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SUMMARY

The purpose of this repeort s to provide a means for assessing the
environmenta) noise impact of afrcraft-mounted auxiliary power units (APUs)
and airport-based ground power units (GPUs) upon communities adjacent to
ajrports,

Chapter I describes the function, types, and usage patterns for
APUs and GPUYs. The primary function of these power units is to provide
electrical and pneumatic power for aircraft avionics, 1tghting, air conditioning,
and main engine starting. A1l jet aircraft APUs utilize a turbine engine
driven unit while GPUs utilize either turbine or piston driven units. APU
usage durations range from 5 minutes to overnight.

A methodology for evaluating community noise exposures generated by
APUs and GPUs 1s déscribed in Chapter II. Sound level infarmation for several
power units is provided. Average sound levels around APUs range from 80 to 87
dBA at 30 m. APUs exhibit significant directivity -~ as much as 13 dBA for the
DC-9. Available data for turbine-engine GPUs of simiiar rating ranged from
83 dBA to 103 dBA at 10 m. Piston-engine GPU sound Tevels were found to vary
with drive engine power rating -- ranging from about 71 dBA at 10 m for 10 HP
drivers to about 89 dBA for 300 HP drivers. Available data indicate that these
units also exhibit significant directivity -- as much as 8 dBA. Because APU
and GPU neise levels at community locations are a functfon of distance and

11
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frequency-dependent propagation effects, a method s provided which accounts

for these factors. This frequency dependancy can be addressed by characterizing
the equipment by engine driver type. Sound attenuation curves with respect

to distance for overall A-weighted sound levels are provided to permit the
estimation of community levels., The adverse impacts of noise exposures are
commonly evaluated through the use of the day-night sound level (DNL), A
simpl1fied method is given for estimating DNLs and recommended levels of
acceptability are provided.

Chapter 111 indicates the range, potential sound level reduction,
advantages, and disadvantages of varlous noise abatement options. These options
include: operational changes (e.g., curfews and usage reductions), equipment
movement {e.g., relocation and re-orfentation), equipment substitution (e.g.,
GPUs for APUs), equipment quieting (e.g., better GPU exhaust mufflers), and
use of sound barriers.
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I. AIRCRAFT GROUND POWER REQUIREMENTS

INTRODUCTION
Aircraft require three essential services during airport stopavers.
These are provision of:

0 Electrical power for avionics, 11ghting, and other
auxiTiary equipment

¢ Pneumatic power for main jet engine starting

0 Pre-conditioned alr for aircraft cabin heating and air
conditioning.

These services are provided by efther auxiliary pawer units mounted on-board
the aircraft, airport-based mobiTe ground power units, or -- increasingiy --
stationary centralized systems, operated by airport authorities or, some-
times, by individual airlines.

Unlike the 60 Hz AC electrical power provided by the power utilities,
modern jet aircraft require 400 Hz AC power for their electrical systems and

therefore need separate generating equipment. O0lder piston-engined aircraft
and most general aviation aircraft use 28.5 V DC power and also need separate

generators,

I-1
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Modern commercial jet transports and executive jets are equipped
with an on-board auxiliary power source or unift, commoniy referred to as an
APU. The auxiliary power unit was incorporated inte commercial jet aircraft
in order that the aircraft could be relatively self-sufficient on the ground
when the main engines are off. When the first commercial jet transports were
introduced in 1958, these aircraft {the Boeing 707 and Douglas DC-8) were not
equipped with APUs. But by the time the first Boeing 727 was delivered in
1963, the APU was part of the aircraft's design and operating procedure. Since
that time, the APU has become standard equipment on all new commercial jet
transports.

The auxiliary power unit is driven by a turbine engine, similar
to -~ but much smaller than -~ the aircraft's main jet engines; It generates
two forms of power, pneumatic and electrical. The pneumatic power (compressed
air) is used for main jet engine starting and for the aircraft's environ-
mental control system {ECS), i.e,, heating or air conditioning. In addition,
campressed ajr 1s used for snow, frost, or ice removal, ground testing of air-
craft systems, and general thawing operations. The electrical power is used
for the aircraft electrical requirements. The APU is also designed as an
emergency back-up electrical power source on two-engine aircraft in order to .
meet FAA in-flight safety certification standards. Although the utilization
rate for APUs may decline in the future, for reasons which are discussed below,
it 1s unlikely that APUs will disappear from aircraft design as long as two-
engine aircraft are used. In fact, the current trend towards improved fuel
efficiency has bolstered the development of new two-engine aircraft types
such as the Boeing 767 and Airbus A310 which are 1ikely to become the pre-
dominant aircraft in the world fleet.

The typical APU installation places the unit within the rear portion
of the fuselage or tail of the ajrcraft. Commonly, the intake opening is
locataed along the right side near the base of the vertical stabilizer while the
exhaust cutlet is placed at the end of the fuselage. The APU intake for the
DC-9 is on the bottom rear section of the fuselage and the exhaust just above
the right engine pylon. The Boeing 727 has the APU instailed in the main
tanding gear wheel well with the intake located along the undercarriage
and the exhaust along the top surface of the right wing a few feet from the

1-2
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FIGURE I-1. SAMPLE AIRCRAFT APU INSTALLATIONS
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fuselage. The Boeing 707 and Douglas DC-8 commercial aircraft did not come
equipped with an APU, but a few operators have since installed them; also in
an aft location. Sample APU installations are illustrated in Figure I-1.

APUs were originally designed for military applications which did
not include acoustical design considerations. The initial commercial applica-
tions relied upon these existing des1gns. Air carriers soon sought some
attenuation for the releif of enplaning and deplaning passengers and ground
crews. These initial acoustical treatments consisted .of damping inlet and
turbine body sound radiation, use of sound absorbing material, and exhaust
muffling. These actions reduced sound levels by about & dBA. Additional reduc-
tions of APU sound levels are reported to require either new technological
advances or significant aircraft fl1ight performance penalties caused by increased
installed APU weight.

APU USAGE

The concept of the self-sufficient aircraft that would not be
dependent upon airport facilities for ground equipment support gafned ascen-
dency with the introduction of short and medium range jet transports. The use
of APUs eliminated the need for an extensive inventory of ground service equip-
ment dispersed at every airpert from which a carrier gperates. The APU
eliminates the need for as many as three ground service vehicles: the engine
starter, air conditioning units, and electric power generator. Aside from
reducing airlines' labor and maintenance costs, the use of an APU also reduced
ramp clutter and inadvertent damage to the airframes. Gate turn-around time
was also shortened. This time-saving feature became particularly important
for short-haul operations which require high aircraft utilfzation. The APU
will continue to offer certain advantages permitting operational flexibility.
These are:

® Multiple operations are not impeded by ground power facility
availability

[ Route and schedule changes can be made independently of ground
equipment distribution
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¢  Aircraft dispatch reliability is improved because the APU can
be used to serve as a substitute electrical source if ground-
- based equipment is temporarily inoperative. .

Two developments in recent years have altered the near universal
reliance upcn APUs. The first dramatic change was the tripling of aviation
fuel prices following the oil embargo of 1973. APUs can consume 35-80
gal/hr of jet fuel depending upon the APU type, aircraft, and power
requirements. Air carriers in their efforts to cut operating costs have
attempted to 1imit the duration of APU usage. The second development enabled
air carriers to cut down on APU usage on a permanent basis. Advances in the
application of certain elsctrical engineering principles have permitted the
development of fixed, centralized 400 Hz electrical ground power system.

Fixed 400 Hz electrical power at the airport terminal gate can now substitute
for the continuous operation of the APU for electric power. Previously & few
afrports had installed individual 400 Hz electric motor-generator sets at each
gate, but this was quite costiy. The new centralized power system requires
only one electric motor-generator and one back-up power source to support up

to ten gates. The fixed, centralized system is made possible by a 1ine drop
compensator {LDC) which automatically adjusts the required voltage for reactive
voltage drops in 1ines connecting the generator to the load. These fixed,
centralized electric power systems are gafning widespread acceptance and instal-
lation at major air carrier basing facilities.

Some airlines are also looking into fnstalling fixed, centralized
air conditioning hook-ups at terminal gates which would eliminate a second
function performed by the APU. The sole remafning functiocn, engine starting,
requires only ten or fifteen minutes of APU usage prior to departure,

Auxiliary power unit usage patterns depend upon the flight schedule,
weather, afrcraft type, and the availabiifity of fixed and mobile ground equip-
ment. Generally, APUs operate about one hour for every afrborne flight hour,
Almost all of the APUs' operational time occurs on the ground, Average APU
usage 1s about 2,500 hours per year. Short haul flights with several brief
stopovers will use their APUs about the same amount of time as long-haul f1ights

with extensive layovers.

1-5
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Some large ajr carriers have instructed their personnel to turn off
their APUs 1if a stopover is longer than 45 minutes. Other carriers have just
recommended that their pilots use their own judgement in order to minimize APU
usage. The carriers which developed the fixed time 1imit rule largely based
the rule upon the cost of jet fuel and the fuel consumption rate of APUs.

Since these rules were developed, the price of fuel has increased substantially
which would suggest even these guidelines are out of date.

Auxiliary power units may be used continuwously for short stopovers
of 45 minutes or less. When a fixed, centralized electric power system is
available, the APU is only used for 10-15 minutes prior to departure for engine
starting and air circulation during passenger loading.

A couple of recent surveys provide an indication of auxiliary power
unit usage patterns. One study observed Eastern and Allegheny (now U.S. Air)
Airlines' APU usage patterns at Boston's Logan Airport.! Both Allegheny and
Eastern reported that APUs were used 68 percent of the total time that air-
craft were stationed at the terminal gates. Allegheny used the APUs on board
their DC-9 and BAC .1-11 aircraft on average 14.4 minutes per daytime flight.
Apparently, APUs were operated continuously throughout the night on aircraft
parked at the gates. Due to this practice, daytime APU usage composed only
35 percent of the total APU operational time despite the fact that 91 percent
of the flights occur during the daytime. Eastern, on average, operates its
Bc-9 727, and L1011 APUs only 5.1 minutes for daytime flights and slightly

over an hour for its nighttime flights. Surveys were also conducted by AiResearch

several years ago and were summarized by the Office of Air and Waste Manage- '
ment of the U.S. EPA.® These and other sources are used to develop the infor-
mation presentation in Table I-1 for varfous aircraft types and operating
reqguirements. APU use is also required to support various maintenance
activities which usually are undertaken at night. Every aircraft undergoes
routine and/or special purpose maintenance at Teast every third night.

Air conditioning and heating is provided for the comfort of the
passenger. The aircraft does not require this service during nighttime
maintanance when only a few people are on board the aircraft only for short
perfads of time. When the outside temperature is significantly warmer or
colder than normal indoor temperatures, the aircraft will require pneumatic
power for the environmental control system., During hot weather about an hour

I-6
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TABLE 1-1

AIRCRAFT AUXILIARY POWER UNIT USAGE PATTERNS

_AIRCRAFT TYPE/OPERATING REQUIRE-

APU DUTY CYCLE DURATIONS

MENT (minutes)
range typical
short-medium haul/short stopover 5-60 contfnuous during stopover
short-medium haul/long stopover 30-120 80
long haul/long stopover 85-295 185
all types/nighttime hangar
maintenance - 60

all types/summertime cabin

temperature conditioning - 60*
all types/wintertime cabin

temperature conditioning - 60**
all types/jet engine starting 5-20 10

*prior to take off
**pyery four to five hours

1-7
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may be required to cool down and stabilize the aircraft's interior tempera-
ture after an extended period of inoperation by the ECS. Similarly, cold
weather may require the use of APU to drive the air cycle equipment,

APLU INSTALLATIONS

Three major aercspace manufacturers produce auxiliary power units
for commercial jet aircraft but one manufacturer overwhelmingly dominates the
field, AiResearch, a division of Garrett, produces a series of APUs which
are utilized on all Boeing 727, 737, and 747, McDonnel1-Douglas DC-9, and
DC-10, Airbus A300, and British Aerospace BAC 1-11 ajrcraft, as well as on
several general aviation aircraft. AfResearch also produces an APU which
can be installed on Boeing 707 and McDonnell-Douglas DC-8 aircraft, no
commercial passenger carriers have availed themselves of this option. Solar
Turbine, a division of International Harvester, produces an APU which can be
installed on the Boeing 707, DC-8, BAC 1-11, and various business jets or

‘turboprops. Hamilton Standard, a division of United Technologies, produces

the APU for the Lockheed L1011 aircraft. Table I-2 presents a summary of the
APU specifications by aircraft types. ’

GROUND POWER UNITS

The electrical power, engine starting, and air conditioning service
can also be provided by afrport-based ground power units (GPUs). Normally
GPUs are owned and operated by each air carrier and employed in conjunction
with or as substitutes for APUs depending upon the individual carrier's
practices and equipment status. Ground power units can be driven by:

[ Turbine engines, functioning similarly to the aircraft-
mounted APUs for electrical and pneumatic power service

. Piston engines (either diesel or gasoline), such as
driving an elactric generator or afr compressor to fill
an air storage tank for engine starting

(] Electrical motors, such as a 60 Hz AC motor driving
either a 400 Hz or 28.5 Y DC generator.

1-8
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GPUs are available 1n a variety of configurations: trailer-mounted, truck-
mounted, self-propelled, or stationary mounted. ({A typical, trailer-mounted
GPU 15 1llustrated in Figure I-2.)

REFERENCES

IMiT1er, N. P. and Eldred, K. M., Environmental Impact Analysis of the Proposed
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Michigan, U.S. EPA; Standards Development and Support Branch, Emission Control
Technology Division, Office of Air and Waste Management, Technical Report

No. AC 77-01, January 1977,
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TABLE I-2
AUXILTARY POWER UNIT SPECIFICATIONS
MANUFACTURER MODEL AIRCRAFT NORMAL MAXIMUM POWER FUEL
APPLICATIONS] AIR RATED SHAFT CONSUM-
FLOW POWER SPEED TION
{1b/min) (HP) {RPM) (1b/hr)
AiResearch GTCP30 G/A 29-42 - 70 59,000 73-105
GTCP36 G/A 50-568 50 58,000 115
GTLPB5-93 B727-200 128 100 40,700 280
GTCPB5-98 DCK pDC-9 102-130 100 40,700 280
GTCPB5-115 CK BAC 1-11 130 40 40,700 280
GTCPBS-129 B737 103 100 40,700 240
GTCP331 -200A B757/767 2656 200 n/a n/a
GTCPE6O-4 B747 480 300 20,000 1,005
TSCP700-4B 0C-10 385 1849 35,300 565
TSCP700-~5 A300 385 189 35,300 565
Solar T62-T40C B707 50-75 90 61,250 140
THrb'ine B720
DC-8
pC-9
BAC 1-11
G/A
Hamilton
Standard 738080-20 L1011 n/a n/a n/a n/fa

G/A denotes general aviation afrcraft

n/a denotes data not available
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II. EVALUATION OF COMMUNITY NOISE EXPOSURES

The purpose of this chapter is to provide a quide for determining
the desirability for noise abatement of APUs or GPUs. This guide consists of
a number of steps. Available sound level data near APUs and GPUs are pre-
sented. A means of projecting the sound levels to community Tocations is
then provided, followed by presentation of a method for estimating the noise
exposure level in the community which considers not anly the APU or GPU sound
level but also the duration and the time of day of operation. Finally,
standards and recommended Tevels, upon which the final evaluation can be made,
are provided for comparison to the estimated exposure levels. This procedure
is §llustrated in Figure II-1; it 1s intended to be as simple as possible
and sti1l allow for flexibility on the part of the user. (A glossary is pro-
vided as Appendix A in which the terms used in this chapter are defined.)

