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FOREWORD

Tile Noise Control Act of 1972 (PL 92-574) authorizes tile Environmental Protection

Agency (EPA) "to disseminate to the public information on Ihe effects of noise, acceptable
noise levels and techniques for noise nmasarement and control." This report is based on

a literature survey conducted by lnformatics Incorporated, Rockville, Md,, under contract
to EPA and supplemented by data eollelction and analysis by EPA personnel. It is directed
toward tbe following:

(1) Protecting the traveller by identifying high noise areas withln 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 research and

(4) Identifying 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 Control
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 eflbrt by Ms, Ruth should provide a most useful reference document to the
acoustics community.

__nistrator
for 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 of 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 tile auditory system.
This report addresses this issue.

The report focuses on the nonoccupational aspects of exposure to noise inside en-

closed transportation systems. Thus, noise levels in tile cab, cockpit, and locomotive of
commercial vehicles, ns well as those in off-road and reereational 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tabular form) published and unpublished literature concerning the interior sound levels of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:

I. Cars,
2. Commuter braes,

3. lntereity buses,
4. Commuter railroad cars,

5. lntereity railroad cars,
6. Fixed wing aircraft,

7. Helicopters, and
8. Hovercraft.

The result of this compilation is contained in Appendix A. A discussion of possible
health nnd 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 undertaken 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: j

f t_
r



J. Cars,

2. Commuter buses,
3. Trolley cars,
4. Commuter railroad cars,

5. lnlercity railroad cars, and
6. Fixed wing aircraft

These measurements were made by headquarters personnel in the EPA Office of
Noise Abatement and Control and by personnel of the EPA Regional Offices I, II, Ill, and
VII wltile eoroute to and from business meetings. Tbe data forms employed are contained
in Appendix B,

Third, the data collected under the first two pllases provided a base for:

1, Calculation of representative mean interior sound levels of public transportation
vehiales,

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

3, Appraisal of measurement methodologies,

4. Locating areas of data deficiency, and

5, Making reeommcndationswith regard to:

a. health considerations,

b. areas requiring further research, and
e. 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 Leq(24).

2



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 I through 17 contain the energy mean A-weighted interior sound levels for vehicles
under various operating conditions. Since these energy meansare calculated from sound
levels collected by many different sources under varying methodologies and conditions,
the trends evidenced by the tables may smnetimes be biased by certain extraneous or
uncontrolled variables, (e.g., road surface, meteorological conditions, vehicle speed). Each
table is footnoted to indicate some of the more important variables wlfich have or have
not been controlled.

Cars

Based upon the 1970 to 1974 data, there has been a general trend for the interiors
of cars to become quieter as a function of model year (Table 1). Car interiors are

louder when cruising at 97 km/h (60 mph) than at 48 km/h (30 mph) (Table 2). Little
differences were observed 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 seats have a ,greater average interior sound
level than do front seats (Table 5). City bus interiors are quieter when cruising at

_ 32 km/h (20 mph) than at 48-64 km/h (30-40 mph) (Table 6).

lnterelty 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 aeats have nearly
the same mean sound levels (Table 8).

3
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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 ALLYEARS

1970 1971 1972 1973 I974 (1970-1974)
ENERGY MEAN A-
WEIGHTED SOUND 76 76 73 71 72 74
LEVEL (dB)

SAMPLE SIZE 38 28 20 41 31 I58

RANGE OF SOUND
67-80 68-83 67-79 64-78 64-78 64-83

LEVELS

*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
61-7l 67-83

SOUND LEVELS

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

5



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
65-79 64-78

LEVELS

*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 8S 87

SOUND LEVEL (dB)
i

SAMPLE SIZE 6 6

RANGE OF SOUND
76-90 72-92

LEVELS

*Speed is a controlled variable, All engines are rear mounted diesels and all scats are
in the rear,

r- ,



TABLE 5. ENERGY MEAN A-WEIGHTED INTERIOR SOUND LEVEL OF

COMMUTER. 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 72 dB 76 dB 92 dB

OPERATION CRUISE 72 dB 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*

i,

SPEED

32 km/h (20 mph) 48-64 km/h ('30-40 mph)
ENERGY MEAN A-
WEIGHTED SOUND 81 89

LEVEL (dB)

SAMPLE SIZE 11 5

RANGE OF SOUND
68-86 70-92

LEVELS

*All engines arc rear mounted diesels.

i
i
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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 REAP,

ENERGY MEAN A-
WEIGHTED SOUND 75 78 83

LEVEL (dB)

SAMPLE SIZE 3 3 3

RANGE OF SOUND
74-76 77-79 79-84

LEVELS

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

TABLE 8. ENERGY MEAN A-WEIGHTED INTERIOR SOUND 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 6

RANGE OF SOUND LEVELS 74-80 74-79

*Length-wise seating location is a controlled variable,



Commuter Railroad

Conunuter railroad cars have a lower average interior sound level above ground tirsn
in a subway, regardless of speed or track-bed conditions (Tables 9 and 10). Commuter
railroad cars travelling above ground or ill a subway have a higher mean interior sound level
at speeds of 48-80 km/b (30-50 nlph) than at speeds of 80-97 km/h (50-60 mph) (Table 9).
Based upon tbis sample, it is interesting to note, however, regardless of whetber
commuter railroad cars are travelling above ground or in a subway, their interiors are

quieter when tile track bed is tic and ballast than when it is concrete (Table 10).

lntereity Railroad

Coach interiors of intercity railroad cars bavc nearly equal sound levels in tile middle
and rear seats (Table 11) and higher sound levels in the window seats tllau in the aisle seats
(Table 12),

The interrelationsllips of interior sound levels, vehicle type and mode of operatiou are
shown in Table 13.

Jet Aircraft

Windows seats of cruising commercial jets have a mean interior sound level whicb is

nearly equal to that of aisle seats, regardless of engine position (Table 14), Average inter-
i_ ior sound levels are less in cruising commercial jet aircraft with engines positioned on tile

;:: wing than in those with engines positioned in the tail, for both aisle and window seats
(Table 14). Tile front and middle seats are quieter than the rear seats, regardless of engineJ

location (Table 15), The effect of tile 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-weigllted sound level (LA)of cruising
commercial 727 jet ailcraft to tbeir altitude in kilometers (H) and their speed in kilometers

per hour (S). The resulting equation is LA = 75.07 - 0,76H + O.01S. This equation
accounts for 76 percent of the variation of tile sound levels measured (the correlation

coefficient of determination (R 2) is 0.76), Factors affecting the inverse relationsbip between
between interior sound level and altitude are discussed by Bray (1). He concludes that
"changes in the turbulent boundary layer noise in commercial aircraft operating at varying
altitudes have been shown to vary according to the density change to the first power."

! 9



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 nlph) (50-75 nlpb)

ABOVEGROUND 83 dB 69 dB

SUBWAY
(BILLOW GROUND} 86 dB 81 dB

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

TABLE I0. 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 82 dB 76 dB

SUBWAY
(BELOW GROUND) 86 dB 83 dB

*Speed is It controlled variable, Seating location is an uncontrolled variable,

IO
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TABLE I 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 (dE)

SAMPLE SIZE 10 8

RANGEOF SOUNDLEVELS 62-75 63-71

*Aisle-window sealing location is a controlled variable. Spet, d is an nncontrolled
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 70

SOUND LEVEL (dE)

SAMPLE SIZE 5 13

RANGE OF SOUND LEVELS 62-67 65-75

*Length-wise seating location is a controlled variable. Speed is an aneontrolled
variable.

11



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

MODE OF OPE RATION

IDLE ACCELERATION CRUISE DECELERATION
CARS 57 dB 72dB 73 dB 67 dB

TYPE COMMUTERBUSES 67 dB 86dl] 81 dB 72 dE

OF TROLLEYCARS 67 dB 79dB 90 dB 69 dB

LAND COMMUTERRA[LROAE
CARS 70 dB 79 dE 86 dB 83 dB

VEHICLE INTERCITY
RAILROAD CARS 66 dB 72 dB 68 dB 60 dE

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 dE 86 dB

*Length-wise seating location is a controlled variable.

12



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 S0 dB 81 dB 83 dB

TAIL 82 dB 81 dB 88 dB

*Aisle-window seating location is controlled for
altitude and speed are uncontrolled 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 "fAKE OFF CLIME CRUISE LANDING APPLICATION

ENERGY MEAN
k-WEIGHTED
IOUND LEVEL 75 82 80 85 77 94

(riB)

SAMPLE SIZE 28 28 28 105 27 21

RANGE OF
SOUND LEVELS 63-84 72-92 69-88 73-96 65-83 80-103

*Altitude and speed are uncontrolled variables.

13
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Other Aircrnft

Helicopter and piston engine propeller aircraft have higher mean interior sound levels
than gas turbine propeller and commercial jet aircraft (Table 17).

: TABLE 17, ENERGY MEAN A-WEIGHTED INTERIOR SOUND 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, 73-96 79-88 88-97 83-101

*Speed and altitude are uncontrolled variables.

15



[IEALTII IMPLICATIONS

Introduction

A maximunl yearly average Lecl(24)* of"70 dB has been identified by EPA as r,_quisite
to protect against I|earing loss with au adequate nlargin of sal_ty (2). To deternlilm tile
extent to which interior trausportation ooise exposures conform to tbis identified level,

the yearly average Luq(24) is calculated Ibr hypotbelical cases which are made to wiry by
(1) vehicle types, (2) number of hours of exposure to vehicle interiors per year or per

workday, aud (3) tile yearly average workday Leq(8)** (Tables 18, 19 and 20).

In formulating these tables, it was necessary to make a number of assunlptions. Tables
18 through 21 arsume that all the remaining hours of rim year have an exposnre level low

enough to result in a negligible contribution to tbe yearly average Leq(24), i.e., no greater
than an Leq(1) of 60. In Tables 19, 20 and 21, ! or 2 hours of exposure per workday (5
days per week), is chosen as representativu of typical round trip travel time to-and-from work.

A wide range of hours of exposure per year (1 to 300 I|ours per year) to the interiors of air-
craft were considered in Table 18, recognizing tbe wide variance in aircraft travel time in-
curred by tbe American public.

DisetlssJon

The maximum permissible number of bours of exposure to commercial jet aircraft, gas
turbine .:iraraft, piston engine aircraft, and helicopters is 252, 216, 36, and 36, respectively,

if a maximum yearly average Leq(24) of 70 dB is to be maintained (Table I8).

Table 19 displays the maximum yearly average work Leq(8 ) permissible if a maximum
yearly average Leq(24) of 70 dB is to be maintab_ed, as a fimction of vehicle type and the
number of hours of exposure per workday.

*The yearly average Leq(24) is the yearly energy average A-weighted sound level in
decibels relative to 20 micropaseals computed over a continuous 24-bour period,

**The yearly average workday Leq(8 ) 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



TABLE 18. YEARLY AVF.I_.AGELeq(24) FOR PEOPLE EXPOSED TO TIlE INTERIORS
OF CRUSING AIRCRAFT AS A FUNCTION OF TWO FACTOI_.S: TIIE NUMBER

OF ItOURS OF EXPOSURE, ANI) TIlE TYPE OF AIRCRAFT*

TYPE OF NUM BEI_.SOF HOURS OF EXPOSURE PER YEAI_

AIRCRAFT 1 2 6 12 18 36172 108 144 180 216 252 300

COMMERCIAL JET 60 60 61 62162 64 66 67 68 69 69 70 71OASTUR_I_E_ROPELLER_060,I62026,6067686070707,
PISTON PROPELLER 61 62 64 66 I 68 70 78 75 76 77 78 7,q 7q

HELICOPTER 61 62 64 66 68 70 73 75 76 , 77 78 79 79 ,

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



TABLE I9, THE MAXIMUM YEARLY AVERAGE WORKDAY Leq(8 ) PERMISSIBLE
5 DAYS PER WEEK 1F A MAX[MUM YEARLY AVERAGE Leq(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*

MAXIMUM Leq(8 )
PERMISSIBLE

CARS - 97 km/h (60 mph) 76

CARS -48 km/h (30 mph) 76

VEHICLE TYPE** COMMUTER BUSES 73

TO WHICH INTERCITY BUSES 75
TROLLEY CARS t

PEOPLE ARE
COMMUTER RAILROAD CARS

EXPOSED,FOR ABOVEGROUND 74

I HOUR COMMUTER RAILROAD CARS
IN SUBWAYS t

PER DAY,
INTERCITY RAILROAD CARS 76

5 DAYS COMMERCIAL JET AIRCRAFT t

PER WEEK PISTON AIRCRAFT t

GAS TURBINE AIRCRAFT 'f"
i ,

HELICOPTERS t

*All remaining hours of tile year are assumed to have an Leq(i ) of 60 dB,

tlndicates that it would be impossible to achieve a yearly Leq(24) of 70 dB even if there
, was no noise exposure in tile work environment.

**Cruise condition.

18



TABLE 20. THE MAXIMUM YEARLY AVERAGE WORKDAY Leq(8 ) PERMISSIBLE
5 DAYS PER WEEK IF A MAXIMUM YEARLY AVERAGE Leq(24) OF 70 dB IS TO

lib MAINTAINED, AS A FUNCTION OF TIlE TYPE OF VEHICLE TO WIIICII
PEOPLE ARE EXPOSED FOR 2 IIOURS PER DAY, 5 DAYS PEP, WEEK*

MAXIMUM Leq(8)
PERMISSIBLE

VEIIICLE CARS - 48km/h (30 MPII) 75

TYPE** CARS - 48 km/h (30 mph) 76

TO WHICH COMMUTER BUSES 68

PEOPLE ARE INTERCITV BUSES 73

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 t

PISTON AIRCRAFT t

GAS TURBINE AIRCRAFT t

ItELICOPTERS t

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

"]'Indicates that it would be impossible to achieve a yearly Laq(24) of 70 dB even if there
was no noise exposure in the work environment.

**Cruise condition.
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TABLE 21. YEAP, LY AVERAGE Leq(24) AS A FUNCTION OF TWO FACTORS:
TIIETYPE OF VEIIICLE INTERIOR TO WH[CI[ PEOPLE ARE EXPOSED

FOR IHOUR PER DAY, 5 DAYS PER WEEK, AND "['liEYEARLY

AVERAGE WORKDAY Leq(8),5 DAYS PER WEEK*

YEARLY AVERAGE WORKDAY Leq(8 )
(5 DAYS PER WEEK)

6o,,B7Odn75dBso,,Bs_ 9OdI
NONE(Leq(1) = 60 dB) 60 65 69 iiii::_iiiiiiiii_il iii_i:

CARS - 48 km/h (30 mph) 60 65 69 i ii_ii I !iiii_iiiii iii_i!

INTERCITY RAILROAD CARS 61 65 69 !i;i!!_il ::iiii_i::i!iiiii!_ii

CARS - 97 km/h (60 mph) 62 65 70 i!!!i?-_ii .:.:,_9:::1!i_i_

VEHICLE INTERCITY BUSES 65 68 70 iiiii_!!i iiiii_ii :.ii!i_i

TYPE** COMMUTER RAILROAD CARS 67 68 ....... !iiiii_iiii iiii_!!iABOVEG OUND >:....................
COMMUTER BUSES 67 69 iiiii_iiiiiii:ii::iii_i!iiiiiiii_iiiii iiiii_ili

COMMERCIAL JET A|RCRAFT 70 ilili_iiiiiiiiiiji_iiii iiiiii?l_iiiii!iiiii_iiii ii_iii

COMMUTERRAILROADCARS > """"":
GASTURBINEA_RCRA_r70 ii::i_iiiii_i_!_!i::i:iiii_.iiiiiiiiii_iiiiiiiii_ii
TROLLEY CARS !i_i iiii_Sili iiiii_iiiiiiiii_i_i!i iiii!i_!!::iiii::_3il

:.:llII I ...........P!STON AIRCRAFT i!i!."ff.:_iiiii:iiiii_iii !_!i!ii_ii iiiii_i!i iiiii_i!iii il iiS_ii

[HELICOPTERS iiiii_i!!!iiiiiii_iii!iiiiiii_iiiiiiiiiii_::iii:,iiiiii_iiiii:iii!_ii!i

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

**Cruise condition

"EPA has identified an Leq(24) level of 70 dB requisite for protection against hearing
loss with an adequate margin of safety" (Reference I),
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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 I hour per

day, 5 days per week, will make it impossible to achieve a yearly average Leq(24) of 70 dB{Table 19). Increasing the 1-hour exposure to vehicle interiors to 2 hours per day for 5 days

per week will decrease the maximum yearly workday Leq(8 ) allowable ira yearly average
Leq(24) of 70 dB is to be sustained (Table 20). Given a 2-hour exposure per day, 5 days per
week, to buses and commuter railroad cars travelling above ground, the maximum yearly

i average work day Leq(8) permissible (ira yearly average Leq(24) of 70 dB is to be main-
tained) is below tile 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(8 ) with a 1- or 2-hour exposure to vehicle interiors, 5 days par week, can have on
the yearly average Leq(24). Exposure to a yearly average workday Leq(S ) of 60, 70, or 75
dB combined with a l-hour exposure to trolley cars, piston aircraft or helicopters will cause

the yearly average Leq(24) to exceed 70 dB {Table 21), The yearly average Leq(24) will
also exceed 70 dB ira yearly average workday Leq(8 ) of 70 or 75 dB is combined with ex-
posure to commuter railroad ears (in subways) commercial jet orgas turbine aircraft for 1
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(S ) of 75 dB (Table

21), Exposure to a yearly average workday Leq(8 ) of 80 dB or more, will disallow mainte-
nance of a yearly average Leq(24) of 70 dB, even if no vehicles are traveled in and all re-
maining hours of tile year have an exposure level low enough to result in a negligible contri-

bution (i.e,, 60 dE) {Table 21). Ill the case where the yearly average workday Leq(8 ) is 80
dB, -hour exposure to c ty buses, trolley cars, commuter railroad cars {above or below

ground), commercial jet aircraft, 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

1:3vehicles, the effect of a l hour exposure to their interiors on the yearly average Leq(24)
is negligible, if the yearly average workday Leq(8 ) is 85 or 90 dB (Table 21). The effects
of 2 hours of vehicle exposure, 5 days per week, on the yearly average Leq(24) are similar
to that of a I hour exposure, with the qualification that (1) more vehicle types cause the

yearly average Leq(24) of 70 dB to be exceeded and (2) the quantity by which 70 dB is ex-
ceeded is increased {Figure 3),

Measurement 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 8 l)l.. Because of

I
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Figure 3. Yearly Average Leq(24) Calcu|ated as a Funo'lion of Two Factors:
The Yearly Average Workday Leq(8 ), and the Yearly Average Vehicle

Interior Equivalent Sound Level to Wldch a Person is Exposed

for 2 Hours per Day, S Days per Week Lcq(8)*

*All remainlag hou_ or tile year are assumed to have an Leq(1) of fi0 dB.
"EPA has identified nn Leq(24} level of 7D dB as requisit_ for protection against hearing

loss with an adequate margin of safety" (Reference i).
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this lack of staodardized nmasureolent nmthodologies, different investigators haveemployed
different inethodologies for Ibe stone vehlcle type, Therefore. the data collected by differ-

I'_., ant studies is sometimes incomparable and is often difficult to collapse. These problems

_ are evident in the footnotes to Tables I through 17 and were even more clear whoa tiledata were being organized and tabulated. A hick orspecificity regarding operation para-
meters (i.e., speed, road condition, or microphone location) resulted in deletion ofdata
points during creation of the tables. Also, the observed differences in mean sound levels

i as a function of recorded differences in operation variables, such ;is road conditions, may
bare been biased by differences in uncontrolled variables sucb 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 call be hin-
dered by an incomplete sample design. This would be less likely to occur if guklanee in the
form of standardized metllodology was available.

