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FOREWORD

The Noise Control Act of 1972 (PL 92-574) autharizes the Environmental Protection
Apency (EPA) “to disseminate 1o the public information on the ¢ffects of noise, acceptable
noise levels and techniques for noise measurement and control.” This report is based on
a literature survey conducted by Informatics Incorporated, Rockville, Md., under contract
to EPA and supplemented by data collelction and analysis by EPA personnel. Itis directed
toward the following:

(1) Protecting the traveller by identifying high noise areas within transportation
modes

(2) Determining the health risk of the interior sound levels (measured with reference
to levels identified by EPA as necessary to protect health with an adequate
margin of safety)

(3) Delineating areas of data deficiency which require further reseurch and

(4) ldentifying transportation modes which require development of a standardized
measurement methodology.

The project was conducted by the Technical Assistance and Operations Division,
Office of Noise Abatement and Control, EPA. The participation in the project by Judy
Ruth a Graduate Student Assistant assigned to the Office of Noise Abatement and Contro!l
is noteworthy. Ms, Ruth provided direction to the information-services contractor
(Appendix A) and performed the analysis contained in the body of the document, This
outstanding effort by Ms, Ruth should provide a most useful reference document to the
acoustics community. ;

A . Méyer, Jr. .
Deputy Assistant Adrhinistrator

{or Noise Control Programs
Office of Noise Abatement & Control
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PASSENGER NOISE ENVIRONMENTS OF ENCLOSED
TRANSPORTATION SYSTEMS

Americans are extremely mobile and spend a large percentage ol time utilizing trans-
portation systems. Owing to the duration and intensity of individual exposure, it is
necessary to examine to what extent such noise exposure damages the auditory system.
This report addresses this jssue,

The report focuses on the nonogcupational aspects of exposure 1o noise inside en-
closed transportation systems. Thus, noise levels in the cab, cackpit, and locomotive of
commercial vehicles, as well as those in off-road and recreational vehicles, were excluded

from this investigation.

The study comprised three phases. First, a task was initiated to collect and display (in
tabular form) published and unpublished literature concerning the interior sound levels of
the following enclosed passenger vehicles:

Cars,

Commuter buses,
Intercity buses,
Commuter railroad ears,
Intercity railroad cars,
Fixed wing aircraft,
Helicopters, and
Hovercraft,

PN AW

The result of this compilation is contained in Appendix A. A discussion of possible
health and welfare effects and the measurement methodologies employed is also included.
The reference listing is accompanied by a key indicating the vehicle and information type
encompassed by each article. ‘

Second, a measurement project was underiaken simultaneously to (1) complement
by updating the data base derived from the literature survey, and (2) to gain insight into
measurement methodology issues and problems. Sound levels were measured inside the
following passenger vehicles during various phases of operation:




Cars,

Commuter buses,

Trolley cars,

Commuter railroad cars,
Intercity railroad cars, and
Fixed wing aircraft

e

These measurements were made by headguarters personnel in the EPA Office of
Noise Abatement and Control and by personnel of the EPA Regional Offices I, II, U1, and
VII while enroute to and from business meetings. The data forms employed are contained
in Appendix B.

Third, the data collected under the first two phases provided a base for:
1. Calculation of representative mean interior sound levels of public transportation

vehicles,

: 2. Assessment of the health ramifications of exposure to the interior sound levels
i of enclosed passenger vehicles,

3. Appraisal of measurement methodologies,
4. Locating areas of data deficiency, and
1 5. Making recommendations with regard to:
a,  health considerations,

b,  areas requiring further research, and
c. measurement methodologies,

Since all references, with one exception, report level rather than exposure data,
the analysis was directed to translating levels into exposures, assuming several scenarios in
order to derive the yearly average ch(24).
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MEAN INTERIOR SOUND LEVELS

Figure 1 illustrates the range of A-weighted interior sound levels collected for each
vehicle type and their mean A-weighted interior sound level (averaged on any energy basis),
Tables ! through 17 conlain the energy mean A-weighted inierior sound levels for vehicles
under various operating conditions, Since these energy means are caleslated from sound
levels coliected hy many different sources under varying methodologies and conditions,
the trends evidenced by the tables may sometimes be biased by certain extrincous or
uncontrolled variables, (e.g., road surface, meteorological conditions, vehicle speed). Each
table is footnoted to indicate some of the more important variables which have or have
not been controlled.

Cors

Based upon the 1970 to 1974 data, there has been 2 general trend for the interiors
of cars to become quicter as a {unction of model year (Table 1), Car interjors are
louder when cruising at 97 km/h (60 mph) than at 48 km/h (30 mph) (Table 2). Little
differences were obsetved between gasoline and diesel engined automobiles. The interiors
of diesel engine cars are nearly equal to those of gasoline engine cars at 97 km/h
(60 mph) (Table 3).

Commuter Buses

In commuter buses, the mean interior sound level is nearly equal in window seats and
aisle seats (Table 4). Seat location affects the level of noise exposure regardless of
whether a commuter bus is idling or cruising. Rear seats have a greater mean interior
sound level than do middle seats, and middle scats have a greater average interior sound
level than do front seats (Table §). City bus interiors are quieter when cruising at
32 km/h (20 mph) than at 48-64 km/h (30-40 mph) (Table 6).

Intercity Buses

Intercity bus interior sound levels are louder in rear seats than in middle seats and
louder in middle seats than in front seats (Table 7). Window and aisle seats have nearly
the same mean sound levels (Table 8).

o iy
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TABLE 1. ENERGY MEAN A-WEIGHTED INTERIOR SOUND LEVEL OF CARS
CRUISING AT 97 KM/H (60 MPH) BY YEAR OF MAKE AND MEASUREMENT*

YEAR ALL YEARS

1970 | 1971 | 1972 | 1973 | 1974 | (1970-1974)
ENERGY MEAN A-
WEIGHTED SOUND | 76 76 | 73 71 72 74
LEVEL (dB)
SAMPLE SIZE 38 28 20 41 3] 158
RANGE OF SOUND
LEVELS 67-80 | 68-83 [ 6779 | 6478 | 64-78 64-83

*Road condition is smooth and windows are closed.

TABLE 2, ENERGY MEAN A-WEIGHTED INTERIOR SOUND LEVEL OF
CARS AS A FUNCTION OF CRUISING SPEED*

SPEED

48 km/h (30 mph) 97 km/h (60 mph)
ENERGY MEAN
A-WEIGHTED SOUND 67 77
LEVEL (dB)
SAMPLE SIZE 16 24
RANGE OF
SOUND LEVELS 61-71 61-83

*Road condition is smooth and windows are closed. The same car maodels and years
of make and measurement are found under both speed conditions.




TABLE 3. ENERGY MEAN A-WEIGHTED INTERIOR SOUND LEVEL OF
CARS CRUISING AT 97 KM/H (60 MPH) BY ENGINE TYPE*

ENGINE TYPE
DIESEL GASOLINE
ENERGY MEAN A-WEIGHTED 74 72
SOUND LEVEL (dB)
SAMPLE SIZE 12 12
RANGE OF SOUND
LEVELS 65-79 64-18

*Road condition is smooth and windows are closed.

TABLE 4. ENERGY MEAN A-WEIGHTED INTERIOR SOUND LEVEL OF
CRUISING COMMUTER BUSES BY LATERAL SEATING LOCATION*

LATERAL SEATING LOCATION
AISLE WINDOW
ENERGY MEAN
A-WEIGHTED 85 87
SOUND LEVEL (dB)
SAMPLE SIZE 6 6
EQ.?S&OF SOUND 76-90 7292

*Speed is a controlled variable, All engines are rear mounted diesels and all seats are

in the rear,
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TABLE 5. ENERGY MEAN A-WEIGHTED INTERIOR SOUND LEVEL OF
COMMUTLER BUSES AS A FUNCTION OF MODE OF OPERATION AND
: LONGITUDINAL SEATING LOCATION*

LONGITUDINAL SEATING LOCATION

FRONT MIDDLE REAR

MODE IDLE 60 dB 64 dB 69 dB
OF ACCELERATION 72dB 76 dB 9248
OPERATION CRUISE 72dB 78 dB 86 dB

*All engines are rear mounted diesels,

TABLE 6, ENERGY MEAN A-WEIGHTED INTERIOR SOUND LEVEL OF |
CRUISING COMMUTER BUSES AS A FUNCTION OF SPEED*

SPEED
32 km/h (20 mph) 48-64 km/h (3040 mph)
ENERGY MEAN A-
WEIGHTED SOUND 81 89
LEVEL (dB)
SAMPLE SIZE ¥ 5
R OF SOUND 68-86 7092

*Alil engines are rear mounted diesels,
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TABLE 7. ENERGY MEAN A-WEIGHTED INTERIOR SOUND LEVEL OF
CRUISING INTERCITY BUSES BY LONGITUDINAL SEATING LOCATION*

LONGITUDINAL SEATING LOCATION

FRONT MIDDLE REAR
ENERGY MEAN A-
WEIGHTED SOUND 75 78 83
LEVEL (dB)
SAMPLE SIZE 3 3 3
RANGE OF SOUND )
LEVELS 74-76 77-79 79-84

*All engines are rear mounted diesels. Window seats only.

TABLE 8. ENERGY MEAN A-WEIGHTED INTERIOR SQUND LEVEL OF
INTERCITY BUSES BY LATERAL SEATING LOCATION*

; LATERAL SEATING LOCATION
" AISLE WINDOW
ENERGY MEAN A-WEIGHTED 78 77
SOUND LEVEL (dB)
SAMPLE SIZE 4 I3
RANGE OF SOUND LEVELS 74-80 74-79

*Length-wise seating location is a controlled variable,
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Commuter Railroad

Commnuter railroad cars have 4 lower average interior sound level above ground than
in a subway, regardless of speed or track-bed conditions {Tables 9 and 10). Commuter
railroad cars travelling above ground or in a subway have a higher mean interior sound level
at speeds of 48-80 kmfh (30-50 mph) than at speeds of 80-97 km/h (50-60 mph) (Table 9.
Based wpon this sample, it is interesting to note, however, regardless of whether
commuter railroad cars are travelling above ground or in a subway, their interiors are
quicter when the track bed is tie and ballast than when it is concrete (Table 10),

Intercity Railroad

Coach interiors of intercity railroad cars have nearly equal sound levels in the middle
and rear seats (Table 11) and higher sound levels in the window seats than in the nisle seats

{Table 12).

The interrelationships of interior sound levels, vehicle type and mode of operation are
shown in Table 13,

Jet Aircraft

Windows seats of cruising commercial jets have a mean interior sound level which is
nearly equal to that of aisle seats, regardless ol engine position (Table 14). Average inter-
jor sound levels are less in cruising commercial jet aircraft with cngines positioned on the
wing than in those with engines positioned in the tail, for both aisle and window seats
(Table 14). The front and middle seats are quicter than the rear seats, regardless of engine
location (Table 15). The effect of the mode of operation on the interior sound levels of
commercial jet aircraft is illustrated by Table 16,

The distribution of sound levels measured inside cruising 727 commercial jet aircraft
as a function of seating location is illustrated by Figure 2. Multiple linear regression was
performed to develop an equation relating the interior A-weighted sound level (L Jof cruising
commercial 727 jet aircraft to their altitude in kilometers (H) and their speed in kilometers
per hour (8). The resulting equation is Ly = 75.07 - 0.76H + 0.018. This equation
accounts for 76 percent of the variation of the sound levels measured (the correlation
coefficient of determination (R2} is 0.76). Factors affecting the inverse refationship between
between interior sound level and ultitude are discussed by Bray (1), He concludes that
“changes in the turbulent boundary layer noise in commercial aircralt operating at varying
altitudes have been shown to vary according to the density change to the first power,”
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TABLE 9. ENERGY MEAN A-WEIGHTED INTERIOR SOUND LEVEL OF
CRUISING COMMUTER RAILROAD CARS AS A FUNCTION OF SPEED
AND ABOVE-BELOW GROUND POSITION*

SPEED
48-80 km/h 80-121 km/h
(30-50 mph) (50-75 mph}
ABOVEGROUND 83 dB 69 dB
SUBWAY
(BELOW GROUND) £6 dB 81 dB

*Type of track bed is 4 controlled variable. Seating location is an uncontrolled

variable,

TABLE 10. ENERGY MEAN A-WEIGHTED SOUND LEVEL OF CRUISING
COMMUTER RAILROAD CARS AS A FUNCTION OF TRACK BED
TYPE AND ABOVE-BELOW GROUND POSITION*

TYPE OF TRACK BED

CONCRETE TIE AND BALLAST
ABOVEGROUND 82dB 76 dB
SUBWAY
(BELOW GROUND) 86 dB 83 dB

*Speed is a controlled variable, Seating location is an uncontrolled variable,
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TABLE {1. ENERGY MEAN A-WEIGHTED INTERIOR SOUND LEVELS
OF CRUISING INTERCITY RAILROAD CARS AS A FUNCTION

OF LONGITUDINAL SEATING LOCATION*

LONGITUDINAL SEATING LOCATION

MIDDLE REAR
ENERGY MEAN A-WEIGHTED 69 67
SOUND LEVEL (dB)
SAMPLE SIiZE 10 8
RANGE OF SOUND LEVELS 62-75 63-71

*Aisle-window seating location is a controlled variable. Speed is an uncontrolled

variable.

TABLE 12. ENERGY MEAN A-WEIGHTED INTERIOR SOUND LEVEL OF
CRUISING INTERCITY RAILROAD CARS AS A FUNCTION OF
LATERAL SEATING LOCATION*

LATERAL SEATING LOCATION

AISLE WINDOW
ENERGY MEAN A-WEIGHTED 64 10
SOUND LEVEL (dB)
SAMPLE SIZE 5 13
RANGE OF SOUND LEVELS 62-67 65-75

*Length-wise seating location is a contrelled variable. Speed is an uncontrolled

variable.
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TABLE 13. ENERGY MEAN A-WEIGHTED INTERIOR SOUND LEVEL AS
A FUNCTION OF TYPE OF LAND VEHICLE AND MODE OF OPERATION

TYPE
OF
LAND

VEHICLE

MODE OF OPERATION
IDLE JACCELERATION | CRUISE |DECELERATION

CARS 57 dB 7248 73 dB 67 dB

COMMUTER BUSES 67 dB 864D 81 dB 73 dB

"TROLLEY CARS 67 dB 79 dB 90 dB 69 dB
COMMUTER RAILROAD

CARS 70 dB 79 db 86 dB 83 dB

INTERCITY
RAILROAD CARS 66 dB 7248 68dB 60 dB

TABLE 14, ENERGY MEAN A-WEIGHTED INTERIOR SOUND LEVEL OF

CRUISING COMMERCIAL JET AIRCRAFT AS A FUNCTION OF
LATERAL SEATING LOCATION AND ENGINE LOCATION*

ENGINE LATERAL SEATING LOCATION

LOCATION AISLE WINDOW
WINGS 81 dB 82 dB
TAIL 84 dB 86 dB

"‘Eength-wise seating location is a controlled variable,

12
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TABLE 15. ENERGY MEAN A-WEIGHTED INTERIOR SOUND LEVEL OF
CRUISING COMMERCIAL JET AIRCRAFT AS A FUNCTION OF
LONGITUDINAL SEATING LOCATION AND ENGINE LOCATION®

ENGINE LONGITUDINAL SEATING LOCATION

LOCATION FRONT MIDDLE REAR
WINGS 80 dB 81 dB 83 dB
TAIL 82 dB 81dB 88 dD

* Aisle-window seating location is controlled for
altitude and speed are uncontrolied variables.

TABLE 16. MEAN A-WEIGHTED INTERIOR SOUND LEVEL OF
CRUISING COMMERCIAL JET AIRCRAFT AS A FUNCTION

OF MODE OF OPERATION*
MODE OF OPERATION
REVERSE THRUSTER
TAXI |[TAKE OFF|[CLIMB|CRUISE| LANDING | APPLICATION

ENERGY MEAN
A-WEIGHTED
SOUND LEVEL | 75 | 82 go | 85 77 94
(dB)
SAMPLE SIZE 28 | 28 28 | 105 27 21
RANGE OF
SOUND LEVELS |63-84 [ 7292  [69-88 | 7396 | 6583 80-103

* Altitude and speed are uncontrolled variables,

13
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Figure 2, Distribution of A-weighted Sound Levels Measured Inside Cruising
727 Commercial Jet Aircraft as a Function of Seating Location
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Other Aircraft

Helicopter and piston engine propeller gircraft have higher mean inderior sound levels

than gas turbine propeller and commercial jet gircraft (Table 17).

TABLE 17. ENERGY MEAN A-WEIGHTED INTERIOR SOUNP LEVEL OF

CRUISING AIRCRAFT AS A FUNCTION OF TYPE*

TYPE OF AIRCRAFT
COMMERCIAL GAS PISTON | HELICOPTER
JET TURBINE
ENERGY MEAN A-WEIGHTED
SOUND LEVEL (dB) 85 85 94 94
SAMPLE SIZE 105 13 18 10
RANGE OF SOUND LEVEL 7396 79-88 88-97 | 83-101

*Speed and altitude are uncontrolled variables,




HEALTH IMPLICATIONS

Introduction

A maximum yearly average Lega4y* of 70 dB has been identified by EPA as requisite
to protect against hearing loss with an adequate margin of salety (2), To determine the
extent to which interior transportation noise exposures conform to this identified level,
the yearly average ch(g4J is culculated for hypothetical cases which are made to vary by
(1) vehicle types, (2) number of hours of exposure to vehicle interiors per year or per
workday, and (3) the yearly average workday ch(g)"‘* (Tables 18, 19 and 20).

In formulating these tables, it was necessary to make a number of assumptions. Tables
18 through 21 assume that all the remaining hours of the year have an exposure level low
enough to resuit in 2 negligible contribution to the yearly average ch(g4), i.e., no greater
than an Leg(y) of 60. In Tables 19, 20 and 21, 1 or 2 hours of exposure per workday (5
days per week), is chosen as representative of typical round trip travel time to-and-from work,
A wide range of hours of exposure per year (1 to 300 hours per year) to the interiors of air-
craft were considered in Table |8, recognizing the wide varfance in aircraft travel time in-
curred by the American public.

Discussion

The maximum permissible number of hours of exposure to commercial jet aircraft, gas
turbine gzircraft, piston engine aircmit, and helicopters is 252, 216, 36, and 36, respectively,
if a maximum yearly average Leg(24) of 70 dB is to be maintained (Table 18).

Table 19 displays the maximum yearly average work ch(g) permissible if o maximum
yearly average Loq(24) of 70 dB is to be maintained, as a function of vehicle type and the
number of hours of exposure per workday,

*The yeatly average Leq(24) is the yearly energy average A-weighted sound level in
decibels relative to 20 micropascals computed over a continuous 24-hour period.
**The yearly average workday Leq(g) is the yearly energy average A-weighted sound
level in decibels relative to 20 micropascals computed over a continuous 8-hour period
identified with typical occupational exposure.

16
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TABLE 18, YEARLY AVERAGE Lyq(24) FOR PEOPLE EXPOSED TO THE INTERIORS

OF CRUSING AIRCRAFT AS A FUNCTION OF TWO FACTORS: THE NUMBER

OF HOURS OF EXPOSURE, AND THE TYPE OF AIRCRAFT*

NUMBERS OF HOURS OF EXPOSURE PER YEAR

TYPE OF

AIRCRAFT bl 27 61218l 3sl72]108 |144 | 180 ] 216 | 252 | 300
COMMERCIAL JET 60|eo |61 |62l62]calasl 6768 | 69 | 69 f 70 [ 7
GAS TURBINE PROPELLER Je0|coi6l [62]|62 /6466 ] 67 ] 68 | 69 1 70 | 70 | 71
PISTON PROPELLER 61§62 6aj66l68) 70073 ] 75 76| 721 78 } 78 | 79
HELICOPTER 61162 j64la6]egl70[ 731 75| 76 | 77 78 1 79 | 79

*All remaining hours of the year are assumed to have an Leq(1) of 60 dB.




TABLE 19. THE MAXIMUM YEARLY AVERAGE WORKDAY Lyq(g) PERMISSIBLE
5 DAYS PER WEEK IF A MAXIMUM YEARLY AVERAGE Lgg(24) OF 70 dB
IS TO BE MAINTAINED, AS A FUNCTION OF THE TYPE OF
VEHICLE TO WHICH PEOPLE ARE EXPOSED FOR

1 HOUR PER DAY, 5 DAYS PER WEEK*

PERMISSIBLE
CARS - 97 km/h (60 mph) 76
; CARS - 48 km/h (30 mph) 76
| VEHICLE TYPE** | COMMUTER BUSES 7
TO WHICH INTERCITY BUSES 75
; PEOPLE ARE TROLLEY CARS t
' COMMUTER RAILROAD CARS
f EXPOSED, FOR | ABOVE GROUND 74
1 HOUR COMMUTER RAILROAD CARS
PER DAY, IN SUBWAYS T
INTERCITY RAILROAD CARS 76
5 DAYS COMMERCIAL JET AIRCRAFT T
PER WEEK PISTON AIRCRAFT n
GAS TURBINE AIRCRAFT T
HELICOPTERS n

*All remaining hours of the year are assumed to have an Leq()) of 60 dB.

tindicates that it would be impossible to achieve a yearly Leg(24) of 70 dB even if there
was no nolse exposure in the work environment.

¥*Cruise condition.
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TABLE 20. THE MAXIMUM YEARLY AVERAGE WORKDAY L.qcg) PERMISSIBLE
5 DAYS PER WEEK IF A MAXIMUM YEARLY AVERAGE Leq(24) OF 70dB IS TO
BE MAINTAINED, AS A FUNCTION OF THE TYPE OF VEHICLE TO WHICH
PEOPLE ARE EXPOSED FOR 2 HOURS PER DAY, 5 DAYS PER WEEK*

MAXIMUM LEQ(B)

PERMISSIBLE
VEHICLE CARS — 48 km/h (30 MPH) 75
TYPE** CARS - 48 km/h (30 mph) 76
TO WHICH COMMUTER BUSES 68
PEOPLE ARE INTERCITY BUSES 13
EXPOSED, TROLLEY CARS t
FOR 2 COMMUTER RAILROAD CARS 68
HOURS PER ABOVE GROUND
DAY, 5 COMMUTER RAILROAD CARS
DAYS PER IN SUBWAYS T
WEEK INTERCITY RAILROAD CARS 76
COMMERCIAL JET AIRCRAFT i
PISTON AIRCRAFT T
GAS TURBINE AIRCRAFT 1
HELICOPTERS T

*All remaining hours of the year are assumed to have an Lgq()) of 60 dB.

tIndicates that jt would be impossible to achieve 2 yearly Leq(24) of 70 dB even if there
was no noise exposure in the work environment,

**Crujse condition.
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TABLE 21. YEARLY AVERAGE Leq(24) AS A FUNCTION OF TWO FACTORS:
THE TYPE OF VEHICLE INTERIOR TO WHICH PEQPLE ARE EXPOSED
FOR | HOUR PER DAY, 5 DAYS PER WEEK, AND THE YEARLY
AVERAGE WORKDAY Leq(g), 3 DAYS PER WEEK*

YEARLY AVERAGE WORKDAY Ley(z)
(5 DAYS PER WEEK

G0dB[70dB| 75 dB| 80 dB | 85 dB 90 dB

NONE (Lgq(1) = 60 dB) 60 | 65| 69

CARS ~ 48 km/h (30 mph) 60 65 69
INTERCITY RAILROAD CARS 61 65 69

CARS ~ 97 km/h (60 mph) 62 65 70
VEHICLE| INTERCITY BUSES 63 68 70
TYPE** |COMMUTER RAILROAD CARS 67 68

ABOVYE GROUND

COMMUTER BUSES 67

COMMERCIAL JET AIRCRAFT | 10
COMMUTER RAILROAD CARS

IN SUBWAYS 70

'|GAS TURBINE AIRCRAFT 70
TROLLEY CARS 3
PISTON AIRCRAFT

HELICOPTERS

*All remaining hours of the year are assumed to have an ch(l) ol 60 dB,

**Crnise condition

“EPA has identified an Leq(a4) level of 70 dB requisite for protection against hearing
loss with an adequate margin of safety™ (Reference 1),
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Exposure to the interiors of trolley cars, commuter railroad cars travelling in subways,
commercial jets, piston engine aircraft, gas turbine aircraft, and helicopters for | hour per
day, 5 days per week, will make it impassible to achieve a yearly average Lyq(24) of 70 dB
{Table 19). Increasing the 1-hour exposure to vehicle interiors to 2 hours per day for § days
per weck will decrease the maximum yearly workday Leg(g) allowable if a yearly average
Leq(24) of 70 dB is to be sustained (Table 20). Given 2 2-hour exposure per day, 5 days per
week, to buses and commuter railroad cars travelling abave ground, the maximum yearly
average work day Leq(g) permissible (if a yearly average Leg(z4) of 70 dB is to be main-
tained) is below the level specified by EPA, i.e., 75 dB (Table 20).