The purpose of this guide is to provide a self-contained basis for
making evaluations of community nofse exposures. However, sound level data are
not available for all aircraft types and for all GPUs. The:.sound level data
provided in this chapter can be supplemented by data from other sources, such
as data measured by equipment manufacturers or by the user himself,

Guidelines for the measurement of sound from APUs are given Tn Appendix C.
Examples are provided at varfous points in this chapter which are intended
to 11lustrate how the guide may be adapted.

Ii-1
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Determine Reference APU or GPU
Sound Levels Relativaly Near
Equipment
{normaily at 10-30 maters distance)

{

Estimate Community APU or GPU
Sound Lavels at Sound Receiver
Location to be Evaluated

]

Estimate APU or GPU Nolse
Exposure Levels {In terms of day-
night sound level) from
Community Sound Levels

!

Compare APU or GPU Noise
Exposure Levels to Recommended
Levels for Acceptability

}

Compare APU or GPU Nolse
Exposure Levels to Existing
Noise Levels from Other Sourcas
at the Location to be Evaluated

R

Deatarmine Need for APU or GPU
Noise Abatement

FIGURE TI-T1.

171.2

COMMUNITY NOISE EVALUATION PROCEDURE



SOUND LEVELS NEAR APUs and GPUs

The sound from a noise source diminishes with increasing distance
from the source and varies as a function of angular Tocation around the source.
This latter effect is called directivity. In the following paragraphs APU and
GPU sound Tevels are provided at a specified referen;e distance.

APU Sound Levels

Sound Tevels for APUs are provided at a reference distance of 30 m
from the APU installation on the aircraft., This information {s provided by
afrcraft type in Table I1-1. Directional sound levels are referenced in
accordance with Figure II-2 (for which the forward direction of the aircraft
1s referenced at 0%). Note that APU sound levels vary considerably around the
alrcraft -- by as much as 13 dBA for the DC-9.

OO

[\ Angle A

[ To Receiver
180°

FIGURE II-2. AIRCRAFT REFERENCE ANGLE, A
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TABL

E II-1

REFERENCE APU SQOUND LEVELS (RL) AT REFERENCE DISTANCE (RD) OF 30 m

APU SOUND LEVEL (RL) AT 30 m (RD) in (dBA)

ATRCRAFT
TYPE Direction with Respect to Aircraft Reference
Average : {Angle A, Figure 1I-2

o° 45° 90° 135° 180° 225° 270° 315°
A300 81 - - 80 - 81 -t 81 -
B727 81 78 78 78 85 82 82 82 76
B737 80 - - 81 - - - 78 -
B747 87 - - B4 88 84 a9 86 -
BAC 1-11 84 - 79 84 a8 83 85 81 76
DC-9 a2 - - 77 - 86 - 73 -
DC-10 - - - - - ) - - - -
L1011 80 - 84 80 78 77 80 79 79

Dash (~) denotes data not available.
See Appendix B.

Saurces:

e b e du Dt
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The International Civil Aviation Organization (ICAD) has established
guidelines for noise from APUs, as Attachment E to ICAD Annex 16. These guide-
Tines specify that sound levels from an aircraft APU not exceed 90 dBA at a
rectangular perimeter around the aircraft when measured in accordance with the
Society of Automotive Engineers (SAE) Aerospace Recommended Practice, ARP 1307,
Measurement of Exterior Noise Proddced by Afrcraft Auxiliary Power Units During
Ground Operation. (The ICAQ guidelines and the SAE standard are both provided
in Appendix C.)

GPU Sound tevels

Noise from GPUs is primarily determined by the type of drive device
(turbine engine, piston engine, or electric motor)., Available sound Tevel data
for turbine-engined GPUs, averaged around the unfts, is presented fn Table II-2

for a referenced distance of 10 m. Sound levels from piston-engined GPUs vary

with drive engine power. Sound levels fer both gasoline- and diesel-engined
GPUs can be determined from Figure II-3 for a reference distance of 10 m.
Sound levels, including directivity, for a diesel-engined, 400 Hz AC generator
are provided in Table II-3. Note that all GPU sound levels are referenced

- to the distance from the geometric center of the device, Directivity is

referenced as shown in Figure I1-4,

TABLE Il-2

REFERENCE GPU SOUND LEVELS {RL) AT REFERENCE DISTANCE (RD)
OF 10 m FROM GEOMETRIC CENTER OF UNIT --
AVERAGE SOUND LEVELS FOR TURBINE-ENGINED

EQUIPMENT {Turbine Engines Rated At Approximately 200 HP)

GPU SOUND LEVEL (RL) AT 10 m, RD (dBA)

GPU Range of Averaged Arithmetic Mean of
TYPE Levels Averaged Lavels*
Turbine-Engined 83-103 95

Source: See Appendix B.

*Arithmetic mean of average sound levels around 3 similar units--for worst
case estimates, assume extreme of range, 103 dBA.

I1-5
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AVERAGE SOUND LEVEL, RL, AT 10m, RD, IN dBA

100 .

a0

80

70

|| I I B | 1

10

20 30 4G 50 €D 7080 100 200 300
DRIVE ENGINE POWER IN HP

SOQOURCE: Ses Appendix B

FIGURE II-3.
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REFERENCE GPU SOUND LEVELS (RL) AT REFERENCE DISTANCE
(RD) OF 10 m FROM GEOMETRIC CENTER OF UNIT -- AVERAGE
SOUND LEVELS FOR PISTON-ENGINED EQUIPMENT

II-6




-11

N
TABLE 1I-3
REFERENCE GPU SOUND LEVELS (RL) AT REFERENCE DISTANCE {RD)} OF 10 m
FROM GEOMETRIC CENTER OF UNIT -~ HOBART 90G20P (Trailer-Mounted, 90KVA,
400 Hz AC Ground Power Unit With
GM 4-71 Diesel Engine Rated.at 152 HP at 2100 RPM)
$$EE . GPU SOUND LEVEL, RL, AT 10 m, RD (dBA)
Direction with Respect fo GPU Reference
(Angle A, Figure II-4)
Average R
0 45° 90° 135° 180° 225° 270° 315°
Piston- .
engined 87 9l 89 85 83 84 84 85 89

Source: See Appendix B.
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OU

Tow Bar {or rear direction for
self-propelled or truck-mounted units)

270°
Angle A

To Receiver
180°
FIGURE II-4, GPU REFERENCE ANGLE, A

ESTIMATION OF SOUND LEVELS IN THE COMMUNITY

At distances greater than about 10 m from a noise source, the decrease
in sound from the source fs due not only to the geometric spreading of the
sound but also the increasing effects of the absorption of sound in air and the
attenuation of sound due to a variety of atmospheric effects and ground caver,
In Figure II-5 sound attenuation curves are provided for average frequency
spectra for piston-engined equipment {Curve P) and for turbine-engined equip-
ment (Curve T). (The derivation of these curves is discussed in Appendix D.)

Use of Sound Attenuation Curves for APUs

The basic procedure for estimating community sound levels consists
of: determining or obtaining a reference sound level for the nofse source at
a reference distance; determining the Increase in sound attenvation from

11-8
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SOUND ATTENUATION, A, IN dBA

DISTANCE FROM SOURCE IN FEET

10 20 30 40 5060 80 100 200 aoo 400 *9%gg 800,500 2000 3000799gqg 6000

0 L I 1 JIIIIII J I I llll*III I I I | L

10 \
20 \

a0l \\\\4~ -

40
\\
5ol \ CURVE P for plston- _
engined equipment
60
70~
a0 CURVE T for turbine-
. engined equipment
90}- -

100 1 | I | 1 1 ! I | | 1 | L.t 1.
' 3 A4 56 8 10 20 30 40 5060 80 100 200 300 400 500 a00 2000

DISTANCE FROM SOURCE IN METERS 600 1000

FIGURE II-5. SOUND ATTENUATION CURVES
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the noise source between the reference distance and the distance of the
community; and reducing the reference sound level by that added attenua-

tion. This procedure is defined in Figure II-6& and Example 1 {llustrates

its application. Figure 1I-6 can also be used for other sound level data --
such as the ICAQ guideline as illustrated in Example 2. However, use of this
procedure with sound level data measured much closer than 30 m from the APU

is not recommended. Note that all APU fnstallations are turbine-driven. There-
fore, Curve T is used for APU noise estimations.

Example 1

A Boeing 737 1is parked on a runway apron as shown in Figure Ela.
What is the sound level in the nearby residential community?

Solution:
1. The aircraft type is B737 and its orientation is known, Angle A = 1359,

2. Referr1ng to Table II-1, sound levels are not available for B737s at
1359 so the average sound level is used RL = 80 dBA at RD = 30 m.

3.  From Figure II 5 using Curve T for turbine-engined equ1pment, the
attenuation, A p: o reference distance, RD, is ARD 31 dBA.
(See Figure ETB

4. The ilocation to be evaluated is that point 1n the residentia] area
closest to the APU (for the worst possible situation), CD = 500 m.

5. From Figure II-5 using Curve T for turbine-engined equipment, the
attenuation Arn, to the receiver location being evaluated tis
—CD = 63 dBA dBA ?Eee Figure E1b.)

6. The typical sound ievel, CL, experienced by a receiver at the evaluation
Tocation 1s

CL = RL + ARD - ACD

80 + 31 - 63 = 48 dBA = CL, the desired information,

[1-10
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Identify Alrcraft
Type

the Direction the
Alrcraftls Pointing Relalive
to the Community

No as

¢

Determine Angile A
from Figure 112,

APU Sound Laval a
pproximataly Angle A Appear
Table I1-1 for Identlfie
Alrcraft Typa

NO

L

Obtain Relerence APU
Sound Level at Angie A, RL,
and Referance Distance, RD,

Obtaln Raférence APU
Average Sound Lovel, AL, and
Referenca Distance, RD, from

APU for identifled Alrcraft from APU for Identliied
Type from Table I1-1 Aircratt Type from Table 1}-1

| J
‘

Determine Valua of Sound Attonustion, App,
from Figurae -5 Reference Distance, RD,
using Curve T

3

Determine Diastance, CD, from APU to Sound
Raceivar (communily) to be Evaluated

|

Datormine Vaiue of Sound Attenuation, Acp,
from Figure I1-5 for Raceiver Distance, CD,
using Curve T

i

Eatimato Typlcal Community Sound Lavel, CL,
at the Recaiver Location due to APU Operation
as CL=RL+ ARD'ACD

FIGURE IT-6. APU COMMUNITY NOISE ESTIMATION PROCEDURE

I1-11

- v WIVY AW O30




AR VERFATY syl AR

ey R iy A A

Alrport Boundary
\ ; a

Community Location
to be Evaluated

=}
] Rasidantial

135°
Parked A }
Aircraft
Tall-Mounted
APU
b x

SN

(a)

DISTARCE FROM SOURCE IN FEET

10 20 30 40 5060 0Q 100 200 300 400 5%%qg 3904400 2000 3000*%%%p00 8900
o ) 1] T 3 1] 1581 11 I ) L 1 L 1 L) LIS l L 1 1 T T F
10 -\ -

A = 31 dBA
30 | e S5 -
40 B

\
\ CURVE P far piston-
\nqinadequfpmom “

&

a

T
wor

SOUND ATTENUATION, A, IN dBA

89 Acp = 93 dBA

-~
70—
a0 CURVE T for turblne-

engined aguipmant

i
80 CD = 500 ft T
100 L 1L [ ] [T - L L ] 1.4 41 L

3 4 5874800 20 J0 40 5060 80 100 200 300 400 500 800 2000
DISTANGE FROM SOURCE IN METERS 600 1000
{b)

FIGURE E1, EXAMPLE 1
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Examplie 2

For an aireraft with a tail-mounted APU conforming to ICAD Annex
16 guidelines, what fs the greatest sound level a receiver 3000 ft. from
the aircraft would be 1ikely to experience? '

Solution:

1. Since sound attenuates with distance, the location on the ICAD
rectangular perimeter which just meets the ICAQ 90 dBA requirement
and is farthest from the APU will indicate the direction of the
greatest noise. For an ajrcraft with a tajl-mounted APU, this
“"farthest" plausible location is the corner point of the rectangle,
as shown in Figure E2a.

2. Since the aircraft will just conform to ICAD, RL = 90 dBA.
3. For the cbrner,point, the reference distance is
RD =\/202 + 20% = 28.3 m.

4. From Figure II-5 using Curve T for turbine-engined equipment, the
attenuation, ARD’ to the reference distance, RD, is 5RD = 30 dBA.

(See Figure E2b.)
5, The receiver distance, CD = 3000 ft.

6. From Figure II-5 using Curve T for turbine-engined equipment, the
attenuation, ACD,-to the receiver location is 580 = 71 dBA.

(See Figure E2b.)

7. The greatest sound level the receiver is 1ikely to experience is

CL

CL =90+ 30 -71 =49"dBA"="CL.

Use of Sound Attenuation Curves for GPUs

The procedure for GPU estimations is much the same as that for
APUs although care must be taken that the proper curve for drive engine type
1s selected. This procedure is described in Figure II-7. Example 3 illustrates
the application of Figure II-7. As for APUs, other sources of data can be
applied in this estimation procedures; this is {}lustrated in Example 4. In
the case of GPUs, sound levels measured much less than 10 m from the center
of the GPU are not recommended for use in this procedure.

