  79.8 82.2 76.6 7577 680 663 61.6  57.7 532  46.0 36.7
74.3 744 755 682 674 64.1 62.1 55.1 51.0 442 35.0 24.0
74.3 712 76.6  65.0 57.8 502 494 472 466 444 413 36.5
626 600 628 52.7 483 40.8 383 31.7 304 254 212 19.6

B-33



One-Third Octave Band Sound Levels (dB)

Table

B -33

As-Measured Acoustic Data
Airchime K-5-LA, Cab Roof-Installed, SD60MAC Locomotive

135 psi
. Offset LAeq
Mic#  Offset (ft) (deg) (dB(A))
1 100 0 112.9
2 200 0 105.4
3 400 0 99.2
4 100 45 110.8
5 200 45 104.5
6 100 90 105.9
7 200 90 100.0
8 400 90 89.7
9 100 135 104.2
10 200 135 100.2
11 100 180 95.1
12 200 180 923
13 100 270 105.9
14 200 270 99.6
1C 130 0 111.7
2C 230 0 105.6
150  Cab, Windows Open 99.4
15C  Cab, Windows Closed 92.5

Offset Offset

Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 o 724 737 632 521 538 517 553 578 887 959 96.6 86.7

3 400 0 67.6 679 606 50.0 492 470 470 484 77.6 88.0 873 80.6

7 200 90 767 803 70.8 61.8 61.5 56.6 585 562 882 909 91.1 959

8 400 90 708 749 659 562 551 49.0 50.6 49.7 802 845 822 859

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz 4000 Hz 5000 Hz 6300 Hz 8000 Hz 10000 Hz
97.1 948  95.7 95.5 97.6 927 927 89.5 87.1 83.8 79.9  75.6
92.8 89.9 879 88.1 90.5 89.1 86.6 82.7 793 744  68.8 61.5
97.1 87.6 86.8 84.0 85.2 81.6 804 76.2 72.7  68.2 62.4 55.7
85.8 76.3 764 7377 747 692 682 638 59.4 528 442 348
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One-Third Octave Band Sound Levels (dB)

Table

B -34

As-Measured Acoustic Data
Airchime K-5-LA, Cab Roof-Installed, SD60MAC Locomotive

111 dB(A)
. Offset LAeq
Mic#  Offset (ft) (deg) (dB(A))
1 100 0 111.9
2 200 0 103.7
3 400 0 98.3
4 100 45 108.1
5 200 45 102.2
6 100 90 103.2
7 200 90 98.1
8 400 90 88.1
9 100 135 103.7
10 200 135 99.6
11 100 180 92.7
12 200 180 90.8
13 100 270 104.1
14 200 270 97.8
1C 130 0 110.0
2C 230 0 104.1
150  Cab, Windows Open 98.4
15C  Cab, Windows Closed 90.8

Offset Offset

Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 o 71.6 715 606 524 503 492 521 539 880 952 938 923

3 400 0 668 657 592 50.6 46.1 448 456 455 77.0 87.6 849 84.7

7 200 90 763 77.8 683 61.8 582 545 543 53.6 87.8 90.6 892 894

8 400 90 699 724 638 564 51.7 472 46.6 47.1 799 843 80.7 79.7

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz 4000 Hz 5000 Hz 6300 Hz 8000 Hz 10000 Hz
94.5 92.1 96.0 953 92.5 92.0 91.1 87.0 853 81.7 7777 733
91.7 879 884 88.7 88.4 88.9 84.8 809 773 72.2 66.5 59.0
96.1 86.7 83.2 84.3 84.5 79.1 78.0 73.7 70.0  65.0 589 53.2
854 755 729 739 732 682 67.0 624 578 509 420 334
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As-Measured Acoustic Data
Airchime K-5-LA, Cab Roof-Installed, SD60MAC Locomotive