Table 21 and Figure 3 illustrate the effect that compounding the yearly average work-
day Leq(g) with a 1- or 2-hour exposure to vehicle interiors, 5 days per week, can have on
the yeasly average Log(24). Exposure 1o a yearly average wotkday Leq(g) of 60, 70, or 75
dB combined with a 1-hour exposure to trolley cars, piston aircralt or helicoptets will cause
the yearly average Loq(24) to exceed 70 dB (Table 21}, The yearly average Lgg(a4) will
also exceed 70 dB if a yearly average workday Lyq(g) of 70 or 75 dB is combined with ex-
posure to commuter railroad cars {in subways) commereial jet or gas turbine aircraft for |
hour per day 5 days per week (Table 20). Exposure to city buses or commuter railroad cars
(above ground) for 1 hour per day for 5 days per week will result in a yearly average Leq(24)
greater than 70 dB if compounded with a yearly average workday Leq(g) of 75 dB (Table
21). Exposure to 2 yearly average workday Leq(g) of 80 dB or more, will disallow mainte-
nance of a yearly average Lgq(24) of 70 dB, even if no vehicles are traveled in and all re-
malning hours of the year have an exposure level low enough to result in a negligible contri-
bution (i.e., 60 dB) (Table 21). In the case where the yearly average workday Leg(g) is 80
dB, 1-hour exposure to city buses, trolley cars, commuter railroad cars (above or below
ground), commercial jet aireraft, piston aircraft, gas turbine aircraft, or helicopters (5 days
per week) will cause 70 dB to be exceeded by a greater amount (Table 21). For 11 of the
13 vehicles, the effect of a 1 hour exposute to their interiors on the yearly average Leq(24)
is negligible, if the yearly average workday ch(g} is 85 or 90 dB (Table 21). The effects
of 2 hours of vehicle exposure, § days per weck, on the yearly average Leq(24) are similar
to that of a 1 hour exposure, with the qualification that (1) more vehicle types cause the
yeatly average Leg(24) of 70 dB to be exceeded and (2) the quantity by which 70 dB is ex-
ceeded is increased (Figure 3).

Measurernent Methodology
No attempt has been made by the studies surveyed to develop standardized measure-
ment methodologies for any vehicles, excepting rapid transit. [The Transportation Systems

Center of the Department of Transportation has developed a methodology for use in its
rapid transit noise measurement study (refer to Appendix A, reference 81)]. Because of

21
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Figure 3, Yearly Average ch(24) Caleulated as a Function of Two Factors:
The Yearly Average Workday Leq(g), and the Yearly Average Vehicle
Interior Equivalent Sound Level to Which a Person is Exposed
for 2 Hours per Duy, § Days per Week Leg¢a)*
*All remaining hours of the year are assumed to have an Leq(l) of 60 dB,
“EPA has identified an Leq24) level of 70 dB as requisite for protection against hearing
loss with an adequate margin of safety” (Reference 1)
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this lack of standardized measurement methodologies, different investipators have employed
different methodologies for the same vehicle type, Therefore, the data collected by dilTer-
ent studies is sometimes incomparable and is often difficult to collupse. These problems

are evident in the footnotes 1o Tables | through 17 and were even more elear when the

data were being organized and tabulated, A lack of specificity regarding operation para-
meters (i.e., speed, road condition, or microphone location} resulted in deletion of data
points during creation of the tables, Also, the observed differences in mean sound levels

as a function of recorded differences in operation variables, such us rosd conditions, may
have been biased by differences in uncontrolled variables such as vehicle age or mileage.

The problem extends beyond that of combining or comparing the results of two or
more studies. Drawing conclusions regarding the results of even a single survey can be hin-
dered by an incomplete sample design. This would be less likely to occur if guidance in the
form of standardized methodology was available.

These problems illustrate the need for the development of standardized measurement
methodelogies, Proposed methodologies should include specifications by vehicle type of:

1. Noise descriptor(s) including noise exposure
descriptors (uch as L, , or L ),

Modes of operation,

Other variables of vehicle operation,
Environmental variables,

Vehicle description,

Microphone location(s), and

Other intruding naise sources,

NOwnswR

Tables 22 through 24 list the variables which have been used by the studics surveyed,
These variables should be considered in developing standardized methodologies, Two
draft proposals have been developed by the International Standards Organization (1S0)
on the methods of making sound level measurements inside aircraft and motor vehicles
(3, 4). The proposals were not designed to enable the investigation of variables affecting
interior vehicle sound levels, rather, they specily constant levels of maintenance for most
of these variables. These constant levels could be recommended for variables not under
investigation. The draft proposals also make recommendations regarding microphone
placement,

Data Deficiency

A sufficient number of interior A-weighted sound levels were collected to enable
confident calculation of representative mean levels for the vehicle types studied, The data

23
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TABLE 22: VARIABLES SPECIFIED IN THE INTERIOR MEASUREMENT ol |

METHODOLOGIES OF CARS AND BUSES J

(&)

NOISE DESCRIPTORS:

u. A-weighted sound level

b. C-weighted sound level

c. Overall sound pressure level

d. Octave band sound pressure level

MODE OF OPERATION, THEIR DURATION AND GEAR:
a. ldie

b. Acceleration

¢. Cruise

d. Deceleration

OTHER VARIABLES OF VEHICLE OPERATION:
a. Speed
b. Auxiliary equipment (on or off)

8 Ajr vent

® Air conditioner
Heater

@ Defroster

® Windshicld wipers
& Radio

c. Number of windows opened and closed
d. If closed are the windows sealed?

ENVIRONMENTAL VARIABLES:
a2, Road condition

b. Road material

¢. Number of passengers

VEHICLES DESCRIPTION:
it. Manufacturer

b. Model

¢. Year of make

24
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TABLE 22: VARIABLES SPECIFIED IN THE INTERIOR MEASUREMENT

METHODOLQGIES OF CARS AND BUSES

d. Tire condition

e. Mileage

f. Engine location (front or rear)

g. Diesel or gaseline consuming engine

6. MICROPHONE LOCATION:
a. Its row number
b. Total number of rows
c. Window, middle, aisle, or other (specify) seat

k:
3




TABLE 23: VARIABLES SPECIFIED IN THE INTERIOR MEASUREMENT

METHODOLOGIES OF RAILROAD CARS

NOISE DESCRIPTORS

A-weighted sound level

C-weighted sound level

Overall sound pressure level

Octave band sound pressure level
1/3 octave band sound pressure level

Leg» Lot L10» Lso, Lo and Lo

mepROOR

MODES OF OPERATION AND THEIR DURATION
a. ldle

b. Acceleration

¢, Cruise

d. Deceleration

¢. Brake application-air release from brake compression

OTHER VARIABLES OF VEHICLE OPERATION
a, Speed

b. Doors opening or closing

c. Auxiliary equipment (on or off}

® Air conditioner
& Heater

d. Number of windows opened and closed
e. If closed are they scaled?

ENVIRONMENTAL VARIABLES
. Rail (jointed or welded)
. Trackbed {concrete and/or ballast or suspended)
., Track surface (ground or unground)
. Coupling {(direct or indirect fixation)
. Track condition (geometry, loose joints, andfor contaminated ballast)
Tunnel, at-grade; or elevated (specify on earth berm or bridge)
Curve or straight
. Switches or crossovers
Number of passengers

G~ oo o

——
=

26

FOTEOEL



R

Late

A T Tl L.

(A

TABLE 23: VARIABLES SPECIFIED IN THE INTERIOR MEASUREMENT
METHODOLOGIES OF RAILROAD CARS (CONT)

5.  VEHICLE DESCRIPTION
a. Propulsion (electric, diesel electric or other - specify)
b. Car type (roomette, coach, etc.)
c. Year of make
d. Do doors seal properly?
¢, Are the wheels flat?
f. Are wheels rubber or steel?
g. Do brakes squeak?
h. System and line

G. MICROPHONE LOCATION
a, [ts row number
b, Total number of rows
¢. Window, middle, aisle or other (specify) seat
d. Height roughly at that of a seated passenger

27




TABLE

24: VARIABLES SPECIFIED IN THE INTERIOR MEASUREMENT
METHODOLOGIES OF AIRCRAFT

Y

1. NOISE DESCRIPTORS

spooe

A-weighted sound level

. C-weighted sound level

Qverall sound pressure level

. Three-band preferred octave specch-interference level (PSIL)
Octave band sound pressure level

2. MODES OF OPERATION AND THEIR DURATION

T LD oR

Taxi to or from runway

. Take off (acceleration)
Climb

. Cruise

Landing (Deceleration)
Reverse thiruster application

3. OTHER VARIABLES OF OPERATION AND ENVIRONMENT
a. Speed
b, Altitude

c.

Auxiliary equipment (on or off)

# Air vent closest to microphone
# Neighboring scat’s air vent

d. Number of passengers

€.

Number of windows opened and closed

4. VEHICLE DESCRIPTION

a
b
c
d

. Manufacturer - make

. Model

. Year of make

. Number, type and position of engines

5.  MICROPHONE LOCATION

a
b

. Its row number
, Total number of rows

¢. Window, middle, aisle or other (specify) seat

d

, Number of rows from galley

28
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base was not adequate to quantify the sensitivity of these average sound levels to the
variables of microphone location and vehicle description, operation, and environmentt. This
defteieney resulted from inconsistencics in the collection of data regarding these variables.
Standardized measurement methodologics would alleviate this situation by providing a

list of the important variables for which values should be specified.

Recommendations and Conclusions

The hypaothetical scenarios developed herein indicate combined exposure to occupa-
tional noise and interior transportation noise may result in exposure levels exceeding the
levels identified by EPA as requisite for protection against hearing loss with an adequate
margin of safety (i.e, L, (24) of 70 dB}. Forinstance, it was calculated that 1- or 2-hour
exposure to some of the investigated vehicle types will result in a yearly average of Leq (24)
greater than 70 dB when combined with exposure to a yearly average workday Lﬂq (8)
of 60, 70, or 75 dB (Table 21 and Figure 3). Also, if the exposure to the yearly average
workday Leq(8) is 80 dB or greater, the Lyg(a4) will always exceed 70 dB, even if there
is no vehicle exposure,

These caleulations of exposure levels are based on assumptions regarding the fypical
daily time period during which Americans are exposed to the Interiers of various trans-
portation modes. Since these calculations indicate that there is a risk of hearing loss associ-
ated with the hypothesized exposure durations, it is importunt to determine the number of
Americans actually represented by these exposure durations. A review of multimodal trip
generation studies should be examined to determine their applicability to noise exposure
forecasting. This task might be supplemented by a random sample of the U.S. population
to estimate realistic exposure durations as functions of various vehicle types.

Available information indicates that the levels of noisg exposure in off-road vehicles,
recreational vehicles are generally higher than those experienced in the passenger areas of
the other discussed vehicles. As illustrated in Figure 4, the cnergy mean A-weighted sound
level in truck cabs is 90 dB, when measured at the right ear of the truck operator with
closed windows under various modes of vehicle operation (5). Measurements made by EPA
personnel in locomotives yielded an energy mean A-weighted sound level of 91 dB. The A-
weighted sound levels to which motorcycle operators are exposed range [tom 90to 115 dB
depending on engine displacement (6). Operators of snowmobiles are exposed to A-weighted
sound levels which range from 98 to 114 dB, with an energy mean of 110dB (7). A-weighted
sound levels measured on plessure out-board motor boats range from 73 to 96 during cruise
and from 84 to 105 dB during acceleration, depending on horsepower (8). Therelore, it is
recommended that the study of interior transportation sound levels be extended to occupa-
tional exposures, off-road ana recreational vehicles, because of the higher sound levels
experienced on these vehicles equai exposure durations,

29
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The lack of established methodologies for measuring interior sound levels has contri-
buted to the incompatibility of data collected by different sources, It is therefore con-
cluded that standardized measurement methodologies should be developed to provide
guidance to and facilitate the consistency of studies of interior transportation sound lavels.
These guidelines would help alleviate the deficiency of data regarding the effect of operation
and location variables on the sound levels measured inside vehicles, General considerations
for this methodology development are contained in the test, Once these methodologics are
developed, studies should be implemented to remedy the present gaps in the data base,
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INTRODUCTION

This is a compilation of measurements of passenger noise
environments in various enclosed vehicles that are now used for trans-
portation in the United States. It includes cars, buses, rapid tranasit,

railroads, commercial airplanes, general aviation airplanes, helicopteras,

and hovercraft,

The scope of this compilation excludes:

Non-enclosed vehicles (motorcycles, anowmobilea);

Recreational vehicles {small hoats,, snowmobiles, aff-
road matorcyles);

Occupational gettings {cockpit noise, truck cab noise),
except in such cases as light planes, where the oper-
ator and the passengers are exposed to egsentially
the same noise;

State-of-tha-art vehicles ('"'pecple movers, ' prototypes,
experimental vehicles);

Foreign (vehicles not in use in the U,8,).

The data have bean extracted from numerous published and
unpublished references, which have been assembled into 2 documant
collaction {companion volumes 2-10). The tables of this compilation have
been designed to permit meaningful comparisons between data {rom
different sources. Most of the data are single measurements of noise
levels in a particular vehicle, at a particular location within the vehicle,
while the vehicle ie operating in a particular way, In general, such data
are entered as follows:

79(28)

Noise level/' '\Number of reference {rom which the
datum is taken.
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In addition, some statistics representing many measurements were
available; these have been included in the tables properly identified by

footnote or comment.

Octave band data and frequency distributions in graphical
form have not been brought into the compilation itself, but their location

in the document collection has been referenced where possible,

It is hoped that this accumulation of measurements, from
different sources, will enable central tendencies and ranges of deviation
to be established. It also should allow the identification of problems in
measurement technique that might otherwise go undetected -~ for example,
when two investigators ostensibly measure the same equipment in the

same operation, but come up with different numbers,

Data presently being collected by EFPA staff will add to the

cormpilation, and the tables were designed with such additions in mind,

The collection of references (volumes 2-10) has been scanned
for other types of information on noise inside vehicles ~- data on naoise
exposures, health and welfare effects, measurement methodologies,
identification of contributing ncise sources, and abatement methods.

The List of References (p,'4-14in this volume) contains a key to the
types of information contained in each reference, The key was designed
to cover more types of vehitles than are presently represented in the
document collection. In addition, Table 1 {p. 18 ) references in detail
the location of data on exposures and discussions of health and welfare

effects.,
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To our knowledge,this compilation is the first effort to
assemble data on noise inside vehicles on so comprehensive a scale,
Although the format of some tables may need to be redefined, the
scope of vehicle Lypes broadened, and new tables added, we believe

that the present compilation will prove to be a useful tool for assessing

the general problem,




REFERENCES

Key to Information Categories

Vehicle T!Ee

A,

0 3 @By

[
h

Car

Bus

Rapid Transit
Railroads

Fixed Wing Aircraft
Helicopter

Boat

Motarcycle
Snowmobile

Other (includes Hovarcraft)

Examples: Al

E(l-6)
{A-D) (1), C2

Data Type

1) Interior noise levels as a [unction of
vehicle type and made of operation,

2} Interior noise exposure as a function of
vehicle type and trip length. Time histories
of noige levels which could be usged in
calculating exposure,

3} The health and welfare effects of interior
noise as they relate to vehicle type and
mode of operation,

4) Measurement methodologies employed as
a function of vehicle type.

5) Identification of major neise sources
contributing to interior noise by vehicle
type and maode of operation,

6) Modifications to attenuate interior noise
in terms of vehicle type.

Noige levels ingide cars,

All types of data and information on aircraft
Noise levels in cars, buses, rapid transit,
and railroads., Also some exposure on
time-history information on rapid transit only.

Those foreign documents included because of their particular interest are so

maikml
HEL INTOTMATION
NO.,  CITATION 'CATEGORIES (see key)
1. Jackaon, C,E,P,: Grimater, W,F, "Human Aspgcts
of Vibration and Noise in Helicopters.! JSVR
(1972) 20(3), 343-35]. F{1,3,5, 6) Britiah
2. MecClelland, K.D. (U. of Ariz,) Lffects of Light

Aircraft Cabin Noise on Aircraft Occupants. Paper
presented at American Speech and Hearing Conven-
tion, San Francisce, November 1972, B(1,3,4)
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NO. CITATION

Ungar, E.E. {(BBN) Noise in Rail Transit Cars:

Incremental Costs of Quieter Cars., U.S, E.P.A.

No. 550/9-74-012., June 1974,

U.S, Army Environmental Hygiene Agency., Bus

INFORMATION

CATEGORIES (see key)

C(1,4.5, 6)

Ambulance Noise Lievel Evaluation, Special Study

No. 23-009-72, 28-19 September, 1971,

Purdy, Ken. W, '"The Mini Revolution. " Playboy
18(3} (March 1971), pp 102.-5.

Bray, Don E, "Noise Enviromments in Public
Transportation.” Sound and Vibration April
1974, pp 16-20.

Bray, Don £, Private communication containing
numerical data for figures of Ref, 6, September 27,

1974,

U.S, Environmental Protection Agency, Trans-
portation Noise and Noise from Equipment Powered
by Internal Combustion Engines, NTID300, 13
Prepared by Wyle Laboratories, December 1971,

Elliott, Jamed¢ Edward. An Analysis of Noise Con-
ditions Present in Commercial and Military
Vehicles, Report prepared at Texas ALM., 1971.
{Springfield Va: NTIS No, AD747685,

Bragdon, Clifford R, "Quiet Product Emphasis in
Consumer Advertising, ' Sound and Vibration,

September 1974, pp 33-36,

Gasaway, Donald C,, Conversion of Octave-Brand
Noise Data to Equivalent A-Weighted Levels,
Brooks AFE, Texas: USAF School of Aerospace
Medicine, Dec. 1971, Report SAM-TR-71-45,

B
A i S

I e O L et 1 T b ks 3 s ] Sk b £ 04 S 4

Bl

Al

BCDEF (1, 3, 4, 5)

(BCDEF) 1

(A-K) (1-6)

(AE) 1

Al

Wy



Popular Science automotive test series: Norbye,

INFORMATION
CATEGORIES (see key)

: and Dunne, Jim, Popular Science 196

{March 1970), 32, 36.

196 (Feh, 1970}, 30, 32.

196 (May 1970), 32, 38,

196 {June 1970), 32, 3B,

197 (Aug. 1970}, 24, 28.
197 (Nov. 1970), 36, 42,

197 {(Dec, 1970), 32, 36.
198 (Jan., 1971), 13-14,

198 (Feb. 1971), 48,

198 (March 1971), 28.

198 (April 1971), 42, 50.
198 (May 1971), 16, 24,
.198 {June 1971), 24, 30,
199 (J‘:le 1971), 20, 2B.

197 (July 1970), 24, 29,

199 (Aug. 1971}, 23, 26,
199 (Sept. 1971), 26, 30,
199 (Nov. 1971}, 16, 20, 26.
199 ‘Dec. 1971), 18, 24, 26,
200 (Jan. 1972), 24, 34, 36,

200 (Feb, 1972}, 32, 34,

200 (March 1972), 12, 22, 24,

200 {(April 1972), 50, 56, 60,

REFRF
NQC, CITATION
12,

Jan P,
13, Ibid,,
14, Ibid. ,
15, Ibid,,
16, Ibid.,
17, Ibid.,
18, Ibid. ,
19.  Ibid,,
20, Ibid.,
21, Ibid, ,
22. Ibid.,
23, Ibid.,
24, Ibid,,
25, Ibid.,
26. Ibid, ,
27. Ibid,,
28, Ibid,,
29, Ibid,,
30, Ibid.,
31 1bid. ,
32,  Ibid,,
33, Ibid,,
34, Jbid,,
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REF
NO. CITATION

(Popular Science series, continued)

35, Ibid,, 200 (June 1972), 30, 34, 36,

- 36, Ibid., 201 (July 1972), 26, 28, 39.
37. _Lm_d., 201 {Aug, 1972), 35, 44,

38. ﬂ., 201 (Sept, 1972), 18, 26.

39, Ibid., 201 (Nov. 1972), 46, 50.

40, _I_b_l:.il:, 201 (Dec. 1972), 30, 35.
41, Ibid., 202 (Jan. 1973), 30, 40, 42,
42, _IBi_c'l_.., 202 (Feb, 1973}, 53, 62, 68.
43, _I_l'_:ic_l_., 202 (March 1973), 32, 38, 44,
44, Ei_d., 202 (April 1973), 58, 66, 72.
45, M s 202 {(May 1973), 36, 40.

46. Ibid., 202 (June 1973), 28, 32.

47. Ibid.,, 2032 {July 1973), 48, 54-5,

48, Ibid,, 203 (Aug., 1973), 16, 20, 24,

49, Ibid, , 203 {Sept. 1973}, 10, 18-19,
50. Ibid., 203 (Nov, 1973), 30.
51. ibid, , 204 (Tan. 1974), 22, 38,

52. Ihid,, 204 (Feb., 1974), 24, 30, 35,
53, Ibid., 204 (March 1974}, 16, 26, 27.

54, Ibid., 204 (April 1974), 106,

55, Ibid. , 204 (April 1974), 16, 20, 24,

56, Ibid., 204 (May 1974), 12, 26, 28,

57, Ibid., 204 (June 1974), 22, 32,
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CITATION

o

(Popular Science serics, continued)

58.

59,

60.

Ibid,, 205 (July 1974}, 30, 32, 42,
Ibid., 205 (Aug. 1974}, 24, 34,

Ibid., 205 {Sept, 1974), 30, 38,

INFORMATION
CATEGORIES (see key)

Al

{(end P, 5, data) -

61,

62.

63.

64,

65,

66.

67.