I1-13
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Corner Point

L
\%'f TS

Direction ot
Groatest Noisa

4

ICAC Annex 16
90dBA Maximum
on Ractangular
Perimeter

(a)

DISTANCE FROM SOURCE [N FEET
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: SIS |
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8 70p
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engined equipmant
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DISTANCE FROM SOURCE IN METERS 80 1000
(b)

FIGURE E2. EXAMPLE 2
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Identify GPU Drive Engineg
Type and Power Rating

Turbine

Is the Drive Engine

Piston

¥

Obtain Refersnce GPU Average
Sound iLevel, RL, and Retfarence

Distance, RD, frem

GPU from Table lI-2

Obtain Reference GPU Average
Sound Leve!, RL, and Reference
Distance, RD, from Center of

Center of GPU for Drive Englne Powar Rating

from Figure |1-3

ke

!

Determine Value of Sound Attenuation, App,
from Figure I1-5 for Reference Distance,
RD, using Curve T.

| Determine Vaiue of Sound Attenuation, Agp,
from Figure !I-5 for Reference Distance,
RD, using Curve P

L 4

Determine Digtance, CD, from GPU to
Sound Racelver (community) to be

Evaluated

Determine D'lstance. CD, from GPU to
Sound Recelver (commurtity) to be
Evaluated

b

\ 2

Determine Valuea of Sound Attenuation
Acn, from Figure 115 for

Recelver Distance, CD,

Datermine Value of Sound Attenuation,
Acp, from Flgure I1-5 for

using Curve T Recelver Distance, CD, using Curve P

L

o

!

Estimate Typical Community Sound Level,CL
at Receiver Location due to GPU Operation

38 CL=RL+Agp-Agp

FIGURE I1I-7. GPU COMMUNITY NOISE ESTIMATION PROCEDURE
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EXANPLE 3

What is the community noise Tevel at 1 mile due to ap air conditioning

supply driven by a 200 HP gasoline engine?

S A s e s g b ey

SoTution:
1. The gasoiine engine is a piston engine and its power rating is 200 HP.
2. From Figure II-3 for 200 HP drive engine, the average sound Tevel, RL,
‘ is RL = 87 dBA at RD = 10 m,
"3. From Figure II-5, the attenuation, ARD’ to reference distance, RD, is
A, = 20 dBA. (See Figure E3).
“RD ———
4, The receiver distance, CD =1 mi.
5. From Figure II-5 using Curve P for piston-engine equipment, the
attenvation, A.,, to the receiver location is A., = 77 dBA,
(o) £ —
The community noise level due to the GPU is
CL=287 + 20 - 77 = 30 dBA CL.
DISTANCE FROM SOURCE IN FEET
10 20 30 40 SO0 B0 100 200 00 400 9%%pp 8904090 2000 3000 *?9%p00 8990
i L) LN LR LI ] T T T T T T l—' L L] T T L L i
10\ g
o ]
; o :Aap = 20dBA % 5
Q ey
4 ] ~J
z oL I \N:zve P for piston- | _|
£ s anglned aquipmant
2 m 3 “\“1._ g |
f=] ¥
5 5
® n Acp = 77 dBA )
a0 'CURVE T for {urbine’
anglned equlpment
toj= ! -
Wn r: 5 eI run ]10 I 20 alu 710 soc'o 'ulz l1|:|u ' 200 a:m 4(;0560] 'm;n' l 2000
1000

DISTANCE FROM SQURCE IN METERS

FIGURE E3. EXAMPLE 3
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EXAMPLE 4

A What is the sound lavel 300 m to the rear of a Hobart 90 KVA, trailer-
mounted, diesel GPU?

Solution:
1. The diesel engine is a piston engine.

2. Since data is available for the Hobart 90G20P, it may be used instead
of Figure II-3. From Table II-3, sognd tevels are available to the
rear of the equipment (Angle A = 18C° for the trailer-mounted unit),
thus, the reference sound Tevel is RL = 84 dBA at RD = 10 m.

3. From Figure II-5, the attenuation, ARD' to reference distance, RD,
is ﬁRD = 20 dBA.

4, The receiver distance is CD = 300 m.

5. From Figure I1-5 using Curve P for piston-engined equipment, the
attenuation, ACD’ to the receiver location {s 5CD = 52 dBA.

6. The noise level at 300 m due to the GPU is
cL

i

CL=284 + 20 - 52 = 52 dBA = CL.

ESTIMATION OF NOISE EXPOSURE IN THE COMMUNITY

In the previous section the intensity of the sound from the APU or
GPU as {1t may be experienced in the community was estimated. However, human
response to noise is not only a function of the sound amplitude but also its
duration and time of day when it {s experienced. A measure or descriptor
which accounts for all these considerations is used to quantify the noisa
exposure, The commonly accepted descriptor for noise exposure is the day-
night sound level (DNL); 1t will be used in.this.guide for the evaluation
of APU and GPU noise exposures.

Estimation of Day-Night Sound Levels

Once comnunity sound Tevels have been determined, such as by the
procedure in the previous section, the day-night sound Tevel can be estimated.

{(Figure 1I-8 defines this process.) Either actual obseﬁvations of the operating

11-17
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Estimate Typlcal Community Sound Laval, CL,
due ta APU or GPU Operation during Daytime
Hours (7TAM to 10PM) and Total Duration, DT,
{In hours} during Daytime when Equipment is Operating

¢

Estimate Typical Community Sound Leval, CL,
due to APU or GPU Opsration during Nighttime
Hours (10PM to 7AM) and the Total Duration, NT,

(In hours) during Nighttime when Equipment Is Operating

!

For Daytime Values of CL and DT,
Determine Parameter DL from Figure [1-9

¥

For Nighttime Values of CL and NT,
Determine Parameter NL from Figure 11-10

...less than =15

¢

Subtract DL from NL

..greater than +15

¥

..greater than or equal to -15

and squal to or less
than +15

Detarmine paramster K. for
the Value of (NL-DL)
from Figure 1I-11

w

A 4

Estimate Community
Day-Night Lavel as

DNL=DL

Estimate Community
Day-Night Leve] as

DNL=DL+K

Estimate Community
Day-Night Level as

DNL =NL

FIGURE II-8,

DAY-NIGHT SQUND LEVEL ESTIMATION PROCEDURE
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durations of the APU or GPU equipment or estimates may be used. (Table I-1,
describing APUs.usage patterns and duty cycle durations, may be of guidance
for estimations.) Example 5 illustrates the use of Figure I1I-8,

EXAMPLE 5

A parked aircraft with operating APU results in a community noise
Tevel of 60 dBA. If the APU operates from 5 PM to 12 PM, what is the community
noise exposure levei? ,

Solution:

1. The typical daytime community sound ievel, CL, is 60 dBA and the total
daytime operating duration is from 5 PM to 10 PM or DY_= 5§ hours.

2. The typical nighttime community sound level, CL, is 60 dBA and the
total nighttime operating duration is from 10 PM to T2 PM or NT = 2 hours,

3. From Figure 11-.9 for the daytime values of community noise lavel and
operating duration, the parameter, DL = 53 dB. (See Figure E5a.)

4. From Figure II-10 for the nighttime values of community noise level aﬁd
operating duration, the parameter, NL = 59 dB. (See Figure E5b.) :

5, Since NL - DL = 6 dB, the parameter, K, must be computed. From Figure
11-11 for the value of (NL - DL}, parameter K is obtained, K = 7 dB.
(Sea Figure E5c.)

6. . The community noise exposure level due to the APU operation (in terms of
day-night sound level) is:

DNL
DNL

oL + K
53+ 7 = 60 dB = DNL,

t)
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The day-night sound level estimation procedure may be applied to
intermittent APY or GPU operation or multiple APU and/or GPU operations as

follows:

] For intermittent APU or GPU operation, determine the total
APU or GPU operating duration during daytime hours and the
total operating duration during nighttime hours and apply the
procedure of Figure II-8,

° For multiple APU and/or GPU exposures: estimate the community
sound levels for each noise source, in accordance with the pre-
vious section; estimate the day-night sound levels for each of
these sources per Figure II1-8; then compute the total day-
night sound level from ail sources by the addition of exposure
levels procedure, provided for in Appendix E.

EVALUATION OF COMMUNITY NOISE EXPOSURE

APU or GPU community noise exposures are assessed by comparison to
established standards or recommended sound levels or by comparison to the noise
environment existing in the community in the absence of the APU or GPU noise.
The U.S. Department of Housing and Urban Development (HUD) has established
environmental criteria and standards for noise abatement and control {24 CFR 51,
Subpart B). This regulation establishes criteria for HUD-supported, new
residential construction., It defines site acceptability in terms of "accept-
able", "normally unacceptable", and "unacceptable" {as described in Table I1-5).
These acceptability standards may be used as a basis for judging APU or GPU
exposures. The U.S. Environmental Protection Agency (EPA)} has identified
Tevels "as requisite to protect the public health and welfare with an adequate
margin of safety." This Tevel (provided in Table I1-5) is based primarily upon
activity interference such as the disruption of speech communication and upon

the annoyance response to noise.

APU or GPU exposures can also be judged against the existing back~
ground noise due to sources other than the APUs or GPUs, This background

I1-24
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TABLE II-5

STANDARDS AND RECOMMENDED LEVELS FOR

ASSESSING NOISE EXPOSURES

STANDARD OR RECOMMENDED LEVEL

DAY-NIGHT SOUND LEVEL, DNL

STANDARD ASSESSMENT (dB)
HUD 24CFR51 o Unacceptable Above 75
gg;igggﬂggﬁg; Criteria Normally Above 65 but not exceeding
Noise Abatement and Unacceptable 75
Control Acceptable Not exceeding 65

EPA Identified
Levels of Environ-
mental Noise*

Requisite to
protect the
public health
and welfare with
an adequate
margin of safety

Not exceeding 55

Existing background
hoise

Normally
Unacceptable

Above levels per Table II-6

*Reference: Informatio

n on Levels of En

viropnmental Noise Requisite to

Protect Pu

Tic Health and W

alfare with an Adequate Margin

of Safety, U.S. EPA Report No, 550/9-74-004, March 1974,
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noise is 1ikely to contain elements of aircraft operational noise, highway
traffic noise, local street traffic noise, and/or other definable noises -- such
as power trapsformers., The noise environment around airports may have been
quantified previously to meet Federal. state, or local requirements. In such
cases, the noise envivonment would have been quantified in terms of DNL, noise
exposure forecast (NEF), or ~- in the State of California -~ community noise
equivalent level (CNEL). The latter descriptors can be related to day-night
sound levels as indicated in Table 1I-6. Highway projects receiving Federal
ald are subject to noise analyses under procedures of the Federal Highway
Administration., Where these analyses are available, they may be used for com-
parison to APU or GPU noise., The Federal Highway Administration employs two
alternative sound level descriptors:

e The A-weighted sound level not exceeded more than 10% of the
time for the highway design hour traffic flow (L10)

° The equivalent sound Tevel for the design hour (Leq).

The day-night sound level may be estimated in these descriptors as indicated
in Table 11-6.

The noise 1n residential areas {s determined primarily by local
street traffic in the absence of exposures from aircraft operations, h?gh-
way traffic, or other definable noise sources. The amplitude of its day-
night sound level generally increases with increasing population density. The
expected day-night sound Tevel due to Tocal street traffic can be estimated using
Figure II-12.

The sound levels from other definable sources, such as, power plants,
manufacturing facilities, and construction sites, vary greatly from case to
case. For these sources the day-night sound level must be measured or other-
wise estimated for the specific situation.

OVERVIEW

In the preceeding paragraphs a guide has been provided for the evalua-

tion of APU or GPU community noise exposures. The user is cauticoned that this

procedure is simply a guide and a supplemental tool for evaluating these
exposures and should not be used in Tieu of actual on-site subjective observa-

tion and the exercise of judgment.
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TABLE TI-6

ESTIMATES OF BACKGROUND NOISE SQURCE DAY-NIGHT
SOUND LEVEL, DNL, FROM AVAILABLE DATA

BACKGROUND NOISE SOURCE

ESTIMATE OF DAY-NIGHT LEVEL,
DNL, FROM AVAILABLE DATA

NEF + 35

Alrport/Aircraft Operations ONL =
DNL = CNEL
Highway Traffic DML = Lyq (design hour) —3

DNL = Leq.(design hour)

Local Street Traffilc

DNL = depends upon population
density -~ see Figure II-12,

Other Defineable Noise
Sources

DONL as measured or estimated

CNEL

Leg

NEF = Noise Exposure Forecast
= Community Neise Equivalent Level
Lyg (design hour) = A-weighted sound level not exceeded more than
10% of the time for the highway design hour
traffic flow
(design hour}) = Equivalent Secund Level for the design hour
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EXPECTED DAY-NIGHT LEVEL (DNL) IN dB
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SOURCE: U.S. Environmental Protection Agency, Population Distribution Of The United Stales As A Functlon
Of OQuidoor Noise Level, EPA Report No,, 550/9-74.009, Junae 1974,

FIGURE I1-12. OUTDOOR NOISE LEVELS EXPERIENCED IN RESIDENTIAL AREAS
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Fach step in the evaluation process introduces sources of uncertainty:

e The reference sound levels are approximate and not representa-
tive of all sources.

] The propagation curves while generally predicting conservative
(upper) estimates of community sound levels can be strongly
influenced by environmental factors -- inciuding, literally,
which way the wind is blowing. '

0 The day-night sound Tevel estimatfon procedure provided herein
is simplified 1n some respects,

In assessing the APU or GPU exposures the user must exercise care.
In many cases the background noise due to the aircraft filight operations or
highway traffic alone will exceed acceptability standards or recommended
levels. In other cases -~ particularly around airports with night curfews, the
nighttime background levels may be extremely low and the APU or GPU noise
exposures may be particularly intrusive (although this may not be clearly shawn
from the day-night sound level). Even when APU or GPU community sound levels
do not exceed the sound levels of the background nofse sources, they may be
quite perceptible and annoying although their abselute sound levels are
moderate,

Finally where noise abatement appears indicated, the goals for the
abatement controls should be considered in the context of cost and benefits.
In some cases, benefits can be obtained with virtually no cost (e.g., aircraft
re-orientation) or with significant anciilary benefits (e.g., reduced jet fuel
consumption from reduced APU usage); but, in other cases, cost of control may
be quite significant.