96 dB(A)
. Offset LAeq
Mic#  Offset (ft) (deg) (dB(A))
1 100 0 96.6
2 200 0 91.6
3 400 0 83.6
4 100 45 95.9
5 200 45 89.8
6 100 90 93.5
7 200 90 86.4
8 400 90 75.5
9 100 135 92.2
10 200 135 87.4
11 100 180 84.3
12 200 180 80.7
13 100 270 95.7
14 200 270 87.9
1C 130 0 95.6
2C 230 0 91.6
150  Cab, Windows Open 89.8
15C  Cab, Windows Closed 81.0

One-Third Octave Band Sound Levels (dB)

Offset Offset

Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 0o 62.1 604 585 503 451 436 434 46.1 827 781 86.4 88.6

3 400 0 603 57.8 588 505 434 422 400 40.1 702 702 76.5 80.0

7 200 90 649 64.7 61.1 574 527 489 479 49.1 834 764 8l.1 85.1

8 400 90 592 595 59.0 527 453 42.0 40.8 429 748 695 702 737

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz 4000 Hz 5000 Hz 6300 Hz 8000 Hz 10000 Hz
78.3 81.1 85.6 763 747 676 683 60.2 573 54.1 46.3 36.7
72.3 75.8  77.6  68.1 66.7 629 615 52.1 48.0 421 32.1 22.1
77.6 740 748 67.0 57.9 520 48.6 439 428 423 36.5 31.7
65.7 603 63.5 522 464 390 354 294 276 252 202 19.6
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As-Measured Acoustic Data

Table

B -36

Airchime K-5-LA, Center-Installed, SD60MAC Locomotive

135 psi
. Offset LAeq
Mic#  Offset (ft) (deg) (dB(A))
1 100 0 94.6
2 200 0 89.7
3 400 0 84.1
4 100 45 107.9
5 200 45 103.4
6 100 90 105.1
7 200 90 99.8
8 400 90 87.4
9 100 135 102.7
10 200 135 97.9
11 100 180 99.9
12 200 180 95.5
13 100 270 105.2
14 200 270 99.8
1C 130 0 923
2C 230 0 89.1
150  Cab, Windows Open 94.7
15C  Cab, Windows Closed 79.4

One-Third Octave Band Sound Levels (dB)

Offset Offset

Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 o 727 738 646 53.6 549 508 518 503 827 879 849 77.7

3 400 0 672 683 6l1.1 50.7 498 459 439 41.0 72.6 813 77.6 73.6

7 200 90 7577 810 713 623 62.6 565 56.7 564 869 92.0 91.0 96.5

8 400 90 69.1 747 6577 558 553 482 489 492 793 84.0 79.7 84.0

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz 4000 Hz 5000 Hz 6300 Hz 8000 Hz 10000 Hz
81.2 78.5 76.6 743 748 733 73.2 69.8  66.5 62.3 57.3 51.9
78.8 734 715 69.9 712 705 69.6 655 612 55.1 47.5 38.3
95.3 89.6 87.7 85.5 849 794 781 74.2 712  66.0  60.2 54.0
82.0 75.1 72.8 71.3 720 668 652  60.8 562 493 414 318
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As-Measured Acoustic Data
Airchime P-3, Knuckle-Installed, SD60MAC Locomotive

135 psi
. Offset LAeq
Mic#  Offset (ft) (deg) (dB(A))
1 100 0 112.3
2 200 0 94.4
3 400 0 77.4
4 100 45 106.4
5 200 45 88.4
6 100 90 102.2
7 200 90 88.3
8 400 90 71.9
9 100 135 95.2
10 200 135 82.1
11 100 180 74.1
12 200 180 68.0
13 100 270 101.8
14 200 270 94.5
1C 130 0 111.6
2C 230 0 94.6
150  Cab, Windows Open 91.3
15C  Cab, Windows Closed 76.7

One-Third Octave Band Sound Levels (dB)

Offset Offset

Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 0 633 614 596 500 438 434 466 766 694 762 782 819