68,

Lane, 8. R,, "Reply to criticisms by V, E,
Callaway of papers MMI1 and MMI1! at the 86th
Meeting of the ASA, '" JASA 55(6) {Tune 1974},
1346-8,

Murray, W. 5, [{Mitre Corp.). Working Paper:
"Exterior and Interior Noise Levels of Shirley
Express Buses." WP 8498, 24 March 1972,

Rickley, E, J., et al. (DOT/Transportation
Systems Center). Noise Level Measurements

on the UMTA Mark I Diagnostic Car (R42 Model},
Technical Report DOT-TSC-UMTA-72-3, October
1972,

Rickley, E. J, and Quinn, Robert W. MBTA Rapid
Transgit System (Red Line} Wayside and In-Car
Noise and Vibration Level Measurements, Final
Report, DOT-TSC-0OST-72-31, August 1972,

Swetnam, George I', and Murray, W, S. (Mitre
Corp. ). Feasibility Study of Noise Control
Modifications for an Urban Transit Bus, MTR-

6272 Rev. 2. Also DOT Report No, UMTA-INT-
MTD-20-51,

Swetnam, George (Mitre). "Data Sheet EIP Pro-
gram Test Series 1, GM 671 engine, " Unpub-
lished, 1972.

Ibid. , Data Sheet: "EIP Program Test Series 1,

GM 8V7] engine, ' Unpublished, 1972,

Dept. of Transporiation, Federal Railroad Admin.
Unpublished data on noise levels inside stationary
Metreliner cars before and after soundproofing on
altered air duct work., August 1973,
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69.

70,

71,

72,

13,

74,

75,

76.

7.

INFORMATION

CITATION CATEGORIES (see key)

Henderson, R, L, ; Burg, A. Vision and Audition
in Driving TM(L)-5297/000/00, Santa Monica:
System Development Corp., 1974, Lxcerpts
only,

Tobias, Jerry V. Cockpit Noise Intensity:

Eleven Twin-engine Lipht Aircralt, FAA

No, AM 6B.25 (FAA Office of Aviation Medicine),
October 1968,

Tobias, Jerry V. Cockpit Noise Intensity:
Fifteen Single~-Enpine Light Aircraft, FAA

No. AM 68-2]1 (FAA Office of Aviation Medicine),
September 1968,

Wilson, George Paul, "Noise Performance
Achieved by the San Francisco Bay Area Rapid
Transit District. " NOISE-CON 73 Proceedings,
October 1973, 140-5,

Harris, Cyril M. and Aitken, Brian H. "Noise
In Subway Cars. ' Sound and Vibration, February
1971, 12-14,

Davie, Edward W.; and Zubkoff, M, J. (Operations
Research, Inc,). Comparison of Noise and
Vibration Levels in Rapid Transit Vehicle Systems,
Tech., Report 216, Prepared for National Capital
Transportation Agency. April 1964, (Wash. D, GC,)

Silver, Marshall L, (U, of Ill.), "Noise and
Vibration Control in New Rapid Transit, " Trans-
portation Engineering Journal 98 (November 1972),
891-908,

Wick, Robert L.; Roberts, Lester B.; Ashe,
William F. "Light Aircraft Noise Problems, "
Aerospace Medicine, December 1963, 1133.6,

Swetnam, G. F,; and Willingham, F, L, Evaluation of
) o

Engine Smoke, Odor, Noxious Emisgsions and Noise.

Final Report DOT UMTA-IT-06-0022-73-1; Mitre

Corp, No. MTR-6413, Rev. 1. Urban Mass

Transportation Administration Bus Technology

Branch, Washington, D, C., May 31, 1973,
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E{},3,4)

E(1.3,4)

C(1, 5, 6)
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B(1, 4)
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REF
NO,

78,

79.

80.

81,

B2,

83,

84,

85,

INFORMATION

Murray, W. 5, ; and Swetnam, G, F, (Mitre Corp)
Acoustic Noise Characteristics of Tranaspo-72

Personal Rapid Transit Demonstration Systems,

MTR-6331, January, 1973,

Neat, George W.. Ed,, MBTA Green Line Tests.
Riverside Line. December 1972. Report No.
DOT-TSC-UMTA 74-1, I. Final Report,
September, 1973,

Apgar, E, G, et. al, Rapid Transit Noise Abato-
ment and Cost Requirements (MBTA Pilot Study)

Report No, DOT-TSC-UMTA-T73-6 (Preliminary
Memorandum). June, 1973,

« Rapid Transit Noise Abatement

and Cost Reguirements (Reviaed Copy). No date.

hie is a later version of Ref. 80. Final edition
(Ref 107) issued Sept, 1974 as UMTA-MA-06~
0025-74-8;
Miller, Laymon N, and Beranek, Leo L.. "Noise
Levels in the Caravelle During Flight, "' Noise
Control 4(5), 1958, 19-21,

Bishep, Dwight E., “Cruise Flight Moise Leavels
in a Turbojet Transport Airplane. " Noise Control
7(2), 1961, 37.42,

Lane, 5, R, "Comparison of Noise Levels in
Passenger Cabing of Commercial Jet Aircraft and
Other Public Transportation Vehicles to Speech
Communication, Hearing and Health Criteria, "
Paper presented at the 86th Meeting of the Acous-
tical Society of America, 1973,

Schlegel, Ronald G.; Stave, Allen M.; Wolf, Alired
A, (Sikorsky Aircraft), Ride-Quality Criteria

for Large Commercial Helicopters. Presented at
Symposium on Vehicle Ride Quality, Langley
Research Center, Hampton Va. July 6-7, 1972,
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CITATION CATEGQORIES (see key)

C{1, 4} prototype systerns

C(1, 2, 4)

C(1,2, 4-6)

C(l, 2, 4-0)

E(1,5,6)

E(1, 4, 5)

E, 3.4

F(l,a. 5| 6}
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86,

87.

88.

B9.

9a.

91,

92.

93,

94,

95,

INFORMATION
CITATION CATEGORIES (sce key)

Noige Repository Retrieval System, Bioacoustics
Div,, U.S8. Army Environmental Hygiene Agency,
Custom search on "Fixed-Wing Aircraft, Rotary-
Wing Aircraft, Non-Combat Vehicles:" interior
noise levels (computer printout), Aberdeen
Proving Ground, MD, October 18, 1974, (A, B, E, F,K)1
Faulkner, H. B, (MIT). "The Cost of Noise Reduction

in Intercity Commercial Helicopters." J. Aircraft

11{2) (February, 1974), 89-95. (1,5, 6)

Lovesey, E.J, '"Hovercraft Noise and Vibrations,"
J. Sound and Vibration, 20{2), 241-245. K1

Camp, Robert T.,Jr,, Noise Spectra of the Bell

OH-13-T Helicopter, USAARU Report No. 65-3,

U, S, Army Aeromedical Research Laboratory,

Fort Rucker, Alabama, May, 1965, (1, 3)

Camp, Robert T., Jr, and Bailey, Robert W.,
Noise Spectra of the Turbo-Beaver, USAARU
Report No. 65-4, May 1965. E(1,3)

Camp, Robert T,, Jr., Noise Spectra of the
YCH-54A; Letter Report dated October 27,
1965, F(1,3)

Camp, Robert T., Jr., Sound Pressure Levels

in a Standard UH-1B Helicopter and a UH-1B

Bquipped with the Model 540 Rotor System.

USAARU Letter Report, July 7, 1966, F(1,6)

Camp, Robert T, Jr., Noise Spectra of the U. 5,
Army CH-47B Helicopter, USAARU Letter Re-
port, Novemher 9, 1967, F{1,3)

Camp, Robert T., Jr., Noise Spectra of the U, S,
Army U-21A Aircraft. USAARU Letter Report,
December 26, 1967. E(l,3)

Camp, Robert T., Jr.; and Boris, Igor, Overall

and Octave-~Band Noise Attenuation Characteristics

of a Soundpraofing Assembly in an Army OH-6A

Helicopter. USAARU Letter Report, May 22, 1968. F(I,6)
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REF INFORMATION
NO. CITATION CATEGORIES (see key)

96, Camp, Robert, T., Jr., Overall and Octave-Band
Noise Attenuation Characteristics of Soundproofing
Blankets in U. S, Army UH-1D Helicopters.
USAARU Letter Report, November 14, 1968, F(1,6)

97, Camp, Robert T., Jr., Noise Spectra of the U. S,
Army CH-47C Helicopter. Octoher 17, 1969, F(1,3)

98, Camp, Robert, T., Jr.; Kovacs, Ronald F.; and
Mappes, Donald C,, Noise Spectra of the U, S,
Army OH-58A Helicopter, December 18, 1969, F{1,3, 4)

99, Camp, Robert, T., Jr.; Schaffner, Michael I.;
and Kenderdine, John E., Jr., Noise Spectra of
the 11, S. Army OV-1D Aircraft, June 25, 1971. E(l,3,4)

100. Camp, Robert T.; Schaffner, Michael J,; and
Kenderine, John E,, Jr., Noise Spectra of the
Boeing-Vertol Model 347 Helicopter. September

1, 1971. F{1,3,4,6)
101. URS/Coverdale & Colpitts, Ine. A New Car for

Amtrak. (pp. 42-53 only). November 1, 1973, D(1,5,6)
102. ""Cabin Noise in Singles and Light Twins" Aviation

Consumer QOctcber 1974, 3-7. E(1,3,4,5,6)

103 a. Cox, C.R. (Bell Helicopter Co.} Private commun-
ication, November 22, 1974,

- Cox, C.R, {Bell Helicopter Co.). Design Consider-
ations for Acceptable Cabin Noise Levels in Light
Helicopters. Paper presented at the joint aymposium
on environmental effects on VTOL designs, Arlington

Texas, November 1970, F(1,3,5,6)
104, Chang, Hsing-Chi; Hermaan, C,E. ''Acoustical Study

of a Rapid Transit System.)' American Industrial

Hygiene Assoc, Journal, 35{10): 640-652, C(ia4}
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NO,

INFORMATION

CITATION

CATEGORIES (see key)

105,

106.

107,

108,

109.

110,

111,

112,

Sternfeld, H, {Boeing-Vertol Co,) Private commun-
ication, November 15, 1974,

Berry, Charles A,: Eastwood, Herbert K. ''Helicopter
Problems; Noise, Cockpit Contamination and Disor-
ientation." Aerospace Medicine, 31(3} {March 1960},
179-190.

Kurzweil, L,G,; Lotz, R; Apgar, E.G, Noisc Assess-

ment and Abatement in Rapid Transit Systems, Report
on the MBTA Pilot Study, Rept, No. UMTA-MA-06-
0025-74-8, U,S. Dept. of Transportation, September
1974. (Final edition of Refs 80 & 81.)

Meodig, C, Set of field measurements made in cars,
buses and aircraft Nov, 22 - Dac, 2, 1974, Unpublished
data.

Hinterkeuser, Ernest G,; Sternfeld, Harry, Jr, Civil
Helicopter Noise Assessment Study Boeing Vertol Model

347, Boeing No. D210-10752-2, Final report prepared
for NASA under contract NAS 1-12494. May 3, 1974,

Mills, C.H,G,; at al, A Survey of Noise Levels
in Public Service Vehicles. Motor Industry Reaearch

Assoc. {England) Report No. 1969/14, Lindley,
Warwickshire, England: MIRA, June 1969,

Federal Aviation Administration. General Aviation
Activity Survey, 1972. FAA Office of Management
Systems, Information and Statistics Div., July 1974,

U. of Va., Dept. of Engineering Science and Systems.
Unplublished data on three aircraft. Private commun-
ication. November 26, 1974.
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F(1,3)

C(1,2,4-6)

(A, B,E)1

Fb (external)

B(l, 4.5, 6) British
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avg,. trip lengtha
& duratianas)
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NO.

113

114

CITATION

INFORMATION
CATEGORIES (see key)

Gruesbeck, Marta G.; Sullivan, Daniel F.
Noise levels in five feeder-line type commercial
aircraft, One-page excerpt from Aircraft

Motion and Passenpger Comfort Data from

Scheduled Commercial Airline Flights., Memor-
andum Report 403212, May 1974. (P, 26.) El

Cooper, B, K. (Tracor, Inc.). N.QJ..H.LMR%EQ.L: El
-ments in Grumman Gulfstream II. May 26, 1972,

and Grumman Aircraft Co,, data taken in 10
Gulfstream aircraft, No date,
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1.

4.

5,

GENERAL COMMENTS ON MEASUREMENT METHODOLOGY

There are no widely accepted measurement standards for noise
vehicles, except for standards applicable to commercial truck
cabs, which are outside the scope of this report, However, there
ia a body of commmon practice reflected in the literature,

It is common practice to use the "slow' response on the sound

level meter, and all data in this compilation, if they were taken

by reading a meter, were taken with the meter set on '"slow.”

It is also common practice to report the reading as a single number
if the noise is so steady that the meter needle does not fluctuate
more than t 1 decibel over several seconds, When the needle
fluctuates by more than several decibels some investigators evidently
report the central tendency and others svidently report the result

as a range between two numbers, Most readings are taken on the
A-weighted acale,

There is general agreement on measuring noise at the ear level of
various seat positions, but some measurements are taken in the
empty seat at center-of-head position, some with the meter one
foot in front of the occupant of the seat, some at both right and left
e¢ars, etc. In addition, only a few investigators have also measured
noise close to the window or exterior shell te sirmulate levels exper-
ienced by a passenger reating his head against window or cabin wall,

(Recommendation.) Measurement of attenuation of the exterior shell
of surface vehicle types such as cars and buses has been neglected.
Since intrusion of background noise ig an important factor in the
urban traffic setting, more measurementa should be taken in this
area. Even taking into account the problem of audibility of warning
devices like horns and sirens, more may perhaps be done to atten-
uate noise from outside the vehicle,

(Recommendation,) Vehicle types vary greatly in the degree to which
noise in the passenger compartment is steady or fluctuales, More-
over, vehicle noise in specific vehicle types varies in steadiness with
mode of oparation {start, accelerate, stop, etc.). Noise levels
taken with a hand-held meter are sufficient for the case of steady,
continuous noise (cruise mode), and will also suffice for preliminary
orienting measurements of other noise types. However, when
fluctuating or intermittant noises are found of high enough level to

A- 15
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warrant examination in detail, laboratory analysis of tape recorded
data should be the rule. Such measurements have already been
made by DOT's Transportation Systems Center for rapid transit
vehiclea (e,g., Refs, 79-81, 107} and by the Consumers Union for
cars {data promised to Informatica, but not vet received.)
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GENERAL COMMENTS ON HEALTH AND WELFARE EFFECTS

1,

3.

4-

A key to discussions in the literature is given in the table on the
following page (Table 1).

Most discussion of hearing damage risk has been in terms of a
comparison between cruise noise levels in a given vehicle and
criteria curves (if octave band data, e, g. the military) or the
90 dBA OSHA single number standard. Few calculations of
exposure in L, are yet found in the literature, either those
calculated from time histories, or those obtained by using
typical' levels for different vehicle operations combined with
an assumed trip length, A set of Wyle estimates of the latter
type is given verbatim in Table 2.

There is a need for more data on gpeech interference ag opposed
to hearing damage risk. This situation is caused in part by the
relative ease of taking A-weighted levels, aas opposed to taking
the octave band data necessary to calculate SIL or PSIL. Wyle
estimates of speech interference, generalized for basic vehicle
types, is given in Table 3.

A question remains whether, (at least for some vehicles, } the
combined noise and vibration effects should be considered in
assessing the health and welfare effects, rather than considering
the noise effects alone, Most experts polled informally by this

author discounted effectaof vibrationa typically found in commercial

vehicles, One expert did not. Some work now in progress may
shed more light on this question.

A-17
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TABLE 1.

summery Tabler Loceation of data un Fxposure and discussivns of Ilealth and Walfare Effects

(Hef, No, Pagnul

HAPID FIXED WING QTIIER
CARS HUSES TUHANSIT RAILROADS AIRCRAFT UELICORTERS {including helicoplera)
Exposure Daa
l'nq 8227 B/2zt 63, 64,79, B/227 Af227 Ri221 ef227
Ho, Hi, 107,
104
Graphical time historles 43, 64, 79, B/20
Hi, K1, 107,
104
« Health and Wellara discussion &/19 6HY 619 213-5, /19, 104/182+4,937324,
87227,6171347, [97/3.5,8/221,
Heating damage elak as2z7 84227 Rf227 8/327 7004, 1114, A9/2-7,98/ 3.4,
{PTS, TTS, Walsh-l{ealy} i 4/ App. B, 16/1135.17, 99/8-9,100/16-20,
: 15/ /%0, 104 B4/12-16, afY2,91/3.4
! 94/3-5,90/4-10,
‘I
Speech interierancs af228-9 ©OBf228.9 4/2208-9 a/228-9 245, 8/228-9, 1047184, B/228-9,

1044645, 649 70/%, 71/4-5, BS/2.4,101b/1-2
a4/9
Performance . ! 275, 64/14 106/ 1 RS
{Reaction time, disorieniation, {
{atiguel !
Cther !
(}) Cambined nolas/vibration | 14351, 6171347
eifects |
{2} Annoyance 6310, 15 /16 85/2




TABLE 2.

EXTRAPOLATIONS ON RELATIVE HEALTH AND WELFARE EFFECTS
(HEARING DAMAGE RISK)} OF VARIOUS VEHICLES,

Avaroge Maximym
Highway Vehiclas (Typlcal Houn Use Per Day) Jf i J’
‘Motoreyacles (Highway) (1) 80 95
Madlum and Heavy Duty Trucks (4) 80 95

Y 4
Highway Buses {4) |77 IBS

]
I
]
Unility ond Malntenance Vehicles (1) DBS ;

. Light trucks and Pickups (1. 5) 88

WS £y = ey e, T T T

L T

o oe——yn s,

City and Sthool Buses (2) 2 Jeo E

Passenger Cars — All Types (1} s 75

Alreraft

Light Plston-Pawerad Hellcopters (2) E“j?o
Commerclal = Propeller (1.4) 75 87,
Gennrz! Aviation - Propelier {1} 75 87
Commercial — 2~ and 3=Engine Turbofan (1.4) 17 80
Heavy Transport Halicopters {0.5) 71 176
Modium Turbine~Powered Hellcoptars (0,5) 70 {75
Commareial = 4~Engine Turbofen {1.4) 70073
Commarcial — Widebody (1.4}

70| )72
Ganoral Aviation =~ Executive Jot (0.5) E 75

Occupational
Safety and

Rall Vehicles Ha.alth Act
Critarla

Exlsting Rapid Transit (1.5) O |8]
70 |75

Trolley Cans (1,5) ]
Passenger Trains (6) Eﬂ 72

High Speed Intercity (2) 65

Rocreational Viehiclas  (Typleal)

Snowmabiles (2) [s8 102

100

Minicycles and Cff=Road Moloreycles (2) :

Inboard ond Outboard Matorboats {2} B5 |95
L I ! 1 ! )
50 &0 70 80 0 100

Equivalent 8-Hour Exposure Level, dB{A)

Figura 4=4,  Potential Hearing Damage Contributions from Transportation Systam Categorles
In Terms of Equivalent B-Hour Exposure Lavels, far Pasengers or Operators

Source: Ref, 8 U,5, Eanvironmental Protection Agency. Tranasportation Noing
and Noine from Equipment Powered by Intsrnal Combusion Engines. NTID300, 13

Prepared by Wyle Laboratories. December 1971, p, 227
A-19
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TABLE 3

GENERALIZED ESTIMATE OF RELATIVE HEALTH AND WELFARE
EFFECTS (SPEECH INTERFERENCE) OF VARIOUS VEHICLE TYPES,

Typical Passenger Separation Distances and Speech interference Criteria
Compared to Average Intemal Noise Levels for
Major Transpartation Categories

Speech Average
Talkar-Listener Interference Internal Noise
Separation Limits * Levels
Feet dB{A) dB{A)
Passenger Cars 1.61c2.8 73t0 79 78
Buses Ttl,7 7910 85 82
Passenger Trains 1to 1.7 791085 68 to 70
Rapid Transit Cars 1f0 1.7 7?10 85 82 ‘
Aircraft (Fixed Wing) 1.1t 1.7 79 to 84 82 10 83
V/STOL Aircraft 1.1t0 1.7 79 to 84 90 to 93

* Maximum noise levels to allow speech communicyﬁon with expacted voice level ‘
al spacified talker=listener separotion distunces.

Source: Ref, 8, U.,S. Environmental Protection Agency. Transportation
Noise and Noige from Fquipment Powered by Internal
Combustion Engines, NTID300,13
Prepared by Wyle Laboratories, December 1971, p. 229,
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3.

CARS, MEASUREMENT.

Of all vehicles, we have the best data for cars,

The data shows that when driven at high speeds with the windows
open, the central tendency of the noise level is harder to [ind (more
fluctuation), particularly on the C-weighted scale or at the driver’s
left ear, (Ref 108)

Also the C-weighted noise level consists of a basge level {measurable
to + 1dB) plus upward deflections of 2 to 4 dB (and occasionally up to
7 dB) for small bumps in the road, Otherwise, provided the test
run was on level smooth road, meagurements should be repeatable to
+ 1 dB for the cruise.

The data also shows that the measurement positions 4" R of the
driver's right ear (Popular Science methad) and in the passenger's
seat ear-high (Consumers Union) are for all practical purposes
equivalent and that these data sets may be merged, ¥ The differences
between the measurement positions, on the basis of trials with 7

cars of various types and ages, was 0 - 1 dBA. {windows closed) and
0 - 2 dBA (windows open). These differences are acceptably small
relative to the general degree of precision obtainable in the
measurements as a whole (road smoothness, accelerator fluctuations,
errors reading meter, etc,). (Ref. 108. The author undertook
these field measurements primarily to demonstrate that these two
data sets could be merged, in order to get data from different sources
on identical makes and models.)

The data on effects of opening the windows is sufficient to establish

a significant difference in noise lavels (Refs. 9 & 108). However,
the reliability could be increased somewhat by testing more cars and
by using a wind screen on the microphone, especially for the left

ear measurements, It will probably never be possible to get well-
behaved repeatable measurements for the windows open condition,
eapecially for driver's left ear, For one thing, 4' left of ear puts
the microphone closer to being outside the car in some cars than
others,

* Informatics was atill waiting receipt of the Consumer Union data set

at time of writing of the final report,
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Same preliminary measurements on several cars sugpest that at
typical freeway conditions {with windows closed, at 97 km/h (60 mph) on
smooth road), playing the radio over the heater fan can add 4 to

9 dBA to the basic noise level, depending on driver preference as

to audibility of spoken speech on the radio. The fan alone, set at
"Thigh'! can add 0 - 2 dBA, with an increase of 1 dBA typical.

Several types of additional measurements could be made to en-
hance our understanding of car noise;
(1) Effect of snow tires
(2) Octave band data sufficient to obtain speech
interference ratings (SIL). This data set exists
and has heen promised to Informatics, but had
not been received at the time of writing the final
report,
{3) Noise levels in the back seat.
(4} Noige peaks from passing or being passed,
Effect of high~density freeway traffic,
(5) More data on {and a better method of character-
izing) rough vs. smooth roads.
{6} More data on the attenuation of the exterior shell,

Data in the Refcrcnce Collection (Refs, 12 - 60) taken at 48 km/h (30 mph)
on rough roads shows that road surface is a critical variable in
measurement, for this noise typically equals or exceeds noise on

smooth roads at 97 km/h (60 mph). (This 48 km/h {30 mph) data

was not put in the tables.)

One possible way to achieve comparability between measurements
of different investigators would be to require one meagurement
condition to be on concrete-surfaced Interstate Highways at 89 km/h
(55 mph), on the presumption that these roads are relatively
identical because they were huailt to a single federal standard.

Based on a eample of two models, diesel-engined cars are slightly
louder (2 -3 4D at idle, ! ~ 3 dB at speed) than their gasoline-
powered equivalents,

The Mazda should be measured to ascertain the spectral character-
istics of ita "hmmmmmm, !
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CARS., HEALTH AND WELFARE.