11-29
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ITI. NOISE ABATEMENT OPTIONS

Several airport operators have requested air carriers to quiet
APUs and GPUs although their sound levels are generally significantly
quieter than those generated by the aircraft during normal operating pro-
cedures (including idie, taxi, takeoff, and landing). The trend in the long
run will be toward minimizing the use of APUs and mobile GPUs due to their
now expensive fuel! requirements and due to the installation of fixed,
centralized power systems. In the short run, however, ajrport operators may
need to take some noise abatement actions. Actions which can be undertaken

which may provide some noise relief are:
0 Minimize the Toad on the APY or GPU
] Re-orient the direction of aircraft or GPU
] Relocate the aircraft or GPU
o Substitute mobile ground equipment for APU usage
® Substitute fixed ground facilities for APUs or GPUs
. Restrict durations or time of day of APU or GPU use
] Maintain GPU to new condition

. Install higher performance GPU exhaust silencers

o Utilize sound barriers,

ITI-1
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Each of these abatement options has certain advantages and dis-
advantages. The load placed upon an APU is largely a function of external
conditions (e.gq., weather) and is not completely subject to operator dis-
cretion, although APU load can be reduced by not operating the ECS or by

keeping the cabin.doors closed, Re-orienting aircraft can achieve some benefit,

but only for certain compass sectors. Boston's Logan Airport requires air
carriers operating APUs or GPUs after 11 PM to position "the afrcraft so

that the APU exhaust or GPU equipment is shielded from the nearest residential

area by the fuselage of the aircraft." In practice, it may not be possible
to re-orient the aircraft if the aircraft needs to be parked at the specific
terminal gate. When aircraft or equipment are parked near airport boundaries
and residential areas, repositioning the equipment to some point farther
from sensitive receptors will cause greater attenuation of the sound propa-
gating from the noise source to the community.

Ground equipment can substitute for APU functions. Diesel- or
gasoline-driven GPUs may be quieter than the turbine~driven APUs. Also,
they are more readily muffled since size and weight considerations are of
less Tmportance for them than for the aircraft-mounted APUs. Every airline .
terminal facility has back-up ground support equipment for afreraft with
inoperative APUs, but probably no facility relies upon ground power support
equipment entirely for its aircraft servicing. The cost of GPUs range
from $20,000 for an electric generator to 580,000 for an air start or air
conditioning truck. ! These mobile ground support units require additional
labor for both operation and maintenance. Air carriers prefer to minimize
the number of ground support vehicles in order to minimize ramp clutter
and avoid accidential damage to the airgraft., With GPUs, turnaround times
are increased, thereby decreasing aircraft utilization and productivity.
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Fixed ground power facilities for gither electric and/or pneumatic
power can substitute for two of the APUs' functions, but will not perform
the engine starting task. Fixed, ground-based, 400 Hz AC electric power has
been installed at various airports either by means of an electric generator
at each gate location or large, centralized electric motor-generator set
which can distribute power to 6-10 aircraft simultaneously (although two
gengrators are generally installed to provide redundancy). The capital
cost for installing fixed electric power ranges from about $30,000 to $50,000
per gate -- depending upon the aircraft servicing requirements.? Operating
costs for electric power average about 3$1.50 per hour compared to $2.50 to
$3.50 per hour for mobile diesel generating units and $24.00 to $135.00 per
hour for APUs. Fixed electric power eliminates about one half of the APU
fuel costs and air pollutants. Centralized air conditioning (either chilled
water or pneumatic) will enable the air carriers to eliminate most of the
remaining APU usage normaily required. (The Air Transport Association is
issuing a design guide on centralized 400 Hz power systems which should be
available by Fall, 1980.)

Airport operators can restrict the time or duration of APU use.
Informal agreements with their air carriers can be used to restrict APY use
during the nighttime hours except for necessary maintenance and to condition
the ajrcraft's cabin temperature in the morning.

Sound barriers are used in some industrial and highway noise control
situations. A barrier reduces noise by preventing sound from a npise source
from traveling in a straight 1ine to a receiver; therefore, the barrier must
visually obscure the noise source from the receiver. Barrier benefits are
greatest for noise sources apd receivers close to the barrfer. For noise sources
or receivers at large distances from a barrier, the barrier effect 1s nil. Sound
barrier benefits can be obtained by locating aircraft such that existing airport
buildings and structures block visual contact of the APUs ar GPUs by the
community. Specially constructed sound barriers are rarely practical in air-
port situations for APU noise abatement hecause the hefght of the aircraft APU
installation would require prohibitively tall barriers. (The heights of APU
installations are provided in Table III-1.) Airport facilities and sur-
rounding structures are subject to certain obstruction height restrictions
established by the Federal Aviation Administration for safety purposes. Any

ITI-3
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TABLE I1I-1
APU INSTALLATION DESCRIPTION

AIRCRAFT INLET LOCATION EXHAUST LOCATION ABOVE GROUND
' (m)
A 300 Bottom, tail cone Center, ta11.cone 7
B 727 Right wheel well * Right wing, top surface 3
B 737 Right, rear fuselage Center, tail cone 5
B 747 Top, right tail cone Center, tail cone, exiting upward B
BAC 1-11 Right, tail cone Center, tail cone 3
0C-9 Bottom center, fuselage Top, right engine pylon 3
DC-10 Tail cone Center, tail cone 6
L1011 Tail cone Above right horizontal tail 5
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noise barrier would need to conform to these regulations. However, GPU
noise sources are generally quite Tow in height and may be effectively re-
duced by a barrier of moderate height.

The expected sound level reductions and advantages and disadvantages
of these options are summarized in Table I1I-2.
REFERENCES '

l¥urzak, David and Hubert Ni11s, "Central Air Start/Conditioning Systems" Ajr-
port Operators Council International (AOCI}, Record of Proceedings of Technical

Cormittee Meeting, 14-15 October 1979, HonoluTu, HI.

2Mr. Lombardi of McCormick Morgan Power System Engineers, personal communica-
tion with R. A. Samis, 21 Feb, 1980.
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TABLE Il1-2
NOISE ABATEMENT OPTIONS

NOJSE ABATEMENT ORTIOH

SOUKD LEVEL REDUCTION *{cBA)

ADVRANTAGES

OISAOVANTAGEY

Reduced APU or GRU Load

0-6

Incurrs no coat penalty
Rasults in fuel saving

-

Load ray ba digtated by ampient
condhtions

Ry-orient Arcrafy ar GFU

0-13
(Reductian wquals change in
directions! saund level,
?Eqi. per Tadles [1-1 and
=1)

0 InCurrs Mo oSt pnaity

Termindl ?l!n may éictate atre
craft padftion

Relocats fquipment

g-10
(Feduction equals attentus-

airpor: improvement

& [ncurrs no cost penalty # Large chingas 4o locatian res
tion par Figure 11-5) quired for gignificant $ound
leval racuctinng
8 Terminal gake may dictate air-
eraft position
Substityce GFU for APU !J-!O & Resules in jet fuel 8 Incressed termipal clutter
[Corgare par Chipter (1) Haeing s Adattional equiprant and Vabor cost
Substituts Flaed, centraliged §-20 s Results In fyel siving s Very mapenyive to (mplement
services & Mey be & currently planned 4 Requires lang lesd tire to 1m.

pledant

Rustrict Qperating
Quratton

CHL reduttion aqualy 2 o8
par halving of duration

[ncurrs Mo cost panalty
Resules 1n fusl savings

Usage dictated by operational
requlrements

Larqe changes (n duratfon ras
qutred for siqnificant OHL res
ducttont

Rettricy hignttiva Cparations

LKL reduction, 0-10
{night tims srpalures Bra COA-
sidered 31 10 A8 mgre intense
than 1dentical daygrime saposurss
in cempyting ONL}

Incurrdy Ao cost peralty

Uitaqe dictated by opuratianal *
reguirementy

Reguction corsunity advarse rg=
spante nat pecaisarily gropars
t1anal 1o DHL reduction

Improve Couipment Maintanance

0-15

Kay fmordve mouipment
parfarmdnie

Hay be tmplerented gt minima)
cost

Applicanle only far defective
wguiprent (prodably GPUs only)

[natall Higher Perfarmance
Equipoent 51lencing

May be implerented at moderate
114

hpplicabie only for GPUs

Construct Barriers

0-10

- - o

Barrier mst ¢l (minate visudl
contsct af raceiver with nolte
10LFCH v TEQUIrED NeignT may
conflict mitn FAA Strugtural
nelght restrictiont

Not appropriate for APY problems
Eapengive

Little or no barefit at mocerate
13 large gfatance

Uso £xisting Structuras
as Barrfars

0-10

& [ncurrs no cast Fenalty

- -

Little benafit at large distances

OJoeritional requirements may dic-
tats eguipment porition

*Estiratnd rangn OF #apacted values
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APPENDIX A
GLOSSARY

Auxiliary Power Unit (APU). A small, 1ightweight turbine engine
driving a 400 Hz electrical generator providing electrfcal and pneumatic
power, The pneumatic power is obtained by drawing bleed air from the turbine's
compressor stages. Either form of power can be delivered independently or
interchangeably. ‘

A-weighting, A frequency-dependent weighting or filtering of sound
to correspond to the response of the human ear such that sound levels so
weighted correlate reasonably well with noise effects such as hearing loss,
annoyance, and the interference of speech by noise. Sound levels which have
been A-weighted have units of A-weighted decibels (dBA).

Background Noise. Noise from all sources other than that source of
Immediate interest. For example, 1f at a given location noise was experienced
from aircraft operations, highway traffic¢, and barking dogs and the sound levels
of barking dogs were to be evaluated, the highway traffic and aircraft opera-
tion noise would be considered background noise.

Day-Night Sound Level {DNL}. A measure of noise exposure in which
the time-averaged A-weighted sound levels during daytime hours (7 AM to 10 PM)
and during nighttime hours (10 PM to 7 AM) are summed after the nighttime
sound levels have been weighted by the addition of 10 dB. Day-night sound
levels correlate reasonably well with the annoyance response to environmental

A-1
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noise. For the purpose of this report, 1t 1s defined as
DNL = 10 Togy, %ﬁ DT x 10 Clp/10 4 n1 x 10{CLy*t10}/10

where CLpy = typical/daytime community noise level
and CLN = typical/nighttime community noise Tevel.

Decibel (dB). See Level.
Directivity. The variation of sound levels around a source at a
fixed distance from the source.

Frequency, The rate at which an osciliation or vibratfon repeats
{tself, expressed in cycles (repetitions) per second called hertz (Hz).

Ground Power Unit (GPU). Any of varfous ground-based, mobfle equip-
ment which can be used in lieu of the APU for electrical/pneumatic power
generation, engine starting, or air conditioning. GPUs can be either trailer-
mounted, truck-mounted, or self-praopelled,

Level. A measure defined as the common logarithm of a ratio of a
power-related quantity to a reference quantity of the same kind, The units
of level are dectibels (dB), computed as ten times the common logarithm of the
rat19. (The reference quantity should be indicated in presenting level data.)

Noise Abatement. The process of reducing the noise levels or noise
exposure levels which a receiver of noise experiences., This reduction may be
achieved efther by the actual quieting of the source, the blocking of sound
traveling from the source to the recajver, the reduction of source aperating
time, and/or the manipulation of the source to achieve lower sound levels at
the receiver (such as by utilizing directivity characteristics of the noise

source),

Noise Exposure Level, The measure of noise from a source which con-
siders not only 1ts amplitude (the noise Tevel) but alse other factors related
to its adverseness, typically the duration of the exposure and 1ts time of day.

Sound Attenuation. The reduction of notse sound levels due to the
propagation of sound through the atmosphere as a result of its geometric
spreading over progressively larger areas surrounding the source, the absorp-
tion of sound by the atmosphere, various atmospheric effects, and interference

with ground and ather objects.
A-2
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Sound or Noise Leval. Measure of the sound disturbance (i.e., sound

pressure) peqceived by the human ear. For the presentation of this report,
all sound or nofse levels are 1n terms of A-wefghted sound level and have a
reference sound pressure of 20 micropascal (uPa).

Sound Propagation. The transmission of noise disturbances through

the atmosphere. The magnitude of these disturbances is normally diminished
with increasing distance due to sound attenuation.

Spectrum (pl., spectra). The range of frequency of airborne sound
pressure oscillations sensed by the human ear, approximately 20 to 12,000 Hz.
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APPENDIX B
APU AND GPU SOUND LEVELS

APU SOUND LEVELS

Sound Tevels from APUs were obtained from a variety of sources.!=%
These data sources presented measured A-weighted sound levels at various
distances from the APUs. The available data, as obtained, are summarized in
Table B-1. (Some of the sound levels were estimated from sound level con-
tours around the afrcraft or interpolations of measurements at angles other
than thaose specified in Tabie B-1.) To obtain the reference sound levels
provided in Table II-1 for the reference distance of 30 m, the available sound
Tevels were normalized for distance using Figure II-§.

GPU SOUND LEVELS

With the exception of the data presented in Table II-3 for the
Hobart 90G20P°, no sound level data were available for commercially available
GPUs. To provide reference sound levels for GPUs, sound level data measured
by the U.S. Air Force Aerospace Medical Research Laboratory (AMRL), Wright-
Patterson Afr Force Base were used.® These results were derived from data
presented in the AMRL-TR-75-50, USAF Bioenvironmental Neise Data Handhook,
which were normalized to 10 m radial distance from the source (using a procedure
equivalent to the use of Figure 1I-5) and standard day meterorclogy (15°C, 0.760
M Hg, and 70% relative humidity}. These data are summarized in Table B-2 for
GPUs which included turbine and piston-engined drives; electrical and

8«1
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TABLE B-1
AVAILABLE APU SOUND LEVELS
REFERENCE | AIRCRAFT MEASUREMENT ‘ MEASURED APU SOUND LEVELS (dBA) at MEASUREMENT DISTANCE
TYPE DISTANCE Angle A per Figure [1-¢ ~
(Ft)  (m) Avg. o° 45° 90° 135° 180° 225° 270° 315°
1 A300 98 30.0 80.6 - - 80 - 81 - 81 -
2 B737 35 10.7 89.8 - - 9 . - - - 88 -
3 B727 50 15.2 87.1 84 84 84 91 - 88 88 88 82
2 B747 100 30.5 86.7 - - 84 88 84 89 86 -
3 BAC 1-11 50 15.2 89.7 - 85 90 94 89 91 87 82
2 Dc-9 30 9.1 93.9 - - 89 . 98 - 85 -
- DC-10 - - - - - - - - - - -
4 L 101 50 15.2 86.1 87 90 86 84 83 86 85 85

Dash (-} denotes data not available

References:

(1)
(2)

(3)

(4)

Airbus Industrie, A300 Afrcraft Noise Definition Mapual, April 1976,

0dell, A. H., and G, N. Goodman, "APU and Afrborne Ground Conditioning Equipment Noise, Inter-
national Civil Adrcraft Organization, Committee on Aircraft Noise, Third Meeting, Working Paper

Ho. 30, March 1973.