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

1. Noise descriptor(s) including noise exposure

descriptors (such as Leq, or Ldn),
2. Modes of operation,
3. Other variables of vehicle operation,
4. Environmental variables,
5, Vehicle description,
6, Mierophonelocation(s),and
7. Other intruding noise sources.

Tables 22 througb 24 list the variables which have been used by the studies surveyed,
These variables should be considered in developing standardized methodologies, Two
draft proposals have been developed by the International Standards Organization (ISO)
on the methods of making soand 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, rsther, they specify 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 ,,_,_

METttODOLOGIES OF CARS AND BUSES /

I. NOISEDESCRIPTORS:

a, A-weighted sotmd level t
b. C-weighted sound level

c. Overall sound pressure level
d. Octave band sound pressure level

2. MODE OF OPERATION, THEIR DURATION AND GEAR:
a. Idle

b. Acceleration
e. Cruise
d. Deceleration

3. OTItER. VARIABLES OFVEHICLEOPERATION:

a. Speed
b. Auxiliary equipment (on or off)

• Air vent
• Air conditioner

r • Heater
• Defroster

• Windshield wipers
• Radio

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

4. ENVIRONMENTAL VARIABLES:
a. Road condition
b. Road material

e. Number of passengers

5. VEHICLES DESCRIPTION:

: a. ManuractLIrer
b. Model
c. Year of make

24



TABLE 22: VARIABLES SPECIFIED IN THE INTERIOR MEASUREMENT
METItODOLOGIES OF CARS AND BUSES

,t_ i ,
_- d. Tire condition

It" e, Mileage
f. Engine location (front or rear)
g. Diesel orgasoline consuming engine

6, MICROPHONE LOCATION:
a, Its row number

b. Total number ofrows

c. Wii_dow, middle, aisle, or other (specify) seat

i
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TABLE 23: VARIABLES SPECIFIED IN THE INTERIOR MEASUREMENT
METHODOLOGIES OF RAILROAD CARS _"

1. NOISE DESCRIPTORS

a, A-weighted sound level
b, C-weighted sound level
c, Overall sound pressure level
d. Octave band sound pressure level
e. 1[3 octave band sound pressure level

f. Leq, LOI, LI0, LS0, Lg0 and L99

2. MODES OF OPERATION AND THEIR DURATION
a. Idle
b. Acceleration

c. Cruise
d. Deceleration

e. Brake application-air release from brake compression

3. OTHER VARIABLES OF VEHICLE OPERATION

a. Speed

b. Doors opening or closing
c. Auxiliaryequipment (on orof0

• Air conditioner
• Heater

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

4, ENVIRONMENTAL VARIABLES

a. Rail (jointed or welded)
b. Trackbed (concrete and/or ballast or suspended)
e, Track surface (ground or unground)

d. Coupling(direct orindirect fixation)
e. Track condition (geometry, loose joints, and/or contaminated ballast)
f. Tunnel, at-grade; or elevated (specify on earth berm or bridge)
g. Curve or straight
h. Switches or crossovers

I i. Number of passengers
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TABLE 23: VARIABLES SPECIFIED IN THE INTERIOR MEASUREMENT

,,/., METIiODOLOGIES OF RAILROAD CARS (CONT)

5. VEHICLE DESCRIPTION

a. Propulsion (electric, diesel electric or otlmr - specify)
b. Car type (roonmtte, coach, etc.)
e. Year of make

d. Do doors seal properly?
e, Are the wbeels flat?
f. Are wbcels rubber or steel?

g. Do brakes squeak?
11, System ,and line

6. MICROPHONE LOCATION
a. Its row number
b. Total number of rows

e. Window, middle, aisle or other (specify) seat
d. Heigbt rougbly at that of a seated passenger

t
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TABLE 24: VARIABLES SPECIFIED IN THE INTERIOR MEASUREMENT -r-'_
METHODOLOGIES OF AIRCRAFT

1. NOISE DESCRIPTORS

a, A-weightedsoundlevel
b. C-weighted sound level
e, Overall sound pressure level
d, Three-band preferred octave speech-interference level (PSIL)
e. Octave band sound pressure level

2. MODES OF OPERATION AND THEIR DURATION

a, Taxi to or from runway
b. Take off(acceleration)
c, Climb
d. Cruise

e. Landing (Deceleration)
E Reverse thruster application

3. OTHER VARIABLES OF OPERATION AND ENVIRONMENT

a. Speed
b, Altitude

e. Auxiliary equipment (on or off)

• Air vent closest to ndcrophone
• Neighboring seat's air vent

d. Number of passengers
e. Number ofwlndowsopened and closed

4. VEHICLE DESCRIPTION

a. Manufacturer- make
b. Model
c. Year of make

d. Number, type and position of engines

5. MICROPHONE LOCATION
a. Its row number
b, Total number of rows

c. Window, middle, aisle or other (specify) seat
d, Number of rows from galley
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. base was not adequate to quantify tile sensitivity of these average sound levels to the
_'_ variables of microphone loaatioo and vehicle description, operation, and environment. Ttds

deficiency resaited from inconsistencies in the collection of data regarding those variables,
Standardized measurement methodologies would alleviate tbis situation by providing a

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

I

|_eeonlmendalions and Coaelosions

The hypothetical scenarios developed herein indicate combined exposure to occupa-
tional noise nod 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, Leq ('_4) of 70 dB). For instance, it was atdeulated that I- or 2-hour
exposure to some of he investigated vehicle types wdl result in a yearly average of Leq (24)
greater than 70 dB when combined with exposure to a yearly average workday Leq (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 Leq(24) will always exceed 70 dB, even if there
is no vehicle exposure.

These calculations of exposure levels are based on assumptions regarding the typical
daily time period during which Americans are exposed to the interiors of various trans-
portation modes. Since these calculations indicate that there is a risk of hearing loss assoei-

: ated with the hypothesized exposure durations, it is important to determine the number of
Americans actually represented by tl_ese exposare durations. A review of multimodai trip

i generation studies should be examined to determine their applicability to noise exposure

i forecasting. This task might he supplemented by a random sample of the U.S, population
to estimate realistic exposure durations as functions of various vehicle types.

: Available in fomlation indicates that the levels of noise exposure in off-road vehicles,
recreational vehicles are generally higher than those experienced in tile passenger areas of
the other discussed vehicles. As illustrated in Figure 4, the energy mean A-weighted sound
level in track 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 level,s to which motorcycle operators are exposed range from 90 to 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 110 dB (7), A-weighted

i sound levels measured on pleasure out-board motor boats range from 73 to 96 during cruise
and from 84 to 105 dB during acceleration, depending on horsepower (8). Therelbra, it is
recommended that the study of interior transportation sound levels be extended to occupa-
tional exposures, off-road ann recreational veidclcs, because of the higher sound levels

experienced on these velficles equal exposure durations.
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Tile 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-
-_ eluded that standardized measurement methodologies should be developed to provide

guidance to and facilitate the consistency of studies of interior transportation sound levels.
_" These guidelines would help alleviate tile deficiency of data regarding tile 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 methodologies are

developed, studies should be implemented to remedy tile present gaps in tile data base.

7
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INTRODUCTION

This is a compilation of meast_rements of passenger noise

• environlTlsnts in various enclosed vehicles that are now used [or trans-

portation in the United States. It includes cars, buses, rapid transit,

railroads, commercial airplanes, general aviation airplanes, helicopters,

and hovercraft.

The scope of this compilation excludes:

Non-enclosed vehicles (motorcycles, snowmoblies):

Recreational vehicles (sinai[hoats_, snowmobileS, off-
road motorcyles);

Occupational settings (cockpit nolae, truck cab noise),
except in each cases as light planes, where the oper-
ator and the passengers are exposed to essentially

: the same noise;

State-of-the-art vehicles ("peapie movers, " prototypes.
experimental vehicles);

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

The data have haas extracted from attmerous puh].ished and

unpublished references, which have been assembled into a document

collection (companion volumes Z.IO). The tables of this compilation have

been designed to permit meaningful comparisons between data from

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 is operating in a particular way*. In general, such data

are entered as follows:

,,_79(zs)
Noise level-- "Number of reference from which the

datum is taken.

A-I



In addition, some statistics representing many measurements were

available: these []ave 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 migh£ otherwise go undetected -- for example,

when two investigators ostensibly measure the same equipment in the

same ooeration, but come up with different numbers.

Data presently being collected by EImA staff will add to the

compilation, and the tables were designed with such additions in mind.

The collection of references (volumes Z-10) has been scanned

for other types oflnformation on noise inside vehicles -- data on noise

exposures, health and welfare effects, measurement methodologies.

identification of contrihutlng noise sources, and abatement methods.

The List of References (p.'4-141n this volume) contains akey to the

types of informatloa contained in each reference. The key was designed

to cover more types of vehlbles 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.



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 types broadened, and new _ables added, we believe

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

the general problem.

i

J
I

i
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REFERENCES

Key to Information Categories

Vehicle Type Data Type

A, Car I) Interior noise levels as a function of

velticletype and mode of operation.
B. Bus

Z) Interior noise exposure as a function of

C. Rapid Transit vehicle type and trip length. Time histories
of noise levels which could be used in

D. Railroads calculating exposure.

E. Fixed Wing Aircraft _) The health and welfare effects of interior
noise as they relate to vehicle type and

F. Helicopter mode of operation.

G. Boat d) Measurement methodologies employed as

a function of vehicle type.
L Motorcycle

S) Identificationof major noise sources

J. Snowmobile contributing to interior noise by vehicle
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6) Modifications to attenuate interior noise
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tlme-history information on rapid transit only.
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rn% _lrnr]
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/%-4



REF. INFORMATION

NO. CITATION CATEGORIES (see key)

3. Ungar, E.E. (BBN) Noise in Rall Transit Cars:

Incremental Costs of Ouieter Cars. U.S.E.P.A.
No. 550/9-74-'01Z. June 1974. C(I,4.506)

4. U.S. Army Environmental Hygiene Agency. Bus
Ambulance Noise Level Evaluation. Special Study

No. 23-009-7Z. Z8-19 September, 1971. B1

5. Purd7, Ken. W. "The Mini Revolution. " Playboy
18(3) (March 1971), pp 102-5. A1

6. Bray, Don E. "Noise Environlnents in Public

Transportation." Sound and Vibration April

1974, pp 16-Z0. BCDEF (5,3,4,5)

7. Bray, Don E. Private communication containing
numerical data for figures of ReL 6, September Z7,

1974. (BCDEF)1

8. U.S, Environmental Protection Agency. Trans-

portation Noise and Noise from Equipment Powered

.byInternal Combustion Engines. NTID300. 13

:! Prepared by Wyle Laboratories. December 1971. (A-E) (i-6)

_:_ 9. Elliott,James Edward. An Analysis of Noise Con-

ditions Present in Commercial and Military

: Vehicles. Report prepared at Texas A&M., 1971.
(SpringfieldVa: NTIS No. AD747685. (A,E) 1

I0. Bragdon, Clifford R. "Quiet Product Emphasis in
Consumer Advertlsing. " Sound and Vibration,
September 1974, pp 33-36. A1

II. Oasaway, Donald C., Conversion of Octave-Brand

Noise Data to Equivalent A-Weighted Levels.
Brooks AFB, Texas: USAF School of Aerospace

Medicine, Dec. 1971. ReportSAM-TR-71-45 ....

; A-5



REF INFORMATION

NO. CITATION CATEGORIES (seekey)

12. l_.opular Science automotive test series: Norbye,

Jan P. : and Dunne, Jim. Popular Science 196
(March 1970), 32, 36. A1

13. _Ibid.,196 (Feb. 1970), 30, 32.

14. Ibid., 196 (May 1970), 32, 38.

15. Ibid., 196 (June 1970), 3Z, 38.

]6. Ibid__,197 (Aug. 1970), 24, 28.

17. Ibld., 197 (Nov. 1970), 36, 42.

18. Ibld__,197 (Dec. 1970), 32, 36.

19. .Ibid.,198 (Jan. 1971), 13-14.

20. Ibld., 198 (Feb. 1971), 48.

21. {hid., 198 (March 1971), 28.

22. Ibid., 198 (April 1971), 42, 50.

23. Ibid._ 198 (May 1971), 16, 24.

24. Ibid., 198 (June 1971), Z4, 30.
I

25. Ibid., 199 (July 1971), 20, 28.

26. Ibid., 197 (July 1970), 24, 29.

27. Ibid., 199 (Aug. 1971), 23, 26.

28. Ibid., 199 (Sept. 1971), 26, 30.

29. Ibld., 199 (Nov. 1971), 16, 20, 26.

30. Ibid., 199 (Dec. 1971), 18, 24, 26.

31. Ibld., 200 (Jan. 1972), 24, 34, 36.

32. Ibid..,200 (Feb. 1972), 32, 34.

33. Ibid._ 200 (March 1972), IZ, 22, 24.

34. Ibid., 200 (April 1972), 50, 56, 60. /

A-6



REF INFORMATION

NO. CITATION CATEGORIES (see key)

(Popular Science series, continued)

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

•36. Ibid., 201 (July 197Z), 26, 28, 39.

37. .Ibid., 201 (Aug. 1972), 35, 44.

38. Ibid., 201 (Sept. 1972), 18, 26.

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

40. Ibld., Z01 (Dec. 1972), 30, 35.

41. Ibid., 202 (Jan. 1973), 30, 40, 42.

42. Ibid., 202 (Feb. 1973), 52, 62, 68.

43. Ibid., Z02 (March 1973), 32, 38, 44.

44. Ibld., Z02 (April 1973), 58, 66, 72.

45. Ibid. 202 (May 1973), 36, 40.

46. Ibld. Z02 (_ane 1973), 28, 3Z.

47. Ibid. 203 (July 1973), 48, 54-5.
6

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

49. Ibid. 203 (Sept. 1973), i0, 18-19.

50. Ibid. 203 (Nov..1973), 30.

51. Ibid., 204 (.)'an.1974), 22, 38.

52. Ibid., 204 (Feb. 1974), 24, 30, 35.

53. Ibid., 204 (March 1974), 16, Z6, 27.

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

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

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

57. .Ibld., 204 (June 1974), 22, 32.