There has been no discussion in the literature on health and
welfare effects of noise in cars, However, some observations
may be made from our data.

Of all vehicles, cars rank among the lowest as a potential health
and welfare problem, (Paradoxically, we presently have the best
data on cars,)

Although most cars are ''safe!’ at freeway speeds (70-80 dBA)
from the atandpoint of conventional haaring damage risk criteria,
it is easy to see that various combinationa of factors {rough
road, window open, playing radio) could axpose driver and
passengers to levels in the 85-90 dBA range.

When the Consumers Union octave band data is received, it will
be possible to assess battter speech interference effecta, It
should be noted that cars are privately operated vehicles, where
it is not desirable to have a minimum level of background noise
to asaure some speech privacy between non-adjacent seats.
The optimum design solution from an acouatical point of view
would include more attenvation in the exterior shell, but this
approach apparently conflicts with safety, as pointed out in the
general comments section earlier. The conflict may not be 25
great as one might think, however, since the efficacy of horns
and sirens as warning devicea is now under closer scrutiny,
{See full version of Ref, 69 when it is released,)
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Page 1 af }

CARf. - -CRUISE-. “PERSONAL CARS' at 97 km/h (00 mph) All levels in dBAS amooth ruad; conclitionr

(Al} measureaments made 4" to right of drivers naw cxcept a8 noted; { ) = Ref, Nu.; windows closed; all
right ear) auxillary equinmont qif,

MAKE { MODEL WEIGHT | PRICE A-Weight ed Sound Leyela in Muasiprement Yaar

FURPRROU (DRI g (1.} SN SO | T 2870 | ,3971 197e 1971 1974 176 _luosag pry
Buick Riviera 58 {13
Poatiac Grand Prix 68 (13)
Pontlac LaManas Safari 6B (42} 70 (51)
Chevrolet | Monte Carla 68 {13
Ford Thunderblrd 67 (13
Olds Toronado 72 (13)
Plymouth Bareacuda 340 75 {18}
AMC Javelin 55T ' 76 [15)
E———
Yolvo 144.8 18 (16) 10 (49)
Audi 100-LS 76 {16} T {49,

" Fox T4 (4B Fareign
Paugsot 504 78 (16 68 (49 Compacty
Sasb 99 T3 {49)

Citrodn Spocinl 75 (18)
Dateun 510 TN
Fiat 1245 % 1N
Simea 1204 : 80 (17)
Toyota Corona {1973 T {4 T3 (48
Mark I} ) 76 {108) u:. 'm; kavh
(8%, WI0 mi)
Datsun 1200 79 (18 PArt worn
610 75 (48 snow tirus
Toyota Coralla 7 (18 15 (58
e Bug a0 {18
Ford Plnto 78+ (198 76 (32 70 {58
Clisvratot | Vegs {1974 83 (19 76 (32 69 (58
Vaga LX)
Ford Mavarick v 71 {20} &7 {46] TO {55

" " vé T2 t46] 71 (59

AMG Hornet V8 T4 (20 Ti {42] 70 (55

Gremlin X TT (3] 71 {32 73 (58
Plymouth Valiant T4 (20 71 (46] 70 (55
Chavrolest | Nova V8 0 (46] 68 (5%
Austin Marina T4 (48

¢ »aftor 10, 900 miles driving
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GARY - GRUISE .- "PERSONAL CARS' st 97 koufh (60 mphic-a contlnuad

Trape 2 ol

MAKE MODEL WEIGHT | PRICE Acwalghtod Seund Lavels by Mearurununy Yoar COMMENTS
{ibs) $) 1970 1971 1 1972 1913 1204 415
‘ Dodge Calt 76 (20 73150
Plymouth Crickat 80 (2
Slze of
Opel 1900 T2 73 (53) Vega &
v {74 Mantra) 79 (5} Pinto
Ford Capri Vé 75 (23] 74 {36) 77 {53
Dodge Demon VB 6 (24) 71 42} L?b.-m km/h
) P {THDart Sport) 3 {108) Jl.:.f%":&“llm
Pantiac Ventura It V8 73 {20 I
Expensive
Marcury Comat V8 75 24 68 {42) 242, "GTY
Typo
Dodge Challengor BO {26)
Meccury Cougat 75 (26
Fantine Firebird 74 (26)
[ P
vw Suparbeatls k1 XH:) T4 {58)
Like Toyats
Coralls,
Fiat 128 76 (28) Datsun
: 1200
[_gubara 1t-1-)300G 79 (28) bed
—
Opsl 1900 T4 129) Medium
price 4=
Pecgeot o 7% 29 door
fmports
L_Dogault R.12 79 129) —
Citroln DE-21 T3 {30y
Jaguar X3-6 69 (30) Luxary
Marcedos 250 {30y
EII\I. [
Ghevrolet Chevelle «
Malibu & 69 (31 70 (3 |69 4
u Laguna 69 (42) | 69 (41}
Ford Gran Tarino & 72 {319 70 [31) 6B 4y Intermedist
site
. +
Plymouth Satellite 6 74 131Y T2 (31) | 70 (41)
AMC Matador & T2 {3 |70 40y [ TO%S))
# Relet & 75 [31) I
. Hatchback 71 8% i
Bulek LeSabre 69 135)
ol Century Luxus 65 (43)
Contury Regal BY (108) 32,167 km/h
A‘ 24 120, 000 1y
hull wnrn

e b e b R b i i 5




CARS -- CHUISE --"PERSONAL, CARS" at Y7 krn/h (60 mph} Page 3 of 1

MAKE MODEL WEIGHT PRICE A-Walghted Sunnd Level By Meawurement Year
ETY! 181 1970 | 1971 1 1972 1973 1 197% | 1975 COMMENTS.
Morcury Monteray 69 (35)
» Montego MX &4 {451 67 (509
Oldamabile Delta 88
am 67 {35) Standard
Royale
Cheysler Newpart 69 (351
i Royal
Dodge Chargoer & T0 {51
. Caornet 67 (45)
Custom
v
Flat 124 Sport 74 {36} ]
Coupe
Sports
Datsun 240/2 73 (38 cars
N —
i Rensult 15 19 (37)
Fiat 128 5L 1300 78 {37 78 (58)
) Maady RX-3 7330
’ RX-4 T2 (591

Fard LTD b4 (43| 67 (52}

L
t

Chavrolat Caprice 64 (40 ] 67 (52)
"

H
3 Camnaro 55 T {18)
]
E AMC Ambassador 6B (431] 71 (52)
@
A Plymouth Fury Gran 72 {108) 66 (43 70 (52) 9721 acow tira
._I Sadan on rear;
:
X Pontias Grand Am 64 (43)

Dodge Calt 73 (98
; Subaru DL 74 {58
¥
E Dataun 8-210 75 (58
¢
: VW Dasher 71 (59
i Ford Mustang 1105 73 1534
96, 561 km
n
i DMW 3 L Bavarlan 75 (108} 60, 000 mi,
4 all worn radia
b . 24, 140 Xm
3 2L 2002 70 {108 15, 000 mk, = pa
4 warn radlals.
ﬂ +
b |
i
i
3
!
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CARS -+ CRUISE -~ VANS at 97 kin/h (60 MPH)

Smaoth roadf all levela dRA at oparstor's right ear;
condition: new; [} v Raf, No.i all auxiliary equipment alf,

MAKE MODEL WEICHT | PRICE A Waightad Sound Lovela by Measurament Year COMMENTS]
fiba) | (9 1970 | 1971 g ae72 Qsva 9w |aers [ 1
;
Ford Clubwagon 76 {25)1
Chevrolot  [Spart van 76 {25)
Dodge Sporteman T6H {25)
Internationsl{Travelall 71 (25)
Concord {Dodge chasais)
Tront T7i5H
roRT 76
Dlamond {Dodga chassin)
: front 78 Recrantional
' rear -
Shanta {Chay, chaaals)
front 79 Vehicles
rosr 79
Tloas Iront 81
Takr 79
Winaabago {ront 8
rear T4
| Starcralt {ront 78
! — reAr 74 Jr
i I
%
i
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CARB .- CRUIS

=>4 - WHEEL DRIVE YEHIC
97 km/h {60 mph)

Smonth rosd: a1l [avels ADA At aperster's righl rar

new-

all ausilinry e

mhbent gl

«MAKE MODEL WEIGHT | PRICE | 1970 , 1971 , 1972 ; 1973 1974 |, 1975 :gr;mzn-rs
(Lbal, 15}

International] Scout 82 (2N 447
Jeep Wagoneer 15 (2T 13 4Ty

Cherokee T3 15D
Ford Baja Bronco B2 (27) 18 (4
Chavrolet Blazar 78 (21 TLAT) ] 73 (5T
Plymiouth Teall Duster 75 {5T)
Dodga Ramcharger : 75N

| A-27
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CARE -~ CRUISE -~ PICK~UP TRUCKS ut 97 kinfh

Smooth road) dBA levels at operator's right esrt

150 mph) conditlon: newt {) = Rel, No.: all auxiliary ogiipient ofi,
A Wolghted Sound Lavels by heasursiment Yearsl
MAKE MODEL WEIGHT| PRICE 1970 197} 1972 | 1973 1974 1gr- CUMMENTS
{ibg} [£3]
Chavrolat Cheyenna Super 20 MO
Dlamonde===--Campar Unit 76 (401
Fard F250 Ranger XLT 78 {400
74 (¥
Rover -«-«-=--Camper Unit 73 (40
Inteceationsl 1210 Custom 74 (33
Monltorveeae-Camper Unit 76 {40
Dodge Adventurer 71 (33)
Chevrolet | L, U, V, i 7% (3&
Datsun PL 620 15 (36)
Ford Courler 78 {34
Toyota Hi-Lux 78 {36)
Joap J-4000 77 (40)
Four Winde---Camper Unit 7 (40
Dodge D-200 72 (40}
Winnehega----Campear Unit B2 (40)
A-28
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ARG -+ GRUIIK .. STATION WAGONS s

t 97 kmv/h

Smoocth road; all 1evels dBA approx, 4" L4 10, @l 0peralorta

(60 mph) right ear; condition nawt { } » Raf, No.i all auxiliary equips
. mant off,
MAKE MODEL EIGHT { PRICE A+ oighted Sound Levals by Messurement Year
{lba) (3 1970 | 1971 Juemz 1973 1974 1975 | COMMENTS
. Baick Estats Wagon KERL 4]

Ghryslar Towa bk Country 75 {12}

Dodge Monaco 75 {12} 48 (56) i

Marcury Colony Park 70 (12) 64 {56) *

1

|
Chovrolat  (Suburban Clrry-1 ?6 AL} (

Call
internationall Travelall T1 (14}
D-1000
Kalser Jagp Wagon {4
AJ\MC Matador V8 T4 {21} T2 {44} . I
Intermediats
Dodga Caronet V8 En &8 (44
Size
Mu;:uq Montego V8 T2 {2h &6 (44
—— Villagar 66 (44) _1
|

AMC Ambasaador 68 (22) 69 (36}

Ford 69 (22)

Chavralst TIEn

Plymouth &% {22)

‘Poatisc Salari 68 (44)] &7 (56}

v LeMana 1}
 Chevrolat |Vega 77 {56)

Ford Pinto 75 (56

Toyota Corells TH (56}

TFoyats Laad Cruiser 77 {108) b1, 799 km
134, 400 mi.)
nalf worn
mud tires
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CARS -. .FUISE -» MOSAIC OF VARIOUS SPEEDS FOR_VARIOUS SOURCES

Smuooth road,

Windows cloaed; auxitiary eguipment offy condition: new, except as noted) | ) - Ref, Nu.j

MAKF L MODEL YEAR A Wuighted svunid Level wul cruise spedd) lCu'r‘r‘:l:nEth;:]lnf J COMMENTS
[ Z4 kni/h 4d kin/n w4 am/h BO km/h {37 km/h |97 KV B{E05 ke [113 kv 1123 kan Al
{15 mph) _ (30 _mph) 140 mph) {50 mph) 160 mph}) (40 yupli 65 mph [(70 mpehi|(80_np!

Austin America 1971 G 15 HO {5}

Capri Sport Goupe a7 66 (23 T6 (23 | TH Rel, 5 mi¢ros

Dodge Colt (2-daor) 62 60 (23 T6 {23 | 76 phone pasition
Flymouth | Cricket &b &6 (23} 8a (23 |76 nut nientioned,

Dataun 510 (2~door} &0 78 “"“"‘:g;f be

Fiat A50 Sport Coupe 69 R

AMC Gremiin b6 65 {32y T30 |74

Opsl 1900 Sport Coupe 68 65 (23) 74 (29 |79 *Ref 19: After !
Ford Plnto &9 67T (19 78 (19) | 82 16, 100km/xr {10, 000m1)
Renavlt R10 66 78 *Ref 9t varfoun

Saab 99E {4-door) 5] 12 MRoa

Toyota Corana (4-door} av 78

Chavrolet Vega GT 71 #68 (19) P83 (19) |79

VW Super Beetle - b4 N £9 {28) 78 {28) | 79 .J )

Oldemabile | F-8s 1965 71 (o 76 (97"

Ford Galaxle (Conw, ) 1966 7 A2 Rel. % Plus 0 ta
Qldsmebile | Cutlass 1967 70 T2 2 dBA I fan in on.
Chavrolat 3/4 Ton Tyuck 1970 kL -] Micropheone position
AMC Ambassador 1910 72 79 & CRarataria SAT.

Vi Bug 1970 78 80 {18) 81 mooth blacktap

W Squarsback 1971 79 84 :

Ford Torlne 157 11w TR

Marcodes 220 1973 b4 [50) 66 (50) 67 [50) 68 {50 T4 (50} |78 {20}

Paugaoct 04 1273 64 {50} 86 (500 68 (50} 70 (501 72 (50) | 78 (50)

Dulek Cantury Noyal 1973 61 {108} 67 (108) 32,187 km/h (20,000 my
BMW 2L 2002 1971 3] 70 24, 140 ki |15, 000 i}
‘" Dodge Dart 1973 64 13 16, 444 kmv/n {47, 500 ml)
Toyota Corona Mark It 1970 &7 16 36, 794 km/h (85, QU0 mi)
Plymauth | Fury 1972 67 12 32, 207 kmifa (20,000 mi)
MW 3L Bavaria 197 n 1 (AR 96, 561 kvl (60, 000 mi)




CARS

Differences Between A-weighted and C-~weighted Sound Levels (windows closed)

SQUND LEVELS AND DIFFERENCES (A}
48 km/h {30 mph) 97 km/h (60 mph)
Right ear Left ear Right ear Laft ear
dBA dBC A dBA dBC. A dBA dBC A | dBA dBC A
Car No, 1 61 86 25 64 86 | 22 67 89 22 70 B9 19 1973 Buick Century
E 2 Tl 91 20 72 91 19 75 91 16 77 92 15 1972 BMW - Bavarian
-
3 63 84 21 64 87 23 70 86 16 72 87 15 1973 BMW-2002
4 70 94 24 71 95 24 17 96 19 80 97 17 1972 Toyota Land Cruiser
5 64 91 27 67 90 23 73 94 21 76 94 18 1973 Dodge Da.:;t
] a7 89 22 68 89 21 76 95 19 77 96 19 1970 Toyota Corona
Mark II
Arithmetic
Average 23 22 18 17

Note; {1) On C-weighted scale readings, momaentary upward fluctuations caused by bumps are disregarded
(2) All data from Ref, 108,
(3} All auxillary equipment off,




CARS -- CRUISE -- "PERSONAL AUTOMOBILES"-~ DIESEL vs GASOLINE

Conditicns: new, windows

closerd, accessories off,

Smooth road.

, e e —
slf’f‘ﬁ? SOUND LEVEL dBA
REF, MAKE MODEL YEAR tmnhy | DIESEL GAS COMMENTS
50 Mercedes 220,220 diesol 1973 48 (30) 65 64 Meaaured near
64 (40 67 66 Operator's
BO (50 69 67 Right ear
97  (60) 72 68
113 (70)} 76 74
J 123 (80) 79 78
- Peugeot 504, 504 diesel 1973 .48 (30 65 ¥
P (64 (40 69 66
80 (50 70 58
197 {60} 72 70
113 (70} T4 72
- J 123 (80 79 78
}
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CARS

Relative Effect of Open Windows on Interior Sound Level as a Function of Speed, 48 vs, 97 km/h

(30 vs. 60 mph).

{ref, 1

08)

48 km/h (30 MPH)
SOUND LEVELS dBA

97 km/h (60 MPH)
SOUND LEVELS dBA

Windows Windows A Windows Windows FaX
Closed Open tIBA} Closed Open {dBA)
4" R. of R, ear
Car No, .1 61 70 9 67 78 11
2 71 72 1 75 83 8
3 62 66 3 70 8o 10
4 Tu 72 2 77 B2 5
5 64 6b 2 75 79 4
jarithmetic arithmetic
avg~3,4 avg - 7.6
4" L, of L, ear of driver
1 64 75 11 70 89 19
2 - -- -- 77 95 18
3 64 7l 7 72 B2 10
4 71 73 2 80 86 6
5 67 72 5 76 90 _ 14
| i) g
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Relative Effect of Open Windows on Interior Sound Level as a Function of Speed, -~ 54 km/h va, 97 km/h

CARS

{Ref 9 pp 24-25) {40 va 60  mph)
(ALl measuraments approx, 4" R, of |Lod km/h (40 MPH) 97 km/h (60 MPH)
R. sar of driver. SoyuNp LEVELS, dBA A UND LEVELS  dBA &
Windows Windows Windows Windows
Closed Open * (ABAY Cloged Open {dBA)
1965 Oldsmobile F-85 71 78 & 76 84 S
1966 Ford Galaxie {Conv.) 17 78 1 82 84 2
1967 Oldamobile Cutlass 70 78 8 72 82 10
1970 3/4 Ton Chevralet Truck 71 79 8 80 B6 [
1970 American Motars Ambassador 72 73 1 79 82 3
1970 Volkswagen {Bug) 78 82 4 8l 87 )
1971 Volkswagen {Square Back) 79 81 2 84 g2 8
1971 Ford Torino 7l 72 1 78 8s 7
arithmetic arithmetif
avg, 3.8 avg, 6,2

* Open = bath front windows and both vents
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BUSES. MEASUREMENT.,

City buses and inter-city buses require different measurement
techniques. The "cruise'' operation is the most important

one to measure, from a health and welfare standpoint, for inter-
city buses. It is less important for city huses, whose noise

ia usually a combination of "idle, ' ''accelerate to 24=32 km/h
(15-20 mph)" or "accelerate to 48256 km/h (30-35 mph)," and
"coast-throttle-coast-throttle" types of operations, (Ref, 108,
plus informal communijcation with author of Ref, 66.)

For standard transmission buses, gear as well as speed shoild
be noted for "ecruise' conditions, as was done in Ref., 4, Almost
all city buses have automatic transmissions and rear engines;
most school buses do nat. They should not be lumped together

as done in Ref. 8/227.

Reference 4 made the following observations on the effect of various

conditions on noige levels in the two buses bheing tested:

a, Traffice noise added 1 to 6 dBA,

b, Increases of 8 to 12 dBA were experienced when travelling

on rough pavement,

c. Uphill grades burdened the engine and increased the
noise by 3-4 dBA.

d. Squeaking seat brackets on one bus increased the noise
lavel by 7 dBA,

A sat of measurements should be taken to establish the absorption

effect of a full load of passengers vs. an empty bus,

- e > AN b



BUSES, HEALTH AND WELFARE,

1. With the exception of the Wyle estimates, there has heen little
or no diacussion in the literature of the effects of noige in bhuses
or passengers,

Howaver, it seems clear from the data that:

a, Thea levels in intercity buses, combined with avg.
duration of trip, make noise on theae buses a
potential problem, (Leg {8) up to 85 dB per Ref.
8/227)

b, Noise on city buses ie leas of & problem to passengers
than that on intercity buses, It is intermittant, with
frequent dips to 60 dBA, and trip duration is much
shorter,

2. The problem of lack of data on noise in school buses should

be corrected. Trip time hiastories as well as cruise noise
levels should be collected.

A-36
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CITY BUSES - CRUISE

Winduwa closed, conasant spead, W « window seat. A 3 aisle sesr, [ns winply except

an heled,
REF/PAGE ITY TYPE ISEATNG ENGINE |ENGINE SPEE SOUND _LEYE - Conunent
1 TYPE POSITION | xm/b | apA . Mrasugenment Position | aBg | Olher vr
! I ‘(mphy | Fren’ Middlq)ﬂﬂur Nt Front |Middle|Raar Nut
; ; b Wil IRLALLLANN -
H | wlalwialw fa IEpecitied wialw al w alspecitied
] i J : o
ok ? <« Amarille 19 Giar Front ' 12 :,TH 1T lo2 104 IW-I Nat empiy
Houston 53 Dissel | Raar | 70 i*ra " l 94 4 9% |
Wash, DC L] Dlssel Resr | n 7 94 95
NYC \ 54 Dlesal Raar t 78 98
' Craratl apliMaasured
™ Wash, DC| 1961 GM 41 Dlasal «+ Rear 0[50) L} 1/3 trom tront,
1 3 yra, old v-6200 hp 8410} q 88 oulava band data at
] il | a5 147144
‘ 1 ’
1 Rl
7 | 112 10 80
: !
|
&6+ 77 Wash, DC| 1963 GM Disasl | Resr  [32{20) H revef 7 j i L‘rnnu author's
¥ Tl ! 78 7 :; L-limnu
&+ 17 5.F, 196% GM vl Rear :32[20] b0 13 82 ad ii
1 o6 |84
P I
§1 4771 |8.F. 1969 oM | Disesl | Rear  Jibeea | po 1o 5 )ef b
. wn [(30-40)1 FO 92 |9 |‘
| o . i [
108 Washingtod 1964 GM Wil Raar 32 [20) 'o;lz- . N B E:‘l:q:::dwglal;';:::
1 . l 5 l {II' |i ppen, bua full of
| H | [ il ; {f i ! :, pacpis.
t By o

»s Lower iumbatr; arithmatic avg, of 5 control bas measuremenis;

Top mmbnh_. arithmatic average of 5 ELP-bus mesauremanta;

* Auxillary squipmant off,
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CITY BUSE.