3 400 0 60.5 57.7 595 49.6 398 393 404 657 58.6 64.1 619 6438

7 200 90 668 651 61.5 588 535 51.0 48.6 749 &8l.6 &l.1 750 8§13

8 400 90 60.8 594 59.0 525 443 41.1 39.7 63.8 69.1 658 589 64.7

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz 4000 Hz 5000 Hz 6300 Hz 8000 Hz 10000 Hz
82.4 84.8  90.6 83.2 80.9 81.1 80.2 764 742  70.6 66.5 61.4
65.3 67.3 73.1 67.2 646  65.1 63.8 59.2 556 504 439 353
804 795 81.8 76.8 73.7 711 69.0 658 605 56.6 51.9 4438
63.5 619 64.6  60.1 56.3 53.5 514 472 411 352 280 213
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As-Measured Acoustic Data
Airchime P-3, Cab Roof-Installed, SD60MAC Locomotive

135 psi
. Offset LAeq
Mic#  Offset (ft) (deg) (dB(A))
1 100 0 110.1
2 200 0 106.0
3 400 0 91.7
4 100 45 105.8
5 200 45 102.0
6 100 90 101.0
7 200 90 96.9
8 400 90 84.7
9 100 135 97.1
10 200 135 94.7
11 100 180 87.0
12 200 180 85.4
13 100 270 100.9
14 200 270 95.3
1C 130 0 109.5
2C 230 0 105.6
150  Cab, Windows Open 94.5
15C  Cab, Windows Closed 89.1

One-Third Octave Band Sound Levels (dB)

Offset Offset

Mic#  (ft) (deg) 50.0 Hz 63.0 Hz 80.0 Hz 100 Hz 125 Hz 160 Hz 200 Hz 250 Hz 315 Hz 400 Hz 500 Hz 630 Hz

2 200 0 636 614 586 509 452 448 507 788 844 874 89.6 93.1

3 400 o 61.1 579 590 49.8 409 40.7 438 67.8 71.8 749 763 795

7 200 90 67.0 650 61.0 60.1 54.0 509 51.1 80.1 813 84.1 80.8 88.7

8 400 90 612 595 58.7 534 449 424 416 713 729 744 705 769

800 Hz 1000 Hz 1250 Hz 1600 Hz 2000 Hz 2500 Hz 3150 Hz 4000 Hz 5000 Hz 6300 Hz 8000 Hz 10000 Hz
95.1 94.0 102.2 96.7 933 92.1 90.6 86.9  84.7 81.0 76.8 72.2
81.7 80.8 87.2 82.1 79.1 794 779 733  69.6 645 58.4 50.6
92.4 89.0 89.6 85.4 82.3 78.4  76.5 749  69.7 643 59.5 51.8
79.1 754  78.0  74.1 69.6  66.1 634 603 53.8 471 40.3 294

B-39



APPENDIX C
DIRECTIVITY CONTOURS

C-1



LAeq (dB(A))

115 -
110
105 |
100 |
95 |
90
85 |
80
75
70
65 |
60
65 |
70
75
80
85
90
95 |
100
105 |
110
115

270

Center100
CabRoof100

FrontHood10

Knuckle100

35 e

25 . s

180

Figure C-1
Acoustic Data Measured 100 ft from horn
Airchime K-5-LA, GP-40 Locomotive
135 psi delivered to horn
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Figure C -2

135

Acoustic Data Measured 100 ft from horn
Airchime K-5-LA, GP-40 Locomotive
111 dB(A) 100 ft forward of the locomotive
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Figure C -3

Acoustic Data Measured 100 ft from horn
Airchime K-5-LA, GP-40 Locomotive
96 dB(A) 100 ft forward of the locomotive
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Figure C -4

Acoustic Data Measured 100 ft from horn
Leslie RS-3L, GP-40 Locomotive

135 psi delivered to horn
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Figure C -5
Acoustic Data Measured 100 ft from horn
Leslie RS-3L, GP-40 Locomotive
111 dB(A) 100 ft forward of the locomotive
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Figure C -6
Acoustic Data Measured 100 ft from horn
Leslie RS-3L, GP-40 Locomotive
96 dB(A) 100 ft forward of the locomotive
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Figure C -7
Acoustic Data Measured 100 ft from horn
Airchime K-5-1LAR24, GP-40 Locomotive
135 psi delivered to horn
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Figure C -8
Acoustic Data Measured 100 ft from horn
Airchime K-5-LAR24, GP-40 Locomotive
111 dB(A) 100 ft forward of the locomotive
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Figure C -9
Acoustic Data Measured 100 ft from horn
Airchime K-5-LAR24, GP-40 Locomotive
96 dB(A) 100 ft forward of the locomotive
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Figure C -10