A-7



REF INFORMATION

NO. CITATION CATEGORIES (see key)

(Popular Science series, continued)

58. Ibid., 205 (July 1974), 30, 32, 42. AI

59. Ibld., 205 (Aug. 1974), Z4, 34.

60. Ibid., 205 (Sept. 1974), 30, 38. (end P. S. data)

61. Lane, S. R. , "Reply to criticisms by V. E.

Callaway of papers MMI and MMII at the 86th
Meeting of the ASA. " JASA 55(6) (June 1974),
1346-8. E(I.3)

62. Murray, _r.S.(Mitre Corp.). Working Paper:

"Exterior and Interior Noise Levels of Shirley

Express Buses." WP 8698, 24 March 1972. B{1,4.5,6)

63. Rickley, In...j., etal. (DOT/Transportation
Systems Center). Noise Level Measurements

on the UMTA Mark I Diagnostic Car (R42 Model).
Technical Report DOT-TSC-UMTA-7Z-3, October
1972. C(l-4)

64. Riekley, E. ft. and Quinn, Robert W. MBTA Rapid
Transit System (Red Line) Wayside and In-Car
Noise and Vibration Level Measurements. Final

Report, DOT2TSC-OST-72-31, August 197Z. C(I-4)

68. Swetnam, George F. and Murray, W.S. (Mitre

Corp.). Feasibility Study of Noise Control
Modifications for an Urban Transit Bus. MTR-

6Z72 Rev. Z. Also DOT Report No. UMTA-INT-
MTD-20-SI. B(I, 4-6)

66. Swetnam, George (Mitre). "Data Sheet EIP Pro-

gram Test Series l, GM 671 engine." Unpub-
lished. 1972. B1

67. Ibid., Data Sheet: "E/P Program Test Series I,

GM 8V71 englne." Unpublished, 1972. B1

68. Dept. of Transportation. Federal Railroad Admin.

Unpublished data on noise levels inside stationary
Metroliner cars before and after soundproofing on

altered air duct work. August 1973. D(I,6)

A-8



REF INFORMATION

NO. CITATION CATEGORIES (see key)

69. Henderson, R.L. ; Burg, A. Vision and Audition
in Driving TM(L)-SZ97/000/000 Santa Monica:
SysLem Development Corp.. 1974. Excerpts

only. A4. I(l.4)

70. Tobias, Jerry V. Cockpit Noise Intensity:

Eleven Twin-engine Light Aircraft. FAA
No. AM 68-35 (FAA Office of Aviation Medicine),
October 1968. E(I,3.4)

71. Tobias, Jerry V. Cockpit Noise Intensity:

Fifteen Single-Englne Light Aircraft. FA.A
No. AM 68-Zi (FAA Office of Aviation Medicine),

September 1968. E(1,3,4)

7Z. Wilson, George Paul. "Noise Performance

Achieved by the San Francisco Bay Area Rapid

Transit District." NOISE-CON 73 Proceedings,
October1973,140-5. C(I.5,6)

73. Harris, Cyril M. and Aitken, Brian H. "Noise

In Subway Cars. " Sound and Vibration, February
1971, IZ-14. C(1.5.6)

74. Davis, Ed'.vard 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. C. ) C(l, 4° 5°6)

75. Silver, Marshall L. (U. of Ill.). "Noise and

Vibration Control in New Rapid Transit." Trans-

portation Engineering Journal 98 (November 1972),
891-908. C(I. 3.5.6)

76. Wick, Robert L.; Roberts, Lester B.; Ashe,

William F. "Light Aircraft Noise Problems. "

Aerospace Medicine_ December 1963, 1133-6. E(I,3.4)

77. Swetnam, G. F. ; and Willlngham, F.L. Evaluation of
Urban Transit Bus Modifications Kits to Reduce

Engine Smoke, Odor, Noxious Emissions and Noise.
Final Report DOT UMTA-IT-06-00Z2-73-1; Mitre

Corp. No. MTR-6413, Roy. I. Urban Mass

Transportation Administration Bus Technology

Branch, Washington, D.C. May 31, 1973. B(I.4)

;_ /%-9



REF INFORMATION

NO. CITATION CATEGORIES (see key)

78. Murray, W.S. ; andSwetnam, O.P. (Mitre Corp)

Acoustic Noise Characteristics of Transpo-7Z
Personal Rapid Transit Demonstration Systems.

MTR-6331, January, 1973. C(1,4) prototype systems

79. Neat, George W.. Ed., MBTAGreen Line Testa.

Riverside Line. December 1972. Report No.

DOT-TSC-UMTA 74-i, I. Final Report.

September, 1973. C(I,Z,4)

80. Apgar, E.O. st. el. Rapid Transit Noise Abate-
ment and Cost Requirements (MBTA Pilot Study)
Report No. DOT-TSC-UMTA-73-6 (Preliminary

Memorandum). June, 1973. C(I,2,4-6)

81. . Rapid Transit Noise Abatement
and Cost Requirements (Revised Copy). No date.

_his is a later versio_ of Ref. 80. Final editioa
(Ref I07) _ssaedSept, 1974 as UMTA-MA-06- C(I,Z,4-6)

00Z5-74-8,_
82. Miller, Laymen N. and Beranek, Leo L. • "Noise

Levels in the Caraveile Daring Plight. " Noise
Control4(5), 1958, 19-21. E(I.5,6)

83. Bishop, Dwight E. "CrLziae Flight Noise Levels

in a Turbojet Transport Airplane." Noise Control
7(2), 1961, 37-4Z. E(1,4.5)

84. Lane, S,R. "Comparison of Noise Levels in
Passenger Cabins 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. Ef I, 3, 4}

85. Schlegel, Ronald G. ; Stave, Allen M. ; Wolf, Alfred

A. (Sikorsky Aircraft). Ride-Oualit'/ Criteria

for Large Commercial Helicopters. P_esented at
Symposium on Vehicle Ride Quality, L_ngley
Research Centerj Hampton Va. July 6-7, 1972. P(1,3.5,6)

A-IO



REF INFORMATION

NO. CITATION CATEGORIES (seekey)

86. Noise Repository Retrieval System, Bioacoustics

Div. , U.S. Army Environmentai 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)I

87. Faullcner, H.B. (MIT). "The Cost of Noise Reduction

inIntercity Comlnercial Helicopters." Z. Aircraft

II(Z) (February, 1974), 89-95. F(1.5.6)

88. Lovesey, E.J. "Hovercraft Noise and Vibrations,"

J. Sound and Vibration, 20(2), Z41-245. Kl

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

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

U.S. ArmyAeromedical Research Laboratory.

Fort Rucker, Alabama, May, 1965. F(I.3)

90. Camp, Robert T., Jr. and Bailey, Robert W.,

Noise Spectra of the Turbo-Beaven USAARU

Report No. 65-4, May 1965. E(I,3)

91. Camp, Robert T., Jr., Noise Spectra of tbe

YCH-S4A_ Letter Report dated October 27,

1965. F(I, 3)

:] 9Z. Camp, Robert T., Jr., Sound Pressure Levels

in a Standard UH-IB Helicopter and a UH-IB

E@uipped with the Model 540 Rotor System.
USA.ARU Letter Report, July 7, 1966. F(I.6)

93. Camp, Robert T. Jr., Noise Spectra of the U.S.

Army CH-47B Helicopter. USA._kRU Letter Re-

port, November 9, 1967. F(I.3)

94, Camp, Robert T., Jr., Noise Spectra of the U.S.

Arm}, U-ZlA Aircraft. USAARU Letter Report,
December Z6, 1967. E(I.3)

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

and Octave-Band Noise Attenuation Characteristics

of a Soundproofin_ Assembly in an Army OH-6A

Helicopter. USA.ARU Letter Report, May Zg, 1968. F(I.6)

A- I'I



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 UN-]D Helicopters.

USAARU Letter Report, November ]4, ]968. F(I.6)

97. Camp, Robert T., Jr., Noise Spectra of the U.S.

Army CH-47C Helicopter. October 17, 1969. F(I,3)

98. Camp, Robert, T., Jr.: Kovacs, Ronald F.; and

Mappes, Donald C., Noise Spectra of the U.S.

Army ON-58A Helicopter. December 18, 1969. F(I.3,4)

99. Camp, Robert, T., Jr.; Schaffner, Michael J. :

and Kenderdtne, John E., Jr., Noise Spectra of

the U.S. Arm),OV-iDAircraft. June Z5, 1971. E(I,3,4)

I00. Camp, Robert T.; Schaffner, Michael J.; and

Kenderlne, John E., Jr., Nolse Spectra of the

Boein_-Vertol Model 347 Helicopter. September

i, |97]. F(I, 3, 4.6)

I01. URS/Coverdale & Colpitts, Inc. A New Car for

Amtrak. (pp. 4Z-53 only). November I, 1973. D(I,5,6)

lOZ. "Cabin Noise in Sing_.es and Light Twins" Aviation
Consumer October 1974. 3-7. E(I, 3.4, 5, 6)

103 a. Cox, C.R. (Bell Helicopter Co.) Private commun-

ication, November ZZ, 1974.

.b. Cox, C.R. (Bell Helicopter Co.). Design Consider-

ations for Acceptable Cabin Noise Levels in Light

Helicopters. Paper presented at the joint symposium

on environmental effects on VTOL designs. Arlington

Texas, November 1970. F(I.3,5,6)

104. Chang, Hsing-Chi; Hermann, C.E. "Acoustical Study

of a Rapid Transit System:' American Industrial

Hy_ieneAssoc. Journal, 35(10): 640-65Z. C(I-4)

A-IZ



REF. INF OB.iWATION

NO. CITATION CATEGORIES (seekey)

105. Sternfeld, H. (Boeing-Vertol Co.) Private commun-
ication, November 15. 1974. FI

106. Berry, CharlesA._ Eastwood. Herbert K. "Helicopter
Problems: Noise, Cockpit Contamination and Disor-

ientation." Aerospace Medicine, 31(3) (March 5960),

179-190. F(I, 3)

507. Kurzweil, L.C.;Lotz, R;Apgar, E.G. Noise 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 Tt-ansportation, September

1974. _[_Inaledltion of Refs 80 & 81.] C(5,2,4-6)

508. Modlg, C. Set of fieldmeasurements made in cars,
buses and aircraft Nov. 2Z - Dec. 2. 1974. Unpublished

data. (A, B, E)I

109. Hinterkeuser. ErnestG.;Stern/eld. Harry, Jr. Civil

Helicopte_ Noise Assessment Study Boein_ Vertol Model
347. Boeing No. D21O-1075Z-Z, Final report prepared

for NASA under contract NAS 1-12494. May 3, 1974, F6 (external)

ii0. Mille, C.H.G. ;et el, A Survey of Noise Levels

tn Public Service Vehicles. Motor Industry Research

Asaoc. (England) Report No. 1969/14. LindSe7,
Warwickshire, England: MIRA, June 1969. B(I, 4. 5, 6} British

iii. Federal Aviation Administration. General Aviation E(Z) (no noise

.Activity Surveyr 1972. FAA Office of Management data. but data on

Syatems, Information and StatisticsDiv.. July 1974. avg. trip lengths
& dt_ratians)

552. U. of Va.. Dept. of Englneertng Science and Systems,

UnpSubllshed data on three at_tcraft. Private cornman-

Ication. November 26, 1974. E1

![ ----*

'I A-13



R.EF. INFORMATION

NO. CITATION CATEGORIES (see key)

113 Gruesbeck, Marta G.; Sullivan, Daniel F.

Noise levels in five feeder-line type commercial
aircraft. One-page excerpt from Aircraft
_viotionand passe.nger ,Corn£ort Data from

Scheduled Commercial Airline Flights. Memor-
andumReport 403ZlZ, May 1974. (P. Z6.) El

114 Cooper, B.K. 'rracor, Inc.). Noise Measure El
-ments in Grurnmzn Gulfstream H" May Z6, 197Z.

_n__dGrummanA[rcra/t Co., data taken in I0
Gulfs£ream aircraft. No date.

A" 14



GENERAL COMMENTS ON MEASUREMENT METHODOLOGY

I. There are no widely accepted measurement standards for noise

vehicles, except for standards applicable to comn_ercial truck

cabs, which are outside the scope of thi_sreport. However, there

is a body of common practice reflected in the llterature.

Z. It is common practice to use the "slow Itresponse 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-+ I decibel over several seconds. "When the needle

fhlctuates by more than several decibels some investigators evidently

report the central tendency and others evidently report the result

as a range between two numbers. Most readings are taken on the

A-weighted scale.

3. 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

ears, etc. In addition, only a few investigators have also measured

noise close to the window or exterior shell to simulate levels exper-

ienced by a passenger resting his head against window or cabin wall.

4. (R.ecommendatlon.) Measurement of attenuation of the exterior shell

of surface vehicle types such as cars and buses has been neglected.

Since Intraslon of background noise is an important factor in the

urban traffic setting, more measurements shoold be taken in this

area. Even taking into account the problem of audibility of warning

devices like horns and sirens, more may perhaps b_ done to atten-

uate noise from outside the vehicle.

5. (l_ecomrnendation.) Vehicle types vary greatly in the degree to which

noise in the passenger compartment is steady or fluctuates. More-

over. vehicle noise in specific vehicle types varies in steadiness with

mode of operation (start, accelerate, stop, etc.). Noise levels

taken with a hand-held meter are sufficient for the case Of steady,

continuous noise (cruise mode), and w_ll also suffice for preliminary

orienting measurements of other noise types. However, when

fluctuating or lnterrnittant noises are found of high enough level to
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warrant examination in detail, laboratory analysis o1 tape recorded
data should be the rule. Such measurements have already been
made by DOT's Transportation Systems Center for rapid transit
vehicles (e.g., Kefs. 79-81, 107) and by the Consumers Union for
cars (data promised to Informatics, but not yet received.)
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GENERAL COMMENTS ON HEALTH AND WELFARE EFFECTS

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

2. Most discussion of hearing damage risk has been in terms of a

comparison between cruise noise levels in a given vehicle and
criteria curves (ifoctave band data, e,g. the military) or the

90 dBA OSHA single number standard, Few calculations of

exposure in Leq are yet found in the llteratLlre,either those
calculated from time histories, or those obtained by using

"typical" levels for differentvehicle operations combined wlth
an assumed trip length. A set ofWyle estimates of the latter

type is given verbatim in .Table g.

3. There is a need for more data on speech interference as opposed
to hearing damage risk. This situationis caused in part by the

relative ease of taking A-welghted levels, as opposed to taking

the octave band data necessary to calculateSIL or PSIL. Wyle

estimates of speech interference, generalized for basic vehicle

types, is given in Table 3.

4. A question remains whether, (atleast for some vehicles,) the
combined noise and vibration effectsshould be considered in

assessing the health and welfare effects, rather than considering
the noise effects alone. Most experts potled informally by this
author discounted effectsof vibrations typicallyfound in commercial

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

EXTRAPOLATIONS ON RELATIVE HEALTH AND %VELFARE EFFECTS

(HEARING DAIWAGE RISK) OF VARIOUS VEHICLES.
AVO_ Maximum

Hlghwa)_Vehicles (Typical Houri L_ePerDay) __9Motorcycles(H_ghway) (]) 5

Mad/urnand Heavy Duty Truck, (4) _ _ ]95

" H_ghwayBuses (4) [ZZ------__ "
[

Uffllty and Maintenance VehicTes (T) 175 185i |

Lioh,oodPloko(I.5, 173 188
City and SchoolBuses(2) J72 Is°
PassengerCars-All Types (1) 153 175

Al,rcraft

Ligh_P[ston-pawere4 Hellcoptan (2) _L_.._90

Commercial - Propeller (1.4) '75_._ B;

Gen-_,:._Aviation- Propeller (I) 175 i8;

Commerclol- 2- and 3-Engine Turbofan(I.4) _ 80
Heavy TransportHelicopters (0.5) t76
Medium Turbine-Powe_adHelicopters (0.3) 7_ 75

Commercial- 4-Engine Turbofan (i .4) _73

Commercial-WIdebody (1.4)

75
G0noml Avlatlon- E.xecutiveJot (0.5) IIOccupatlona[

1ISa[ety and
I )Health ActRail Vehicles Io ,o,ioi

Exllting Rapid Transit (1.5) 0_._]81
17O175Trolley Car_ (1.5)

Pczs,enge:Trains (6) [] 72

High SpeedIntarclty (2) 158( 65

Recreational Vehlcles (Typical)

Snowmobiles(2) [_102

Mini(yale° and Off-Road Notorcycles (2) _ 100
inboardend Outboard h_otorboats (2) I

I I I I I I
50 60 70 80 90 IGO

Equivalent 8-Hour ExposureLevel, dE(A)

FIGure4-4. Polontlal Haarlno Damage ContributionsfromTnansportatJonSystemCategories
In Termsof EquivalentB-Hour Expo,uraLevel,, for Pan,angersor Operators

r

Source: Rel. 8 U.S. Environmental Protection Agency. Traneportation Noi_l I
and Nolae from Equipment Powered b?" Internal Combueion Engines. NTTD300.13

_ Prepared byWyle Laboratorlea. December 1971. p. ZZ7
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TABLE 3

GENERALIZED ESTIMATE OF RELATIVE HEALTH AND WELFARE

EFFECTS (SPEECH INTEIIFERENCE) OF VARIOUS VEHICLE TYPES.

Typical PassengerSeparation Distances and Speech Interferenca Criteria
Compared to Average Internal Noise Levels for

Major Transportation Categories

Speech Average
Talker-Listener InterFerence Internal Noise

Separation Limits * Levels
Feet dB(A) dB(A)

PassengerCars 1.6 to 2.8 73 to 79 78

Buses 1 to 1.7 79 to 85 82.

PassengerTmlns 1 to 1.7 79 to 85 68 to 70

Rapid Transit Cars I to 1.7 79 to 85 82

, Aircraft (Fixed Wing) 1.1 to 1.7 79 to 84 82 to 83

V/STOL Aircraft 1.1 to 1.7 79 to 84 90 to 93

• Maximum noise leve!s to allow speech .c.ommunlc._tlonwlth expected voice level
a S c I S _at specified t Ikcr-hstener opar tio,_ d stance .

Source: Ref. 8. U.S. Environmental Protection Agency. TransForta_ipn
Noiee and Noiee from Equipment Powered b), Internal
Combustion Engines. NTID300, 13
Prepared byWyle Laboratories. December 1971. p. 229.

A-Z0



CARS. MEASUREMENT.