S - IDLE

Windows clonad, Alr conditioning n_l'r. Lighting {power lnunujﬂ. Muaun gears

Driver's window &

HEF/PAG Ty TYPE SEATING | ENGINE ENGINE  ____  SOUND LEYELS..._ ... ... . COMMPENTS
- TYPE POSITION FRONT  MIDDLE  REAR NOT
— ANA_l4nG duA J4BC 4na lapg, SPRETFIED
TEST [CONDITIONS ; ] I
Wash, D, C,ares i
62/10 AD kW All GMe j
Shirley §td Dicsel KRear 6l 1] T0 Buses empry
Exprass EIP* vl 59 65 1
{Va,)
EIP av7l Rear &0 fid T
ACTUAL OPERATIONAL CONDITIONS]
I
108 Wash,, D, C, GMI. c, body avrTl Roar 60" &1.62 B& | &4 |By-8? & Window seats sxcapt 4 » alsele sant
by Flixabla 674 Bs* Matro No. 6829
Rear 1 = 2/3 bach
108 || Waan, D,C, | GMC vl Rear 63-65 l!-ﬂ{ &9 | &7 Rasr Z » on back seai, oxifalne rear
1 6a%| g Metro No, 6451,
window near resr slightly opsn.
h '

SEIF bysss bl gntlasolew and anti-pollution hardward,
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CIIX DVSES - ACCELERATION Windows cloaed, Air conditiening gll,  Lighting (power nnerier on,
0 o 48 Kim/h (D to 30 mph) [ull throttlo [ARIOMATIS Eransmies i),
REF./PAGE LTy TYPE SEATING = ENGINE | ENGINE MAX, SOUND LEVEL {dlA} | COMMENTS
- TYPE POSITION Front Middla : Rear Nul
bpevified
TEST CONDITIONS
Wash, D.C, area
62 l10 AD &« W GM »tdd, Dicenl Rear 72 %5 a1 Z vohiclam of each Iype massursd,
Shirlay Expreas| GM ElPe oyl mn 76 a3
{Va.)
oM EIP 8v7l [ Resr T 14 81
sb 77 Wash, D.C, GM Sud w7 Rerr Baeve Avg. 5 buses 2y 200e
. aM EIP 84 AvE. 5 buses 52% 10
11963)
6T W 77 San Franclico, Cal) ©OM Std BEV7l Rear 92-93ene 4 buses, vaFious paris of rear saats,
GM EIP 890 s
[196%) I 4 buses, varicus parts of rear seats,
i §° =12
3 Background noise: 45 dBA,
il
ACTUAE OPERATIONAL CONDITIONS I‘
) dNA GRS dBA dRC
108 Wash;, D,C. 1968 GM with l} 6¥71 Rear 5100 81 9k A Window seats axcepts s aisla spat
.bmy by Flix- Metro No, 6829, Bus full of paople
Accel to 24-32 kmn/h (18+20 mph)
Accalto ca, 4B km/h {30 mplywith
X bumpa,
108 Wash., 1, C, 1944 amMmC &v7l Rusr 7 ™ 92 7 9% Metro No, 64351, Bas tull of paspla,
¢ LI« GM - devaloped antl alr and nolse poilution kit, isctory inatalled on many busss.

s¢ 8% iquara of ihe slandideviation
494 Arlthmatic mess
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INTEARCITY BUSES -- CHUISE

All rear-nounted diesels} windows closed] constant apeedi bases in vae (ot feant
partinlly full) except Rafs 4, empty. Aw Alsle seal, Wn Bindow soal,
-

{spred nal mentioned!

Speed S0 G SO ? " .
KEF, k‘:“”_ MAKE MODFL YEARSents = UMD LEVELS, dlA - .bOU‘\iD LEVELS, diiC E;-:-: ! -;[;}:. Ovarall dnf
idale of FTTRTT rn(rNT. - .-MIDDLE REAU,.. not ESONT. MIDDLE BEAH, . . ot T DL.E [ REAR
maas, W A w A W A anac, W A w A w A ADPL,
b 7 . 40 80 98
4h T8 19 19 96 | 98 98
46 M | T4 75 | 9B
43 I kxi a4 96 96 29
LU 7 A4 96 w7l
40 78 10z
~
/117 . 72 to'Baw
R4(15)8 € [Standard Army B - )
4 m:m‘ H Ambulance Hus, [ " :zi ]l:: :::
ho.-a9 | & . .
L0d3ys g [6eyk, S0l ew in L 1a3 _103 1ok
E4q15)] o [Army Ambalance s
hai30)] & | Bus, 6cyl., 292 103 o 105
ho39,| * ¢u, in. engine o9 ) 107
50-55 113 114

* 5pead not mantioned, =¢ Ganaralinad Wyla [Jats,

s .
1. 3rd Genr, 2, 4thgesr, 3. 5th gear, 4. 3rd gaar, 5, 4th gear, &, 4h gead,




RAPID TRANSIT., MEASUREMENT.

1, Transit vehicles present measurement problems hecausge the
level fluctuates like that of the city bus, and also because each
° system has slightly different sets of cara, rail types, and
percentages of tunnel in the line, Data should he tape racorded
and analyzed later,

2, The presence of passengers haa significant effect on noise levels
measurad according to Reference 73,
Another source says passengers have a ''minor't effect '""compared
with the spread of the data' between lines and between measure-
ments on the same line. (Ref. 3/14)

3. DQT's Transportation Systems Center has been developing a
"standard measurement methodology” for rapid transit noise,
but the measurement point within the car has not yet evidently been
§ fixed (maximum noise over the trucks, Ref, 64 pp, 19-21 yg,.
: noise 1/3 from end of the car, Ref, 81 pp. 2-3 to 2-8), This
method uses a tape recorder and later laboratory analysis of
many 1/8 sec, samples. Measurements in Chicago were made
at the center of the car (Ref, 104, p. 641} and also were tape
recorded,

4, In addition to the measurements entered in the following tables,
more data exists in Ref, 3 and Ref, 104, pp. 647-8, as well as
a peneral discussions of measurement methodology problems,

re Ak g AT R B gy —Eoean
3
.

No. of cars in the train may be a significant variabie in tunnels;
the influence of this variable has evidently not yet been checked
by investigators.

A s
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2.

RAPID TRANSIT, HEALTH AND WELFARE,

Noise exposure values (Leg) of 71 to 78 dBA have been measured

on a run on Boston's Red Line, and Lag = 84-85 on Boston's
Green Line. (Ref. 64 App, E.) This source also gives the
exposures in terms& of percentage of the allowable OSHA limit.

Noise levels in the Chicagpo CTA had arithmetic means of 81 dBA on the

A«train and 80 in the B train, with significant time percentages
above 90 dBA, It was concluded that these exposures con-
stituted hearing damage risks for some passengers, as well

as crews (Ref, 104/649, 650-652).

Severe interference with speech was noted in the Chicago lines
tested., ""Normal" communication was effective

25% of the time on ballasted track
17% on elevated track
7% in tunnels.

Shouting was necessary 60% of the time to make communication
feasible. {Analysed in terms of PSIL and Webster's criteria).

{Ref, 104/649-650),
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N LI RADE or 14 Cars ampty uploes atherwine poted,
REF, SVSTEM & LINE WHEEL- | TRACKNED SPEEL SOUND LEVEL LOCATION OF OCTAYE | COMMENTS '
{Data of STEEL CONCRETE km/h BAND OR 1/3 O, B, DATA
moas. } RAUBDER | TUC & DALLAST | Lmph) dpA OVERALL | dBC {Rcl!Page)
™" BART (5. Fu) 5 C (alevated) 97 (60) 64 2% 1124145)
5 TLB (at grade) (97 (60 72 94 1727145}
73 NYC «» ILR.T. Flunhing S C {elavatad) 48 (30) a9 37 {13/12}
*Hk7 NYC (1970-11) H 10 i%
Fort Weorth [1970-71} s T8 194
T+ Boston = (1964) 5 Elavated, 48 {10) 95 {74/55) &0 soc on sicaight, level track,
Rail on woodan Meaa. 0 coater of car,
Sleepars Muliiple runs unti] dats conais~
[
FITYY Boaslan - flad Line (1972) ] TuLB, faw. Middle| Ead) {4/ Appandix E) Peak rmns noiee leval
Welded rail, 2SI 49 | 72 Alwg vibeation data (64/22)
capefete tios Alvo noian data an outeide p/
C {walded rall, |74 (46)| 75 78 at Form baiween cars,
bridge dask
TLB, old, woud [Tl (44} T4 | B
tias, Non-walded |
rail
T, vid, wond |58 (36)} 14 | 74
tios, Non-weldad,
ELEVATED
#81/Flg, Ad| Bostan - Red Line s ‘Tab, old, CAR 'TYRE Car Type | “Blushirde”
Welded rail L built 1963 Type I *Silvarbirdwe"
Kandall = Charlas ELEVATED 8n ki buflt 1970 (Air conditlonad)
Charlas = Park " k4 To Measured at hoight of santed
pranenger, 1/) of distance
Aaas naaa? oot iogad) from and of ear,
“eos Callgd "platsaut by DOT/TSC,
e+ Alr éonditioning olf.
sCara in use with unspscifled No. rt pasashEers,

g
AN b



RAPID TRANSIT - CRUISEeve. A R H \'4 continued Caru in uaa tpartlally jull of pasrengerel,
REF, WHEEL- THACKRED SPEED SOUND LEVEL LOCATION OF QCTAVE COMMENTS
{Nate of lsTEEL | KONCHETE uBA _ JOVERALL dac | BANDOR 1/3 0, 1,
mean, | SYSTEM L LINE P}UBDEH IIE & DALLAST km/h |CAR TYPE DATA (Ref/Pagel
I LU Y T e e e e
[Banton Rad [ipe, contd,
“Hl{FigAd Andraw At gradn 1]
cont'd, [
-1}
{varfous asgments) 2
ki
telds Corner 79
South shora extanslen 5 TN, naw, wnd.l
ad' rail, concrete
ties 4t grade 0
-elovated 1L
=|’ *BL/FigAd on Qrangse '] 8 T&B, ELEVATED
:t Evarait 20
a2
{varioun segmasnta} a0
orth Station 75
Dovar 82
at
n 73 dBA: reduced apead aone
a3
R?
_Forest Hills 4y
#31/FigAZ | QDaaton Dlug Lins L TAD, At grade
Alrport-Wood Taland p3
Wouod Ialand ) () tavel when going through
Bg[qz) underpass
B7[4
Wonderland + B(EJ}
Ai144 123090 19/144]) Qanerallasd dath from Wyls

eve Callad “'plateant by DOT/TEC




. - All cars empty cacept as noied, windows closea,

COMMENTS

REF. ' SYSTEM 1 LINE WHEEL [THAChBED SHEEL SQUND LEVEL LOCATION OF OCTAVE
{Date =0 ! 4TEEL |CONCRETE kin/h BANDOR /3O, 8, DATA
maesa,+ BUBDBER ITieLnALLAST[ Lmph) (1A Overall dBC | (Rai, /Pape)
72 Bart (3, F.) : s c 97 |60) Ho 97 (721148
73 5 [ 97 (o) 9 93 173414
P
!
2 i BART (5. F.) L] [+ Gd (40) T4 LT {r2dhas}
12 i Pazln « Matro R TLH 64 (49} B2 94 (12/145)
72 i Paris ~ RER Lins 5 TR 80 {50) "% Bt {72/ 145)
i Moatranl R TwB 72 (45} n3 92 m/ “1] EMPTY CA
L. H LT} (M
[ ” 89 (713/12) - FULL CAR
= l
';. 7 NYC - LA.T, Flushing 5 TuB <8 130) 53 94 (1/13)
w NYC - B.M.T. 5 Tuh 48 (30} 88 97
NYC =L N,D. . & c 44 {30} 9l 98
NYC - LR, T, Tth Ave, 5 Tun 48 130 48 100
NYC - Shattla ] [ 48 (30) LH 94
NYC -« PATH ; 5 Tkhb 32 (20) LH] 97 1713143
Newark, N, J. h s TkB 83 100
L 4
6+ NYGC § % k13
Philadeiphia 57 79
Fonh Worth 1] g
-
74 Toronto [1964) 5 c 24 {15) |:H (14755)
44 {30} (1)
Chlcage = Dearbors St. 8 Wood tiss 24 {15) &b
{1964) A Slate Sk on conceate | 48 (30) 92
NYC « BMT {1964} -1 T &b a5 a7
) 900 cars 48 (30} 94
- Phlladsiphis [1944) 8 Waood tine
on concrela | 24 {15) Lid
SURUREN KL L1V P an

S5ome car data too, but probatly
nut enwegh for innaningfal
conipatisens, :

O1d line {1904, new cars 1362)

60 nec on atraight, leval track
Maeapurad in ceatar of car
Multipls runs ustil consiant
data obtained.




SCUND LEVELS

A TRANSIT - CRUISER IN TUNNEL - CONTINUED,
4L A OVERALL ARg - .
; CAR TYPF
I : 1 11
{1 /Figh+ Poston Red Jine TLH, non= Car Type ] Rurbirds”
| Haward--Contral welded rafl we | 79 it '“:—“1 Tope If "Sllvers
! e built 1970, r
; Central--Kendall ; e | 79 conditioned. Rel H0/p. (2.3}
Park=«Wanshington i B3 | 10 Measured at right of seatad
S Station--Bresdway : 4 75 % paveeugers, 173 of distance
. &9 8l J froam end of car,
|
Broadway--Andrew ' HE | &1 Cure In use, (partially full
DA af prasengers),
Bi/FigA2]  Joatos Blue Line
Bowdoin--Govts Center 8BS
Govt. Canter.-State 7
State--Aquarium L)
Aquarium-«Haverick | 93
Havarick=-Alrport ¥ I 63

>
"
[-ad

#s hafore and afier curva,
* Aluo called "plateau’ by DOT/TSC; u "steady state’ lavel resd batwasn stationa.
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REF, SYSTEM &k LINE AR COND, SOUND LEVEL LOCATION OF OCTAVE COMMENTS
oN? upA Overall dBC BAND DATA (Raet/pags)
m .
BL/Fig. A=l Diue Line No 720 Cars partially full. All Dosion data,
Orange line ? 69.70¢ Meas, at helght of seated padsenger 1/}
Red line No Gbe of distance from and of car.

® Avg. ssiimated by sys from time hislorins (or savaral doten staticna for each line, For almost all statioss, the leval Lo tha averngs laval. The lew

encaptions vary by sppréximataly 2 (o 3 dD.
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Car empty; air conditioning off
NOSTON GRE * Ruy Tuy "
it :REEN LINE Statistical summaries of time histories of 2 rr.p.‘|,,t.]“l,,m:':’l:;.,
I""" At-grade, hridge. subway route n-cu.-.n._ ‘I\A. '
SAMPLES 51D, L ———
j.id.E.E_...... TYPE | (8faeq) Javg | pev eq| “otfe10 FDL.\N k90 9"' NG [w“}“;gogﬁat MFAS,
| Rivaraide | (o1 oas ™ -
2ide | {71,000 f1,} of 19,200 82 5.1
to North | old+ nil'b,u?l. ! is 9 |89 3 ne a2 L] End {over
Station Partly subway & Tut truche
party at grade, foem
{30y from
Nozth 20160 82 | 5.3 | 84| wleal 8 Jg side of
Station to E I 3. 6% car,
Rivarside height of
soated
pasache
ger's aar,
:::- Adgitionsl Noteat
& b

Single alectric, 14 m (46={t) car, represcntative of oxisting (leet: 1473=desiyn I'CC
typo built in 1951,
2) Aleo measured (or the same run wero!
Journal box accalerations
. Track gage & track midchord profile; vibration data,
' 3

Cne-third octave band data for 12 Josations: pp F-L7 H. Includes vne "wheosl
squesel' point (106 dBA @ 18 km/h (11 mph); pure toss peaks near LU & 4000 He,

4) Spead nevar exceaded &4 km/h {40 mph},
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{Ref b4/App E)

BAPID THANSIT
ROSTON AEDLINE Statlatical mummarten of time historien af 3 trips including stops;
- ) at-geade, hridge, subway route sactions . dBA.
SAMPLES } 5TD, L Lpy [ L. WALSH-HEALY MEAS,
LINF; TYPE (8iapc s lave [ BEV =g | 01104 moran | 90 ib”lgwns EXPOSURE | pT
i — --—1
5. Share|l New rail bad 4200 0 2,9 71 78 74 10 67 |63 | 20 G \idear
Extension] Walded rail ! 1?
Concrate ties || 4200 71 4.9 74 |83 |77} T2 64 |59 28 0 ".iﬁ?"
Noprone pads ' | trucket
At grade ' !
Ashmont " ot rait bea™] 1840 10 47 73 | 83 | Aoy 7O 65 (63| 25 0 Midear |
Extensiord[ Non-welded '
vail . ,
Woed tlas [} 3840 n | so 2% |8s |8 73 | 60581 36 0 Fad fover .
Ballast b o trucks)
| 25% Subway | X ' |
S. Shore| Old rail bed || 7362 T2 5.9 76 | 84 | 81 72 ] 1] !b! 25 r 0 Midear
Proper Non-weldad ; :
radl ‘. : '
Wood ties an || 7362 71 B,6 78 a6 83, T2 61 | s8] N -] End |over
Belisat , . ! , rear
w ?9% Subway | i g : trucka)
. ' f
! | - i
: H




RAILROADS., MEASUREMENT,

1, More data is required to make conclusions either about levels
or about measurement techniques themselves.

2. There has been little discussion in the literature of measurement
techniques, especially when compared to the activity in rapid

transit measurement,

3. Compared to rapid transit, measurement is sirnplified because
"cruise' is the predominant mode,

RAILROADS., HEALTH AND WELFARE,

1. There are no discussions in the literature.

A- 50
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Al grada unloas othurwiee neted, A < Alelc weat, W - Window seat,

COMMUTER RAILROADS «» CRUISE Al cars in uee {i.a., at leasl partially fulll, uniess othoxwise noted.

SOUND LEVELS

[ ey e smpees ferip al.Ca tuvnz_un.clulnT _ -._MLDDLE.aI.Cu__._.nar - OTUED
REF. TYPE__[OPERATOR IF’IIOF‘ULS!DN sgl—‘.g_)!_ AISLE | _WINDOW apre, |_AISLE | wINDQW. spec. || not specified COMMENTS
meas, | ; bR anc [ana Jenchinafincanaline Janalanc anA dne
6+7 | cosch Part | Elecirle 121 (75 2 92
{FATCO) utharlty 72 84
‘Transit | b6 85
Co. | Underground {subway)
1
Silvarlinear | Penn Cantral} Electric 64 [40 . T 92 Undsrground faubway)
Couch :
31139 Coach Elactric 121 (75 b Thin is probably PATCO
data again.
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INTERCITY RAILROADS -- CRUISE At Rrade, unlens otherwise noted, A 2 Alale seal, W - Window seat. All cars in
. igll J
L . u.-e.tl. cl.. "’35'1;'}5 S.HCNLELE‘HE-JI)LHI:I;WML&-,
T FRD ol Cat Tive ¥ MIDRLE Gl Car g S v 12| —
m [iM3 N
BEF, IXPE _ OPERATON. | PAOPULIION] S Ei_u LAlSLE L winpow ! Elawesnow s ol rot speciiied COMMENTES
PR ’:ﬁgﬁm. dnaldncl dna [due Jusajasclanabnd aua [anc puabocl|  apa dnc
[ X% tnterciy | Penn Cantra! [Dinuct elactric| 97-129 | o9
Coach and Electric |{00-80) ™ | 94
Nl
Matroliner| Pann Central | Elactric 208112 |92
Goach jo7 oo 7o sz | )}
Intercity | Pann Central Diesel elactricli?-129 62 |49t 62 91
Coach- and Electrlc {(640-80) 57 B4
roomatte
Coach Atchlaon, | [Dlesal electric|?7-129 10 |94 70 {95 || 64 |s
T . [60-80) 64 9]
Hi-leval | TOPCRA 63 (93 e9 |os & | n
Cosch ko s FeR.R 63 j90 |66 (9t
— &5 |92
J Roomstte Fouthern R. R, Pleast elactric|97-129 b4 | 85
y woemrlt || . - . -
B/1Y9 Coach inasl elactric 6o | 82 60.75 Min-max, depending an
rails, atc. Wyle data.

e - Sy w AW T
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FIXED WING AIRCRATFT, MEASUREMENT.

A methodology for large commercial planes is given in Ref,
84 p, 7. The measurement position is one foot in front of

the passenger, with window or aisle seat specified, Measure-
ments immediately next to the window averaged 4-10 dBA
higher (Refs. 84, 108} than those taken at the passenger's
usual head position in the window seat, It is a matter of
judgement whether a standard methodolagy should require
adjacent-to-window measurements, but it is true that a
sleeping passenger, on long flights, may rest his head very
close to the window,

A methodology for recording sound in light aircraft cockpits
for later analysis or playback is described in Ref, 2, Ref, 70,
and others, Distinctions based on seat positions in larger
light aircraft are discussed in Ref. 102,

In all references, measurements have been made at ear-level,
At "eruise' noise ia generally steady except for increased in
noise in jets, due to occasional beat frequencies of 4-10 dBA

amplitude {engines out of phase) (82/20).

In large commercial aircraft, the passenger does nct usually
have access to knowledge of engine settings as he take measure

ments. Instead, he must assume that because of pilot and route

standarization, settings fall into a fixed range for each plane
operationfload, He then takes repesated measurements on

various flights to determine that range, He should note altitude

of cruise when taking cruise noise measurements,

In light planes, however, both altitude (or rate of climb) and
engine settings (and air speed) can and should be noted to
spacify method of operation.

The cruise noise measurement is the single most important
noise indicator in estimating exposure, However, on many
short haul flights, a significant portion of the trip is spent
climbing to altitude, switching altitude or descending, so neise
measuremments for those modes should also be taken. Here the
best that can be done ia to get a range of typical values, unless
a tape recorder is uged,

A- 53
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A design measurement methodology for the contribution of
noise from the boundary layer is given in Ref. 83.

In light aircraft measurements have heen taken in various
measurement positions with little difference in results so long as
as microphones were not too close to windows. There is

some difference on the 6-10 seat planes from front to rear,
however (Ref, 102/6).

For light plane cruise, one source found little difference in
readings taken from below 914 m ({3000 ft,) up to 2438 m {8000 f£t.)
Ref, 102/6).

A-54
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FIXED WING AIRCRAFT. HEALTH AND WELFARE,

MeClelland played back sound tape-recorded in a light plane
cabin.to subjects in a sound proof hooth and measured TTS,
speeach interference, and effect of mental task performance
for a 1-hr exposure (Ref, 2) TTS" ranged from 3,7 dB to
11,6 dB, depending on frequency. Speech discrimination
scores, 98,4% in quiet, dropped to 60.4% in noise.

Three additional normal hearing subjects were exposed

to noise for 3 heurs, By the end of the 2nd hour, TTS had
reached the Damage Risk Criterion at several frequencies;
by the end of the 3rd hour; at all frequencies from 125 through
300 Hzs The effect of mental tasks seemed to be to heighten
the amount of TTS obtained.

The spectral energy distributions of noise in 16 piston-engine
light planes tested are remarkably similar, and the noise from
the plane used in the tests in Ref, 84 closely approximated

the average overall level and the average levels per octave
band.

U.8, Army TB MED 251 of 25 January 1965 requires use of
ear protection when certain octave band levels are exceeded,
and is applied in numerous references (e.g. Ref. 90,94, 99) to
various military aircraft, only a few of which have direct
commerical equivalents.