Wassenaar, Johan A., "The Self Sufficient Turbine Transport and its Contribution to Airport
Noise", International Air Transport Association Meeting, London, May, 1965,

Lockheed California Company, L-1011-1 APU Ramp Noise, Report No. CER 71-109, March 30, 1973.
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TABLE B-2
AVAILABLE GPU SOUND LEVELS
GPU OESCRIPTION MANUFACTUNER UTPUT RAT ING nﬂ_qr EHG]M KILITARY TYPE| AVERAGE SOUND SOUND LEVEL TEST
UFACTURIR, DESIGHAT[DH LEVEL AT 10 m CONDIT}ON
{l4P @ RPH) HODEL {dBA)
POWER GERERATORS
28 ¥V DC generator AF-Brill 7.5 KW lo @ 2900 2-cyl. gasoline Continental A 4,2 1830 RPK; Output: 150 A ot
Matars (o, enqline Packette, Madel 28 V OC with MC-3A Toad bank
PL-30.-2
400 Hz AC or 28Y Libby 0C:500 A @ ' 200 @ gas turbine AtResearch AjH3Z HER-3 Turbine speed, 42,500 RFM
BC yenerator and Kelding BV 42,500 GTCH5-397 AED with air output
pneumatic power {o., Inc, AC:75 KYA, {max}
supply 0,8PF
{3 Phase)
Afr Flow:
120 1b/min
Preumatic Pawer AlResearch Alr Flow: 0 a gas turbine AlResearch MA-TA 113.0 42,500 APM .
Supply Manufg, 90 1b/min 42,500 GTEa5-70
Carp, [max} )
Preunatlc Power Continental Alr Flow: HA 9as turbing Continental HA-TA A 35,000 RPM, 100% loadad
Supply :wgmon 9% 1b/min @ 35,000 {40 PSI)
ng.
Corp,
400 Hz AC or 28 ¥ Deech Alr- BE:A5 KW 180 @ 2400 471 cu, In,, Cantinental Ce26 15.8 Gasoline engine at 2500
bC Generator craft Corp. AC:15 Ki; € cyl., gasn=- Hators PE1SO. APM; 2 DC 1#nes looded at
0,9PF Tine engine 2 Packette 400 A
60 Hz AC Generatar HA 10 ¥, 0.8 30 & 1800 Mr-cooled, 4- Wisconsin M- 72,3 2300 RPM; unloaded
PP cyl,, gaso- Motor Corp. 10/M5
1ine engine Model MYGAD
400 iz AC or 28 ¥ Intl, fer- 0C:60 1¢8 @ 2250 41 cu.in., Continenta) HD-3A EF ] HA
DE Generator ront Mach, AC:45 W, 21r cooled, Mators PE-
€a. inc. 0.75PF 6-cyl, paso- 150-6 Packeita
1ine engine
400 Hz AC Gen- Hobart AC: 90 kvA 152 @ 2100 204 cu, In., Datrolt Clese) - 36.9 Diesel engfne at 2000 RPM;
erator Model $0620P 4-cy1, water- 4-NN A/M ZAT-BA lcad bank 190A,
cooled diesel 240 ¥ AC, 400 Hz 23 KW per
engine R AC phase
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TABLE B-2 (cont.)

HILITARY TYPE

AVERAGE SOQUND

SOUND LEVEL TEST
CONDEYION

GPU DESCRIPTION MAHUFACTURLR OUTPUT RATING | ORIV ENGTHE
DESIGRATIOR | LEVEL AT 10 m
(h# 8 RPH) HODLL {dBA)
AR CONDTTIGRERS
HeatingfAir HA coel 1ng: 70 @ 2400 air-cooled oaso- NA HA-7 73.6 Cooling mode; 1500 RPM;
Conditioning 84,000 07U/ 1ine engine compressor pressure, 120
Supply e PS1; suction pressure,
lleating: 105 psi
23,000 BTU/
hr
Alr Conditioning HA 100 18/min 110 @ 2400 air-conled gaso- HA MA-3 3.3 1750 RPM
Supply A50F air 11ine englne
COHPRESSORS
Reciprecating Worthington 15 CFH @ 23 @ 2260 gqaseline engine HA HC-1A 76.5 Gasoline engine at 1700 RPN
Compressar arp, 3500 PS) Low discharge pressure, 600
PSL; high discharge pressure
3500 Pst
Ratary Compressor Payvay Coni- 15 CFH & 12,9 8 2100 air-conled gasa- . A MC-2A 70.9 Alr tank 11 cycle
pressar Ca, 200 ps) Tine engine
Recipracating Worthington 15 (Fh @ 25 8 MA gasoline engina YA H-11 7.9 Adr tark 111 cycle
Compressor Corp, 4000 P51

KA denotes dats not avallsble.

SOURCES: Equipment Descriptions -« MIL-HDBK-300 (USAF).

Sound Luva] Data -- Coles, J. N.; Asrospace Medical Resesrch Laboratury, Letter to M. Staleno re Giround
Suppart Equipnent Kotse Data, 24 March 1980

Rau, T; Wright-Patterson AFB Survey, 19 Herch 1980,
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pneumatic power generators, air compressors, and air conditioning suppiies.
While no pattern appeared for the turbine-engined equipment, the piston-
engined equipment sound levels correlated well with drive engine power
rating (as shown in Figure B-1) which provided the basis for Figure II-3.

For the purpose of the frequency-dependent sound propagation pro-
cedures (presented in Appendix D), the energy-average octave band sound
levels were computed from the data in references (5) and (6).* These spectra are

presented in Figure B-2,

REFERENCES
1.  Airbus Industrie, A300 Aircraft Noises Definition Manual, April 1976.

2. 0dell, A. H, and G. N. Goodman, "APU and Afrborne Ground Conditioning
Equipment Noise", International Civil Aircraft Organizaticn, Committee
on Afrcraft Noise, Third Meeting, Working Paper No. 30, March 1973,

3. Wassenaar, Johan A., "The Self Sufficient Turbine Transport and its
Contribution to Afrport Noise", International Air Transport Association

Meeting, London, May 1965,

4. Lockheed California Company, L~10]T-i APU Ramp Noise, Report Me. CER
71-109, March 30, 1973.

.5. Rau, T., Wright-Patterson AFB Survey, March 19, 1980.

6. Cole, J. N., Aerospace Medical Research Laboratory, Wright-Pattersan
AFB, Letter to M, Staiano re Ground Support Equipment Noise Data,,
March 24, 1980.

* Octave bands are a coarse description of sound amplitude as 1t varies with
-frequency. The octave bands increase in size with increasing frequency --
an individual octave band has a frequency width twice that of the adjacent
Tower band and half that of the adjacent higher band. The band lavel is
the measure of the total sound energy within the band in decibels (dB).
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AVERAGE SOUND LEVEL AT 10 m (dBA)
@
Q

100~ © Power Generators
[J Compressors
— - & AlrCondltioners P
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60 1 | ! J S W I L J J
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DRIVE ENGINE POWER RATING (HP}

SOURCES: Cole, J.N., Aerospace Medical Rasearch Laboratory
Latter, 24 March 1980
Rau, T., Wright-Pattarson AFB Survay, 19 March 1880

FIGURE B-1. AVAILABLE PISTON-ENGINED GPU SOUND LEVELS AT 10 m --
EFFECT OF POWER RATING
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APPENDIX C
STANDARDS AND GUIDELINES FOR NOISE FROM AUXILIARY POWER UNITS

The Committee on Aircraft Noise (CAN) of the International Civil
Aviation Organization (ICAQ} has considered the establishment of noise
certification of APUs, In a 6 June 1979 meeting, CAN revised existing
guidelines for installed auxiliary power units (Attachment E to Annex 16)
and adopted the Society of Automotive Engineers (SAE) Aerospace Recommended
Practice, ARP 1307, Measurement of Exterior Noise Produced by Aircraft
Auxiiiary Power Units and Associated Equipment During Ground Operation. A

report of that meeting, the revised ICAQ Attachment £ to Annex 16, and SAE
ARP 1307 follow.

c-1
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Noise certification of installed Auiiliarv Power Units

Agenda Item S:
(APUs) and associated aircraft systems

5,1 Introduction .

It wag noted that guildance material on APU noise had bean intreduced into
Annex 16 (Atctachment E) on the reccmmendations of CAN/4. The subject was not included
in che agenda of CAN/S, but it was briefly disgussed., Joint "focal poincs" were appointed
to examine the aubject further in order to develop SARPs using Attachment E to Annex 16

The report of the joint "focal points" was discussed by the Committee

a5 a2 basis,
together with working papers presanted by individusl members and observers,

5.2 Discussion
5.2.1 The meeting noted the "focal points'" view that three elements of the subject

were involved, namely:

a} the status of the provisions;
b) the limicing noise levels;
c) the evaluation method;
and it was agreed to discuss the quesction under these headings.

5.2.2 Statya of the proviaions

5.2.2,1 Some members and observers were of the opinion that APU noise was becoming
a comsunity nolse problem at soma airports’ and had already resulced in the iwmposition

of restrictions on the running of APUs, aspecially at unight. They, therefore, balieved
that the best way of dealing with this problem would be for ICAQ to establishk standards

which included limicing noise levels.

5.2.2.2 Other members and observers, however, were of the opinion that APU noise

wag more of an induscrial than a community environment problem which affected aerodroms
etployees Tather than the public. Aa such 1t coduld batter be resolved directly hetween
operators, manufacturers and airport operators and did not need strong ICAO actiom. It
was, therefors, belicved that the present guidance material was appropriate. In supporc
of thias a member advised the meeting that in his Sctate Attachment E to Annex 16 was
already being used as the basis for neggcia:ing APU noise guarantees between manufacturers

and operators.

5.2,2.3 The majority of members agreed that there was no clear indicacion of a need
to change the status of the present provisions and the meeting, therafore, agreed that
they should vrempin as guidance material, One observer expressed disappointment at this
result and thought that it would only serve to accelerate the trend towards placing
restrictions on the use of APUs at some airports.

C-2
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5.2.3 Limiting noise levels

It was proposed that the limicing noise levels contained in the guidance
material were not sufficiently atringent and came close to the levels permictted in
industrial surroundings in some cases. Octher members felt, however, thac the limica
vere already hard to achieve and no change should be made. The Cocmittee agreed that r

change was appropriate at present. .

5.2.4 Evaluation merhod
5,2.4,.1 The “focal points" had proposed certain detailed changes to the noise

evaluation method mainly concerning microphone orientation and the effect of wind on
test presults, 1t was also noted, however, that the U.S. Society of Automotive Engineers
(SAE) had recently published its document ARP 1307 which contained a comprehensive

noise evaluation procedure, It was suggested that this procedure should be used in
place of that ac presenc in Annex 16 since {{ wds the resull of five years of caceful
development. Soms members were uncertain as co the detailed differences between the

SAE procedure and the present Annex 16 material. It was peinted gut that the ICAO
material had been based in part on an early draft of the SAE procedure and that the
differences should not, therefore, be large., It was in general agreed cthat the SAE
procedyre should replace the present Annex 16 material. .

5.2,4,2 Tvo detailed differences that were noted concerned the height of the tesat
microphones and their position relative to the asroplane, It was goted that SAE ARP
1307 callad for a microphone haight of 1.6 m compared with the Annex 16 height of 1.2 o
and there was a propesal to ratain the 1.2 o height for compatibility wich ocher parca
of the Aonax. It was also noctad that ARP 1307 called for microphanes to be placed in
the plane of the fuselage wkin wvhereas Annax 16 currently specifies a position 1l m

out from the akin. It wag suggested shat ARP 1307 should be codified in thase
inscances bafora incorpeoracien into Annex 16; however, the majericy opimion waa that

it would be umwise Co alter the procedure in defail without the full background
regarding tha derivation of the figurea. It vas, ctherefore, agreed to accept ARP? 1307

without alteracica.
5.3 Raccmmendation

Ia light of the foregoing the Commitzee developed che following recosmendacion,
RSPP RECOMMENDATION 5/1 = AMENDMENT OF ANNEX 16 ~ GUTIDANCE MATERTAL

RETATING TO THE NOISE CERTIFICATION OF
AUXILIARY POWER UNITS

THAT the guidance matarial in Actachment E to Annex 16 be
replaced by the matarial shown 4n the appendix to chis
part af the report. .
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5.4 Future work

. It was agreed that the subject of nolse from APUs should now be deleted

from the work programne of the Committee. However, it was noted that active investiga-
elons were under way in at least one State and although no immediate developments were
foreseen, it should be retained., It wao, therefore, agreed that the members and observers
should maintain a watching brief on the subject and ashould advise the Secretary 1if they
felt thera was a need to pursue Che matter more actively in the future,

C-4
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AFPENDIX TO THE REPORT OM AGENDA ITEM S

Attachment E to Annex 16

GUIDELINES FTOR NCISE CERTIFICATION OF

INSTALLED AUXITLIARY POWER UNITS (APU)

AND ASSOCTATED AIRCRAFT SYSTEMS

DURING GROUND OPERATION .

(Note: See Chaptar 8, Pars IT of the Annex)

1. Introduction
1.1 The following guidance material has been prepared for the 1nformé=ion of

Seaces escablishing nolse certificacion requiremencs for installed auxiliary powet units
(APUs) and associated aircrafc syscems used during normal ground aperation.

1.2 It should apply o inscalled APUs and associated aiveraft systems in all
airerafe for which applicacion for a cerzificace of afrworthiness for the procotype,
ar another aquivalent prescribed procedure, is made on or after (date of applicabiliry

of the amendment).

1.3 - Fer aireraft of existing type design, for which applicacion for a change
of type deaign involving the basic APU inscallation, or another equivalent prescribed
procedure, i3 oade ad or after (dace of applicabilicy of the amendzment), the noise
levela produced by installad APUa and associasted aireraft systems should not exceed
thoae axisting prior to the change, whan decernined in accordance with the following

guidelines.

2. Noise evaluation procedure

] The nolse evaluation procedurs should be according to the methods of
paragraph 4.

3. Maximum poiss levels

3.1 The maximum noise levels, whea detarmined in accordance with the noise
evaluation procedure specified in 4, should noc exceed zhe following:

a) A5 d8(A) at the poincs specified 4in 4.4.2.2 a), b) and
c);

8} 90 dB(A) at any point on :ﬁn perimater of the rectangle
shown in Figure 2,
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’
4 Noise evaluation procedures
5.1 General
4.1.1 Test procedures ave described for measuring noise at specific lacations

(passenger and cargo doors, and servicing poaitions) and for conducting general noise
surveys around aircraft.

4.1.2 Requirements are identified with respect to instrumentation, acoustle and
atmospheric environment, data acquisition, raduction and presentation, and such other
information a5 1s nesded Ior reporting the rasultas.