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

• Tile data shows that when driven at high speeds with the windows
open, the central tendency of the noise level is harder to find (more
fluctuation), partlcularly on the C-weighted scale or aL the driver's
left ear. (Ref 108)

Also the C-weighted noise level consists of a base level {measurable

to--+ldB) 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 levelsmooth road, measurements should be repeatable to

+_.1 dB for the cruise.

2. The data also shows that the measurement positions 4" R of the
driver's right ear {Popular Science method) 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. )

3. The data on effects of opening the windows is sufficient to establish
a significant difference in noise levels {Refs. 9 & 108). However,
the reliability could be increased somewhat by testing more ears 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,
especially 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.

$ Informatlcs was still waiting receipt of the Consumer Union data set

at time of writing of the final report.
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4. Some preliminary measurements on several cars suggest that at

typical freeway conditions (with windows closed, at 97 km/h (60 mpb) on
smooth road), playing the radio over the heater /an can add 4 to
9 dBA to the basic noise level, dependlng on driver preference as
to audibility of spoken speech on the radio. The fan alone, set at

Tthighf_can add 0 - 2 dBA. with an increase of i dBA typical.

5o Several types of additional measurements could be made to en-
hance our understanding of car noise:

(l) Effect of snow tires
(2) Octave band data sufficient to obtain speech

interference ratings _SIL), This data set exists
and has been promised to Informatics, but had

not been received at the time of writing the final

report.
(3) Noise levels in the back seat.

(47 Noise 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

6. Data in the Reference Collection (Refs. 12 - 60) taken at 4S km/h (30 mph)

on rough roads shows that road surface is a criticalvariable in
measurement, for this noise typicallyequals or exceeds noise on

smooth roads at 97 km/h (60 mph). (This 48 kmlh (30 mph) data
was not put in the tables.)

One possible way to achieve comparability between measurements

of different investigatorswould be to require one measurement

condition to be on concrete=surfaced Interstate Highways at 89 km/h

(55 rnph), on the presumption that these roads are relatively

identical because they were builtto a single federal standard.

7. Based on a sample of two models, diesel-engined cars are slightly
louder (2 -3 d]3at idle, i - 3 dB at speed) than their gasoline-

powered equivalents.

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

1. 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.)

Z. Although most cars are "safel'at freeway speeds (70-80 dBA)
from the standpoint of conventional hearing damage risk criteria,

itis easy to see thatvarious combinations offactors (rough

road, window open, playing radio) could expose driver and

passengers to levels in the 85-90 dBA range.

3. When the Consumers Union octavo band data is received, itwill

be possible to assess bettter epoechinterference effects. It
should be noted that cars are privately operated vehicles, where

itis not desirable to have a minimum level of background noise

to assure some speoch privacy between non-adjacent seats.
The optimum design solution from an acoustical point of view
would include more attenuation in the exterior shell, but this

approach apparently conflictswith safety, as pointed out in the

general comments section earlier. The conflict may not be as
great as one might think, however, since the efficacy of horns

and sirens as warning devices is now under closer scrutiny.
(See full version of Ref,. 69 when it le released. )
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PA_e I o1 )

C._S °.CRUISE-. "PRRSONAL CAR.R" at q7 knt/h (60 inph) A1l ievelA in dUAl IjnooLh r'JAl_; conrlit[o_l

(Al!memeurementl msd_ 4"to righter drivere new except asnotod; I i z Ref. No.( windows claaed; ell
right oar1 , a.uxlllary eq.l( nent

I_E MODEL rEIGH _;tlCE _-W, _htedSuun4 L.QVOai_ M, _,lrpment Ye^r

_ck Riviera 68 111

Pontiac Grand Pris 68 113

Pont1&© LaM_na_tsrt 65 (, 70 151

_, Chevrolet Monte C.rl* 68 (13

Ford Thu_ndarb[rd 67 (II

Old_ Tot ocdmdo 72 113

Plyr_outh Barracuda 340 76 (15

AMC JAvelin 55T 76 (15:

- IVolvo 144-8 "/8 1161 70 145

A_dl I0O.LS 76 1161 71 149
it

Fox 74 14H _Qreli;n

PIU|faot 804 76 116) 68 149 Comp&¢t|

_sb 99 75 149 (

IC|tro|n Special 75 1161

l_taun 510 99 (17

Fist 124S 79 1171

Jlme_ 1204 80 11711
I

Toyoti Corona 11973 76 11711 r5 (45
Mtrk 111 '61108 13b. 794 knVh

]_mt|tan 1200 79 (IB L_6, u00 m_)parl worn
610 r5 148 mnowtirll

i ToyoM Corolis _7 115 _5 (581

VW Bu2 t0 118 !

Ford Pinto Be 115 '6 13_ 0 1581

C_lvrolot VO_[a(1974 3_119 6 13; 9 1581

Ve|_ LX)

Ford Mswr|ck V8 I1 1201 ? (461 0 1851
'_ " v6 2 1461 1 1591

AMC Hornet V8 P4 1201 I 142_ 0 (551

GremlinX 7 13_1 1 (32 3 (58|

Plymouth V&lisnt r4 (201 I 146_ 0 (551

Ch*wroist Novs V5 0 146_ 8 155|g IAualin Msrtr_ 6 148

i

e • altar |0_ 000 mllea d_ivin8 1
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CARS .. CRUISE -. VANS at 97 kln/h (_Q MPH) Srnooth told I aLE LeveLI dnA at{ operstor'e r tllFit ear;

condLtlon: new; ( ) • Rer. No. ; _Ll lux_LLAry eq,lpment

_%I(E MODEL WEIGHT P_I[CE A WniKhtad $o_nd I_oveLa by Meaa,rer,ent Year COMMENT

(ibm.) .($) IQT0 I LQ?L 197Z 1973 1974 ]975

Ford _|ubwaBon 76 (25

ChlvroLet ;port va_ 76 12S A

KS_d|e ;poTtlm_n 76 {Z_)

Internsttar_l L'rRvelal| 7 (2Sl

Concord (Dodle chas,l,)

h.ont 77 (5_1

roar 76 i
Dlamon4 (_lln chaait m)

tront ?8 R ¢c r_ltLol_l
re&r 7?

ll_e_ Chmv, chAaila)

tront 79 VehLclea

relr 79

TLoBIL tront 81

rll&l" 79

W_ob||o I'ront 7B

re&_ 74

I_lULrctllt_ t I'ont ?8

re&_ 74
. ,m

I
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CAR_ .. CAULSE .. 4 - W_I_IEL DRIVE V _ICLES SntoQth rQed' .It Le_etl dbA at Qperat,_r_m ri:_hl.,r

97 kmlh (60 mph) co.dition: .ew. I I • r_l, No, I _II ,.+xLh_:_, +_,.m11¢,_I

!

•_.KE MOOEL _ pEZC_ 1_70 197_ 197: lm

1o_p W&aaneer 75 (27) 7:3 147)

Cherokee 73 1_71

r

Chmv_'Dlet BlJler 78 1171 (STI

Plymvath Trsll DultuP ] 75 (571

Dodgl R&mcht rger 77 1571
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CARS .. CRUISE .. PICK.UP TP, UCKS at 97 kttt Smooth rQid_ dB/_ level= mt opermtor*= right emr_

Ib0 mph) ¢ondi_lnn: newl I } _ Fief, No. : ill a_itiar_" u_,lip,l!enl
A _'/ol_hled 5oLLnd L,QvalJ IJ'_ MeamLIre_,lenl Ye_Lr:

MAKE P.IOD _L WEIGHT P_ICE I=)70 1971 1972 1913 1974 191_ CL)MM_ fCT_

I
Chlvrolot Chlyenne Super 20 I 74 (_11

D &monct-----Clmplr Unit _ 76 (401

Ford FZS0 RmnRer XLT 78 (40b
74 13]1 _

Rover ....... Camper Unl 73 (40)

In_er_lllo_l IZl0 Cultom 74 I]_I

Monitor" ...... Cempll" Unit 76 (40}

Dodle Adventurer 71 {33}

Chevrolet L_ U.V. 79 {361

I_tlun PL 6Z0 75 (361

ford Courier 7B {3@1

Tayot_ Ht.Lux 78 (36)

s..=, .,.4ooo 77ito_I
lrour Wlndl---Clmpl;" Unlt 77 (40i!

COdll D.200 ?Z (401

W I_ebllO----Campar Unit gZ {401
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CARS

Differences Between A-weighted and C-welghted Sound Levels (windows closed}

SOUND LEVELS AND DIFFERENCES (A)

48 km/h (30 mph) 97 km/h (bO mph)

Right ear Left ear Right ear Le[t ear

dBA dBC ,% dBA dBC A" dBA dBC ,% dBA dBC "%

Car No. 1 61 86 25 64 86 22 67 89 2Z 70 89 19 1973 Buick Century

'_ Z 71 91 20 72 91 19 75 91 16 77 9g 15 1972 BM%V - Bavarian

3 63 84 21 64 87 23 70 86 16 72 87 15 1973 BMW-2002

4 70 94 24 71 95 24 :77 96 19 80 97 17 1972 Toyota Land Cruiser

5 64 91 Z7 67 90 23 73 94 21 76 94 18 1973 Dodge Dart

6 67 89 i 2Z 68 89 21 76 95 19 77 96 19 1970 Toyota Corona
Mark II

Arithmetic

Average 23 22 18 17

NOte_ (I) On C-weighted scale readings, momentary _pward fluctuationscaused by bumps are disregarded
(Z) All data fromRef, i08,

(3) All attxilfary equipment off..



CARS -- CRUISE -- "PERSONAL AUTOMOBILES"-- DIESEL vs GASOLINE Conditions: new, windows

closed, accessories oft.

Sn]ooLh road.

_7Z_ r.........................................................................
krn/h I SOUND LEVEL dBA

REF. MAKE MODEL . YEAR (m_h_ _ -G_ COMMENTS
!

IZ3 (801 79 78

?

7 (30 65 64

Peugeo_ 504,504 die_el 1 3 , 48 t,>

64 (40 69 66

!8o (_ot 7o 6s
19_ (6oj 7z To
'113 (70 74 72

"IZ3 (80 79 78



CAllS

Relative Effect of OpenWindowa on Interior Sound Level as aFunction of Speed. 48 vs. 97 km/h
(30 vs. 60 rnph). (ref. 108)

48 km/h (30 MPH) 97 km/h (60 MPH)

SOUND _EVELS dBA SOUND LEVELS dBA

Windows Windows A Windows Windows

Closed Open !dBA) Closed Open (dBA)

4" R. of R. ear

Car No, i 61 70 9 67 78 II

, 2 71 7Z 1 75 83 8

3 6." 66 3 70 80 I0

4 7U 7Z Z 77 82 5

5 64 66 2 75 79 4

_rt--'_h_-'_ttc arithmetic
avg-3.4 avg - 7.6

4" L, of L, ear of driver

1 64 75 II 70 89 19

2 ...... 77 95 18

3 64 71 7 7Z 82 I0

4 71 73 Z 80 86 6

5 67 72 5 76 90 14

_.ritIlme_ic _Ltl%metlC

• vg - 6.Z avg- 13.4



CANS

l_ola_ivo Effoc[ of Opun Windows on InI=rior Sound Levol as a Function of Speod. -- 64 km/h vtJ, 97 km/h

(Nor g pp 24-25) (40 w 60 rnph)
m

(All rnQasurornonts approx° 4" Ro of 64 krn/h 140 MP_! _.... 97 kn_/h . (60 MPH)

R° _ar of driver. _O_.TNDJ_EVELS, dr_A _ _:)U-ND v _v_.r_ ._/,
Windows Window8 WinaowB _rindowB

Clo.ed Open • _dBA_ CIo_e_! Open (dB._)
I=, ,

1965 Oldarnobllo F. S5 7! 78 6 76 84 8

1966 Ford Oalaxte IConv. ) 7? 7B ! _2 84 Z

1967 Oldsmobile CuttasB 70 7B B 72 8Z 10

1970 3/4 Ton Ch_vr_te_ Truck 7! 7g B S0 B6 6

! 970 American Motor s Ambassador 72 7_ 1 7g B2 3

1970 Vo!kswagen (Bu_) 78 BZ 4 8L 87 6

1971 VolkmwaSon (Square Back) 19 81 2 B4 g2 B

1971 Ford Torino 72 72 ! 7B 85 7

arithmetic ari_hrnet!
avg._3o B avg° 6, Z

$ Operl = bo_h £ron_ wtndowJ and both ven_

,,._........................... .................................. _



BUSES. MEASUREMENT.

1. 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 buses, whose noise
is usually a combination of "idle," "accelerate to 24-3Z km/h

(15-20 mph)" or "accelerate to 48-56 lcm/h (30-35 n-lpb),"and
"coast-throttle=coast=throttle"types of operations. (Ref. 108,

plus in.formal communication with author of Ref. 66. )

Z. For standard transmission buses, gear as well as speed shohld
be noted for "cruise" conditions, as was done inRef. 4, Almost

ailcitybuses have automatic transmissions and rear engines;

most school buses do not. They should not be lumped together
as done inRef. 8/227.

3. Reference 4 made the following observations on the effectof various

conditions on noise levels in the two buses being tested:

! a. Traffice noise added 1 to 6 dBA.

b. Increases of 8 to lZ 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

level by 7 dBA.

4, A set of measurements should be taken to establish the absorption
effect of a fall load of passengers vs. an empty bus.

A-135



BUSES, HEALTH AND WELFARE.

i. "_Vlththe exception of the Wyle esiimates, there has been little
or no discussion in the literature of the effectsof noise in buses

or passengers.
However, itseems clear from the data that:

a. The levels in interclty buses, comb[nedwith avg.
duration of trip, make noise on these buses a

potentialproblem, (Leg (8) up to 85 dB per Ref.
8/zz

b. Noise on city buses is less of a problem to passengers
than that on intercity"buses. Itis |ntermlttant. with

frequent dips to 60 dBA. Rnd trip duration is milch
shorter,

2. The problem oflack of data on noise in school buses should
be corrected. Trip time histories as well as cruise noise
levels should be collected.

A-36
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[HTEqCZTy BUS_,_ .. CE_UISE All rear.ntu'Lnted dl_setB; win_ow| cloJed: ©unllant apeedl bqlem in uas (11 tcalq
partially _wItl mxce.)_ I_al* 4. ampty, Am AJlla |eAI, "_m y__ndow in_l*

_p_e4 I SOUNJ1 tT_v_:e_n _Fp_^ I _OUND L_V£|._, d]_C; _,_._d I,Iwl_ n Overall d
IIJ£}', i krn/r_ _IAKE; _1ODI_L* ¥_AJ S_l, tl -

mayo. _l W A '_ A _V A *pa¢, W. A ',v A W A _p_,
i

& * 7 '_(] _0 98

_6 "_ 7'_ 7_ 96 _6 913

4_ "/4 */,6 7_ 9B

_ 74 77 a4 _6 96 99

_19 7_ */7 _4 9,_ 97 ¥'_

i_ 40 78 10Z

4 4[15J _ nc_'4 Army _ 44 10I 102 103

: 104 10_ ]080°Rq _ 6 ©¥L,, _01 cu. i,_

8($0) _ B_I_ _ ¢y1., Z_Z 10_ ._ 1050-8_ cu, in. e_|in* 107 J07

50.S_ 11) 114

• Epeld not m4_tl_nld, I_ G_nar_LL|_d Wylm _Jt|,

1, 3rd Gnr, Z. _th I_e"r* 3, Slh _eJr, 4. ]rd |*_ S, 41h li*&r* '6, 41h #ha;a.



RAPID TRANSIT. MEASUREMENT.

i. Transit vehicles present measurement problems because the

level fluctuates like that of the ally bus, and also because each

system has slightly different sets of cars, ral[ types, and

percentages of tunnel in the llne. Data should be tape recorded

and analyzed later.

Z. The presence of passengers has significant effect on noise levels

measured according to Reference 73.

Another source says passengers have a "minor _ effect "compared

with the spread of the data" between lines and between measurer

ments onthe same line. (l_ef. 3/14 I

5. DOTts Transportation Systems Center has been developing a

"standard measurement methodology" for rapid transit noise,

bat the measurement point within the oar has not yet evidently been

fixed (maximum noise over the tracks, Ref. 64 pp. 19-El v_.

noise i/3 from end of the car, Ref. gl pp. 2-3 to Z-8), This

method uses a tape recorder and later laboratory analysis of

many I/8 sec. samples. Measurements in Chicago were made

at the center of the car (Re£, 104, p. 641) and also were tape
recorded,

4. In addition to the measurements entered in the following tables,

; more data exists inRef. 3 and Ref. 104, pp. 647-8, as well asr

a general discussions of measurement methodology problems.

i 5. No. of cars in the train may be a significant variable in tunnels;

the influence of this variable has evidently not yet been checked

by investigators.

, ,, A-41
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RAPID TRANSIT. HEALTH AND WELFARE.