A-55
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Approx. No. of Passengers

AIRCRAFT TYPE: _ Convajr 880
_ No, of Engines 4
{ ) = Rel, No. Type Turbo jet .
Position of Engine  Wings
SOUND LEVELS
. FRONT MIDDLE REAR OTHER
Alsle Window|| Aisle Window Aisle Window [|Window Seats
OPERATION| dBA dBc[dBA dBC|ldBA dBCldBA diclldpA dBCldBA dBC|!dBA 4BC PSIL Ovetall NOTES
] ) ] ] T ]
Takeolf | | ! I | §
| | I | | |
1 | I | | f
Climhb ! ¥ T T ! |
I ! I | ! I
| | | | ! |
Cruise . ! J T ; X J 5 |90 | Front
Atvxe mit) ! : ! i : ] o 31 a&;gglu 355 kts, 3048 m.
> 3048 (10,00Q) ! , ! ! ! 72 192 | Front .
w7620 (25000) } 1 ( i | 68 |95 | Midadle 515 kta. 7620 m.
) | i | | i 97. | Rear
. 10666 (35,000) b4 )
gapt 89 Fz_-ont 7 —
{ t i | | i I gg g1 Middle 460 kta,10, 666 ' m,-
y B4
(61) 35, 000 | ! | | ! | Bo{a1 f}xfr?;dowﬂ
I i T I t T
Cruise 32 7 37
Alt, unapd :ifiedi ! ! ! E {7),9307)
1 ¥ T [} ! 1
Deascant | i ' | [ |
! | ! | | !
1] ' | 1 ¥ |
Landing p I | I I |
] I i 1 | |
L J }
T T ] 1) + 1)
ol N R B N B
1 ! | | i i
& L " - 1 "
L) M ¥ T v 1]
Texl b I I I I I
i | | 1 | |
4 Il 1 i [ 1

Other data in Refs:
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AIRCRAFT TYPE:

Boeing 737

Approx., No. of Pagsengers
No. of Engines ___ 2

) =Rele No.  nuia from Ref. 113 avg of several flights, various Type __ Jot
conditions Ponition of Engine _Wings
So, ‘
OBd i FRONT SEATS MIDDLE SEATS REAR SEATS OTHER
TR s | Alsle | Windowll Alsle | Window | Alsle [ Window { Not Specified
{Op~.] dBA dBCldBA dBC|dBA dBC|dBA dBC dBA'iDC dBA dBC|dBA dDC PSIL NOTES
T J i [ ]
Takeolf ! ! | | ! i +
! ! I | ! i 90-5
i I | I i i 113)
Climhb ! ! f 1 i T R
| ! ! ] ! ! B4.5
| | I [ | ] 113)
Cruise ! ! { I ) I
Alinrls mift) ! I i I I |
= 7315(2-400q) 80 ') B | 82 j92 I 84 192 | 86 | From Fig. 3,
i. (84} {84} II (84) 1 {84 | (B4Y(84}] (B4)| Ref, 84
! I | ! |
Cruise ! i ! ! N |
{alt. not | | | ! f | 7715
spac.) | | | | | | 113)
| ! | ! ! 1
| | | I | |
Descent ! : ! ! : i
| | I | ! ! 7515
! g | | [ [ 113)
1 1 T 1 t T
Landing | I | | | |
I ! ! I I I
ﬁeverae ; | : ; ; :
irust | | | ; | I
I i " 1 L 1
. 1 v I [ T L)
Taxi | l | | f !
| ! ] ! I |
1 L L I l L

Other data in Refs:
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AIRCRAFT TYPE:
{ ) = Ref. No.

Boeing 727

(All data from Ref. 8 from p, 20)

Approx, No. of Passengers

No, of Engines ____ 3

Type et

Pogition of Engine ___rapr

S0UND LEVELS

FRONT MIDDLE REAR OTHER
Alsle Window]| Aisle Window Ajsle Window
OPERATION dBAldBC dBA dBC dBé!dBC dBAI dBC dBAIdEC dBA lcnesc dBA dBC PSIL NOTES
Takeoff  [76{9)186(8 ! b el ! 83(8)i1033
I : ! 78(B)197(3) I I
! ! I | t
Climb ! ' I | t T
78(8)187(8) | I 83(8) ! 81{B)196(8
Cruise | I I ! 75(8)188(8) I |
Allade m(ft) B8 -2 0. I T T =T
4377(16.?:30)',5_(,5_4}_,1_(,34) m"(ux‘;}' | ! ! ! ?atg tfakgz from flgure
6096(20,000) [R5} | B T |GiBn 120 » Ref, 84,
7315(24000}| I I B6 |96 |i(B4)| (B4) (84) [(84)
bﬂ534f3&000).m_q§ fﬁ'fﬁ : [ : Il 8501 Ig.ﬂg;z
' Traise ) .
o 0 1 B 1% (|8 15 |20 190 | 8 19(n |86l
oorradl -l (O T Ear near window
poc. { m:mm‘m oy |2 [ %‘m
) ! ! { I
1 t =T e T t T
Descent | | ] ‘Bgﬁ) l X '
| | | B5B) k5B ! !
I -7 ' 1 T T
Landing I [ I | | !
I | i {8) ! i
T . T L L T
ol AT I N R
I : | | ! | 1
t — t 1 + +
! ! I e 1op |I i
i L 1 I +

Other data in Refa: (8/21) - Ciensralized Data




AIRCRAFT TYFE:

Boeing 720B

Approx, No, of Passengers

No, of Engines

{ ) = Ref, No. Type
Position of Engine
SOUND LEVELS
FRONT MIDDLE REAR, OTHER
Alsle Window! Aisle Window | -Aisle Window
OP]_".‘._RATION dBA dBC|dBA dBRC|dBA dBC|dBA dBC[|ldBA dBC|dBA dBCjdBA dBC PSIL NOTES
I 1 | l J i
Takeoff [ ! | 94 | ! i
, I ! | (8) ! i |
i ) 1 i ! 1
t f
Climb | | ] B4 I [
i I g | | 1
| [ T (G | )
Cruise (ft) ! ! i T ! |
) ] | i | !
2 i ! ; | i t
tn | | t | | |
h I [ | ; I !
Cruina ! ! ' ! ! 1
{alt, not | : | 83 4 ' |
| | 31 1 i
Bpec.
pec.) | | | | | I
| i i | i )
t t T }
Deacont | X | 86 ; ; :
| f i (8) | i
1 4 1 1 u L]
Landing I | " 73- ! "
| i | 8"9 | i I
Revorae ’ ) ’ ! j !
! L ' 0 4 ; [
thrust ! | ] (ﬂ) [ | |
—y 1 L n
T ¥ T T T L)
Taxi I ! I i ! I
b | I | | 1
L 1 i N ,

.

Other data in Refe:' (8/21 Ge

aliread W ata




AIRCRAFT TYPE: 707 : Approx. No. of Passengers
No, of Engines

{ ) = Ref, No. Type Turbo jat & Turbe fan
Position of Engine _winy .

SOUND LEVELS

__FRONT MIDDLE REAR OTHER
Alnle Window| Aisle Window Afsle Window
OPERATION| dBA dBC[dBA dBC[dBA dBC|dBA dRC ||dBA dBC|dBA dBCHdBA dBC PSIL

NOTES

Takuofl

Climb

AT T AT T

Cruise (ft)
-Alt (1000£t)

og-y
-1-.-—-—..--.—{—._._._

Cruisa
{alt. not
spec.)

Deacent

Landing

Revaroe
thrust

NP (PR N e R
b

Toxi

- — -k -
e s i S it SN . S SN
K —

...__..._.-...._._..[.._._.I-_.__.._......_._.._.._ PUREIP QNI
ISR U S U GRS NPRUOTON FUR I

R T T SNy S

=T

SRR (I (VR (I (R R L D

Othar data in Refs;




AIRCRAFT TYPE:

{ )} =Ref,

No.

L=10]11

Approx, No. of Passengers

No. of Engines

Type Jet

Position of Engine Wing & tajl

SOUND LEVELS

3

ERONT MIDDLE

REZ

\R OTHER

OPERATION

Alsle

dBA

Window]) Aisle Window

Aidnle
dBA dBC

Window
dBA dBC||dBA 4BC PSIL

NOTES

Takeoaif

dBC dBA dBC|dBA dBC|dBA dBC
1

77(31):97@4)
I

Climb

77@%}%(34)

Crujse
altitude
m (ft)

10058 B2

{33, 000)

&2

8891

oh1

X0-B

From Fig, 4, Ref, 84.

Cruipa
{alt. not

spec, }

19-y

Denscant

Landing

Reverse
thrusat

e = e e v e e e e ] o A

Taxi

|
4
|
!
|
|
|
|
I
|
l
|
1
i
i
|
l
1
|
l
T
|
i
1
t
l
t
1
1
1

1
1
|
|
t
|
I
l
|
l
|
T
1
I
!
i
I
f
|
|
1

|

o
1284 1838

I
|
|
|
{
1
!
[
|
|
|
|
I
l
|
!
i
1
l
t
T
|
|
T
1
|
t
|
[

|
I
|
I
|
|
|
]
I
|
|
|
!
|
]
|
|
|
|
|
|
|
|
|
f
|

g
i
|
1
T
I
I
T
1
]

25 :%-101 8650 | 7-101
[
'
!
|
|
1
|
)
i
b
|
1
I
I
)
I
I

Other data ln Refs:




AIRCRAFT TYPE:

DC-10

Approx, No, of Passengers

No. of Engines

( ) = Ref, No, T\[Pﬂ Tet
Position of Engine _ 2 on wings
1 on tail
‘l
Ol E_Oo% FRONT SEATS MIDDLE SEATS REAR SCATS OTHER_
@J?‘,!r Vi Alsle Windowll Aisle Window Alnle Window
10, 1BA ldBc ldBA ldBC dBATrdBc dBAlldBC dBA_I[dBC dBA_][dBC dBAldBC [PSIL NOTES
Takeoff : : : : : 37(34} 103
[ I I [ ! |
T J T T T i
Climb | B384 95 ' | 1 |8z84) 99
| | | ! | ]
Cruise ! ; r ! |I .l
Altitnde ' \ ! / | i From Fig. 4, Ref, 84
» M) 8- 8088-9078- |87 - ! | 76 - 88 - !
1 7620 {84]: (84){s1 ‘90 ! ' 80 | 90 !
0 (25,000 : (B4) , (§4) : : (841, :
10, 668 : : { : : ! QOther: "Ear near
35,000 ) N R E : | | : 78 -85 - window!!
\ 75 88 | \ \ | 79 | 90
(84) (84) 4 (B4 ] {84}
Descent ; ] ; : I' ;
! ! ) | ! !
Lunding l' ﬁl :_ _l' ; :
| t ! ! ! ]
Reverse ; jl I' I' |' I'
thrust ) I | | | i
Y 1 " L N
L] I 1 1 T 1
Taxi I I I ) ' 74 192
[ 1 | | | (8k)
l [ L " P 'y

Other data in Refa;




Approx. No, of Passengers

AIRCRAFT TYPE: DC-%
No, of Enginesn
{ ) = Ref. No, Type _Turbo Fan
Position of Engine Rear
SOUND LEVELS
FRONT. MIDDLE REAR OTHER
Alsle Window| Alsle Window ' || Aisle Window
OPERATION]| dBA dBC{dBA dBC||dBA dBC|dBA dBC|[ldBA dBC|dBA dBC|dBA dBC PSIL NOTES
S T I I | i |
Takeoff t : t I : 93 1106
i | I |
10
(108 | | I 1 | 1
Climb ! ! T T T |
) ! ! 1 89 1102| 89 oz
i I I | i |
Cruinso I : ¥ 1 : [
Altitude : | : I | :
my{it.) | I , ' 87 ;99 [ 86 , 98
7315 | ]
> _(24,000) ! ' I ! ! !
o Crulse ! ! 1 T t T
“ (alt. aot |83 186 [ 79 185 )82 195 || 91 l104 X
ppec,) 82 ) 86 ! 78 191 | 91 | 1 85 | 94 Rear of airplane)
(n |89 8s6 | 76 | 84 | i l g5 | os middle seat
| ! | | 1 i 87 | o8
Dascent ' i ! J v T
(108) ! t ! ! g2- | |ag- !
! ! t ! ga ! as_!
Landing ; | : : ; :
108
! ) ! f | | ] 86 |98
3 v L) 1) r )
f;:‘;"" b I ' | | )
st 1 |
{108) ! . ! : , 97 !
i T M L} 1 v 1
Tox | ' I | 7% oz | 79 195
i | i ! | |
_ 1 . i | i

Othar data in Refs; 108: All "Rem' data {rom meat bapide engines,




AIRCRAFT TYPE: DC-8 Approx. No. of Passengers
_ No. of Engines 4
{ ) = Ref, No, Type Turbo jet

Position of Eng'm;. Wing

.SOUND LEVELS
_ TRONT. MIDDLE REAR OTHER
Alsle Window]| Aisle Window Aisle Window
OPERATION! dBA dBC dBAIdBC dBA dBC|dBa dnclldBA ABC|dBA dBC| dBA dBC PFSIL Midille NOTES
T | ] T i
Takeof! : : ! 100 | : i
t (8 | |
I ! i ) ! i 1
Climb { ) ! az.T T i
] ! I g5 | t I
] ! I {8y t I I
Cruise ! ! I T T T
Altitude | 8o | I I I 1
mfiz-) [ [6”' | ) ! !
185800) | | i | |
o (61) | ! ! | ! 1
(1 i
] ! 1 L I
g: Cruise i | I 39-9% ' | 77
{alt, not 76-8]] .88
N
| i R | ; (8) Seat 64A
t T T T | ' 1
Descen | | | 78 \ i |
| l T l |
: 4 . (8l ; '
Landing | ( i 70-65 | |
! ! I |8 ! I
T v I 1 ¥ ¥
-l N R I DR R
| i ! I | 1
¥ —— § t + t
Taxi | [ i 63- | | |
! ! T I |
| | 1 ( l_. ] n

Other datn in Refs: (B/21 generalized Wyle data)




AIRCRAFT TYPE:

BAC 1-11

{ ) = Ref. No.

All data Ref, 108.

Approx., No. of Passengers 5
No. of Engines 2

Type _ Torbo¥an
Position of Engine Rear

SQUND LEVELS
FRONT MIDDLE REAR, OTHER
Alsle Window|| Alale Window Ailsle Window
OPERATION| dBA dBRC dBA_[dBC dBA dBC|dBA dBC dBATdBC dBA dBCldBA dBC PSIL NQTES
T ] ] i
| I
Takeoff 1 ! : : : 91 ‘llol. Rear seals 15A & 15B
| | | } I {
imb r ; T Kf T |
Glim ) : ' | 8292 |84-85 96-
! | ) ) 1 ) 97
Cruise T J I L ! |
Altitade I { 81 &8 ' B2 91-1 83 | 94 Middle: Seat 13C (cloger
mif. ) | i l | (92 ] to rear 1/3)
5486 -6096 ! { | [ { |
{18-20, 000 ! [ i [ i {
» Cruise ! ; ‘ L ' 1
o (alt, not : ’ : : : :
Spec.
pec.) [ | | 1 | |
| | | | 1 i
Deacent ! J ! ) ' T
78 1 84 781 88 l [ 76- 190 | 78. 1 94- Front: seats 2D & 2¢
| | | i 78 | 79 1 95
- 1 + L T t )
Landing I I | | | 81 |
; ! ] | | 1
t -+ 4 = -+ 1
vl N I E N N B D
] | i 1 | ]
e iy " — i "
L] v 1 ¥ — T
Taxt | [ 79 189 | l |
i | I | I 82 98
] [N 1 i ] 1 —

Other data in Refs:

L



99-¥

Approx, No, of Pansengers 60
No. of Engines _ 2 _ __

{ ) =Refl. No. Alldata from Ref. 113, avg of several flights, Type _Turbo prop

Position of Engine _ Wings

AIRCRAFT TYPE: ¥S-11A

SOQUND LEVELS

ERONT MIDDLE REAR OTHER
Alsle Window]|| Aisle Window Alinle Window | Not Specifiad
OPERATION] dBA dBC[dBA dBC{dBA dBC|dBA dBC[dBA dBC]dBA dBCJJdBA dBC PSII, NOTES

Takeolf 885

Climb 33t5

Cruisa
Altitude

I
i
I
|
T
1
|
T
|
{
m (ft.) |
|

Cruinse 7 -
(alt. not =

spec,)

725

Dascent

Landing

B I L N A

Reverae
thrust

Taxi

! | 1
| | |
| | i
| I I
1 | {
| l |
| | |
I i I
l | |
| t 1
i | i
I { |
1 I 1
| i !
! | l
| [ |
| | |
T { ]
| | i
! | |
I I I
| l |
1 | |
T ¥ I
[ | i
| ! |
% T ¥
I | |
i I |
1 L i

L

Hiat it St EEE EEEEE

Other data in Refs:

——




Approx, No, of Passengers 50

AIRCRAFT TYPLE: Fairchild Hiller FH-227
No. of Engines 2

{ } = Rel, Na. Type Turbo prop
All data from Ref, 113, avg. of several {lights. Posltion of Engine _ Wings
SOUND LEVELS
FRONT MIDDLE REAR OTHER
Alsle Window]| Aisle Window Aisle Window Not Specified
OPERATION| dBA dBC!dBA dBC|dBA _dBC|dBA dBC|dBA dBC| dBA 4dBC|IdBA dBC PSIL NOTES
| i | | I ]
Takeoff [ | I [ ' i sots
| | | | | |
| i I | I i
Climb 1 ! ] { 1 |
' ! ! ! ' b [pots
| I | i I |
Cruise ! ! 1 T 1 T
1 ! ] | | ]
} ! I ] I I
| | | | } I
» { | | I | |
o Cruise ! i ! | ' T +
™ (alt. not : : : l| : ! 80-5
t
apec,
pec.) i l I ( | I
| i i | ! |
! v T T T
Descent ) | | ) i : gots
{ ! ] ! 1 |
! i T T t T
Landing | I | | I !
! | i I ! f
Reverse . | ! ' ) J
I ! | i I I
thrust I i | I | l
- L " " 1 +
! N T T T 1
Taxi i 1 I ' i |
| | ] | | |
N 1 . A I .

Other data in Reia;




AIRCRAFT TYPE: _Nord 262 (French) Approx, No. of Passangers 29
No. of Engines

{ ) = Rei, No. Turbo pro
All data £ f, 113, . ; Type 1 HI70 Prop
ata from Re 1_13 avg. of aeveral flights, Poaition of Engine _Wings
SOUND LEVELS
ONT MIDDLE REAR | OTHER
Alsle Window| Aisle | Window Aisle Window || Not Specified
QPERATION| dBA dBC dBA_I_dBC dBA dBC[{dBA dBC|dBA dBC|dBA dBC|dBA dBC PSIL NOTES
1 t | L [
Takeolf ! I I i i i g2ty
I ! | i i I
I ! I ] [ !
Climb | ! T L T T
f : ' ‘ ' I f87t3
| f ! ! ! I
Cruise ! r T I T T
| 1 ] i { !
| i | ! ) ]
| ! | | ) I
. i ! | | | !
g‘; Cruise : II : Il ; :
{alt. :;ot \ | ‘ I | ‘ B4 t3
Hpac,
P | I I ! ! |
! I | ! I I
Descent ! . ! J N J
' ! ! i ! I f8a¥s
| i [ I ! I
- —t t i T i 1
Landing i | | | | |
) | } | | |
1 -
Reverse T ; ! ! . ¥
thrust ' ! ! ! |
| ! | [ I [
" L b 1 L —
. T T T 1 ¥ '
Taxi I [ | j I [
t | ) I ! !
1 ] I " i 1y

Other data in Refs:




AIRCRAFT TYPE: DeHaviland Twin Otter

No. of Engines 2

Approx, No, of Passengers 12-22

{ } = Rel. No. (para [rom Ref, 113 avg. of several flighta, various Type _Turbo prop
conditions. ) Fosition of Engine _Wing
SQUND LEVELS
FRONT MIDDLE REAR OTHER.
Alsle Window| Aisle W indow Alsle Window
OPCRATION| dRA dBC|dBA dBC|dBA dBC| dBA dBC dBAIdBC dBA dBC| dBA dRC PSIL NOTES
| i [ [ {
Takeoff | ! | ! ! i bstlg
I i ! ! ! I 113
i ' ! | [ f )
Climb ! ! | T T T
| | ! [ I | 88?3
I | I | I ! {113)
Cruise ! J T T T T
I ! ! | I i
I i i I | 1
! ! | I | j
» I ! I ! ! [
\U;* Cruise 1 ! T T ! I
{alt. aot i 86(7) 103 [ 85(71103 [85(nl103(7 | s7t7YN0L |87d2
spec.) : :(7) :(7) : : :t?) (113)
| | | i ! 82(7) 29(7)
I v LS 1 T 1
Dascent | | | | | | ba+4
| ! I ! I ! {113)
. 1 I ) 1] ¥ ]
Landing i i | | i "
| I | i ) I
t f 1 1 t t
RO ! ! ' ' ' !
! ! | I I !
" 1 " " L A
] v L] i ¥ Ll
Taxi ) | | | | |
i I ! ! | |
| ] | i l L

Other data in Refa:




AIRCRAFT TYPE: Beech 99 Approx. No, of Passengers Ba12

No. of Engines 2

( ) =Ref. No. Al data from Ref. 112, Avg. of 30 flights, various Type _ Piston
loads and altitudes, Posgition of Engine _ Wings
SOUND LEVELS
FRONT MIDDLE REAR OTHER
Alsle Window][ Aisle Window Aisle Window |[Approx. middle of cabin
OPERATION| dBA dBC[dBA dBC|dBA dBC|dBA dBC|ldBA dBC| dBA dBClldBA dBC PSIL NOTES
T T I | I i
Takeoff | | [ i I i
| i | I [ | 88-9
| i | ] ! i
Climb | ! ] | T T
[ ! | | i l b 0. 9.
! ! i | ! !
Cruise | ! T T T T
! | | | | |
| I | i | |
i | | { ! |
- | ! | ] I !
< Cruise ! ; ; ) ; I
© (alt, net I‘ | I : r : 37-92
|
apec,
pec.) | t | | [ |
| | ] ! | |
Descent : J ! ! N )
! ' ' ' ! b |78-82
i | ] | i |
> ! T T T t 1
Landing I i | | | |
| | | | | I
) ‘t ) ¥ : T
Slevex;se | i I i | "
rus i | | | | |
" L " + l +
T Al T ] v 1
Taxi ! l | r ! | o8
i ! I I ! [
L ] . 2 l N

QOther data in Refa:




Approx, No., of Passengers _ 15
No. of Engines 2

{ } =Ref, No, T Turbo pro
Alld . . i ype 2 urbo prop
| data from Ref, 113, avp, of several {lights, Poaition of Engine _Wings

AIRCRAFT TYPE: _ Volpar Beech {a "stretch' p-99}

A,
4@,,@0 EROQNT MIDDLE REAR OTHER
2'['5' Alsle Window]| Aisle Window Alsle Window || Not Specified
‘ol dBA dBcldnA dBcCldBA ¢BC|dBA dBCHdBA dRC!dBA dBCldBA dBC ESIL NOTES

+
Takeoff 8973

Climb
- gsta

Cruise

k-

._Jl Cruise
(alt, not
spec, )

gtz

Descent
78-4

Landing

Roverse
thrust

Taxi -

el wit et T " [N (. S (N
o i T S v

F e —g = ] == e e e e o e o —

IR L EEE EEE EET T ERTE SE .

Cthar data in Refa:




AIRCRAFT TYPE:

Mooney MK21

{ } = Ref, No.