Acoustic Data Measured 100 ft from horn
Leslie RS-3L-RF, GP-40 Locomotive

135 psi delivered to horn
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Figure C -11
Acoustic Data Measured 100 ft from horn
Leslie RS-3L-RF, GP-40 Locomotive
111 dB(A) at 100 ft
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Figure C -12

Acoustic Data Measured 100 ft from horn
Leslie RS-3L-RF, GP-40 Locomotive

96 dB(A) at 100 ft
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Figure C -13
Acoustic Data Measured 100 ft from horn
Airchime K-5-LA, SD60MAC Locomotive
135 psi delivered to horn

80



LAeq (dB(A))

130 -
125
120
115
110

100 -

100
105
110
115
120
125
130

Center
CabRoof
FrontHood
Knuckle

180

Figure C -14
Acoustic Data Measured 100 ft from horn
Airchime K-5-LA, SD60MAC Locomotive
111 dB(A) at 100 ft
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Figure C -15
Acoustic Data Measured 100 ft from horn
Airchime K-5-LA, SD60MAC Locomotive
96 dB(A) at 100 ft
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Figure C -16

Acoustic Data Measured 100 ft from horn
Airchime P-3, SD60MAC Locomotive

135 psi delivered to horn
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Figure C -17

Acoustic Data Measured 100 ft from horn
Airchime P-3, SD60MAC Locomotive

111 dB(A) at 100 ft
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Figure C -18

Acoustic Data Measured 100 ft from horn
Airchime P-3, SD60MAC Locomotive

96 dB(A) at 100 ft



	2.0 Measurements
	Measurements were conducted at the Transportation Test Center Inc. (TTCI), in Pueblo, CO, during the period April 10-12, 2001.  The Test Center was selected for its remote location, which makes it ideal for acoustic testing.  In addition, TTCI had avai
	The following five horns, provided by the manufacturers, were utilized for measurements.  These horns represent the majority of horns that are currently in use.
	The two locomotives used were chosen as represent
	Four installation locations, described below and depicted in Figure 8, were chosen as representative of those currently in service.  Note that all horns were centered over the width of the locomotive.
	2.2  Sound Measurement Locations
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	*This is below the pressure required for some of the horns (chimes) to sound.
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	3.0 Acoustic Data Reduction
	Data Analysis
	
	
	
	
	Horn Installation Effect (AINST)





	Table 4 summarizes the magnitude of the installation effect for each horn  / locomotive combination tested for the measurement positions directly in front of the locomotive.
	
	
	
	
	
	Distance from Horn to






	In general, it can be said that the magnitude of the installation effect (shadow) when measured at locations directly in front of the GP-40 locomotive, 4 feet above ground, averages 10.2 dB(A), 100 feet from the horn, 8.7 dB(A), 200 feet from the h
	Also worthy of note is the large variation in the horn installation effect caused by seemingly small differences in the center-mount location between engine models.  This variation can be attributed to: (1) the distance from the horn to the front of th
	Excess Ground Attenuation (AGND)
	
	
	
	
	
	Angular Position
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	Measurements were conducted at the Transportation Test Center Inc. (TTCI), in Pueblo, CO, during the period April 10-12, 2001.  The Test Center was selected for its remote location, which makes it ideal for acoustic testing.  In addition, TTCI had avai
	The following five horns, provided by the manufacturers, were utilized for measurements.  These horns represent the majority of horns that are currently in use.
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	Table 4 summarizes the magnitude of the installation effect for each horn  / locomotive combination tested for the measurement positions directly in front of the locomotive.  In general, it can be said that the magnitude of the installation effect decrea
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