I. Noise exposure values (Leq) of 71 to 78 dBA have been measured

on a run on Boston's Red Line, and Leq = 84-85 on Boston's
Green Line. (Ref. 64 App. E.) This source also gives the

exposures in terms ofpercentage of the allowable OSHA limit.
No_,se levels in the Chicago CTA had arithmetic means of 81 dBA on the

A-train and 80 in the B train, with significanttlme percentages
above 90 dBA. Itwas concluded that these exposares con-

stltutedhearing damage risks for some passengers, aswelI

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

2. Severe interference with speech was noted in the Chicago lines
tested. _'Normalu 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'a criteria).
(Ref. 104/649-650).
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RAPID TRANSIT . CRUISE w*_. AT GRA nE n_ ET,F*VAT gl_ Carm Inlpty unLn|| ath©rwllo ,oto4,

EEF. SYSTEM t_ LIN_ WIIEEL- TllAC_REI) 5P_EC _OUND LEVEJ_ I.O_^TiQN OF OCTAVE ..COM_'NI_

(Data of STEEr, __ONCRE;TE km/h -- I' BAND OR 1/) O, B, DATA

moa.. 1 BOO_R ¢U¢ k I_^LL_ST (mph( "_dUA OVERALL I OBC _n_f/P_*l

72 BART ($. _'* ) 5 C (olevsted( _7(b0) _4 Q0 ?Z/J4$)

S _i"GB I&t RrAd41 _7(_0) 72 % (72/145)

7_ NYC - Z*R*'_* FLUllhlll E S C (ellvlgod) [_ (30) 89 97 I (7]/1Z)

I
• 6k7 NYC (1970.7]) S 70 i96

Fort Worth (1970-711 5 76 194

7_ BODtOI_ . (|_64) _ _lovatud, 18(_0) 95 (741_5) 60 18c on slr&ightj [eve_ trio]c*
_a_l _n woodatt Mea|. m center of c_r.

S_eePOr_ M_ILLp_e :ona _til dl, tl, cona_
gong

• *64 _o_ton - R_d bt._ {l?7Zl S _k_+ haw. LL_b _ (641Appond(z E) I Pe_k _ms noioe (ew{

i_ "_ldid rsl_, IZ (_1) _9 7_ .**[to vlbrktton d_t_ (64/_)

C') C (w_lded r&U¢ _4(4_) 75 TB at Form _twe_n cir,.

bridlo dask

_'_e, old, *o_d IVl (44); 78 _tl
tLes* Non°we14ed I

1"ill 1
I

T_ Dido wl)od JS_1_6 "_4 i 7_
tios_ Non*wel_ed
EL,£VATED

_* J_ _OltCLft . _Od Line _ Tk_, old, CAll 'p_F*_ I CIr Typ_ | "_lucblrdi"
Welded r_tt ! [ _ I b_Itt 1_6_: Typ_ II "_ilv_rbltd_'

Klndill . Chlriss _VATED 80 72 b_ilt lgT_ (A_r conditioned)

Cbltrll| . Park 79 T0 l_(ll*lurld it hetlht el nltld
plalenll_ , I I] ol diatlnco

l te* Air Cu;_dltLonin| _If.
ICIrl _ trio _l_|h lhlp_C_lK_ NO* _ p_||@h|e I*



RAPZD TRANSIT - Cl_ Ui_eoe- AT GR_pEor ELEVATED. coniinued Carl In. _.._ [pl riiiliy lull or _l_n_erel, _._

fiEF* WHEEL. "pJ_ACK}IEI) _p_Er] SOUND !:EVE LOCATION OF OCTAVE C (_ M _.1_ N T 5

Inite of _T_EL _:ONCliF'TE ,IRA ]C 1lAND Oil I/_ O, Jr,

nleil= I SYSTEM _ LINK _UIlnEll 'rl_: tv ]]ALLAST kin/h CAll TYPE] IIATA {Refll)a_e)

Imphl ---t, .,/Z

._nitnn _ed I.In_. conld,

*_]/FlaA4 Androw AI Irlde 81

¢o_i_d' ] El78
{ViHOL¢| lagmentll 8_ i

iold_ Cornor 79 I

So_th lhorl elztenJlon 6 _&B, haw* Weld

@_'7&_l_ ¢@lNCretl

tlII, .i| |tale 70

.. "ele'_l_g 7,'(

eSIIlrlgA3 1_olt_n Oeanml* Lln_ $ T_B_ E_EVATE[

(v_rloum Ill|_ltl_ll)

_orib Slit In_ O075

Do_ip 8;_

i 7J T$ dBAI reduced epeld lone
a_

_7
gl

*_IIFIIA_ p_.ton 1_ T&B_ A¢ lrid_

Alrl_rt.Wood |n_Ind

Wood I'_"_ @ZI'[*'1 : ( ) Xev., "°d'rP"*h'n.oLni throu,h

Wonde_h_,d

Rills _1 to qO I 18/1441

eo_' Callll "p_Iteau" by DC_JTSC





_I_,P_D T_N$IT . CRUISE&+ |N TUNNEL . CONTINUED l 5OUN[) L_VELS

OVE]_.LL dB_:

1 ]i ! 11
I

_] tri|A4 holloa Rod Line $ _ T&_. n_n. {htl' T_pe ] Dl,ebiPdl'

i Haward-*Contril i welded rift +49 79 btiill l"_t; T_PP ]I "SLhl¢r"birdi" b_ill 1_)TO. Alp
Central--Kendall ] 80 79 ¢ondltlaned. _el H0/p. tZ.31
papk..W&,hlni_ton -- B3 70 McaJt*red at right of tea, tad

: I_ Slltlo_lBrOldway I_4 _$ I' PIII*'IL_BPI+ I'+_ of distance9 81 frmn ilad +Jr car,

Broadway..Andrew _B I 81 C_rt In us_(paHtlIly fulL

dB A of pall nailr iI.

BI/FIIAZ _olton nluo Line S

Bowdoin..Gnyt. Centar

Oovh Canter*.State

_tate-.Aq_ut ri,m

_q_Hum..Havarick

Hlveri©k..Airport

i_I *l bll+oro &nd l(t41p curvl.
_+ • AIIo clllled +'p_l+la" by DOTITSC; a "ItRdy lilts" level Had bol_nn stltloas.
O,



_APSD TIg_',N_|'[ - IDLE IN 8TATZON

REF_ SYSTEM b LIN_ ^IK CONe). _NI_ LEVEL LOCATZONOF OGT,_V_ COM_4_H'r_
ON? d_A Ow'r e_t dBC D_ND DATA (R_/_Ke)

O|/Fi|. A-! Beue hne No II.?Z_ Cir| F_rtielty fulL. All DoJlon dire.

_m_ge line ? _?.70e Meae_ AI heJ|ht of _elted paeegnJet |/_
_ed _/Jnu No _6o o! dle l&nce groin end o( ¢er*

-4

a At a, eJtim&¢|d by eye grow, time htelorles for eevera[ dogen |letlone for each |Lne, For e[nlosL eli statione, the level 18 the &verslle level, The few

eucepl!on, vsry by ippr6xLr,mtely Z _o $ dD,



r_OSTONRI_P[))"I'ItAN_[T_p_EEN LINE; C_r empty; air conditioning oll. iR_l _i/_pp _.')St=tiutic_l Sunln_ar [@g o_
tLme hLJtortrl +J( _+ _ripl tovhzd[ng _lopm;

" P+t*grade br[dge_ lubwly roJLtelectt*_nl. _ItA.

{ _ .T_ P_..._._I, 64! m SAMPL_ DEv,$TD* L e_ {O_ " l .......... l

_T_J_LE---.--- _&Sleet AV_ + J_5_ +gq [WALSH- H EA I._'--M E^S• LO] EI_N Lgo nANGE F:_POSUNI _ PT,

r End laver
Nivarulde (?J, 000 /L of |9, 2QO 02 5.3 _15 92 1_9 84 ?3 70 _._
to North o d" rail bed. I+%

Stgtion PartLy lubway & _ tr_rk|

plrty &t /[rlde, ]_ cm

130'1 from

No_Ih , 20160 8Z 5,3 g4 91 BB 83 73 "70 _9 3*6% *ida oISt&Nog $0 ¢&rl

I JeatcdlilT*| i&r.

Addil_noal Not@& I
I

11 SLngta electric, 14 m {4b-ft) car, reprOlO+'ilattve of oxiltlnM {leot: 1973-dellgrL J'CC
lyp@ buiik l_ 1_5[*

_) +lill+O m_ikl_rod (or th_ lam_ r_g weral

]o_r_l box &c¢_l_rat[o_1_

Track g_o & _rack mldchord pro_illl vLb_*&t_un dill+

31 (}no-thlrd octave b_tnd dat_. |or IZ locatlonll pp F-IT I_, lnc[ude_ _ae "_helt

squo_P* point 1106 dBA @ 1B km/h (11 mph); puro ton* pe_ks near &OO _, 4000 H_,

41 Speed n_ver _xcaed_d 64 km/h 140 mph),





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 simplified because
"cruise" is the predominant mode.

RAILROADS. HEALTH AND WELFARE.

1. There are no discussions in the literature.
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At _rade .nioal otherwise nota_. A o Aisle ae&¢, '_y. W_ndaw .ms¢.
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15[[vnrlin_r _nn Centr_l _lectric 64 [40 73 _ Llnde_'srou_d {mubw_yl
C_sch

S/l_9 G_ch _l_ctrl_ Zl IT5 74 Thil Is probably pATCO

f





FIXED WING AIRCRAFT. MEASUREMENT.

1. 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-
manta immediately next to the window averaged 4-i0 dBA

higher (Refs. 84. 108) than those taken at the passsngerls
usual head position in the window seat. Itis a matter of

judgement whether a standard methodology should require
adjacent-to-window measurements, but it is true that a
sleeping passenger, on long flights,may rest his head very
close to thewindow.

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

lightaircraftare discussed in Rsf. 102.

Z. In all references, measurements have been made at ear-level.

3. At "cruise" noise is generally steady except for increased in
noise in jets, due to occasional beat frequencies of4-10 dBA

amplitude (engines oat of phase) (82/20).

4. In large commerclai aircraft, the passenger does not usually
have access toknowledge of engine settings as he take measure-

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

standarlzation, settings fall into a fixed range for each plane
operatlon/load. Pie then takes repeated measurements on
various flightsto determine thatrange. He should note altitude

of cruise when taking cruise noise measurements.

In lightplanes, however, both altitude{or rate of climb) and

engine settings{and air speed) can and should he noted to
specify method o£ operation.

S. The cruise noise measurement is the single most important

noise indicatorin estimating exposure. However, on many
short haul flights,a significantportion of the trip is spent

climbing to altitude,swftchlng altltudeor descending, so noise
measurements for those modes should also be taken. He/-e the

best that can be done is to get a range of typical values, unless
a tape recorder is used.
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6, A design measurement methodology for the contributionof
noise from the boundary layer is given in Ref. 83.

7. In lightaircraft measurements have been taken in various

measurement posltlons with littledifference in resultsso 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. i02/6).

8. For lightplane cruise, one source found littledifferencein

readings taken from below 914 m {3000 It.)up to 2438 m (8000 ft.)

Ref. lOZ/6).
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FIXED WING AIRCRAFT. HEALTH AND WELFARE.

1. McCleiland played hack sound tape-recorded in a light plane

cabinto subjects in a sound proof booth and measured TTS,

speech interference, and effect of mental task performance

for a l-hr exposure (Ref. 2) TTS_ranged from3.7 dB to

ii.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 hours. By the end of the Znd 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 H z. The effect of nlental tasks seemed to he to heighten
the amount of TTS ohtained.

2. The spectral energy distributions of noise in 16 piston-englne

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.

3. U.S. ArmyTB MED Z51 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

commerlcal equlvalents.
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AIRCRAFT TYPE: Convair $80 Approx. No. of Passengers
No. of Engines 4

( ) = Ref. No. Type Tt_rbo jot
Position of Engine Win_s

SOUND LEVELS IOTHER
W{ndow Seats

OPERATIOI_ dBA dBC NOTES

Tak_of_

Crtl[80 *
.a_h,_h rn(_t) Middlo 355 kts. 3048 m.

30_8 I Front
Middle 515 kta. 76Z0 m.

•10666

(83).1_ 89 FrontMiddte 460 kt,.IO.666q'_'_-"

C6_) gs. ooo

C_ul_o
Aft.

DescQnt

Oth©r data in I/am:



AIRCRAFT TYPE: Boeing 737 Approx. No. of Passengers
5]o.of Engines 2

( ) = Ref. No. Data from Ref. I13 avg of several flights, various Type Jet

conditions Position ol Engine Win_B

_u(_ FRONT SEATS iMIDDLE SEATS REAR SEATS OT_ER

Aisle Window Aisle Window Aisle Window Not SpecifieddBA dBC dBA dBC i dBA dBC dBA dBC dBA dBC, dBA dBC dBA dBC PSIL NOTES
I _ I i I i

Takeolf I [ I J I i 90+5
I i i J I I
I ] I I I I I13)

CLimb I I t _ i
I ] ( I I J 84.+5

I [ [ I I ] i13)

Cruise I i I I i I
rn(ft) I I I i I I

7315(Z4,00f _O '|86 I 82 _9Z I 84 1 9Z 86 1 From Fig. 3,
(84)I{84) I (84)I(84) I (844(84) (84)I Ref, 84

l I I I I I

Czaisa I I I I I I
(air. not I I I I I I 77-+5
8pec.) I I I I I I 113)

i I I I I I
I I i I J I

Descont I I ]
I I I I I I ?5.+5
I I I I I I [113)

Landing i I * i ] i
I J l I I i
I ] I J i I

Reverse I I _ _ ] i
thrust t I I I I I

] I I i I i

J I I J I I
Taxi

t i I I E t
I I I I I l
i I I

Other data in Refs:



AIII.CRAFT TYPE: Boeinlf 727 App:eox. No. o[ Passengers

No, of Engines

( ) = Re£. No. (Alldata £rom Ref. 8 from p. 20) Type let
Position o£ Engine rear

SOi211D LEVELS

FI ONT IV,/DD I_ REAR OTHER
Aisle Window Aisle Window Aisle Window

OPERATION dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC PSIL NOTES
I I I I i I

T_eo££ 76(9)186(8 I I 79(8)I I 83(8)iI0_
I I I 78(8)197(3) I I
I I I I I I

Climb I i I I J I "
78(8)187(8) I I 83(_I I 81(8)196(8

Cruise I I I 75(8)188(8) I I

.4111_em(_¢l_ iS3.<£86(lllLl_v-m I I , I
4877(16,000) _ f84_ I f84) ' 1(84) I I I i Data taken from il_.re
6096(Z0,000) _i%1}18711911. I 'llllcp_l!4i t_ ic/_4)ll fr_-871_8-v,t 87-88 icj7-q9 3, Ref, 84,
7315lZ4_000) I I I 86 196 (S4)l (84)(84) i(84)

I_ CI_tIe -_ /f14) it84% i i i #_a_im

(air. not _IXt I I 19518) 83 If _-47) IgI(D I 830) 197_ t7(61)
llpoc.) ]_) Ig-_) _ _ g_ I cf_ l_41]) I I _ iW ]_arnearwindow

I I I I I 86(1_ 197(8)

Deacent I i I '8(8) I I i
I I I ,80 I I I
I I I _Sllt _ I I

Landing I I i i " I . iI I I 72-78I I I
I I I (8) I I I
I I 1 I I 1

Revllrao I I I I I I
thrust I I I I I I

I I I I ' I I

Taxi 7419i I I _ I il !';_@)i_s_)i
ii_) ,I l 7,_ !8_)

Other"data ill Re_s: (R/21% . _n_n_t_d Data

I



AmCRAFT TYPEI Boeln_ 7ZOB Approx. No. of Panaangere
No. of Engines

{ ) = Ref. No. Type
Ponidon of Engine

SOUND .LEVELS

Ft OlklT MTDDL E RIDAR OTHER
Aisle Window Aisle Window .Aisle Window

OPERATION dBA dBC dBA[dBC dBA dBf dBA dBC iBA dBC dBA dBC dBA dBC PSIL NOTESI i I i I

T akllolf I i 94 I I
I I I8) i
I i i I

" Climb I l i i i
I I I B4 I I
I I I (8) I I

Cruioo lit) i I I t I
I I I I I I

,_ I I I I I I
i_ I I I I I I,.ii

I I I I I I

C rllilll II I i I [ I I

(Ill. not I I I 83 I I I
opoc.) I I I (3) I 1 I

I I I i I I
I I I I I I

Dolcont t I , I i
I I I 86 I I
I I I (S) I I
1 I 1 I I I

LnndinB I I I 73- I 1 I

I' I I 879 I I I
1 I I I I 1

R4_vorso
thrlnl I: I I. I 70 I I I

I I I [8) I I I

Tixt I I I I I I
I I | I t I
I I I I I I
I I I I I

Othor do,ia in Refni: 18121 Generallsgd Wyl q 4alal



AIRCRAFT TYPE: 707 Approx. No. of Passengers ....
No. of Engines 4

( ) = Kefo NO. Type Turbo jet & TurSo fan
Position Of Engine Win,,

SOUND LEVELS

. F]IONT MIDDLE REAR OTHER
Ai,le Window Ai.le Window Aisle W|ndow

dBA dBC dBA dBC [dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC PSIL NOTES
i _ J [ J I

Tak.oH I I I I r i
f I I f I I
I I I I I f

Climb I I I I i |
I I I I I I
I l I l I I

C_'_.ise (fl:) I I I I I I
I I I I I |

'AI_ (I O00f_) I I r I I II l I I I I0,
o I l I I I I

"-'Cruioo ' L j , I I
(a|t. not I I 73 I 81 I 77 i85 I

I I 17) I (7) Z
_pec.) I I I I I I

I I I I I I

""Doocent i l i l I |
I l l I I I
I I i I I I

I I I-' i -I I

Landing I I l I I l
I I I I I I
1 I I I ' I I
1 I I I I Ithruat
I I I I I I

Taxi • I i I I I I I lI I I I I I

II I I I I I
I I J L I

Other data in Re_s:

i

r



AirCRAFT TYPE: _-I01 _ Approx. No. of Paneengara
No. of Engines 3

{ ) = Raf. No. Type Jet
Poeitic_ of Engine Wln_ & tall

SOUND LEVELS

F:LeNT M/DD _ID REAR OTHER
Aiele WLndow AisLo WLndow Ai01e Window

dBA dBC 'dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC PSIL NOTES
i _ I i i I

Takeoff { l _7t_)Ic_(i_ ) i l {
J i i I { I
I I l { I l

CLimb I d I I I iI I i778@,,'_[84) I I I
I I I l I I

CrLtiae I I I I i I
altitude I I I I I ]

m (ft) I I I I I ] From Fig. 4, Ref. 84,

10058 ,/_ll_>C _ II 78.81188.91 II 30-811150-_ 82-85 195-10! _0 97-10]
(33,0001

0, Cruiee i l i i I I

_" (alt. not i l l I I f
.pec.) t I I J I I

I I I I I I
I I I i I I

De0ceat i I . + l i
I I I I I I
I I I l I I

Z,aad_ag I I i i I ,
I I I I I I
I I I I I I

"" t I I I I i
ROVOEBO

I 1 I I I Ithrust
I I I I I I

t I I I I ITaxi
I I I I I I

i I I

Other data in ReEss



AL_CRAFT TYPE: DC-1Q Approx. No. of Passenge=s
No. o{ Engine_ 3

( ) = Ref. No. Type Jet
Position of Engine Z on wings

J on t_f[

,@BA dBC_flBA BC dBAIdBC dBAIdBC dBAIdBC dBAIdBC dBA dBC PSIL NOTES

' 'Takeo{f I I I I 87(84 1031

i I I I I I

Climb I I I I I I
I 13(84) 95 : I I 8z(84) 99
I I I I J I

C_fU_B_ I / I' I I I I ' '"

Altitude I ! I I I I I From Fig. 4, Ref. 84m (ft) 78-80)8B-9 78- 87 * I t ?g. t88 !