Approx, No, of Passengers _ 3 + pilot
No. of Engines

Type

Piston

Position of Engine

SQUND LEVELS

1

Front

|

ERONT MIDD REAR OTHER
Alsle | Window| Aiale | Window || Aisle | Window [Far level bel,Tront
OPERATION]| dBA dBC[dBA dBC[dBRA dBC|dBA dBC dBAldBC dBA dBG| dBA dBC PSIL Ovedall NOTES
T ] [ 0 ]
Takeoff i ! | | | i
| i 1 1 | |
| l | 1 | 1
Climb ! | I T T T
! | | | } 1
| | | | ! 1
Cruise ! ! | T I |
I | | ! I |
| | I ! | |
I I | ! | I
» | | ; 1 | |
N Cruise | I : : | | 91 77 [108] dBA & PSIL calculated
{alt. not I | {2} from octave band data.
spec.) | | 1 I
. | | ! I | i 109
| ' | I ) I (76
I M 1 I ¥ I
Descent I ) : | X |
I ! i I ! !
I T 1 T L) T
Landing | i | | i |
I f | ] I i
¥ ' 1 T ¥ T
ol A O R A
i | ) | J |
e L & " I 3
1 v 1 L) T ]
Taxi | | ! | [ |
I ! I ] |
l i 1 i N

Other data in Refs:

QOctave bands Ref, (2/slide 3)




AIRCRAFT TYPE:; Cessna Cardinal RG (1974)

Approx. No. of Passengers 5 + pilot
No, of Enginea

€L~y

{ } = Ref, No. Type _Piston
Position of Englne __Frent
SOUND LEVELS
ERONT MIDDLE REAR OTHER
Alsle Window| Aisle Window Aisle Window
OPFERATION| dBA dBC[dBA dBC[dBA dBC|dBA dBC[|dBA dBC|dBA dBC| dBA dBC PSIL NOTES
T 97 | i ] T i
Tokeoff ! (102 I I ! !
| I I i |
| ! | ) ! !
Climb ! 1 1 T T 1
| 1 i t 1 t
| | I | ! |
Cruise ! 1 T T 1 T
! | | | ! !
I I ] ! | ]
[ ! | | I |
| ! ! I | )
| = T T T T
Cruisa " 96 ' | | I 75% Crulse, < 914 m
{alt, not | {102 | | i | (3000 ft.)
apec, N
pec.) | | | | ! |
| [ | ! | |
Descent ! § v ! . |
| | | ! | !
! i ! | | |
1 : T T ‘l T
Landing i I i | | |
| ! ) | ! !
1 1
T — T 1 T T
o N R R N B
| { ) | | )
Tanl } 4 t } —t t
i | i I ! |
! | | | | !
1 ] L " L n

g SRS R Rk A e e L

Othar data in Refs:

rr———— wmew FEPEEW AT, SRk



AIRCRAFT TYPE:

Cessna Skyhawk (1974)

{atype of 172)

Approx. No. of Pagaengers _3 + pilot
Neo, of Engines 1

{ ) =Rel. No. Type Piston
Position of Engine Front
S0UND LEVELS
__FRONT MIDDLE REAR OTHER
Alsle Window([ Aisle Window Alsle Window
OPERATION]| dpA dBC[dBA dBC|ldBA dBC|dBA dRC{dBA ¢BC}dBA dBCHdBA dBC PSIL NOTES
) ! [} ] I ]
Takaoff | 94 | I | i i
! r102)! i ! ! !
I l ) I I [
Climb T ! | T — 1 |
{ ! ( I ! !
| i ! | ! |
Cruise ! ' | T T |
! i i 1 | |
! I [ | f )
| | i ] i |

= I ! ! I l !

5 Cruise ! 93 ; ! T ; ! 75% Cruise, & 914 m
{alt, not " (102) : : | : (3000 f1.)
apec.
poc.) | | ! I | |

| l | 1 ! I

r 4 t 1 t 7

Deoocont " ) | | | |
! | i I i I

1 f f -1 } 1

Landing ' ) | l X l
! | i I I |

L L

1 v T L} v 1

o R B B A
1 | | | i !

. i 1 i

) L L) o T

Taxi | ) | | ) |
i J | | | i

1 { L 1 L n

Othar data in Refs:




GL-y

AIRCRAFT TYPE; Cesana 172 Approx. No. of Passengers _ 3 + pilot
. No. of Engines 1
() = Rel, No. Type _ Piston
Position of Engine Froat
SOUND LEVELS
FRONT MIDDLE REAR OTHER
Alsle Window] Aiale Window Aisle Window be&gf_elsﬂal@ilﬂt and
OPERATION dBA[dBC dBA dBC|dBA dBC|dBA dBC|ldBA dBC|dBA dBC[ dBA dBC PSIL, Ovefall NOTES
7 ] I ] !
Takeoff [ 100’ J ! [ i
! 102) | i ! I
| i t ] | {
Climb | ! 1 | ! |
! | | | i |
| [ ] | | |
Cruiase ! ! I 1 ! |
| | [ | ! |
| ! | ] | )
| | } | | |
t | | | | |
Crulse ! 92 ' ] ! ! 1 -
! i i | 1973 model, 75% cruise,
g:gé.?ot . (1024 ! ! | f 2914 m (3000 ft. )
! : ! ! ! ! 109| 2300 rpm, 100 1aS
) ! | | ! i 76)| (indicated as speed)
Deacent ! N ! ! : !
i ' I ! ! !
1 | { | | |
T T T T t T
Landing | I : " i |
) | | | i |
1 L
Reverse ; ; ' ’ i !
thruat I ! l
| | | ) | |
- L & L n
T M T L] T 1
Taxi I ! t | I I
l i I I ! I
1 1} } 1 { |

QOther data in Refs:




AIRCRAFT TYPE: Mooney Ranger (1974} Approx, No, of Passengers _3 + pilot
= No. of Engines _ !
{ ) = Ref, No, Type _ Piston -_—
Pogition of Englne _Front

SOUND LEVELS
FRONT MIDDLE REAR. OTHER
Alsle Windowl|| Aisle Window Ailsle Window
OPERATICN dBAIdBC dBAldBC dBA dBC|dBA dBC|ldBA dBC|dBA d4BC|dBA dBC PSIL NOTES
{ [} I [
Takeoff | 97 I | I i
| (102)! ! I i !
) | I ] | 1
Climb T T I T T T
[ i ! | [ !
i ! | I ) |
Cruise r o ] I ! T
Altltude [ ! ] [ 1 |
m {ft.) | | ) i i i
! l I | ! !
> | ! l ! l [
4  Cruise | 92 | I T T T -
> (alt. not L oy | ! ! ! o e A
apoc, ) | i I ! I .
[ 1 f ( ! I
i l | { | i
Dascent ! . L ! t 1
I I | | | I
| | ! ! | |
Landi ! : T 1 + f
anding I i i i | |
| i { | ! !
1 y)
Revaorse ; | ! T } '
thruat ! ! !
1 | | I | |
" i " " 1 4
¥ T T — m—— t
Taxi i i | ) i |
[ ! ] | ] |
l 1 1 1 [ A i

Other data in Refs:




AIRCRAFT TYPE:

Mooney Chaparral {1964}

Approx, No, of Pasasengers _ 3 tpilot

No. of Engines 1

LL -y

{ } = Ref, No, Type Piston
Position of Engine Front
SOUND LEVELS
FRONT MIDDLE REAR OTHER
Alale Window]| Aisle Window Aisle Window
OPERATION dBA]dBC dBA’dBC dBA dBC|dBA dBC dBAldBC dBA dBC|!|dBA dBC PSIL NOTES
1 [ !
Talceoff | 102 | | | | i
b ez | ) I |
I 1 | I ! (|
Climb I J T T T 1
) | | | | |
i | | ! | !
Cruise ! ' I T T T
Altitude I' : : I' : :
.
m {f.) | I | | i I
I ) | | | I
Cruise ! 92 | ! 1 ! I 75% cruise 914 m
(alt. not L ez ! I ! [ <(3ouo i)
spec.) ! ! ' ! | |
| | | | | |
! i | | ! {
Dascent ! . ! ! ) !
| l H | | |
! | I ] ! |
t t T ! t T
Landing I I ‘ l | |
] ! | | ] i
Reveroe ! J ! ! ) !
thrust ! ! ' I I !
! ! | | | !
e L " " ' "
I M T L v 1
Taxi I I | | [ |
; I | | | |
3 i 1 n 1 M

Qther data in Refs:




Approx, No. of Passangers _3 + pilor
No, of Engines 1

( ) = Ref, No, TYPE Piston

Poaition of Engine Front

AIRCRAFT TYPE: Ballanca Super Viking (1974)

SOUND LEVELS

FRONT MIDDLE REAR OTHER,
Alsle Window|| Aisle Window Aisle Window

OPERATION| dBA 4BC[dBA dBCldBA dBC|dBA dBC||dBA dBC| dBA dBC[dBA dBC PSIL NOTES
T

Takeoff

95 25 in M, P, ; 2500 rpm

(1o2)

Climb

Cruiso
Altitude
m (it.)

I

1

& Cruise

{alt. not
apec,)

75% cruise, & 914 m

97
{3000 ft,)

(102)

Descent

Landing

Reverse
thruat

T axi

" YN S i Bt e it PR PR

[
|
t
|
{
I
t
T
|
|
|
|
I
{
|
I
I
T
I
!
1
|
i
1
|
l
t
i
{

I
|
|
1
+
}
|
T
|
!
|
i
1
|
!
|
l
|
i
|
|
I
|
}
|
I
!

WU AP S A ISR SN SRS S
IR S S UURGS PRI SEPUDERIN A SR

AU D U U S

Qther data in Refs:

e e e e




AIRCRAFT TYPE:

Rockwell Commander 112 (1974)

Approx. No, of Papgengera _3 + pilot
No. of Engines __1

( ) = Ref. No. Type Piston
Position of Engine _ Front
SOUND LEVELS
FRONT MIDDLE REAR OTHER
Alsla Window| Aisle Window Alsle Window
QOPERATION| dBRA dBCIABA dBC[ldBA dBC| dBA dBC dBAldBC dBA dBC| dBA dBC PSIL NOTES
1 T [ [ ]
Takeolf | 97 | ! I ! i
[ (1o2) I [ I {
| i i 1 | 1
Climb ! J 1 T ] |
i i | i I |
! | | | | !
Cruisa | T T T T T
Altitude [ ! | | | |
m (it.) | | ! ! { {
I ! I | ! |
| ! I | | |
¥ Cruise ! 95 | ! ' | ! 75% cruise, €914 m
N (alt, not | | ! !
o (alt. n ‘ 102), ‘ | | ‘ (3000 ft.)
a8 .
pec:) n l | | l |
I { I i ! !
L 7 1 1 T T
Descent | | | | | '
| ! I | | !
T t 1 T 1 T
L.anding ' I | | I |
| ! | ! 1 |
S | L
I;;cvcrnu ; I ; ; i :
thrust | i | [ | i
1 + — 7 4 t
Taxi | ) i | | |
! I ! i | |
1 | ) L h | i

Other data in Refs:




AIRCRAFT TYPE:

Cessna 310 (1974)

Approx. No. of Passengera _ 5 + pilot

No, of Engines

2

( ) = Ref, No. TYPE Diston
Position of Engine Wings
SOUND LEVELS
FRONT MIDDLE REAR OTHER
Alsle Window/|| Aisle Window Aisle Window
QPERATION| dBA dBC[dBA dBC|dBA dBC|dRA dBC[|dBA dBC|dBA dRCldBA dBC PSIL NOTES
] ! ] i | ]
Takeoft [ 99 | ! i I j95-97
! 102y} ] ! | (10231
I I | | ! Y
Climb T ! il T T |
i I | i i !
! | | | ! I
Cruise ! ! B | ¢ I o ,
Altitude ! | | I | I 75% cruipe
m (ft,) | ! I i i )
) ! i I i !
- | ! I | | |
o Crulse ! 97 ; T ! 93- ;_ ) 75% cruise, 4914 m
£ (alt. not | (102) I I 95 | I {3000 ft.)
spec. ) ! , ! ! (102 i
! \ l | i 104| 2300 rpm, manifold 24,
! X ! ! _! ! model yr unknown, 310G,
Deacent ! N ! ! ! 1
t I 1 | I 1
! I 1 I | I
} T 4 1 1 ! ¥
Landing ’ i | | | |
| | I i i I
g.‘ev::;m : } : : ; :
ru | | ) i | !
+ ot — 'y 4 -
Taxi I I I | I |
i I I | I I
{ [l I 1 ! i

Other data in Refs:




AIRCRAFT TYPE: Piper Senaca Approx. No. of Passengers _ 5 + pilat
Mo, of Engines ____ 2
{ )} = Ref, No. Type __ Fiston

Position of Engine Wings

SOUND LEVELS

ERONT MIDDLE REAR OTHER
Alsle Windowl| Aisle Window Aisle Window
OPERATION| dBA dBC[dBA dBC|[dBA dBC|dBA dBC [|dBA dBC|dRA dBC||dBA dBC PSIL

T

NOTES

[ l

95 94
{102} (102}
]

98 |
(102l
|

Takeoff

Climb

Cruise
Altitude
m ({t.}

75% cruise, < 914 m
{3000 ft,)

>
o Gruise

™ (alt. not
apec.)

o
o
R =)
w

~D
Car

{102) {102) (102)

]
{
|
!
|
!
|
!
{
I
|
|
L
|
|
i
|

§mrrrem.

Deacent ;
|

Landing

Reverae
thrust

T axi

f
|
|
|
I
i
l
|
|
|
l
|
]
|
|
|
i
1
|
1
1
|
{
T
i
I
t
I
i

s e Tt Tt T i . (NI

4 __Jd__Jd__3__

|
I
!
|
i
!
i
!

|
1
|
|
l
!
1
I
t
|
l
i
T
|
|
t
|
T
1
}
T
!
|
13
|
!
t
t
I
i

Other data in Refs:

e v SPWP AR akt T



AIRCRAFT TYPE: Cessna Coenturion (1974} Approx, No, of Passengers 4 or 5 + pilot
Na, of Engines

{ } = Ref, No, Type Piston
Position of Engine _Front

SOUND LEVELS

FRONT MIDDLE REAR OTHER
Alsle Window|l Aisle Window Aiale Window
OPERATION| dBA dBC[dBA dBC| dBA dBCIdBA dBC|[dBA dBC]dBA dBCidBA dBC PSIL

NOTES

Takeoff

—

=]
—

oU’l
o

Climb

Cruise
Altitude
m {ft. )}

T
@ Crulse

n (alt, not
spec,)

75% cruise, &, 914 m
{3000 t.)

e ]
Y

{102)

—_—e o — e —— e

1
|
|
1
t
|
|
1
I
t
|
!
T
|
I
|
|
Desacent ;
|

. Landing

Reverae
thrust

Taxi

|
|
i
|
|
t
[
T
t
I
l
I
I
|
i
I
|
T
|
!
1
1
|
T
|
|
¥
|
I

| ]
i |
I i
| |
T T
I 1
| [
1 T
| |
| |
i l
| |
i L
! I
| I
| |
| !
T }
! I
| |
T }
i i
i !
¥ b
! I
| |
t }
| |
| |
i [

S PN W U T N

I
[
f
|
!
y
|
!
J

Other data in Refs:




AIRCRAFT TYPE:

Cessna Skylane (1974)

{ } = Ref. No,

Approx. No. of Passengers _3 + pilot
Ne, of Englnes 1 -

Type ___ Pisten

Position of Engine _ Front

OPERATION

SOQUND LEVELS

r

QNT.

MIDDLE

REA

OTHER

Alsle
dBA dBC

Window

Alsle
dBA dBC

Window
dBA dBC

Ailsle
dBA dBC

Window
dBA dBC

dBA dBC PSIL NOTES

Takeoff

dBA dBC
i

94 |
1023

Climb

€8 -y

Cruise
Altitude
m {ft.)

Cruise
(alt. not
npac.)

93
102)

T5% cruise & %l4m
{3000 ft.)

Descent

Landing

Ravorne -
thruat

Taxi

S §

|
1
1
|
i
|
|
|
|
t
[
|
|
|
!
l
|
|
|
|
+
I
!
1

s it i Tt TE s S U S NI — (I S

P N (N D N I S P

Other data in Refa:




AIRCRAFT TYPE:

{ } = Ref. No,

Piper J.3

Approx. No, of Passengers

No. of Engines

Type

Position of Engine

SOUND LEVELS

r————

ERQNT

MIDDELE

REAR

OTHER

Alsle Window
OPERATION! dBA dBC}dBA dBC

Alsle Window
dBA dAC| dBA dBC

Aisle

dBA dBC|d

Window |Bet. pilot & Co-pilot

BA dDC

dBA dBC PSIL

verpll

NOTES

Takeoff

Climb

Cruise
Altitude
m ({t.)

:'h. .
w
‘L

Cruise
{alt. not
spac,)

107] 2100 rpm
(74)| 70 manifold or IAS

Descent

Landing

Reverse
thruat

Taxi

1
I
I
l
I
|
i
|
|
i
|
i
L
|
!
l
|
1
i
|
T
!
|
L]
|
|
Ll
|
i
i

T
I
|
|
1
|
|
1
|
|
|
|
i
t
|
|
|
[
|
|
i
|
|
I
I
1

1
|
l
i
I
I
l
I
t
{
l
|
]
|
|
I
I
i
|
!
T
|
|
?
|
!
t
1
I

|
|
|
[
i
|
I
I
|
|
|
|
|
!
I
i
|
1
i
|
T
!
1
1
!
|
1
|
1

I
i
|
l
i
|
|
7
|
|
i
|
=1
t
|
|
!
|
!
t
|
!
1
I
+
|
|
I

i
i
i
{
T
I
!
1
!
1
[
I
¥
|
|
)
|
I
1
[
¥
[
|
¥
!
[
t
!
|

Other data in Refs:
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AIRCRAFT TYPE:

{ } =Ref, No,

Piper Colt

Approx. No. of Passengers
Ne, of Engines
Type

Position of Engine

SOQUND LEVELS

FRONT

MIDDLE REAR

OTHER

Alsle Window

Aiale Window Alsle

Window

dBA dBC|dBA dBC||dBA dBG| dBA dBC

Bet, Filot & Co-Pildt
dBA dBC PSIL, Ovefall NOTES

OPERATION| dBA dBC[dBA dBC

Takeoff

Climb

W

Cruise
Altitude
m (ft.)

Cruise
{alt, not
spec,)

106] 2500 rpm
{74)} 105 manlifold or IAS

Descent

Landing

Reverse
thrust

Taxi

I
|
|
|
|
|
!
I
t
|
|
|
T
[
|
!
|
t
|
!
1
!
1
1
1
l
t
l
1
'l

i
!
!
|
f
|
|
1
!
[
|
!
t
|
|
|
l
I
|
|
|
l
|
l
+
t
|
]

1 I
| |
| |
| I
T T
| |
| {
| J
{ |
| |
) |
| I
) I
1 |
| |
] |
| I
T t
i |
| |
1 t
| |
i t
| :
i |
] !
t $
] |
| |
2 l

i
i
[
{
T
[
I
T
!
i
I
i
I
I
[
'
|
1
!
r
I
I
(
b
!
!
¥
(
'

Other data in Refs:




OPERATION

AIRCRAFT TYPE:

{ ) = Ref. No,

Piper Cherokee

Approx. No, of Passengers
Ne, of Enginea

Type

Position of Engine

SOUND LEVELS

D ——————

E

QNT MIDDLE

REAR,

OTHER

Alale
dBA dBC

Window{ Aisle

Window
dBA dBC

Alsle
dBA dBC|dBA 4dBC

Window

Bet, Pilot & Co-pilot

dBA dBC PSIL

Ovagall NOTES

Takaooff

dBA dBC[/dBA dBC
L

Climb

98~y

Cruiseo
Altitude
m {£t. )

Cruisge
{alt, not
spac, )

===

115
{(74)

2350 rpm
115 mantfold or 1AS

Deacent

Landing

Reverse
thruat

Taxi

i i i D D T T S JEpE—

L — — ]

-_._....._..__.._l_._____.__..l_.__.____._n_____

Othor data in Refs:




AIRCRAFT TYPE:

{ } = Ref.

Piper Tripacer

No,

Approx, No, of Passengers
No. of Enginea

Type

Position of Engine

SOUND LEVELS

FRONT MIDD

E

REAR

OTHER

QPERATION

Aisle Window]| Aisle
dBA dBC [dBA dBCHdBA dBC

Window
dBA dBC

Aijsle

dBA dBC)d

Window
BA dBC

jet, Pilot & Co-pilot

dBA dBC PSIL

Ovetall NOTES

Takeoff

Climb

LB~y

Cruise
Altitude
m (ft,)

Cruise
{alt. not
spec.)

105
{(74)

2250 rpm
112 manifold or [AS

Deacent

Landing

Raverse
thruat

Taxi

1
|
|
!
1
|
|
T
|
|
|
I
L
|
|
|
!
|
|
|
|
|
!
4
t
|
!

-~

L —— 1

i
|
i
!
I
|
!
I
|
!
[
|
|
|
1
{
|
T
|
f
T
!
i
?
l
|
t
)
|

I
|
|
|
J
|
|
T
[
|
i
|
t
[
|
|
|
l
I
!
I
I
|
.
I
|
I

!
i
|
f
T
|
|
|
!
i
|
[
1
[
!
|
i
i
[
[
]
[
|
1
!
[
L)
[
[

e

Othar data in Refs:




CPERATION

AIRCRAFT TYPE:

Cegana !%:

{ ) = Ref, No.

Approx. No., of Passenpers

No, of Engines

Type

Position of Engine

S0UND LEVELS

e —————

Ir

ONT __ MIDDLE

REA

R

OTHER

Alsale
dBA dBC

Window]| Aisle Window
dBA dBC|/dBA dBC|dBA dBC

Aiale
dBA dDC

dBA_dBC

Window

Bet. Pilot & Co-pilo}

dBA dBC PSIL

Ovetall NOTES

Takeoff

Climb

Bg -y

Cruise
Altitude

m (ft.)

Cruise
(alt. not
apec, }

104
(74)

2300 rpm
22 manifold or [AS

Descent

Landing

Reverse
thrust

Taxi

IS R U R PR NSRS NN SR

___L_~L__“__"_~__%______h_____

1
[
|
!
1
i
!
|
|
|
|
|
1
|
|
|
!
T
|
i
T
|
i
1
I
|
)
|
i

R i T J IS S Sy [P DU R

‘—_"'—_"""_'1""_"_—"'-" - """~ -

7
i
|
1
I
|
!
T
I
i
)
|
1
!
I
|
|
i
!
!
L
|
i
1
f
|
t
!
|

Other data in Refs:

e T

bt e .



AIRCRAFT TYPE:

{ ) = Ref, No.

Helio

Approx, No. of Passengers
No. of Engines

Type
Position of Engine

SOUND LEVELS

E

ONT MIDDLE

REAR

OTHER

OPERATION

Alsle
dBA dBC

Window]| Adisle Window
dBA dBCl|dBA dBC|dBA dBC

Alsle
dBA dBC|d

Window idet, Pilot & Co=-pilot

BA dBC

dBA_dBC PSII, Overall NOTES

Takeoff

Climb

68-y

Cruise
Altitude
m (ft.)

Cruise
{alt. ‘not
Bpec. )}

106§ 2600 rpm
{74)] 22 manifold or IAS

Desacent

Landing

Reverse
thruat

Taxi

i et et e Tt T Ryt R [ (DU,

|
|
!
|
I
i
|
I
|
|
|
|
1
|
|
|
|
T
|
|
T
!
i
1
|
l
t
|
|

[
|
}
I
1
|
|
I
1
|
I
!
|
|
|
!
{
T
I
!
1
|
i
1
|
l
t
|
l

T
1
|
!
T
i
|
T
|
|
|
|
t
|
|
|
I
3
l
!
|
!
i
|
}
)
I
|

i
i
I
i
1
|
[
I
I
I
I
)
1
[
[
|
|
|
|
I
i
[
[
I
[
!
t
I
!