4.2.3 Procedures involve recording datz on magnetic tape for subsequent processing.
The usa of tape-recorder/time-integrating apnalyzer systems avoilda the need to-average

by eye the variations associated with manual readings from aound level meters and octave
band annly.era and therefore yieclds more accurate resul:s.

4.1.4 No provision 1a made for predicting APU nais: from basic engine character-
istics, nor for measuring noise of more than one aireraft cperating at the same time,
4,2 General test conditions
4.2.1 Meteorclogical conditions
Wind Not more than 10 knots (5 m/s).
Tamperature Not less than 20C (J59F) nor mere than
359¢ (959F) ,
Humidicy ' Relative humidicy not less than 307
nor more than 90%.
Precipication None.
Barometric pressure Net less than 8¢ kPa (800 mbar) nor
mora than 110 ¥Fa (1100 mbar). !
4.2.2 JTeat site

The ground between microphone and aircraft should be a smooth, hard surfsace.
No obatructions should be present between airecraft and measurement positions and no
raflecting surfaces (except the ground and alrerafe) should be near encugh te sound
paths to significantly influcnce results. Surface of the ground surrounding the aircrafe
should be sensibly flat and level at least over an aren fotmed by boundaries parallel
to and 60 m (200 £ft) biyond the outermoat nicrophone array identdified in 4,4.2.2 d4).

C-6
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4.2.3 Ambient ucise

Arhilent noise of the measurement system and test area (that is,

compasite af

the noise due ro envirermmental background and the electrical noise of the acouscic

inetrumentacion) should be determined, .

4.2.4 APU installation

Pertinent APU and assaqciaced aircraft systems should be tested for each

ajircraft modal for which acoustic data are requirad,

4.2,5 Adrcraft ground configuracion

Alrcrafs £light econtrel surfazas zhould be in the Mpeutral’ or
configuration, with gust locks on, or as s

manual for aireraft undergoing servicing.

2
t

4.3 Inserumentation
4.3.1 Ajrcrafe

3 "ciean"
ated in the aircraft's approved operacing

Operation data identified in 4.5.3 should be determined from normal airzrafs

inscruments and controls.

4.3,2 Acoystical
6,3,2.1 Genaral

Inacrumentation and measurement procedures should be consistanc

requirements of lacast applicable issues of appropriate standards listed in
refarances (4.8). All data samples should be at least 2.5 cimes the daca

raduction intagracion period which in no cazae should be less than 8 seconds.

with
the

All

scund prassures levels should be in decibels to a Tefarence pressure of 20 upa.

4,3,2,2 Data accuisircion svstems

Instrumentacion syscems for racording and analysis of neise, shown in the

block diagram of Fig 1, should meet the following specificationg:

4,3.2.2,1 Microphone gustem

a) over a frequency range of at lease 45 Hz to 11 200 Hz
the aystem should meet tha roquiramencs as outlined
urider microphone syscem spacificacions in che lacest
issu¢ of taferance 5;

c-7
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4.3.2.2.2

b) microphones should be omnidirectional, vented for pressure
equalization if of condenser type, and should have known
amblent pressure and temperature coefficlents, Microphone
-amplifier apecifications should be compatible with those
of the amicrophone and tape'recorde::

¢} microphone wind acreens should be employed when wind speed
is in excess of 6 knets (3 m/s). Corrections as a funetion
of frequancy should be applied to measured data to account
for the predence of micrephane wind acreens.

Tape recorder
The tape recorder may be direct record ot FM and should have the

following charactariascics:

4.3.2.3

4.3.2.3.1

Dynamic range 50 dB minimum in 1/1 octave or 1/3 octave bands,
Tape gpeed accuracy within * 0.2% of rated speed.

Wow and flutcer (peak to peak) less thon 0.5% of tape speed.
Maximum third harmonic distortion less than 27%.

Lalibration

Microphone

Frequency response calibration should be parformed prior to the test series

and & subsequent post calibration should be parformed within one month of the pre-
galibration, with additional calibrations made when shock ar damage 1s suspected.
Response calibracion should cover the range of at leasc 45 Hz to 11 200 Hz., Pressure
rasponae characteristics of the microphone should be corrected to obtain random

incidence calibracion.,

4.3.2.3.2

o N e

Recording System

a) A calibracion tape, a recording of broadband noise or a sweep
of sinusoidal signals over g minimum frequency range of 45 Ha
to 11 200 Hz should be racorded in the field or in che
laboracary at the beginning and end of each test. The tape
should alsc include signals at the frequencies employed during
aound pressure sensitivity checks as defined below.

c-8
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b)

e)

d)

¢)

[P T

This calibraction signal, an insert volctage, should be
applied to the input and should include all signal
conditioning preamplifiers, networks and recorder
electronics used to record acoustic data. In ad-
dition, a "shorted input” {i.e. microphone pressurve
sansitive slement raeplaced with equivalent electrical
impedance) recording of at-least 20 sec. should be
made as a check on system dynamic range and noise
floor.

Sound pressure sensitivity calibracions with the
arrangenment shown in Fig 1 should be nade in the

field for each microphone prior to teginning and

afcer complasion 2f measurements each day. Thess
calibrations should be made using a calibrator producing
a known and constant-amplitude sound pressurze level

at one of more 1/ cctave band center frequencies,
specified in reference 3 ot 10 in the fraquency

range from 45 Hz to 11 200 Hz. A barometrtic corraction
should be applied as required. Calthrators employed
should be precise at leasc to within =0.5 dB and

should have a calibracion obtained according cto
refarenca 4 that is craceable ro a recognizaed

standards organization.

Each reel of tape should have comparable response

and bacgkground noise to the calibration tape. A
conatant amplitude sine wave should be recorded at
the start of each reel of tape, for teel-to-reel
sound presaure sensitivity comparisons. The fraguency
of this sine wave should be within the same frequency
range as used for sound, pressure sensitivity checks.
A separate voltage insert device or an accuscic
calibrator may he used for this purpose. If an
acoustic calibrator is used, it should be carefully
"seated" and corrections for ambient pressure should
be made 80 chat effects of pressure on calibrater

and microphone rasponse are eliminated.

Battary-driven taps recordars should be checked at
frequent intarxrvala during a test to ensura good
battery ¢ondition, Tape racorders should not be
moved whila recording is in progress unlesas it has
bean eatablishad that such movements will not change
tape recorder characteriscics.

€-9
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4.3,2.3.3 Data reduction equipment

Data reduction equipment should be calibrated with electrical signals of
mown amnplitude either at s series of discrete frequenciles or with broadband signals
;overing the frequency range of 45 Hz to 11 200 Hz.

4.3.2.4 Data reduction

4.31.2.4.% The data reduction system of Fig. 1 ashould provide 1/3 or 1/1 octave band
sound presaure lavels. Analyzer filters should comply with requirements of references
8 or 11 (Class II for cetave~band filters and Clasa IIT for ope-third cctave-band
filesrs). Analyzer amplitude resclution should be no worse than 0.5 dB; dynamie range
ahould be a minimum of 50 49 between full acale and the reot-mean-square (rma) value
of tha analyzer noise floor in the octave band with the highest nolge floor; and
amplitude rasponse over the upper 40 dB range should be linear to within 20.5 dB.

. 4.,3.2.,4.2 Masn square sound preasuress should be time averaged by integration of the

! squared output of frequency band £ilters over an integration interval that should be no
legs than 8 seconds. All data should be processed within the frequency range frem
45 Hz to 11 200 Rz, Data should b2 corrected for all known or predictable errors, such

ag deviationa of system frequency response from a flat response.

PN

4.3.2.5 Total svatem
4,3,2.5.1 1In addition to apecificationn for component systems, frequency Tesponse
of the combinad data acquisition and reduction system should be flat within *3 &8 aver
tha fraquency range from 45 Hz to 11 200 Ez. TFrequency response gradilens anvwheres within
" this range should not exceed 5§ dB per actava.

4.3,2.5,2 Amplitude resolution should be at leaat 1.0 dB. Dynamic range should be
a minimum of 45 dB batween full acala and tha rmo valua of the mystem noise floor in
the frequency band with the highest noise floor. Amplizude response ghould be linear
within =0.5 dB over the upper 35 dB 4in each frequency band.
4.3.3 Matsorological

The wind speed should be measured with a device having a range of at
least © to 15 knota (0 to 8 m/n) with an accuracy of at least 0.5 knoca (0.3 m/s).
Tgmpcranura megguremencs Should be made with & device having a range of at lasat
0% - 409C (309- 1109F) with an accuracy at lsast 20.29C (%0.5%F). Relatdve humidicy
should be meaaured with a device having a range of 0 to 100 percent with an accuracy
of at leuat =3 percentage pointa. Atmospheric presaure should be measured with a
device having a range of at least 3N to 110 kPa (800 €o 1 100 mbar) with an accuracy
of at leaat 20,25 kPa (=2.5 whar).

BN
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4.4 Test procedure
4.4,1 Test caonditions

4.6.1.1 Anbient nolsa meaauroments sheuld be made in sufficient number to be
tepresentative for all acoustic measurement stations, providing correction data to
apply to measured APU noise where necessary (see 6,4),

bohala2 The installed APU should meet the noise levels apecified in 3.1 at the points
specified under typical locads, up to and including thoze imposed by the electrical power
generator and air-conditioning unics and any other associated syscems at their normal
maximum continuous ground operation power requirements.

llote. - A mexsurazant of joise fram a partirular smodel of auxiliary power

unit inscalled in a apecific airveraft type should not be deemed typlceal of the
same equipment installed in other aireraft types nor of other wmodels of APUs
inscalled in the same aircrafc type.

b.b.2 Acoustical measurement locaticns
4,4,2.1 Exzept where specified otherwise, nolse meaasurezents should be made with

picrophones at 1.6 m £ 0.025 n(5.25 f£ = 1.0 in) above the ground or surface where
passengers or servicing personnel may stand, wich the microphone diaphragz parallel

to the ground and facing upwards.

4.4.2.2 Locatiocns for measuring noise should be as follows:

a) Cargo door lecarions: Measurezents shpuld be made at each carze doot
location, with the door apen, while the aircrafc is in a typical ground
handling configuracion. Thess measuzemen:zs should be taksa at the
centra of the opening, in the plane of the fuselage skin.

b) . Passenger door locations: Measuremants should be made at each pas-

senger entry deor, with the door opaen, off the vartical centerlipe of
the opening, in the plane of the fuselage skin,

¢} Servicing locations: Measurements should be made at all servicing
positicns whera persons are normally working during aircrafc ground
handling operacions. Thase positions co be detarmined by referance
te the approved aircraft operating and service manuals.

d) Survey locationa: Appropriate neasurement positions should be chosen
from a rectilinear grid pattern centered on the tesc aaroplane as
illuatrated in Fig 2. The grid pactern should eriginace 20 m afe of
the aircraft and extend ac least 20 m forward of che aircraft as well
as perpandicular to the aircrafe centerline. The lengch of aides of
squares in the grid should be 10 metres. Further subdiviszion of the
grid pattern to accommodate small aeroplanes or.co fulfill spacial
requiremencs may he accomplished by progressively halving dimansions
of grid aquaras ac appropriate,

e,
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4.4.3 Mcteorological Measurement Locationa

Meteorolegical data ahould be measured at & locaticn at the test site within
the microphone array of Fig. 2, but upwind of the alrcraft, and at a heighe of 1.6 o

(5.25 £t) above ground level. .

4.4.4 Data presentation
Gob.4.1 A=-waighted aocund levein should be calculated by applying frequency weighting

corrections darived from the standards for precision sound level metres (referecnce 6 or 9)
to 1/3 or 1/! octave~band mound pressure levele, The !/1 oatave=hand sound pressure
lzvils =a7 be determined from a summation of mean=-square sound pressures in appropriate
1/3 octava bands. Owverall sound pressurs lavels should be determined from a summation

of mean~square sound pregoures in the twenty=-four 1/3 octave, or eight 1/1 octave,

frequency bands included in the frequency range from 45 Hz to 11 200 Hz.

4,5.4,2 Overall ascund pressure levels, A-weighted sound levels and 1/3 octave band

or 1/1 octave band data should be presented to the nearest decibel (dB) 1n tabular

form, with osupplementary [vaphical presentations an appropriata. Sound pressure levels
should be corrected, 1f necassary, for the presence of high ambient noise. No corractions
are needad if a acund preassurs level ia 10 dB or more above ambient noise. TFor sound
preasure lavals batween 3 and 10 dB above ambient noise, appropriate correctiona should
be applied, sece Table 1. If sound presaure levels are 3 dB or less above the ambient
noise, no corrections should be attempted and these data should not be reported.




hadbhal SRR G L TL E IV NN Y

CAN/E~Wp/82

Report on Agenda Ttem §

§-12
table 1
Corrections for Ambient Sound Pregsure Levels
Diffarence (in Decibels) Betwaen Correction (in Decibels) to be
Sound Preasura Level Measured Subtracted from Sound Pressure
with Sound Source Operating Level Measured wich Sound Source
and Ambient Sound Pressure Operating to Obtain Sound Pressure|
Level Alone Level due to Sound Source Alone
4 2.2
5 1.7
3 1.2
7 1.0
8 0.8
9 0.6
10 0.4
11 .3
12 0.3
13 0.2
14 0.2
15 0.1
Note: For the survey and field methods, corraceions of less shan
0.5 d% are seldom necessary. ’
4ibabad Acoustical data need not ba normalized for acmospherde absorption losses.
Tast rasults should be raported under the actual test-day metaorological condicians.
4.5 Daga _reporting
4,5.1 Idencificacion informacion:

a)

b)

e)

d}

1 Eelby A e e e AR o e e

tast location, date and sime of cest;

manufacturar and ==del of the APU and pertinent associlated
aquipnent;

ajreraft cype, manufacturer, model and air regiscry
numbers )

plan and elevation views, as appropriace, of the airerafe
cutline showing location of the APU (including inlet and
exhauat ports), all aasociated eguipment, and all
acouatical messurament scationa,

€-13
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4.5.2

4.5.3

4,5.4

Test gite deacrintion

a) type and location of ground surfacea;
b} location and extent of any above-ground-level reflective

surfaces, guch ay buildings’ or other aireraft, that mighs
have been present in spite of the precautions noted in 4,2.2;

Metsorological data (for each tesat condition):

a} wind speed, knots (or m/a) =and directlon, degrees, relative
to aircraft centecline (forward ~0F)

b) ambient temperature °C (°F);

¢) ralative humidity, parcent;

d) barometrie pressure, kPa (mbar), .