?6zo I84)1{84)'81 '90 t I go '_9o '
t_ (25,BOO) J I f84)Lf84 I ) f_'_)I lI I -- I I I

10,668 I ,I I I I I Other: "Ear near

(35/000) ; I 73 - 183 . I I t I 78 - 85 - window"
f 75 88 I i I I 79 90

] (84"j (84) i I ) i fR4)I , J I I
Descent t I I l I l

I I I I I ]
I I" I t ,

.Lt_nding I I I I I
I l I I I
I I I t I "

Reverse I I I I I I
thrust

I I I I I i
I I I I I IT a.x'_
I I I I I 74 I 92

I I I I I (8g)
I . I

Other data in Refa:



AIRCRAFT TYPE: DC-9 Approx. No, of Passengere

No. of Engines 2

( ) = Ref. No, Type Turbo Fan
Position of Engine Rear

SOUND LEVELS

NOTES

Takeoff

(108)

Climb

Crul8o

A,Ititude
m)(ft.)
7315

Crutee

(alto not
DPeC,) Rear of airplane)

(7) middle seat

Domcent
(108)

LandLn 8
(Z08)

Ravaraa
thrust
{108)

Ta,xi

Other data in t_efj: 108: A1l "Rein" data from eeat be_i4@ 9n_inen.



AIRCRAFT TYPE: DC-8 Approx. No. of Pa0_engers

No. of Engines 4
( ) = IAef,No, Type Turbo jet

position,o_ Engine Win_4

.SOUND LEVELS

FI teNT MIDDLI_ REAR OTHER

Aisle Window Aiele Window Aisle Window

dBA dBC dBA[dBC dBA dBC dBA dBC dBA dBC dBA dEC dBA dBC PSI[, Mid le NOTESI I i i

Takoo££ I [ I 100 I { i

{ { } (8) I I l
I l { { i !

Climb i i r 8Z-I ' i

l l l 85 1 I I
I I I (8) I I I

Cruise I l i J * l
Attitude { I l I I l

I BO I l l } ]

l (61)I l I l
I I I I I {

_ Crui,e ' ' ' _0-9_ l , '77

'_ (tlt.not l l 1 7];6-8 I
Spec.) I I { 80 " I -88

l l l ! l
I l I !8) i l l (8) Seat 64A

Deocont l I i 78 i I I
i l I 68 I { I
I I i I I I
, l _ (81, { ,

Landing I I { 70-6_ I I
l l I {8) I I l
I " I { I l _ "'Rowa1"oo

thrult l I I l I I
l l { I { l

l i l l I l
Taxi 63-

I I l 65 1 i l
I Il I l (g) lI ., J

Other data in Refs: (8/21 generalized Wyle data)



AIRCRAFT TYPEz BAC t-ll Approx, No, of PasBengers 7S
No, of Engino8 Z

( ) = Ref, No. Type Turbo F_n
AlL data Refo )-08. Position of Engino Rear

SOUND LEVELS

F LONT MIDDLE REAN. OTHER

A_e W_ndo_ Aisle WL_dow .AisLe W_ndow

OPERATION dBA dBC dBA dBC dBA dBC dBA dBC dBA d.BC dBA, dBC dB/k dBC PSIL NOTES
I _ I I I I

Takeoff I J I I J !
L I b L 91 _101 Rear seats 15A & 15B

J I I j 82 192 84-8_ 96-
j I J _ I ) 97

Cruise I J J I _ I ' "

-Altitude I I 81 I 88 I $2 I 91- 83 I _4 MLddie: Seat 13C (cLoser
m(f_.) _ I I I I 9_ I to rear 1/3)
5486-6096 l I I I I I
(18-20. 000 I I I I I I

o_ (air, not I _ I I I I

_pec. ) I I I I I I
I I _ I I I

L I L I I
I I d I I n

De_cc_n_ 78 I 84 78 I 88 I I 76- _90 78- I 94- Fro_t_ sea_s _D & _'_
L L I I 78 I 79 I 95

Landing I I I I I 81 I

I I I I l I
I '1 I I I

J I j 1 I

Taxi
I I 179 189 I I I
t I _ I I 82 I 9_

Other d_ta in Refs:



AIRCRAFT TYPE: YS-IIA Approx. No. of Passengers 60
No. of Engines 2

( ) = Ref. No. All data from Ref. 113, avg of several flights. Type Turbo prop
Position of Engine WinRs

SOUND LEVELS IF: _ONT /V£[D D LE REAR OTHER
AIsle Window Aisle Window Aisle Window Not Specified

dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC PSIL NOTES
I I I i I I

Takaof£ I ] ] I J i 88{-_5
I J I I I I
I I J I I I

Climb i b I I I ! 83_5

I I J I I

Cruise I I I I I
i I I I IAltitude
I i I J I I

m (ft.) j I I I I

I I I I I

(alt. not I l I I l i 79_-5
opec. ) l I I I I I

I I I I I I
I I I I I I

Daocont I t I Ii i 4.
I I I I I I 7Z-5
I l I I I I

i i i i i
Landing I I I I I I

i I I I I I

I I I I J i
R.awlOr ll_

i I I i I I
thrust

I I l I I I
I t I I I 1

Taxi I I I I I I
i I I I I J

I I

Other data in Rafm:



AIRCRAFT TYPE: FairchiLd Hiller FH-ZZ7 Approx. No. of PaBsengers 50
No. of _"ngine8 2

{ ) = Ref. No. Type Turbo prop
All data from Ref. 115, avg. of several flights. Position of Engine Wings

SOUND LE_/E LS

FRONT MIDDLE REAR OTHER
Aisle I Window Aisle Window Aisle Window Not Speclfied

OPERATION dBA dBCIdBAIdBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC PSIL NOTESI J t t

Takeoff I I I I I i 50+5
I I I J I i
I i I I I I

IClimb I I I i 1
I I I I I I 10+5
I J I i [ i

Cruise I I I I I I
I J J J I I
l I I I I I
I I I I I I

f I _ t t iI i I I jI

_" Crulne I I I I I I i80+5
-I (alt. not I 1 I I I I

spee.) I I I I I I
i I I I I I
I I I I 1

Dencent I I I I I I 804"5
I 1 I I I I

Landing I I _ i II l l i l I
I l I I J I
t i l L I i

Reverne I 1 I I I I
thrust I I I f I l

I I I I I I
J I t I i i

I I

Other data in Refs:



AIRCRAFT TYPE: Nord 26Z (French) Approx, No. of Passengers 29

No, of Engines Z

Type Turbo prop
( ) = ReI. No. All data _rorn Ref. if3, avg. of several flights, Position of Engine Win_s

SOUND LEVELS

FI ONT MIDDLE REAR OTHER

AIsl_ Window Aisle Window ] Aisle Window Not Specified
OPERATION dBA dBC,dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC PSIL NOTES

'l I t I I I

Takeoff I I I I I j 9Z+.4
I I I J I I
I I I I I I

Climb '1 b I I I I
I I I I I I 87+3
I I I I I I

Cruise I I I I _ I ....
I I I I I I
I I I I I J
I I I I I I
I I I I i I

'> I I
Cruise ' J I I
(alt.not l i I I I I S6.+3
opec. ) I I I I I )

I I I I I I

Descent I J I I I I
I I I I I I 33.+5
I I I I I I
I I I j I I

Landing I I I I I I
I I I I I I

Reverse l t I I I I
I I I I I I

thrust
I I I I I I
I I L I I I

Taxi
I I I I I I

I I I I I I

Other data in Rare:

"/



AIP_CRAFT TYPE: DeHaviland Twin Otter Approx, No. of Passengers 12-22
No. o_ Engines 2

( ) = Ref. No, (Data from Ref. i13 avg, of several flights, various Type Turbo prop
conditions.) Position of Engine V/in_

SOUND LEVELS

_"teNT l_[ID D LV_ REAR OTHER
Aisle W_ndow Aisle W[ndow Aisle %Vindow

OPERATION dBA dBC _BA dBC dBA dBC dBA dBC dBA dDC dBA dBC dBA dBC PS[L NOTES
I J I [ I I

Takeoff I I _ I [ i _5.+I(
I i I I I I
I I I I I f (113)
I I I I i I

Climb I I I I I ] 88.+3

I I i i l l (i13)
Cruise l I I I i I

I I I I I I
I I i I I I

I I I I I I
I I I I I I

Cruise i I i I I I
(a[t.not I 86 7)I103 85(7)II03'85(7)II03(7 I 87(7)I101 87+Z

I (7) I(7) I I I(7)i(I13Ipec. ) I I I I
I I I I I 8Z(7) 199 7

Descent I I I Ii i

I I I I I I 38+4
I I I I I I Ill31

Landing I I , I I jI I I I I I

I I I i I I
I I i I I I
I I I I I I

thrult
I I I I I I

I I I I t I
Taxi

I I I I I I

I I I I I I
I I

Other data in Refs:



AIRCRAFT TYPEI Beech 99 Approx. No. of Passengers 8-]2
No. of Engines ;'

( ) = Ref. No. AH data from Ref. 112. Avg. of 30 /lights,various Type Piston

loads and altitudes. Position of Engine Wln_s

SOUND LEVELS

F] ONT MIDDLE REAR OTHER

Aisle Window Aisle Window Aisle Window Approx. Inlddleof c _hin

OPERATION dBA dBC dBA dBC dBAidBC IdBA dBC dBA dBf dBA dBC dBA dBC PSIL NOTESj i I t i

Takeoff I J I I I i
I i I t f l 88-9

I f I I I

Climb i _ I I _ i

I I I I I I I0-9
t I I I f I

Cruise I i I I i I
t t I I J J

I I I i f I
i I I i I I
i J I i I I

,> j J
-_ Cruise I i I I

o (alt.not I I I i I I ]7-9[:
epec.) I I I I t I

f I t I i J
I I I I I I

De_cent l i i i I
I I I I I I 7B,-8+
i I I I I I
+ J i I f l

Landing [ I I i I I

I I I f J J
I l i i I i

R_vers_ i
I i l i I I

_hrus_
i l i l I J
J [ i I ] ITaxi
I i I [ f f

68i I I l l l
i I t l

Other data in Refa:



AIRCRAFT TYPE: Volpar Beech (a "stretch" B-99) Approx. No. of Passengers 15
NO. of Engines Z

( ) =Re/. No. AlldatafromRaf, 113, avg. of several flights. Typo Turbo prop
Position of Engine Wings

O_Pl u F LONT MJDD LE REAR OTHER

_:"-"_'_'_ Aisle Window Aisle WLndew Aisle Window Net Specified
_'_'-_t_O_'_. dBA dBC _BA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC PSIL NOTES

rt, j t I I I I

Takeoff I I I I I i 89_ 3
i J f f I i
i t t t t I

Climb i I J i _ I
I I I I I f 84_4
I I I 1 I i

Cruiaa I i I I i I
I I I I I 1
I 1 f i i I
i I I i I J

I I I I f I

Craiae i I l I I 1
(all. not I I I I I 1 36_ZI i I I 1 I
mpac,) I I I I I I

I I I I I I

De0cent I I I I I I 78_4
l I I i I i

Landing I I $ i ]l i I t f f
l I I i l l
I I I I I I

Reverse
I I I I I 1thzust
I i I I i I
I I I J J I

TaxL I I I I J i
I I I I I I

I I

Other data in Refs:



AIRCRAFT TYPE: Moone 7 MK21 Approx. No. of Paesengers 3 + pilot
No. of Engines !

( ) --Re/. No. Type PiBton
PositioftofEngine Front

SOUND LEVELS

F] ONT IVdD D LI_ REAR OTHER

_ats frontAisle Window Aiale Window Aisle Window ar level bet.

OPERATIOI_ dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC PSIL Dye _ll NOTES
I I I I i I

Takeoff I I I I I i
I I i I I I
I I I I I !

Climb I d I I l l
I I I I I I
I I I I i I

CruiBo _ I I I d I
I I I I ] I
I I i I I I
I I I I I I

i_ I I i I I I

(all. not I I I I I l 91 77 108 dBA & PSIL calculated

npec.) I I I i I I [Z) from octave band data.
I I I I I I I09
I I I I I I '76)

Descent I I I i i I
I I I I I I
I I I I I I

Landing i l i , 1 jI I I I I I
I I I I I I
I l I I I I

Revorso
thrust I I I I I I

I I i I I I
l J I I l ITaxi
I J l I I J
I I I I I l
l ( i I i

Other dataiaRefs: Octave bands Ref. (Z/sllde3)



AIRCRAFT TYPE: Cessna Cardinal RG (1974) Approx. No. of Paosengvrs 5 + pilot
No. of Engines 1

( ) = Ref. No. Type Piston
Position of Engine Front

SOUND LEVELS

Iv]_ONT M/DDLR REAR OTHER

Aisle Window Aisle Window Aisle Window

dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC PS[L NOTES
i { I I I i

97

Takeoff I (10Z_ J [ J i
f f l I I i
i l I I I I

Climb '1 I I I I I
I 1 I i I l

f I I I I I

Cruise I I i I f I

I I I I I I
I I j I I

I I 1 I I I

4" Craleo ' 96 I' I i 1 I

(alt. not f (1021 I I I I 75°/.Cruise, < 9-'4m
opec,) I I I I I (3000 ft,)I i I I I I

I I I I I I

Descent I I I i I i
I I I I I I
I I I I I I

Landing I I i , I ,i I I I i I
I I I I I I

Reverse { t, l I "' I I {
I I I I I I Ithr_at
I I I I I I
I I, I' ' I ' I ITaxi
i I I I I I
I I I I I I

i I . ,

Other data In Refs:

I

i
i



AIRCRAFT TYPEs Cessna Skyhawk (1974) Approx. No. of Pas,engers 3 + pilot

( ) =Ref. No. (atype ofl7Z) No. o£Enginoe I
Type Piston
Position of Engine Front

SOUND LEVELS

P] ONT _D DI_ REAR OTHER
Aisle Window Aisle I Window Aisle Window

I dBAIdBC dBA dBC dBA dBC dBA dBC _BA dBC dBA dBC dBA dBC PSIL NOTES
[

I I' i I

Takoo££ I 94 I I I I i
t :102) I I I I r
I I l I I I

Climb I I I I i [
i I I I f J
I f I # I I

C_uiaa I i I I J I
I I I I I I

I l I I f l
I I I I I I

I I I I I I
Crtti0o i 93 1 I I I l 75% Cruise. < 914 rn

I
I I I l I (3000 ft.)(alt. not # lOZ) l I I I

upoc,) l I I l l I
l I l I I I

Deocont I I I d I I ....
I # l l I l
I I I I I I

Landing l I l , I i
t l I I l l
I I I I I J
| { _ i i i

_ovorgo
I I I I I I

thrunt
I i i I I I

i ( $ i { $
Tarsi

I I I I I I
I I I I I I
i I I i

Oihar data In Refs: ,,,



AIP.CRAFT TYPE: Cessna 17Z Approx. No. of Passengers 3 + pilot
No. of EngineB i

( ) = Ref. No. Type Piston
Position o£ Engine Front

SOUND LEVELS

F'._QNT M/DDL_ REAR OTHER

Aisle W ndow Aisle Window Aisle Window ] be_.etgi_c_ilot and
OPERATION dBA dBC dBA dBC [dBA dBC dBA dBC d]3A dBC dBA dBC dBA dBC PSIL eve 'alI NOTES

Takeoff i I00 I J J I

I 102)1 I I
I i t I I I

Climb I I I J i I
I I I I I I
I I I I i I

Czuise I l I I I
I i I i I i
i I I ; i J
I I I I J I

_. I i I I i i

C=t*lae i 92 I b I I l
1 [102 J I I I I 1973 model, 75% cruise,

(alt.apec.)not I 'I I I I I _. 914 m (3000 ft.)
l I I I l r 109 2300 rprn, 100 IAS
I I J I I I 176) (indicatedas speed)

Deacent I I I I I ,
I I I I I I
I I I I I I

Landing l J I I I Ii I I I I I
I J ] I I I

RoverBe I I i I 1
thrust I I I I I I

I I I I i i
I i I I l JTaxi
I I I I I I
I I I I I I
I I I I

Other data in Re,u:



AI_.CRAFT TYPE: Mooney Kangor ([974) Approx, No. of Pae_ongera 3 + pilot
No, of Enginva !