Other data in ltefs:




AIRCRAFT TYPE:

{ )} = Ref,

Apache 160

No,

Approx. No. of Pagsengers
No. of Engines

Type

Poasition of Eagine

SOUND LEVELS

ERONT MIDDEE

REAR

1

OTHER
o

OPERATION

Alsle
dBA dBC

Window]| Alsle Window
dBA dBC|IdBA dBC[dBA dBC

Aisle
dBA dBC|d

Window
BA dBC

et. Filot & Co-Fil
dBA dBC PSIL Cvefall NOTES

Takeoff

Climb

0oy

Cruise
Altitude
m (£t. )

Cruise
{alt. not
spec,)

103 2250 rpm
{74}l 22 manifold or IAS

Descent

Landing

Reversa
thrust

+__“__L__"*___w___~________

|.._.__ —_—— e e e e e

Taxi

AN SN S ORI A N

!
|
f
|
I
i
I
T
!
|
t
!
I
|
[
t
}
1
|
|
T
|
i
i
!
I
4
|
I

S L E T, Fye pUpt: [NUUDUN S N O

S S U S RN SRR SUN S

Other data In Refs:

74/1134




AIRCRAFT TYPE:

Cammanche 250

{ ) = Raf. No,

Approx. No. of Passengera

No. of Engines

Type
Poaition of Engine

SOUND LEVELS

FRONT

MIDDLE

REAR

OTHER

Alsle

Window

dBA dBC [4BA dBC

Alsle Window

dBA

dBC|dBA dBC

Aisle

Window

dBA dBC!dBA dBC

Bet, Pilot & Co-pila

dBA_dBC_PSIL  Ovgrall NOTES

OPERATION

Takeoff

Climb

=
[

0

=

Cruiae
Altitude

m (ft,)

Cruise
(olt. not
spec.)

100
{74)

2200 rpm
22.5 manifold or IAS

Deacent

Landing

Rovarso
thrust

Taxi

|
|
!
|
|
|
|
I
[
1
|
|
T
|
|
|
|
1
|
|
1
)
|
t
|
|
y
|
i
L

T
!
|
|
i
i
|
1
|
|
|
|
t
i
|
|
|
|
}
1
|
|
|
+
|
1
L

]
|
|
]
|
|
|
|
|
|
|
|
I
|
!
i
i
1
|
I
T
|
|
1
|
I
t
|
}

[
i
t
l
|
l
t
I
|
|
|
I
i
|
|
|
l
T
|
|
I
|
I
i
|
l
L}
|
|

|
|
|
1
T
|
|
1
|
|
|
|
1
|
|
I
|
i
I
|
|
|
!
!
[
!

1
i
|
f
T
I
1
|
|
|
[
)
i
i
|
|
[
L]
!
I
|
[
[
I
!
I
t
[
[

Other data in Refs:

74/1134




AIRCRAFT TYPE: Beech K185 Approx. No, of Pasaengers
No, of Engines

{ ) = Ref. No. Type
Popition of Engine

SQUND LEVELS

EFRONT MIDDLE REAR QOTHER
Alsle Window|| Ailsle Window Aisle Window Pet. Pilot & Co-Pilot
OPERATION| dBA dBC {dBA dBC|4BA dBC|dBA dBC[[dBA dBC|dBA dBC| dBA dBC PSIL Qvekall NOTES

Takeoff

Climb

106( 1900 rpm,

Cruise
(74} 24 manifold or IAS

Altitude
m (ft.)

? lc

° ruise

M {&lt, not
spec.)

Descent

it Bl e B e el T TS (PN S

I
1
!
|
I
]
I
{
!
|
|
[ i
T
!
I
|
|
t
|
|
Landing ;
!

Revarse
thrust

T"_"“hl_'"_—"h"_"——"-_—__——

!
|
|
|
i
1
|
T
I
!
|
I
I
H
|
I
|
T
!
i
T
!
|
)
l
|
Taxi ;'
|

L__"_"T——'_‘7_'*-7—'7-4_'_“—__

--—.j——-—T-.—.T—_...;-._——_-T—.——-—...——--——_—

--_J[__J
| __ 1]

- —

Other data in Refs:




AIRCRAFT TYPE:

{ } =Ref. Na,

OPERATION

Cessna 140 Approx, No, of Passengers
No. of Engines
Type ______
Position of Engine
SOUND LEVELS
FRONT MIDDLE REAR OTHER
Alsle Window]| Aisle Window Aisle Window ||Bet, Pilot & Co-pilo

dBA dBC |dBA dBC

dBA dBC|dBA dBC

dBA dBC|dBA dRC

dBA dBC PSIL Overxall NOTES

Takeolf

Climb

=
i

(X}
w

Cruise
Altitude
m (ft.)

Cruise
{alt. not
spec,)

——

103| 2250 rpm
74)| 103 manifold or IAS

Descant

Lunding

Reveraa
thruat

Toxi

I
l
i
[
T
|
1
1
|
|
|
|
]
1
§
f
t
T
|
|
1
|
I
f
!
l
t
|
[
L

IR R A

[
{
|
|
|
|
|
]
t
i
I
l
[
{
i
|
|
T
|
|
1
|
|
T
|
|
1
|
|

|
!
l
|
T
[
l
|
|
|
1
|
!
1
{
|

|
|
|
|
T
|
|
T
i
]
|
!
t
|
|
|
|
t
)
!
+
|
|
t
{
|
1
|
|
|

RSN AP N D DU DD A S

Other data in Refs:

74/1134




AIRCRAFT TYPE!

{ ) =Ref,

Bonanza '"H"

No,

Approx. No, of Passengers
No, of Enginas

Type _______
Position of Englne

SOUND LEVELS

QNT. MIDDLE

REAR

OTHER

OPERATION

Alale

Windowll Aiale Window Aisle
dBA dBC)dBA dBC|JdBA dBC|[dBA 4dRC) d

Window
BA dBC

Bet, Pilot & Co-pilo
dBA dBC PSIL NOTES

Takeoff

dBA dBC
L

Climb

Yoy

Cruise
Altitude
m (ft.)

Cruias
{alt. not
apec,)

102 2200 rpm
(74)| 22 manifold or [AS

Descant

Landing

Ruverae
thruat

Taxi

ity dhdbe i SE R NP RS SIS . [N [ —

ARy R U U R U SUUU SUS

RPN (! [

[
|
|
!
1
1
I
|
I
I
I
l
I
|
i
!
I
—_
|
|
i
i
1
t
l
|
t
|
|

I S ! S DR DRI NI SRR
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Othyr data in Refs;

74/1134
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AIRCRAFT TYPE:

Cessna Super Skymaster (1974}

{ } =Ref, No.

2'10'( 2

SOUND LEVEILS

Approx. No. of Passengers _ 4 + pilot
No, of Engines 2
Type _ Piston

Position of Engine Ll Irope s [ Puyaher rear

ERONT

MIDDLE

REAR

OTHER

Alsle
dBA dBC

Window|| Adlsle
dRA dBC|dBA dBC

Window

dBA dBC

Aisle

Window
dBA dBCIdBA dBC

dBA dBC PSIL NOTES

Takeoff

91
{102

Climb

S6-y

Cruine
Altitude
m {ft.}

Cruise
{alt, not
apec.)

1
|
f.
f
l
|
1
i
|
|
|
t
| 94

I
|
|
|
1
|
|
1
|
!
1
|
f
I
}
|
|

75% cruise, &£, 914 m
(3000 f.)

Desacent

Landing

l
i
i
"
i
|
|
N
1
|
|
.

Reverse
thrust

Taxi

I
!
|
|
I
!
|
1
|
i
|
|
T
|
!
|
i
1
|
|
T
i
i
t
|
I
t
|
I
L

[
I
t
|
I
!
|
I
|
!
|
|
I
|
(102) I
|
t
1
|
|
!
}
!
L
|
|
1
|
|

|
b
|
I
!

.

[
!
|
[
|
|
|
|
|
t
|
|
i
|
|
!
l
1
|
|
'
I
|
t
|
|
t
i
1

—_—_t —— - =3 -3

]
i
I
1
)
|
I
T
!
1
!
i
I
1
|
!
t
I
[
!
1
[
[
¥
!
i
I
[
!

Other data in Rafs:




AIRCRAFT TYPE: Ceasna 150 Approx, No. of Passengers 1 + Pilot
_ No, of Engines __ Sinple
€} = Rel. No, Type _Piston

Position of Engine _Propnt

— e .

)
O@.g;‘@!feo% FRONT MIDDLE REAR OTHER
REY Alsle | Window) Aisle ) Window || Aisla | Window || Pilot's head . Oved
oF dBA dBC[dBA dBC[dBA dBCldBA dBC|[dBA dBC|dBA dBC|dBA|dBC [PSIL| all NOTES
I T [ ] T i
Takeoff ! 95 | ! i | i
) {102} i ! | !
| | | i | i
Climh ! 1 | 1 T T
| | } i i |
| I | ! ) |
Cruise ! : T T T T
I
Altitude ' , ! ! | '
m ({t) L l ! !
! i | l | ]
- i I ! { 1 )
& Cruise ! 91 ; ! T I' ! 19 72 model, 75% cruise,
o {alt, not ' (102), ' | . ! & 914 m {3000 ft)
spec. ) : ! I ! ' J 105 2400 Tfm 105 IAS
[ ! ] I J I 947 111
‘ ! ' ‘ ! I 7oy (76)
i ¥ T 1 ! I
Descent | i | | i '
! I | | ! |
T T T T f I
Landing | | | | i |
I ! | | ! I
Revarse ; i Il —;— l' ;
thruast | | | | | i
i L " " 1 R —
1 ’ 1 ] M T
Taxi I ) [ | ! I
| ! | ! | |
J i 1 i 1 .

Other data in Refs;




AIRCRAFT TYPE:; GRUMMAN GULEFSTR EAM II

Approx. No. of Passengers

All data from Ref. llr Mo, of JEng{nns 2
NOTE: DATAIN DBC COLUMNS ARE OVERALL SpPL, JType_dJdet
Posltion of Engine
SOUND LEVELS
FRONT MIDDLE REAR OTHER
Alsla Window|[ Aisle Window Aisle Window {| Lavatory
OPERATION] dBA dncC|aBA dBc|dBA dBC|dBA JBCHdBA dBC|dBA dBC|dBA dBC PSIL NOTES
‘ | ! ! ! ' ' SN 103
I i | i .
Takeoff ! | Eight passengers
| t | | | | in cabin,
| | I I ! 1
Climb ! ) J I ' i
I | | 1 [ |
! | I I | |
Cruise ~Alt, m (ft.)} ¥ | | ! i
9449 (31, 000} ) 69 Yeg [ | 79 ! I Mach 0,75
10058 (33, 000) ) ! | T 75 i — 1 74 85 Mzueh 0. 85
11887 (39, 000) ] T67 ] 169 i 1 84 Mach 0,75
] } I 1 | ]
\:': Cruise ! ; | J : J
~ falt. not |I l I' I' | l'
apec
pec.) | 1 | I | |
| { | | I |
) T t 1 T —
Deacent | I | | ! |
) | | | I |
13 ' { ) T 1
Landing ! ] | | i |
} | | I I |
) i 1 1 1 1
ol B A B R A
| | t ! | !
" L " " 1 ’
Py T ' 1 1 ¥ )
Taxi ) l | i [ i
I I I I i |
n L i N L "

QOther data in Refs: o.b., data in ref 114




AIRCRAFT TYPE:

GRUMMAN GULFSTREAM

All data from Ref 114,

Approx. No, of Pansengers
No, of Engines 2
Type Turboprop (?)

Position of Engine

SQUND LEVELS

K T MIDDILE __REAR OTHER
Alsle Windowl| Aisle Window Alsle Window Galley
OPERATION SIL _Qvary SIL_Over SIL  OvefldBA dBC_ SIL Qve NOTES
| ] | lall I 1all all
Takooff I ! I I !
! | | | | i
| | | ! | 1
Climb T 1 T 1 ' ]
I | | | ) | Sample of 10 aircraft.
[ i | | | ) Alr Cond, on 'normal’
! T 195 kts
Crulse ,r ; _: : | |' TAS or 285 TAS
Alttrdy e () 60 i 929 60 97 " 59- '100 70 106 [ (crulse power)
620 ! -70 = -0 f -69 !-110 1 64 3,107 -85 |-114 Lavels are
{25, 000} ' 85, 104 ] ET 105 \ 8T 104 77 (Tog| Maximum levela.
3 ave, Avg RV, avg, . avg, avg avg lay Arithmetic averages
wCruise ! lr BB ! ! !
{alt. aot : | : : : :
Bpec,
pec.) ] | l ] | !
| 1 | | | I
Doscont ' J T ) ! |
! | ! | ! !
! t | | | !
di L v I T ¥ ]
Landing i ! f ! [ |
! ! ) | | )
Revorse ) . ! ! j J
I | I I l I
t
thrua ) | " " i |
—ts —t + 1 —t +
| I | | |
i A k ] 1

S ——

Other data in Refa:

o,b, data in Ref. 114,

- b
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HELICOPTERS. MEASUREMENT.

Comparison of vehicles, A major factor in analyzing the
data collected is that noise levels in commercial helicopters
cannot be inferred from data gathered in their military
equivalents, even though commercial types have generally
been the direct offspring of military types (Ref. 85/2, 103a,
105). In addition, noise levels in one commercial type may
vary from specimen to specimen, because different sound-
proofing options are offered by the manufacturer, and the
customer may also elect to have a soundproofing ''kit"
installed by a third party vendor (Ref., 103a).

Nevertheless, we have included military data, mostly for
interest and purposes of compariscn, and partly because there
is little commercial data,

|
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1,

2,

HELICOPTERS, HEALTH and WELFARE

Choice of units, In Reference 109/10, it is stated that the A
weighted sound level may not repraesent the measure of human
response to helicopter noise, since the low frequencies charac~
teristic of rotor noise are de-emphasized.

Much work done by the military emphasizes hearing damage risk
(Refs 82, 91 - 93, 95, 97}, while some civil works emphasize
speech interference (Ref, 85). The explanation is probably three-
fold: (a) military helicopters are noisier, (b) commercial flight
durations are short--usually under i hour, (c) military crews
communicate with each other via intercom using headsets.

A-100
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HELIGOPTERS ~ CRUISE

Messured in passdnger camparimantd, oxXcept 40 noted.

{Ovlave Dand

Rel. Milnary qiv astion | "Muake" dound Lavels L:
IDale} commarical { Comm, danA  |dHC| Overd SIL (PSIL Mudo of Oparation vmmanis ar 173 9
- Popular Nathe all ilata in itet,
B85 c S0l Sikurshy W 10% H0,3] 86.) HNIn Nn
{14972}
c §-5H L]
[ S-5ET 1% 1970 a. 0, with commercial
c 56540 1 e riur,
c 5-200 ¥ jra) s
Bb " floelng
(ocsy | TR M Si-Zic {Vartol 14 |ore T4 km/h (40 knots) Gasaway.canter mid-saction Yo
o3 113 130 xm/ h | 70 knots)
(1963) w M GNP e [1oge 139 kenfh { £3 knata) Gasaway k Haillaid
CH-47C
{1969} —’@' M Chlnvok 106 {1td[ 17 gus || 185 kst (100 knuta, @ 235 prop| Camp. Center mid-asction
H=bA .
7] AV R 94 1ot 107 a7e Camp. & Horis  Small cabin,
Diffuna field,
13963) W M R 107 |ees 111 km/h (60 knote) @ 6500 rpm|Ganaway & Hatdisl
126 prop, Tpm X
(196B) %‘ M '365?1. 98 | J0b)LO7 q1e || 162 X/ n (90 knota) §6600 Tpm JCamp, pileln pusition
*7 97 108} 113 " " " " L. side of t7ansmisaion
109 Jwith seundproofing blankats
(1963} M nom 109 148 km/h {HU knots Hroo00 2pM | gasaway & Hallield
UH-19D  [Sikorak Filota pesitian
11963) ‘ﬁ M UR-190  [stkoraky e 93 @2400 rpm, manifold 29 Gasaway & Hatflald
Cenlar forward
Yartol
# € e Bouled || g9 301 km/h (167 mph) kaare |95 PraB. ¥y T 8283484 | Mo,
Variol . . »
8% c B6- 10ck uLight utility, 2+7 senta® Gusaraiized Wyle date i
43-96 "M-diurrln waight, 10-15 seate” .
85-104 UHaavy tranaport, Z0-50 Aeat®
A h? [ 064 Ball 0 |0y {Twrhbine sngics) 2w.c, 7 2trlps onone
29 111} e !

| Culeulniod Iram ociave basd luvels:

PAIL. » 1/$ (LS00 + L1000 + 1.3000) .
BiL =1/} [lq {600-5300) + L, 'lioo-uqn + L (2400+4800),




HELICOPTERS - CRUIE (contlnued),

Maasured in passangsr compartmanis, sxcapt ad noted, .
Ral, Military s ipakan Sougdl Lavalt Oclave Band
{Dite) Commerical |Comm, [Milltary/ apA Janc| Ovard SIL[PSIL || Mote of Opsration Fommants o1 LYot
- Popular Nathe all Auta in Raf,
! T
105 [+ BO-107{ Cl-4b Boeing [} ' u§ 222 kb 120 knots) Calvnlaind from Q, B, data You
Veriol 93 l H] "
nall 1ol ) tah | H9e Max jevels of 1 xeui positions | Light {GW lsan thaa 6008 1b) Yai
Min lavale during hover & urbine halicaptar,
max, [orwakd plp Probably or 4-plaias
spand,
{calculated from maxima ln
#nch oclave bupd sod minima
In sach vetave band, Actusl
max, A=-woightad lavel probably
soewhet lewar. )
106 [+ Yertal-| H-21C Bosing lT.i 105 | Toe “warlous flight caonditions' Commurcial squiv. of military| Yas
{3360 " Variot 67 from {106/ 104) CH-21C {aae sbova)
M H-2)C " 108 } 93 Tom " S~ MWlitary, for camparlson
1w " " " Wiih *soundproa!
(1958) M HR 281 19 withowt "
-]
1
s
o
~
e T = eer S e A i " e e - A TP SO BRCOR S
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HOVERCRAFT. ~~ GRUISE

SOUND LEVEL

REF MANUFACTURER'S DESIG, DESCRIETION dBC | dBA |OVER- |OCTAVE BAND [COMMENTS
NAME ALL IDATA {Ref/pg)
112 HM2 50 passenger 85-86 | Dritieh
i) Vosper VvT1-001 8o 99 88/243 British
Small fan-driven 88 104
Large air propeller- 92
driven
Small water propeller 93 106
» ‘=driven
-
2
Small air propeller- 95 108

.. Ariven




HOVERCRAFT

TYPE:

HM-2 (British, used in Florida)

{ )} = Ref, No,

All data from Ref, 112

Approx, No. of Pasaengers 50

No. of Engines
Type

Position of Engine

SOUND LEVELS

FRONT MIDDRDLE REAR QTHER,
Alale Window]| Aisle Window Aisle Window |[[Fassenger Cabin
_OPERATION] dBA dBC[4BA dEC|ldRA dBC|dBA dBCj|dBA dBC|dBA dBC[dBA dBC PSIL NOTES
: ; l : : : Rising on water
Takeoff i | : I | I 284 30-50 pec, duration
| I | { | (
Climh ! ! | I ! {
i | | | | 1
! I | ! | |
Cruise ' ; ! r ;_ f
i 1 1 l 9584 Approx. 65 km/h
Altit -
m“(ff)m ! ‘ ! ! ! ! (35 knots)
| | I i I I
» [ | [ i i !
é'Cruinu ! . i T ) !
& (alt. not : : : : : :
apec,
pec.) ) | ! l [ |
i I ! I ! |
L t T T ' T
. pescen 1 I { ! i 1 78 Lowering to surface of
t | | | ! 1 water
T t T T 1 T
Landing | I | | | | 72
| ! ! I | i
- L i
) T 1 L] ' 1
el R R B R A
| ! | l / l
i I " " 1 i
i L) v L] T r T
Tox t [ | ! ! I 80 on water
i ! | | | [
1 1 X " { N

Other data in Refn:




APPENDIX B

Data Forms
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@

13.

14.

AIRCRAFT

NAME: 2. DATE
OFFICE PHONE #:

DEPARTURE TIME:

ARRIVAL TIME: AND PLACE:
AIRLINE: 7. FLIGHT #:

MAKE, MODEL, & YEAR OF AIRCRAFT:
FORM OF PROPULSION (JETS, TURBO PROP, OR PISTON PROP):
TOTAL # OF ENGINES:

. LOCATION OF ENGINES (WINGS, TAIL, AND/OR FRONT):

SOUND LEVEL (USE SLOW RESPONSE) & DURATION OF VARIOUS
MODES OF OPERATION:

dBA dBC DURATION SPEED ALTITUDE
(SPECIFY (SPECIFY (SPECIFY
UNITS) UNITS) UNITS}

taxi to runway
take-off (acceleration)
climb

cruise

|1

1]

re P

e. landing (deccleration)
reverse thruster
application

g. taxi to terminal

]
N

foc]

SEATING LOCATION:

a, total # of rows (including first class):

b. your row #:

¢. window, middle, aisle or other (specify) seat?:

WINDOW CONDITION:

a, is the window nearest to you open?:
b, total # of windows open?:

c. total # of windows closed?:

d. if closed, are they sealed?:

B-1




15.

16.

7.

18.

AIR VENT CONDITION:
a. is your air vent open?:
b. are your neighbors' air vents open?:

GALLEY FAN:
a, is the galley (kitchen) air exhaust fan on?:

b. if so, how many rows are you from the galley fan?:

TYPE OF SOUND LEVEL METER:

ADDITIONAL COMMENTS:

il DTV ERE, g ST Y-t

)



10.

e e g G i AL

I

CAR, BUS, RAPID TRANSIT-SUBWAY, TROLLEY, OR TRAIN

NAME:

OFFICE PHONE #:

DEPARTURE TIME: AND PLACE:
ARRIVAL TIME: AND PLACE:

VEHICLE TYPE (CAR, BUS, RAPID TRANSIT-SUBWAY, TROLLEY, OR TRAIN):
VEHICLE MAKE, MODEL, & YEAR:

SOUND LEVEL {USE SLOW RESPONSE) & DURATION OF VARIOUS MODES
OF QPERATION:

dBA dBC DURATION SPEED IF SUBWAY, IF TRAIN
(SPECIFY SPECIFY INDICATE  SPECIFY
UNITS) UNITS) ABOVE(A) CARTYPE

BELOW (B)

GROUND

a. idle
b. acceleration

. cruise

d. deceleration

ARRRRINEN
T

YOUR SEATING POSITION:

a. total # of rows:

b. yourrow #:

¢. window, middle, aisle or other (specify) seat:

WINDOW CONDITION: !
a. Is the window nearest to you open?: '
b. total # of windows open:

¢, total # of windows closed:

d. if closed, are they sealed?:

AUXILIARY EQUIPMENT (SPECIFY EITHER ON, OFF, OPENED, CLOSED
OR NONEY:

R A g et foas e 54 A P e W L ke B R G 0 A L L




12,

13.

TYPE OF SOUND LEVEL METER:

a. airvent:
b. air conditioner:
¢. heater;
d.
e
f,

defroster:

. windshield wipers:

radio:

ADDITIONAL COMMENTS:

B4

U.5. GOVERNMENT PRINTING OFFICE: 1975~

T i ey €

210-810: 34

o e
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]
3
]
1
|
]
]
:

ENVIRONMENTAL PROTECTION AGENCY
Office of Noise Abatament and Control
AW 571 .
Washington, D.C. 20460

Official Businass

TED 57,
S,
§ MR
N
@."’ o\‘f

agenct

It your aadress It Incorrect, please change on the above [abak;
tear off; and taturn to the sbove adaress,

It you do not desire to continue tecelving this tachnical report
saries, CHECK MERE [ ; tear aff label, and ratum 1t ta the
Above aodress,

POSIAGE AND FEES PAID
ENVIRONMENTAL PROTECTION AGENCY

EPA-335