Operational data (for each test condition):

a) number of air conditioning packs oparated and their locations;
b} APU shaft specd(s), rpm or percent of normal rated;

c) APRU normal rated shaft speed, rpm; -

d) APU shaft load, horsepover, (W) and/or electrical power
cutput, kVA;

e} pneumatic load, kg/min (lb/m'in) delivered by APU to all
pneumatically operated aircraft syscems during the test
{calculated as raguired);

f) temperature of APU exhaust gas at locaticn apecified in
airerafs’s zpproved operations manual, °C (°F);

8) oparacing mode of environmental control system, cooling
or heating;

k) gir gonditicning distribution system supply duct femperaturas,
C (°F);

1) events occurring during the test which may have influenced
tha masauremanta.

c-14
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4.5.5 Instrucencacion ,
a) @ brief deseription (including manufacturer and type of
model numbers) of the acoustical and meteorological
measuring instruments, .
b) a briaf descripcion (including manufaccurer and type or
model numbers) of the data acquisicion and data processing
syatema. .
4.5.6 Acousﬁic_g&_ datca
a) ambient noise;
b) acoustical data per 4.4.4 with a deseripcion of corresponding
microphone locations;
e) 1liat of atandarda used and descripeion and reason for any
daviations.
4.6 References

Relaced standards for instruments and messurement procedures

*1.

*2,

*3,

LI

*SC

Amepican National Scandard Acouatical Terminelogy,
American Nacional Scandards Inacituce, ANSI S1.1-196€0,

American National Stamdard Praferred Refersnce Quancities
for Acoustical Levels, Aperican National Standards Institute,

ANSI 51.8~1969.

Aserican National Standard Mathods for Maasurement of Sound
Pressure Lavels, American Nacional Standards Inacitute,
ANSI 51.13-19%71

American National Standard Specifications for Labetatory
Standard Microphonesa, American Natiopal Standards
Insecicuta, ANSI 51.12-1967.

American Naticnal Standerd Method for the Calibration of
Microphones, Anerican Nacional Standards Iasticuce,
ANSI 51.10~19646. T

®# Thasae references will bde replaced by equivalent
international specifications, where possible
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6. IEC Recormendations for Sound Level Meters, Intew-
National Electrotechnical Commisaion, IEC 651 (1979).

7. 150 Recommendations for Prefsrred Frequencies for Acoustical
Measurements, International Organizacion for Standardizatioen,

ISO/R266=1962(E). -

8, IEC Recommendations for Qctave, Half—Qctave and Third Qctave~
Band Filcers Intended for the Analysis of Sounda and

Vibratiens, International Electrotechnical Commissiorn,

IEC 225 (1946),

Note:

—ni

The texta and specificationa of theae publicacions, as

. amended, are incorporated by refersnces into thia

Attachment,

American Naticnal Standards Institue specificatcions
may be chtained from:

1430 Broadway
New York

New York 10018
UNITED STATES

IEC publications may be obtained from:

Bureau Central de la Comission Electrotechnique

Internacionale
1, Rue de Varambé
Geaneva, Switzarland

150 publications may be obtained from:

International Organization for Standardizaticn

1 Rue da Varembé
Genava, Switzerland

cor from scata ISO member bodies.
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APPEIDIN

Soclety of Automotive Engineers, Inc.

480 COMMOAWLALYM DRy, wakiddndaLl, Pa 14808

AEROSPACE ARP 1307
RECOMMENDED
PRACTICE it Decombsr 1978

MEASUREMENT QF EXTERIOR NOISE PRODUCED BY AIRCRAFT AUXILIARY

POWER UNIT3 (APUs) AND ASSCQCIATED EQUIPMENT DURING GROUND OPERATION

L,

1.

4.

INTRODUCTION

Muny commercial and military tranaport alveralt are aquippod it ops or mores en~boad

auxiliary power units (APUs) to provide salf-contsinad power for oporating sssontisl alreralt
sysiama during typical servicing of aircraft end during padsunger boardlog operstions, [ncronsed
awarenasa of noise producad during theaa operations of APUs ned sasociated ground oporated
equipmant such as saviroamental control syststme, eloctrical generstarn, blowera and coollng

fans hna crostad & coed for a cormmon basls whoreby nolso Informadon can be commualenatsed among
airpart avtborities, sirline operatora, sircraft sad squipment mandactursrs. Standard procedures

for nolae mossuremaont, analyoals and reporting will halp fulfUll this nood,

PURFOSE |

This Asrospace Rocommended Practics (ARP) deacrthas atandard conditions and procedurea for
moasuring, soalyzing and reporting nolas, resultng !rom operation of on~board APUS and
angociatad squipmont of aireraft undargolag servieing.

SCOPE

Taat procadures ara described for mossuring oolss at apacific locations (passenger and cargo doars,
and sarvicing positiona) sad for conducting general nolss surveys around aircraft. :

Nequiramanta aro tdantifiad with respact to lnstrumontation; scoustlo and atmospharic aavivoamont;
data acquisitton, reduction end predentation, and such othar Information ss (o noedod for roporting

tho rasulta,

Recommendad procoduros involva recording data on magnatic tape for subsequant procoasing. Tho
uno of tapa~recordar/timasintegrating analyzer ayatams avoida tha need w averags by eya tha
variations associatod with manual roadtogs from sound lavel metars and octavs band analysorn and

thorafore ylaide tmor accurats rosulta.

Thia document makaa oo provision for pradicting AP nolso from basio englne charactoriatica, nor
for maosnuring noite of maro than ong alreraft operatlng a¢ tha sama timo, ’

No attomrpt (s mado to suggomt scceptuble lavola af oolso of oultable subjoctive critaria for Judging
accaptabllity, .

GENERAL TEST CONDITIONS

4.1 Matoorologieal Condittons

Wind : Not more than 10 knots (0 @/n),
Tamporaura ' * Notlone than 35*F {2°C) nor morg thun 95* F (36°C),
Hurnidity Relative bumidity not loaa than 90% por more than 50%.
Prociplteticn None. .
Daromatric Proasurs Not lnaa than 800 mbar (A0 kPs) cor mors than 1100 mbar
(110 X Pa). .
[ 1978
A.H..':i';?lu m"'l'.'l'v:’dl.lﬂ! of Autemative Enginasts, lng, Prnivdin U3 A
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4.2 Taat Sits: The ground batween microphones and aircraft ahould be A amooth, hard surfaca, MNo
ebatructions ahauld te prenont botwess aireraft acd massuroment positions and no reflocting surfacse
{oxzapt the ground and aircraft) should he near enough to scund paths o sigmificandy Influonca resulta.
Surface of the ground surrounding the aircraft should be sonaibly flat and lavel at lesst ovor o area
formed by boundariea parallsl to and 208 (¢ {80 m) beyond the outarmost microphone arTay !dentified in

ltem 4 of 5,2,

4.3 Amblant Nalss: Amblent noisa of tho messurement sayatom and teat aroa (that 18, compasits of the polas
due 0 environmental background and tha slactrical aalse of the scountic Intrumentation) should bo
datarminad.

4.4 ADY focellaticn, Portnent APU and asaccisted alroraft systsms abould be r.n_ntod for eack alreralt modal
for which acouatic dota am Tequired, .

4.5 Alveraft Ground Conflguration: Alrcraft flight contral surfaces abould be 1n the “neutral' or "olean"
configuratlon, with guat locka op, oT as atated to tha alreraft's spproved oporating manual for aircraft
undargoing sorvicing. .

5. INSTRUMENTATION

§.1 Alreraft: Oporaticn data ldentified la 7.4 should be datartnined {tvm normal sireruft inatrumetitn and
contyols,

5.2 Acoustical;

5.2.1 Geperal: fnstrumentation and measuremunt procedures should ba conalatant with requiremants of lainst
spplicabla laauea of appropriats standards Hatad In the referencan (Sectien 8.3, All data samplos
sbould be at loast 2. 5 timea the data reduction {ntogration poriod which Lo no case should be laas than
8 sacenda, ALl sound prossure lovels should Be io docibels to & refarence proosure of 20 upi.

6.2.2 Data Acqulultton Svatams: [natrumeataticn systoma for rucording aod analyeis of nolae, showm Lo tha
black dlsgratn of Fig. 1, sbould moeat the lollowing apocificationa:

§.2,2.1 Mlctophors Svatam: Over u {roquency range of ut leant 48 Hz to 11,200 Hz tho syotam ahould maoat
tha raquiromaents 14 gutllnod under micrephona dystam spociflcatlona (o the latsat L9pus of reforence

9.
Micropbonea ahould ba omnidirecttonal, vented for prassurs equalization {f of condonoor fype, kod

should have known amblent presdure aad tammperatire ¢oafflciants, Microphons amplifiar
apecifications sbould ba compatible with those of the micrupbonu aod tapo recorder,

Microphone wind scrouna should bo amployed when wind spood 1a 1o exceas of 6 knota (3 m/8).
Corructions ao a function of frequency should be spplied to mossured data to account for tha

presancs of micropkona wind scrasna,

§.2,2.2 Tape facorder: The tape racordar may be direct rocord or T and sheuld have tha following
charrctatistics:
Dynamic runge 50 dB minimum ia 1/l octave ar 1/3 octave bandas,
Tape opaod accuracy within = 0.2% of rated apood.

Wow end fluttor (posk to poak) lena than 0. 5% of tapa apaed.
Maximum third harmonic distortion lesa tharn 2%.

8.2,3 Callhratlon;
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5.2,3,1 Micropbens: Frequency responss callbratlon should be performsd prior to tha teat sariss and 4
mubsequant poat calthration sbould be parformed within ote monlh of the pre~callbration, with
additional calibrations miade when shock or damage ia suspocted. Responsa calibrapon should cover
the rangs of at lagat 45 Hz to 11,200 Hz, Prossure response charactaristics of the mierophons sbould

be corractad to obtals rendom Incidence caltbration.

5.2,38,2 Racording Svetsm: A caltbration tape, a recordlag of hroadbond nalse ar A awesp of alnusoldal signals
aver & minimum frequancy range of 45 1z to 11,200 Hx sbould ba racordad {n tw fiaid or ip the

{aborstory at the baginning and end of sach teat, Tha tape should alse include algnals at the Iraquenclen
amployed during scund presauts ssnaltivity chocks e defined In tha following parmgraph:

This sallbratinn gignal, an lnsaws witsge, should be spplled to the loput aad stould laviuwie all algnal
conditioning presmplifiers, natworka and recorder slectmeicsused to record scquatic dats, Ia
additian, 8 "shariad laput” (1. e, microphone proasurs sensitive slsmant Teplaced with equivalent
olectrical impodance) racording of st lesat 20 sec, should bs mada as s chack on aystam dynamis

rangs and nolag floor,

Sound pressura sacoitivity callbrations with the arrangoment shown in Fig. 1 should be mada o the

fleld for each microphotie prior ta beglaning and eftar complacion of meaauremanta sach day. Thoso
calibratioos should ba made ualng a calibrator producing s kmown and constant-amplitude soudd prossurs
1avel st 006 or morn 1/3 octam band cantar fraquencies, spectfiod lo roferance 3 ar 10 In e frequancy
rangs from 45 Hz to 13,200 Hz. A baromatric cortection should be spplind as required. Caltbraworn
omployed ahould b procise at least to within «0, 5 dB snd sbould have a calf{bration obtained accordlog
ta tefarance 3 that fs traceabloe to (ha Unizad Statas Neilopal Bureau of Standards, or we recognized

intormational aquivalant.

Each rval of taps abould have comparable responss and background nolse s tha callbration tapa. A
cobstant amplitudo alne wave should be fecorded at the st of aady mel of tape, for roal=to-real sound
preoauro sonsltivity compartsons. Tha !requoncy of this sine wave sbould be within the sams ffequancy
Tango aa used for sound pressure sonsitivity chacke. A separate voliags losert dovice or aa scouatc
callbrator may be usod far this purpose, [f an acoustic callbrator is used, it should ba camefully
"goatod" and cortections for amblont presaure ahould be modo 10 that affects of prossure on

calibratat and microphone reaponse afs eliminstad.

Battery-drivon tapo rocordars ahould ba chacked at {requent [atarvals durteg & tast to angure good
battary condition. Tape recordern sbould not be moved whtle recording (s io progreas ualsas It haa
koo aatablishod that auch movements will not change taps recordsr charactariatics.

§,2.9.3 Data Reduction Egutpment: Data reduction squipmeat ahould be ealibrated with slactrical signala af
known amplitude sither At A aerles of digcrest fronuenclan or with broadiand olgnuala covoring the

{froQuoncy tangn of 48 HZ to 11,200 Hz.

5.2.4 Dats Reduction; The data roduction system of Fig. 1 should provida 1/3 or 1/1 octava band sound prosseTe
lavale. Analyzer flltors sbould comply with requimmeanta of references 8 or 11 (Clasa IT {or octava«band
filtara and Clasa [T fop ono-third octava=band fltara), Analyzer amplitude fesoludon ebould bo 80 worse
than 0, 8 dB; dynamic rango should bo a minimum of 50 dB batween full seale and thy root-marn-squars
{rma) value of the analyzey ooluo floor in the octave band with the hlgtyst poloe Qoor; and amplifuda
Tosponde ovor tha uppor 40 dB racgo ahotld ba llnear to within 49, § dB,

Moan aquaro sound prosusures ahould bo timoe averagod by Intogration of the aquarod output of froquoncy

. band flitors ovar an integrsilon fntarval that ahould ba no losa than 3 seconda, All data should be processcd
within the froquoncy rangu from 45 Hz to 11,200 Hz, Data should bo corructed for all kaown or pmdlcuhlo
errurs, ruch aa deviations of systam frequency rogpengo from a fat rooponso,
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5.2,

4.1

4.2,

5.3 Meterologigal: Tho wind ap- ..} should be measuted with a davics having a range 6{ ‘u lonat 0 to 15 kmats

6. TEST PROCEDURE

6,2

+3 Servicing Tocacions: Measurarnants abouwld ba mindo st all servicing pooitions who e parsou afe

8.2.4

5 Tatel Syatermn: [n additlon ta specificurions for componont aystems, frequetcy rospensa of the comblned
data wcquldition and reduction systam ghould be flat within +3 dB ovar the {ruquency range (rom 45 Hz
to 11,200 Hz. Frequancy rooponsa gradient anywhoru within this range should not axcood 5 dB par

actavs,
Amplinde resolution should be at lonst 1.0 4B, Dynamio rangs should be & minimurn af 45 dB batween

full scala and the rma value of the aystem nolas floor In the {rwquency band with thu highest nolec floor.
Amplitude rosponsa should bo {{near within +0.5 4B over the upper 35 dB in sach frequancy baad,

%W 38 @/s) itk a0 wcouracy of atlaast +6, 3 inaie (=58 w/epe Tomperature messutements should ba
mado with a device havieg & mnge of a2 loaat 3¢* = 110*F (0* - 40°C) with an aceuracy at lonat =0,5'F
{20.2°C). Relncva bumidity should be measured with a davice having & range of 0 to 100 pareent with an
aceuracy 7 it lesat «3 porcentago polota, Atmosphoric prossure should be moasurnd with & dovice having
& rango of at least 300 o 1100 mbaz (30 ta 110 kPa) with un sccuracy of at least +2. 5 mbax (+0.28 kPs).