( ) =l_.ef. No. Type P_ton
Poaition of ]_ngine Front

SOUND LEVELS

LONT IV_DDLE REAR OTHER
Alslo Window Aiele Window Aiele Wiadow

dBA dBC,IdBAIdBC dBA dBC dBA dBC dBA dBC dBA dBC IdBA dBC PSIL NOTESI I I I I

T_eof_ I 97 I I I I i
I (102) I I I I I
I I I I I I

Climb I i 'i I I I ""
I i J I i f
I I I I I l

Cruioe I _ I I I l
ALtitude I I l I I I

m {It, ) I I I I I I
I l I I I I
I I I I I I

,
Cz_ioe II 92 jl I_ II II I 75% cruiae, < 914 m
(alt. hal: 102) ; I (3000 re. )
apoc, ) I I I I I

I I I I I I

I I I I I I

Da_cont _ ' ! i l i
I I I I I I
I I I I I I

Lar£ding "' I ' I i _ t iI I I I I I
I I I I I I, i

ReVorl+o ' " _ i , i
I I I I I Ithr_ot
I I I I I I

_' I ' I I I ( ITa.xL
I I I I I I
I I I I I I
I I ,, i i I I I

Other dat_- In Re£B:

i
i

i



AIRCRAFT TYPE: Movney Chaparral(lq64) Approx. No. of Pasnengers 3 +piLot
No, of EngLnee !

( ) = Ref, No, T_'pe Piston
Position o_ Engine Front

SOUND LEVELS

F! ONT MIDDLV_ REAR OTHER
AIBT.e Window Aiu[e WLndow Aisle Window

OPEBATZON dBA dBC _BA dBC elBA dBC dBA dBC dBA dBC dBA dBC dBA dBC PSIL NOTF_S
I _ i I L I

Takeoff I 0Z I I I I i

I 1102) I I I II I I I !

CLimb I i I I J i
I I I I I I

I I I I I I

Cruise I i I i J I

AZtiu_de I I I I I I

m (.%.) i I I I I I
I I I I i I

I I I I I I

CrL*Ina i 92 11 i i I I 75% cruise, <{3000
(alt.not I (102) I I I I 914 m ft)
epec. ) I I I I I

I l I I I I
I I I J r

Daacont I I [ I I I
J I I I I I
l I I I I I

"e.ndLng I ] i , J ,I I J I I I
I I I I I I
I J i J J I

Rayon'no
thrust I I I I I l

J J I I I I
i i I Z I ITz+xL
I I I I I I

I I I I I I
i I i i r

Othor dat_ in Refd:



AZI_CRAFT TYPEz BeILanca Super Vikln_ (1_74) Approx. No. o[ Paseengezs 3 +pHot
No. of Englneg !

( ) = P.ef.No. Type Piston
Position o_ Engine Front

SOUND LEVELS

FI ONT _DD[_E _]_AR OTHER
AIale Window Aisle Window Aisle "Nindaw

OPERATION dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC PSIL NOTES
I i I I ' I

Takeo/£ I I I I _ i
I I I I I I
i I I I I !

Climb _ I i I _ I95 25 in M.P.; ZS00 rprn

i I I l I
I I (I02). f I I

CruLme I I I I f I
Altlt_de I ) _ I I I

rn (ft.) I I I I I f
I I i I I I
I I I I I I

Crulmo i " I . I I I

(alt.not I I I97 I I I I ?5% cruise, /-_ 914 rn
j I ilO2h I I I (300o ft,)

I I I I I I

Deacent I ' J r I t i
I I I I I f
I I I r I I

L_ndir*g I I # I I I

RevorBe
thrult

I I L I I
I f I I I J
I J f I I r
I I I I I I
l I I I I I..

Other data in Refs:



AIRCRAFT TYPE: Rock'_eil Cornm_nder I12 11974) Approx. No. of Passengers 3 + pilot
No. of Enginee l

( ) = Ref. No. Type PlsLon
Position of Engine Front

SOUND LEVELS

FIfONT M/DD _E REAl % OTHER

Alela Wl_dow Aiele Window Aisle Window

OI_ERATION dBA dBC :]BA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA 4BC PSIL NOTES
I I I I I I

Takooff I 97 P I I i i
i (1OZ_ i i I f
I i i I I I

Climb I _ I I b |
i I I I I I

J I J I I I

Cruisa I I I I l I
AltiLude I I I I I I
m (it.) I I I l I l

I I I I I I
I I I I I I

'" I I i I I 75% cruise, < 91 4 m• Crul.o J 95 I I I I I
(all. **ok I 10Z)I 13000 CI.}
,poc.) I ! S I 1

i i I I i i

I I I I I I
i i i I I

Doocent I I I I I

I I i i J
, I I I I I

La**ding I I I I I I
I I I I I l

Rovor.e l '" I I I I I
I I I I I I

thruBL
I I I I I I

Taxi _ _ I I I I ' ]I I I I I I

II I I I I I

Othor d_ttainRels:



•AIRCRAFT TYPE: Cessna 310 (1974) Approx. No. of Passengers 5 + pilot
No. o£ Engines Z

( ) --Ref. No. Typo. Piston
Position o_ Engine Wings

SOUND LEVELS

FI ONT _dDDL_ REAR OTHER
AisLe Window Aisle _ Wlndow Aisle Window f

OP_RATZOI_ dBA dBC dBA dBC dBA dBC [dBA dBC dBA dBC dBA dBC IdBA dBC PSIL NOTES
I " I l I I I

Takeo£l I 99 I £ l I 95-9"?J
I 102) I I I l (102) I
i I I J i I

Climb I I i I I l

I I I I I I

C_uLBe i I I I I I
Altitude I I I I I I 75% cruiB, e

m (£t.) I I I I I I
I I I _ I I
I I I I I I

:' Cruiae i 97 $ l I 93- I I 75% cruia_,
= I I I I I I
p (alt. nat i02)l 95 (3000 ft.)

I I l (i02)I lB_eC. )
I I I I I I 104 2300 rpm, mani£old 24,
I I I # ) I model yr unknown, 310G.

Doocent I , I i ¢ i # •
l ( l I l l
I I l I I I

Landing $ I j l I tI I I I I I
I I i I i I
I I I l I I

1_evol'a_
I I I I I I

lhru,t
I I I I I I

•' t ,,,l $ l l $
Taxl

I ( I I I I
I I I I I I
I .I. I .... I

Other data in Refs:



AIRCRAFT TYPE: Piper Seneca ApprO_o No. of Paeeengers 5 + pilot
No. o2 Englnee 2

( ) = Ret',No. Typ_ Piston
Position o2 Engine Win_o

SOUND LEVELS

FI .ONT M/DDLE REAR OTHER
Aisle Window Aisle Window Aisle Window

OPERATION dBA dBC dBA dBC dBA dBC dBA dBC ..IBAdBC dBA dBC dBA dBC PSIL NOTES
I i I I I I

Takeoff I 98 I I 95 I I 94 i
I [102)1 I 102)1 I (IOZ)I
I I I I I t

CiLrnb I I I I i i
1 I I I I I
I I f I f I

CruiBe I I I I _ I
Altitude I I I I I I

m (ft.) I I I I I I
I I I I I I
I I I I I I

93 I i 88 I 93 l 75°/0eruiae. _ 91,t rn
Crulne J I I 1

(alt. not ' 102)I i (102)1i [102)11 (3000 ft.)
ape e. ) l l I

I I I I I I
I I I I I I

Descent t I I I I
I I I I I I
I I I I I I

Landing I I , i I iI I J I I i
I I I I I I

Revorae
I I I I I I

thrust
J I I I I I
I J I I I (

T_xi
I I f I f f
I I f I I I

Other data in Refs:

I

/



A_/_CRAFT TYPE: Cessna Centurion {Iq74) Approx. No. of Passengers 4 or 5 + pilot
No. of Engines 1

( ) = Ref. No. Ty_e Piston
Po_itlonof Engine Front

SOUND LEVELS

F f̧ONT MIDDLE REAR OTHER

Aisle Window Aisle "_Vindow Aisle Window
dBA dBCIdBA dBC dBA dBC dBA dBC dBA dBC!dBA dBC dBA dBC PS[L NOTES

I g i I J I

Takaaff I 9S r I I I i

I {10Z_I I I I I
I _ J i I I

C_irnb I I I I i I
I I I I I I
I I I l I I

Crui_a I _ I I i l

Attitude I I I I l I
I l I I I I

m (ft.) I I l l J I
I I i I I Z

75% cruise, _. 914 mCruise J 94 I II Ii II II

I

(_It.not I IIOZ)I (3000[t.)
Bpec,) I I l I II I I I I I

I I i I I J
I I I I I i

Deacent I I I I r I
i I 1 i I i

Landing i I I i I ,I I I I i l
I I I I I I
I I I I I I

Ro'4orae I I I I I I
thruBt

I I I i i i

Taxi I t , I I I 1
i J I I i I
I I I I I I
o I o I

Othvr data in RafB:



AIRCRAFT TYPE: Cessna Skyiane (1974) Approx. No. of Passengers 3 + pilot
No. of Engines ' I •

( ) = Rof. No, TTpe Piston
Position of Engine Front

SOUND LEVELS

FI ONT MIDDLE REAR OTHER

Aisle Window Aisle Wtndow Aisle Window
OPERATIOIN dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC PSIL NOTES

Takeodl I _4 I I I I i
I :102)1 I I I I
I I I I I I

Climb I I I I i I
I I I I I I
I I I I I I

Cruise I I I I I I
Attitude I I I I I I

m (ft.} I i I I I I
I I I I I I
1 I I I I I

_; Cruise i 93 I t I I I 75% cruise < 914 m

(alt.not I [i02)II I I I I (3000 ft.)I I I I i
apec.) I I I I I I

I I I I I I

Descent _ I I i I i
I I I I I I
I I I I 1 I

L_adLng I I i i I ,I I I I i I
I I I I I I
l I I I I

ROVQraQ • I I 1 I i I
thrust I I I I I 1

I I I I I IT_,xl
I I I l I I
I I I I I I

I I

Othar data in Raft*:



AmCRAFT TYPE: Piper J-3 Approx. No. of Passengers
No. of Enginee

i ) = Ref. No. Type
Posltioa of Engine

SOUND LEVELS

F tON T MIDDLE REAR OTHER

Aisle Wlndow Aisle Window Ai_l_ Window Set. pilot_ Co-pitotdBA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC PSILOvo Lll NOTES
I I I I i I

Takeoff I I I I I i
I I I I I I

I I I I I I
Climb I I I I i I

I I I I I I
I I I I I I

Cruise I i I I I I
Altitade I I I I I I

m (ft,) I I I I I I
I I I I I I
I I I I I I

,_; Cruise i I i I I t

_, (alt. not I I I I I 107 7100 rpm
speCo) I I 1 I I (74) 70 manifold or IAS

I I I I J
I I 1 I 1 I

De_cent 1 I I I I ,
1 I I I I I
I I I I I I

Landing 1 I I I I I
I I I I I I
I I I I I i
I I 1 I I IP.ovorae

thrust I I I I I 1
I I I I I I
I I t I I ITo.xi
I I I I I I
I I I I I I
i I i I

Other data in Refs:



AIRCRAFT TYPE: Piper Coil Approx. No. of Passengers
No. of Engines

( ) = Ref. No. Type
Position of Engine

SOUND LE_JELS

F _ONT MIDDLE REAR OTHER

AisLe Window Aisle Window Aisle Window 13eL.Pilot & Co-P_I
OPERATION dBA dBC _BA dBC !dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC PSIL Ore NOTES

i i I I I I

Takeoff I r I i I i
I f i i I I
i I I I I i

Climb _ i I i i j
I I I i I I
I I i I i I

Cruise I I I I I I
Altitude I I i t I I
rn (ft.) I I I I I I

I I I I J I
I I I I I I

Cruise J I i I I I
L. (alt. not I I I I I I 106 2500 rpm

spec.) I I I I I I (74) 105 manifold or IAS
f I i J J I
I I I I i I

Descent I I I I [
I I I i i I
I I I I I r
I J J i I j

Landing I I I I I I
i I I I I I

Revoree I J I I I t
thrust I I I I I I

I I I I I I

Taxi i I I I I I
I I I I I I
i I J I I r
I I I I

Other data In Refs:



AIRCRAFT TYPE: Piper Cherokee App_.'ox.No, of Passenge:L'8
No. of Engine.

( ) = Ref. No. Type
Position of Engine

SOUND LEVELS

F IONT A4/D£ 5E REAR .... OTHER

Aisle Wiadow Aisle Window Aisle Window let. Pilot & Co-pilot

OPERATION dBA dBC,IdBAIdBC dBA dBC dBA dBC flBA dBC dBA dBC dBA dBC PSIL,Ove _II NOTES[ i i [ i

Takeoff I I l ] I i
r I I I I I
I I I 1 I I

Climb I I I I _ I
I I I I I I
I I I I I I

Cr_ibo I } I l I I
Altit_de I I I I I I

m (ft,) I I I I I I
I I I I I I
I I I I I I

'_ CruiI'_. ' t , I I' ,cm
,m (alt. not I I I I J I llS 3350 rpm

spec,) l l I l I I (74) 115 manifold or IAS
I i I I I i
I I I I I I
I I --' I F I I

De=c_nt I l l I I I
J I I I I I
, "I i ,' I "' I

Landing I I I I I I
J I I I I I
i I I I l I

Revors_
I I I I I I

thruBt I I I I I I
I I I l I I

_/_i j I , , , l
I I I I I I
J i i i I

Other data in Refs:

}
i

i



AIRCRAFT TYPE: PIp_1" Trfpac_r Approx0 No. o£ Pasaenger,
No. of En2ines

( ) = P, ef. No. Typa
Position ot Engine

SOUND LEVELS

F LONT MIDDLE RF_AR OTHER

Alsle Wir_dow Aisle Window Aiale Wiadow 3_t. I_i[ot & Co-pHol
OPEI_.ATIOI2 dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC PSIL Ow NOTES

Takeof_ I _ [ I J i

I I t I I i

Climb i I J i i
r _ I J [

I I I I

Cruise I l I 1 i

m (_t.) I I I J l i
J J _ I I I
I I i I ] [

Cruise I 1 [ i _ t
i I i I i j 105 2250 rpm

(alt, aot l _ [ I I I (741 I]2 r_nlfold or IAS
apec.) i i i [ I J

I I ] I I i

Da_cent L i ] . {
I I j I I I
i J I f [ J

1 I 1 b _ b
Landing i I I I [

I I J J I I

Raverge I J I l iI I [ [ I I
thrun_

i [ i _ [ 1T_,xl
i I i I I ]

I I ] I I I

Other da_a in Refa:



AIRCRAFT TYPE: Cessna !'3_ Approx. No. of Passenger.

No. of Engines
( ) = Ref, No. Type

Position of Engine

SOUND LEVELS

F] .ONT IvL[D D LE REAR OTHER

Aisle Window Aisle Window Aisle Window Bet, Pi[o[ & Co-plic_

OPERATION dBAjdBC dBA dBC_ dBAidBCidBAi IdBC dBAidDC dBAIdBC dBA dBC PSIL Ow_all NOTES

Takeoif [ I I I I J
I I J I I I

I [ [ I |

"' Climb I I I I i I
I I I I I I
I I I I l I

Crtdso I 1 I I i I
Altitude I I I I I I
m (It,) I I I I l I

I I I I I I
I I I I I I

'_ i 1 i I I

co (air. no[ I I I I I I 104 "300 rpm
I i I I I I (74) 2Z manifold or 1AS

Bpec. ) I I I I I I
I I I I I I

' DeBcenk I I I I I i
I I I I I I
I I I I I 1
I I .... i i I

Landint I I I I I
I I i I I
I I I I I
I I I I I I

thrust I I I I I I
.... I" I,, I I I ITaxi

I I I I I I
I i i I J I

i I

Other data in Refs:



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

( ) = Ref. No. Type
Position of Engine

SOUND LEVELS r

F] ONT MIDDLE REAR OTHI_It

AIBIe Window Aisle Window Aisle Window _et. Pilot & Co-pilol
dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC PSILOve NOTES

I J I I I I

Takeo_£ I I I I I i
I I I I I I
I I I I I !

Climb 1 1 I I i I
I I I I I I
I I I I I I

Cruise I I I I i I

Altitude I I I I I I

m (it.) I I I I I I
I I I I I I

I I I I I i

Czaise e J i I I
'_ I I I I I I 106 2600 rpm

(alt,not (74) 22 manifold Or IAS
epec. ) I I I I I II I I f I I

I I I I I ;

Descent I ] I i I I

I I I I I I
I I i i I I

Landing I I I I I I
I I I I 1 I
f I I I I I
I I I I I Ithruot
I I I 1 I I
I i I I I I

Taxi
I I I I I I
I I I I } I

I i I i

Other data in kefs:



AIRCRAFT TYPE: Apache ]60 Approx. No. of Passengers
No. of Engines

( ) = ReI. No. Type
Position of Engine

SOUND LEVELS

F LONT MID DI_ REAR OTHER
Aisle Window Aisle Window Aisle Window )et. Pilot & Co-Pile

OPERATION dBA dBC dBATdBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC PSIL Ore all NOTES{ ( t i i

Takeoff f P J [ J i
i ] f I r i
j i I I i I

Climb I I" I I I I
I I I I I I
I I I I I I

Craise I I I I 1 I
Altlt_de I I I I I I

rn (ft.) I I I I I I
I I I I I I
I I I I I I

Craise i I i I I I

(alt. not I I I I I I i03 ZZ50 rpm
I I I I I I {74) 22 mariifold or /,AS

Bpec. ) I I I I I I
I I I I I I
I I I i I IDescent
I I I I I I
I I I I [ J

Landing I I I I I I
I i I I I I
I I ,, I I I 'i

Reverse
I I I I I Ithrust
I I 1 .I I I
I I I I I 1 ,"Ta-_l
I I I I I I
I I I I I I
i i i I i

Other data in ReI_: 741n34



AIRCRAFT TYPE: Commanche 250 Approx. No. of Pasaengers
No. of Englnes

( ) = Ref. No. Type
Poeltioa oE Engine

SouND LE_'E LS

FI ONT ]VdD D L'T REAR OTHER

Aisle Window Aisle Windo_v Aisle Window Bet. PLtot & Co-pt|c

OPERATIO] dBA dBC dBA dBC dBA dBC dBA dBC dBAIdBCi dBA dBC dBA dBC PSIL Ow rall NOTESi I [ I [

Ta/_ooff I r I I I i
l I I I I I
I I I 1 I I

Climb I I I I i I
I I I I I I
I I I I I 1

Crulaa I i I I I I
ALtitude I I I I I l
m (ft.) i l I I I i

I I I I J I
I I I I I I

i I I i ICr_l_a

(alt. not I I I I I I 100 2200 rprn
apec.) I I I I I I {74) 22.5 manifold or IAS

I I I [ J I
I [ i I [ [

Descent I I I I I i
I I I I 1 I
I I I I I 1
I t i I _ I

Landing I I I I I I
I I I I I I
I I I i I I

._ovorao
I I I I I I

thrust
I I I l I I
I I I I I ITa._l
I I I I I I
I I I I I I

Other datertn Refs: 74/_1_-}



AI/_.CRAFT TYPE: Beech E185 Approx. No. of Passengers
No. of Engines

( ) = Ref. No. Type
Popition of Engine

SOUND LEVELS

F] ONT MIDDI_E REAR OTHER

Aiale Window Aiele Window Aisle Window at. Pilv_ & Co-Pilot

OPERATION dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC PSIL OveeaLi NOTES
I i J i i I

Takeoff I P I I I i
I J P I i i
I I J I I I

Climb "i " T I J i i
I I I I I I
i i I i I I

C_uioe I I I I 1 I 106 1900 rpm
Altitude l I I l i (74) 24 manifold or [AS

m (ft.) J I I I l
I B I I J

I I I I J I
,_ iC_uiBe t I i I "1 I

(alt, aot I I I I I 1
opec, ) I I I I I I

I I I I I I
I i I I I I

Descent I ] I I [ I
I I I I I f
I I I I I I

J' g=La_din I ' I I I t I
I I I I f I

I I I I I I
I I I I ' I I

Reverse I I t ( I I
thrust I I I I I I

'" 1 ,t " I 1 I 1n, ,,
Ta__L

I I I I I I
I I I I I I

i I I ""

Othor data in Refs:



AIP_CRAFT TYPE; Cessna 140 Approx. No. of PaaBengere
No. of Engines

( ) = Ref. No. Type
Position of Engine

SOUND LEVELS

Pl ONT MJ D D L_ RIDAR OTHER
Aisle Window Aisle [ _Vlndow Aisle Window Bet. Pilot & Co-plL(

OPERATION dBA dBC dBA dBC dBA dBC|dBA dBC dBA dBC dBA dBC dBA dBC PSIL eve NOTES
i J J I I I

Takeoff 1 I I I I i
I J I I I
1 I I I I I

Climb i d I i i I
I I i I I I
I i I I I I

Cruise I I I I _ I
Altitude I I I I I l

m (it.) I I I I I I
I I I I I i
I I l I I I

_" l I i I I
Cztllae i 103 2250 rpm
(air. not I I I 1 I I
spec. ) I I i [ I i 74) 103 manifold or IAS

I I I l I I
I I i I I I

Descent I l i , J i
i I i i I i

i i I I e i

Landing i I , , ti i I I I I
I I I I _ I

RevQroe I ', I I _ J I
thrust I I I I I l

l I l l l I
'" _ J l I J I

Taxi
I i i i I I
I l l i i i
t I t I

Other data InRefe: 74/1134



AIRCRAFT TYPEI Bonanza "H" Approx. No. of Passengers
No. of Engines

( ) = Re/. No, Type
Position el Engiae

SOUND LEVELS

FRONT /_UDD LE REAR , OTHER

Aisle ( Window Aisle Window Aisle Window Bet. PiLot _ Co-pii<

OPERATION dBAIdBC[dBA[dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC PSIL i NOTESI I I I

Takeo_ r i I i I j
I I i I f i

CLimb I I i J i i
I I I I I I
I I I I 1 I

C_lno I I I I I
Altitude I I I I I
m (IL,) I I I I t

I I I I I I
I I I I I I

' C_LtLae ' I _ i I I
(alt. not I I I I I I lOZ 2200 =pro

I I I I I I (74) ZZ mani[old or iAS
apac.) I I I I I I

I I I I I l

Deacent l I I ' l I ' I
I l I l I I
I I I I I I

'" I I J i I j
'Landing I I I I I I

f J i i I i
I ,, i i I I I

thruBt I I ] I I I
I I I I I I
I' I I I I I

Taxi
I I l I I I
I I I I I I
I l t

Othur data in Refs: 74/l 134



AL_CRAFT TYPE: Cessna Super Skymaster (1974) Approx. No. of Passengers 4 + pilot
No. of Englnes 2

( ) = P_ef.No. Type Piston

Posidon o[ Engine ] T_._* _ I P,,.h_. TPar

SOUND LEVELS

O_r._."v_)_._ FI LONT MIDDLE REAR OTHER
• _-_"[_'¢_"9_",_ Aisle Window Aisle Window Aisle Window

dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC PSIL NOTES"
I _ I I I !

Takeoff I 97 I I f I i
I (IOZ_I I I I I
I '1 I I I !

Cllmb I I ¢ I _ I
I 1 I I I I
I I I I I I

Cruise I I l I ' I
A[tltude ) i I I I ]

m (ft.) I I I [ I I
I I I I I I
I I I I I i

'_ CruLse i I i i I I
I I I I 75"7ocraise, _. 914 m

(alt, not I I 94
I I (IOz I I l I (3000 ft.)

epec.) # I I I I I
I I I I I I

Descent I I I , I i
I I I I I I
I I I I I I

Landing I I , I I ,I i E I I I
I I I I I I
I I i i I i

_eva_Be
I I I I I I

thrust
I 1 I I I I
J J _ I I ITaxi
I I I I I I
I I I i I 1
t I i I

Other data in Re[s:



AIR.CRAFT TYPE: Cossna 150 Approx. No. of Passengers I _ Pilot

No. of Engines Single
( ) = Ref. No, Type Piston

Position of Engine Frgnl

U_A,_"_P_At_) F] ,ONT MIDDLE [IEAR OTHER
"__"J Aisle Window Aisle Window Aisl_ Window Pilot's he_d Ovel

"_OdP_ dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC PSIL ,_ll NOTES
I _ I I I I

Takeoff I 95 I f I I i
I (10Zl I I I I
I '1 I I I t
I I I I i I

Climb I I r I I I
i i ] I i J

Crulno I _ I I J I
I i I i I I

ALtitude I I I t I I
rn (It) I I I I I ]

I I I I I I

Crui;e J 91 I j I I i 1972 model. 75% cruise.

r. (alt. nol: I 102) I I I I I /., 914 m (3000 ft)
spec.) I I t I I 10"5 2400._pm 105 IAS

I I I I ' I I 94 * [1 ]. 1
I I I I I I (76) I(76]
I i i l I i

Dc_s_ent l I ] ] I I
I I I I I I
i I I J I i

Landing I I I I I I
i I J I I I
I I ' I _ I I

" Revorse
I I I I I I

thrust I I I I I I I

I i L I I I [Taxi I I I I I I

II I I I i J
I i ]

O_her data in Refs:



AIRCRAFT TYPE: GRUMMAN GULFSTREA/vi II Approx. No. o[ Passengers

All data from Ref. llr No. of Engines 2
NOTE: DATA IN DBC COLUMNS ARE OVERALL SPL. Type Jet

Pesldon of Engine

SOUND LEVELS

F ONT MIDDLE REAR OTHER
Aisle Windo%_ Aisle Window Aisle Window Lavatory

OPERATION dBA dBC dBA dBC dBA dBC dBA dBC [dBA dDC dBA dBC dBA dBC PSIL NOTES

I _ [ ] I [ SN 103.

TakeoH i I l 1 I i Eight passengsrs
1 t [ J _ [ in cabin,
i I I I I I

Climb I I [ J I
I I I J I I

I I I I J l

Cruise -Air. rn {[_.)i I I _ _ I
I69 [ [ 79 I [ Mach 0.75

9449 (31r0001 I 69 i
i0058 (33 r000) ; I I 75 ' I 74 85 Mach 0.85
L1887 (39f000) I I 67 J I 69 I I 84 Mash 0.75

I l i I I I

Cz_ise ' I I i I I
"_ |air. not I } I I I I

.pec.) I I i I I I
I I I I I I
I I [ t I I
I I I ] [ IDescQnt
I I I i l I
I I ] I I I

Landing 'I I l , l i
I I J I i I

i J I I I
I I & I i I

Reverse
I l I i I I

thrust
I I _ I i J

| J I i ) I
Taxi

J I J 4 I i
I I I I i I

Othe_ data i.Refs: o.b. data in reiil4



AIRCRAFT TYPE: GRUMMAN GULFSTREAM Approx. No. of Pan_engern
No, of Engines ?,

All data from Ref 114. Type Turboprop (?)
position of Engine

SOUND LEVELS

F! .ONT f%4/DD _E REA R OTHER

Aisle Window Aisle Window Aisle Window I Galley
OPERATION _IL Oven SIL Oyez SILL eve: dBA dBC _IL.o,,_e NOTES

I _ I Ja11 I I all _ll
Takeof_ I I-- I I-- ] '

I J I I I I
I I I I i I

CLimb l l' I I "'I l
I I I I I l Sa_nple of lO aircraft.
I l I l l l Air Cond. on "normal"

Cruisa " ' I " ) ' I I I I 195 k_8IAS or 285 TAS

_ m _)1 I 60 I 99 I _0 I 97 I 59-- I100 70 L06 (¢ruiae power)
620 I -70 t .lle 1 1.69 1 -II0 t 54 }-I07 -85 -ll, Level_ are

I J maximum levela.(25, 000) I I I _4 1105 I , 61 1104 77 109
:_ I b6 I 104 1 Jav_. lav_. avg. J_v_. nv_. iv_. Arithmetic averages
,_Cr_loo u , I I ' I

_(ait. not I I I I ,1 I
I I I I I I

opec. ) I I l I I I
I I I I I I

I I" u i I I
Doaconl: I I I I I I

I I I I I I

Landing t I ' i n t '
I l I I I I
I I I I l I

I I, t t' I 1P_a,,ro_Poe
thrunt I I I I I I

) I I I I l
, i i , i

Taxi I I I I I I
I I l I I I
J I I

Othel_ data in Rely: o.b. dtt_ in Red. 114.

%



_HELICOPTERS. MEASUREMENT.

1. Cor_parison 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/Z, 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 comparison, and partly because there
is little commercial data. !

A-99



HELICOPTERS. HEALTH and WELFARE

I. Choice of unite. In Reference 109/10, itis stated that the A

welghtBd sound level may not represent the measure of human

response to helicopter noise, since the low frequencies charac- '.
teristtcof rotor noise are de-emphasized.

Z. Much work done by the military emphasizes hearing damage risk

(Refs 89, 91 - 93, 95, 97), while some civilworks emphasize

speech interference (Ref. 85). The explanation is probably three-
fold: (a) military helicopters are noisier, (b) commercial flight
durations are short--usually under _ hour, (c) military crews
communicate with each other via intercom using headsets.

A-IO0
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;IOVERCRAFT --.CRUIS_

SOUND LEVEL

REF _MAN[IFACTURER'S DESIG. DESCRIPTION dBC dBA DYER- OCTAVE BAND COMMENT_

....... NAME ALL DATA .(Ref/pg)

]]2 HM2 50 passenger 85-86 Brlt|sh

88 Vosper VT1-001 BO 99 88/243 British

Small fan-driven _8 104

Large air propeller- )Z

driven

Small water propelle_ )3 106

-driven

gto
Small air propeller- _5 108

.................... drivon ................



HOVERCRAFT

TYPE: HM-2 {British, used in Ftorida) Approx. No. of Passengers 50
No. of Engines

( ) = Ref. No. Type
All data from'Ref, llZ Position of Engine

SOUND LEVELS

FI LeNT _DD L_ REAR OTHER

Aisle Window Aisle Window Aisle Window Passenger Cabin
dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC dBA dBC PSIL NOTES

I J l l I ] Rising on Water
Takeoff I I I I I i 3Z-8,

J I I l I 30-50 sec. duration
I I I I I I

Climb I I I f I I
I I I I [ I
I I I r I I

Cruise I I I I I I
I I I I } I 35-81 Approx. b5 Km/hAltitude -
} I I [ I ] (35 knota)

m (ft) I I i i i I
I I I i E

' Cruise I _ I I I j
not I I I I I I

spec. ) I I I I I I
I I I I I I
I I I I I I

Descent I I I I I I
I I I } I I 78 Lowerl.g to surface of
I I I I [ I water

-- Landing I I I I L jI I I I I I 7Z

I I I I I I

Revereo I I I I I I
thrust

I I I I I I

I I I I I I
Taxi

I I I I I I 80 on water
I I I I I I

Other data in Refs:

.., _ ,





AIRCRAFT
<

1. NAME: 2. DATE
3. OFFICE PHONE _:

4. DEPARTURE TIME:
5, ARRIVAL T1ME: AND PLACE:
6: AIRLINE: 7. FLIGHT#:

8, MAKE, MODEL, & YEAR OF AIRCRAFT:

9. FORM OF PROPULSION (JETS, TURBO PROP, OR PISTON PROP):
10. TOTAL #OFENGINES:
11. LOCATION OF ENGINES (WINGS, TAIL, AND/OR FRONT):
12. SOUND LEVEL (LISE SLOW RESPONSE) & DURATION OF VARIOUS

MODES OF OPERATION:

dBA dBC DURATION SPEED ALTrrUDE

(SPECIFY (SPECIFY (SPECIFY
UNITS) UNITS) UNITS)

a. taxito runway
b. take-off(acceleration)
c. climb

! d. cruise
i
?

:: e. landing (deceleration)
i

:.! f. reverse thruster
: application

g. taxi to terminal

', 13. SEATING LOCATION:

_ a. total # of rows (including first class):
!_ b. yourrow#:
!:: c. window, middle, aisle or other (specify) seat?:

14. 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, AIR VENT CONDITION:

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

16. GALLEY FAN:

a, is the galley (kitchen) air exhaust fan on?:
b, if so, how many rows are you from the galley fan?:

17. TYPE OF SOUND LEVEL METER:

18. ADDITIONAL COMMENTS:

I

B-2



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

1. NAME:
3. OFFICE PIJONE#:
4, DEPARTURE TIME: AND PLACE;
5, ARRIVAL TIME: AND PLACE:

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

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

dBA dBC DURATION SPEED IF SUBWAY, IFTRAIN
(SPECIFY SPECIFY INDICATE SPECIFY
UNITS) UNITS) ABOVE (A) CAR TYPE

BELOW (B)
GROUND

a. idle
b. acceleration __

C. elalise

d. deceleration

9, YOUR SEATING POSITION:
a, total # of rows:

b. your row #:
c. window, middle, aisle or other (specify) seat:

lB. 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?:

I1. AUXILIARY EQUIPMENT (SPECIFY EITHER ON, OFF, OPENED, CLOSED
OR NONE):

B-3



a, air vent:

b. airconditioner: I,.
e. heater:
d. defroster:

e, windshield wipers:
f. r_dio:

12. TYPE OF SOUND LEVEL METER:

13. ADDITIONAL COMMENTS:

U,$. GOVERNMENT PRINTING OFFICE: 197_-210.1lt0:_4

B-4



ENVIRONMENTAL PROTECTION AGENCY

Office of Noise Abatament and Control [_._ _
AW 571 POS1AGEAND FE£.SPAID

Washington, D.C. 20460 _VIRC=NMENI"ALPROT_ION̂¢_CY

EPA-335

Official Business

f your a_Clfel$ Ii In¢orflcl) _IEIN ch,ngo on thl |bore liD01;
t||r off_ ants fit urn to Chl Jbovo Iddfo$$.

If yOU dO not ¢l||lr Q to contlnul el©living thll taC_lrtl¢_l fltpor t

ur t|l. CH_C_ HF.RE I_l _t|ar aff laDII, |n¢l ¢|tuln It to Ihe
|DOVO IQ_rlU)