Teat Condidans; Ambisnt polue messeraments ahould be mada 1y sutficlent cumber ta bo Teprensacative
for all acoustic meamirament atctions, pruviding correciion data to apply W measured APT noise wharte

Decaasnry (Meo 6. 4),

Acouatlc tast measuraments abould be made with the Wmatalled APU and aasociated aquipment aperatag
undar load coaditiana appropriate to tha acrmal modea of operationn roquired {or sircraft ground °

bandting,
Aouaticsl Measurament Lacations: Excupt whute speclled otherwise, nolse mossuromoents ahould be

mado with mlcropbones 8¢ 5,35 13 = 1,0 Lo, (L. & m & 0,023 m) shova the grousd or surface where
pusasngers or servicing pereonnel way atand, with the microphona disphragm parallel to tho ground

and faclog upwarda,
Locatlons for messuring colse shouwid ba ad followa:

1 Cargo Door Locations: Measuramentd should bo mada at cach cargo door loostlon, with tha doar open,
while the alrerafl |a (a4 typleal grownd handling coaflguration. Those messuromants should be taksn

at ths contar of tho opaeaing, !4 ths plans of tha fupelago skin.

2 Passenger Door Locatlons: Maopsurements should be tinde at sach passenger eatry doar, with tha door
opan, oo ho varieal centariing of the apuning, o the plana of tha Maalago okin.

sormally woriaag Juting siretaft found bandling operntoocs. Tiosy posidons to be datermined by
referoncs 1 the spproved aircralt oparatlog and sarvics mansuala,

Survay Locationa: Appropriite medsurement ponitions sbould ba chossn ftom & racttlinaar grid pattarn
cantered oo the tast sirpiens an Wastratad in Fig, 2. Ths grid pattarn should ovtginate 20 m aft of

tha alparaft and axtend at least 20 m forward of tha alrermit aa well as petpoadicular to tho aircraft
centariine. Tho longth of sidaa of aquatns la the grid ahould be 10 metras, Furthar subdiviaion of the
grid pattorn to eccommodata amail alyplangs or to fulflll spootal toquiramanta may be uoompmlnd by
progrosatvaly halving.dimonoions of grid squaras as sppropiists.

Motsmpologisa? Mensuramant Locnunnnv, Motootulogteal dats should bo monsured at a location at the tast
Aito within thy mlcmphoun array af Flg. 2, but upwind of thy sireraft, and af a baight ot 3.28 ft (L 4 m)

abava ground lovel, '
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6.4 Dutas Presontation: A=-waightod sound levels should be calculated by spplylng froquancy wolghdng corTections
darived from tha standarda for precislon sound lovel matern (Teforence & ot 9) to 1/3 or 1/1 octave-band
oound preasurs jovels. The 1/1 octave~band sound predeute lovels tny bo determined from a summation
af mean-~gquare sound prasaures in appropriats 1/2 ectave bands, Overall scund presaurs lavels should
ba dotarmined from & summaton of moeah-oquars sound presaures In the twenty=four 1/3 octave, oT elght
1/1 octave, [requency bands (ncluded in the froquancy range from 45 Hz to 11,200 Hz.

Ovorsll sound proasure lavels, A=wolghtod sounc lavals and 1/3 octava hand or 1/1 ootave band data should
ba prasentad (o the nearust docibel (dB) In tabular form, with supplementary graphical pressntations an
approprists,  Sound preasuro levals should be cormocied, K ducedday, fus Um povaouuve of WEh ambleat
poise. No cortectlons are neoded If a sound predsute lavol (s 10 dB or motu above ambiant oolea, For
soutid proaduro lavels botwoan 3 and 10 dB sbove amblent noldo, appruprista corcootlond should be applled,
aoo Tablo 4 of ruforsnce 4, 1If sound prossury lavals are 3 dB or la=a above the amblant ootss, oo
corractions should be attomplad and thysg data ahould pot be reportad,

Aocountical data nood not ba normallzod for atmospheric absorption lossod. Tost resulta should be reported
under the actusl tasi-day moeteorological coaditiona. .

7. DATA REPORTING

7.1 Idenuflcatlon Information:

7.1.1 Taat location, dala and time of tast,

7.1.3 Manufacturor and modol of tho APU and puriloont assoclatad equ!pmanl.'

7.1.3 Alrerall typo, manufacturar, modsl and alr registry number

7.1.4 Plan and elavation viows, ss appropriste, of the urcrii‘t autling showing location of the APU (including ,
inlet & oaxhaust porta), all aosociatod equipment, and aAll acouastical massurement stations,

7.2 Taat Siia Deacription:

T7.2.1 Typo aad location of ground surfacas,

7.2.2 Locatton and axtant of any above-ground-lovel reflactive surfaces, such as buildinga or othar sircralt,
that might bave been preacnt to spite of the precautiona notod Lo 4,2,

7.3 Matsorolegical Data; For onach tost conditings

7.3.1 Wind gpoed, mots or (m/s) aad diroction, dogrods, rolative to alreralt conteriinag (forward = 0°)
1.8.2 Ambleat tamparstum, * ¥ [*C),

T.3.3 Rolatdve humidity, parcont.

7.3.4 Darometric prosoure, mbar (kPa)

7.4 Opsrauiona! Datar For aach et coadition: '

7.4.1 Numbar of alr conditiontay packs oporatad and thelr locations,

7.4,2 APU shaft spoad(a), rpm or porcast of normal tatod,

.

T.4.3 APU pormal ratod shaft apood, rpm.
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T.4.4 APU shaft load, horsspower, (W), snd/or electrical power ougput, kVA.,

1.4. 5 Pusumatio load, 1b/min (ks/ml.n) doliverad by APU to all pnoumatcally oporatad alterult systams
during tha toat (calculated as raquired).

7.4.8 Tomparature of APU exhauat gas at locatlon spocifiad L alreraft's approved operstons manual, *F,
*C)

7.4.7 Oparating moda of snvironmental control syatam, ‘cooling or hanting.
7.4.8 Alr cooditioning dlatributon aystsm supply duct temperatire, * F, [*Ch
T.4.9 Evonta ocourug during the toat which may have Influencod tho measuremanta,

7.5 Iratrumentation:

7.8.1 A complote dosctiption (Iscluding manufactirer and typo or modal sumbors) of the acoustical and
matcarniogical mosauring (natrumsnta.

7.5.2 A comploeto description {locluding manufactuter and type or model nu.mb-n) of tho data aaquisition
and data procosaing syotsams,

7.8 Aocoustical Data
1.8.1 Ambilant aglsg,
1.8.2 Acoustical data par 8.4 with a description of corrmaponding microphonae locations,

7.6.3 List of standards used and desctiption and reasos for any daviatlana,

PREPARED BY

SAL COMMITTEE A+21, AMICIAPT NOBHE MEABUREMENT

»
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REFERENCES
RELATED STANDARDS FOR INSTRUMENTS AND MEASUREMENT FROCEDURES
American Natlopal Standard Acoustical Terminology, American Natfonal Standards natituts, ANSI 31, 1-1060,

Amoerican National Standard Proforted Rafarence Quantittas for Acountical Lovals, Amarican Natjonal
Standarde Inastitute, ANS[ 31, 3-1948,

American Natiopal Standard P:..orrad Frequencies and Band Numbesa {or Awaiticsl MecriTemants,

T s30T

Amorican Natlonal Standards Inatituts, ANSI 31, 6=-1847,

American Natlonal Stasdard Methoda for Measurement of Sound Pros3um Lovels, Americso National
Standarda I.atitute, ANSI 31, 13-1871,

Amarican Matiooal Standard Spocificadons for Labaratory Standard Mloropbongs, American Natlooal
Standarda Instituta, ANSL 51, 12-1947,

Amarican Mational Siandard Specliication for Sound Lavel Matars, Amarican National Standardn Institute,
ANST 82, 415871, i

Amoricas Nadooal Standard Method for the Callbration of Microphonva, Amorican Nattooal Standnrdg
Ioatituto, ANSL 31.10=-1968, R

Amoricis Natoosl Standard 3pecification for Octave, Half-Cetave and Third=-Detave-Basd Filtor Seta, .
Amoticas Natlonsl Standarda fostitute, ANST S1. 11-18484. :

IEC Rocomemondationa for Pructision Sound Lavel Metorw, Internuational Eloctrotechnlcal Commtinaslon, [EC
179 {1963},

150 Recomimendations for Profarrod Frequoncias for Acoustical Mossuromonts, Intornational Organization
for Standardization, [SO/R286-1062(E),

{EC Rocommandationa for Octave, Half-Octavo and Third Octavo~Band Filtors Intonded for tha Analyais of
Sounds and Vibratons, Internationsl Eloctrucechnical Commission, [EC 225 (1088).
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APPENDIX D
SOUND PROPAGATION

As the sound from a noise source propagates through the atmosphere,
its amplitude is normally diminished by sound attenuation caused by:

(] Geometric spreading
] Atmospheric absorption
0 Excess attenuation,

Geometric dispersion is the divergence of sound from a source.
Beyond a distance from the source approximately equal to twice the largest
dimension of the source, the sound level 1s inversely proportional to the
square of the distance from the source, This means that the sound 1evel
decreases at 6 dB for every doubling of distance due to geometric spreading
alone, This effect does not depend upon frequency.

Sound propagation is a vibration of afr molecules which travels
through the atmosphere, As the air molecules vibrate, they experience tiny
amounts of damping losses which over long distances result in significant
attenuation of the sound pressure excitation. This effect {s called atmospheric
absorption. The magnitude of the sound absorption losses depends primarily
on the frequency of the sound and the temperature and relative humidity of the
atmosphere through which it is travelfng.
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Excess attenuation depends on frequency and propagation distance.
It accounts for the attenuation of sound in excess of that attenuation caused
by air absorption and simple geometric spreading. This attenuation is caused
by ground cover (such as grass or trees), sound scattering by air turbulence,
sound refraction by temperature and wind velocity gradients, and other factors.

PROCEDURE FOR THE ESTIMATION OF SOUND PROPAGATION FROM A SOURCE

Several similar -- but slightly different -~ procedures exist for the
prediction of sound levels distant from a source. For the purpose of this
guide, a procedure was selected which was relatively simple, was based on air-
port situations, and results in conservative (i.e., high) estimates of the
predicted sound levels.! Fundamental to this procedure is the use of a sound
leval relatively near the noise source (the reference Tevel) as a basis for
predicting the more distant sound levels through the estimation of sound pro-
pagation losses, The frequency dependency of sound attenuation was addressed
by the characterization of two source types, turbine-engined equipment (including
both APUs and GPUs) and piston-engined equipment {including GPUs only), and
the determination of typical octave band frequency spectra for the sources,
as discussed in Appendix B.

The effect of geometric spreading depends only upon the ratio of
the distance to the peint of interest to the reference distance and does not
depended upon frequency. In this guide it was taken to result in sound level
decreases at the rate of 6 dB per doubling of distance.

The magnitude of the sound absorption was quantified based upon the
Society of Automotive Engineers (SAE) Aerospace Recommended Practice ARP 866a,
Standard VYalues of Atmospheric Absorption as a Function of Temperature and
Humidity for standard atmospheric conditions (15°C, 0.760 m Hg, and 70% rela-
tive humidity). Atmospheric absorption for ambient conditions other than the
standard conditions will be greater. Thus, this procedure rasults in lower
estimates of the atmospheric attenuation and, consequently, upper bound estimates
of the community sound levels,

The excess attenuation values are derived from the results of experimental
studies on noise propagating along the earth's surface of typical airport/air-
base situations. These data apply for sound propagating downwind or on still
days., Since the excess attenuation of sound propagating upwind is generally

D-2




. R b ad

P

R L e sl

greater than that for downwind, this guide will again provide somewhat over-
estimates of the noise levels for upwind conditions.

These effects discussed above were applied to the A-weighted values
of the spectra provided in Figure B-2 to generate the sound attenuation curves
provided in Figure II-5.
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APPENDIX E
ADDITION OF EXPOSURES FROM SEVERAL NOISE SOURCES

Since noise exposures are defined in terms of levels, they must be
added by means of a specfal procedure which accommodates the lagarithmic de-
finition of level. This procedure is defined by Figure E-1; an 11lustration
of its use 1s provided in an example.

Example

Three pieces of equipment individually resulting in estimated day-
night sound levels of 44 dB, 50 dB, and Bl dB are being operated. What is
their total day-night sound level?

Solution:

1. 0f the first two levels, the smaller level s SL = 44 dB
and the larger level s LL = 50 dB.

2. The difference of the larger less the smaller level is
(LL - SL} = & dB.

3.  From Figure E-2 for the value of (LL-SL), parameter D {is
found to be about D = 1 d8,

4, The sum of the first two levels is then
{L+0D
50 +1 =51 dB = TL,

TL
TL

]

"
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FIGURE E-1.

If More than Two Levels are to be Summed,
Arrange them In Ascending Ordar and Select

the First Two Lowest Levels

$o

Subtract the Smaller Leval, SL,
from the Larger Level, LL

{

For the Computed Value of (LL-SL),
Enter Figure E-2 to Obtain the
Value of Parametar, D

’

The Sum of SL and LL is the
Total Level, TL,

TL=LL+D

There More Levels

Repeat Summing Procedura
using TL and the Neaxt
Lavel to Summed

TL is the Sum of the Levels

E-2
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PROCEDURE FOR ADDITION OF SEVERAL NOISE EXPOSURES.
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PARAMETER D IN B
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FIGURE E-2. PARAMETER D ESTIMATION
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Example (cont.)
5.

Since another level is to be summed, the process {s repeated
with the just-computed vaiue of the TL and the next level.
Since both levels are equal,'TL = LL = 5. = 51 dB and

{LL - SC) = 0 dB,

From Figure E-2 for the value of (LL - SC), parameter D is
found to be D = 3 dB. .

The new sum is then
TL = LL + D
L =

51 + 3 =54 dB = TL.

Since 51 dB was the last source level to be added, the
sum of the three day-night sound levels is TL = 54 dB.
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