
A0 A053 712 

- 

AEROSPACE MEDICAL RESEARCH LAB WRIGHT—PATTERSON Are 03410 FIG 1/2
USAF BIOENVIRONMENTAL NOISE DATA HANDBOOK. VOLUME 100. C—121G A—— ETC(U)
MAY 77 R G POWELL

UNCLASSIFIED AMRL—TR — 75—50—VOL —t OO Nt.

D 2
~~~~~~~~~~~~~~~

j

iiflU _



-~~ 
.- - . 

—
~

•L~.JuI~~~~

~~ A~~~~~~~~5O

USAF BIOENVIRONMENTAL NOISE DATA HANDBOOK

Volume 100

~~ C 121G Alrèraft, Near and Far Field Noise

1977

Approied for public release; distribution unlimited. 3

AEROSPACE MEDICAL RESEARCH LABORATORY ~
AEROSPACE MEDICAL DIVISION
MR FORCE SYSTEMS COMMAND
WRIGHT-PATrERSON AIR FORCE BASE, OHIO 45433

~~~~~~~~~~~~~ .~



____________ - ...—.. - ,r 
~~. . ~~~~ ‘fl ’T -. - — ---- - - —--- -—-- --“.—.- ,--—.-—..— -

NOTICES

When US Government drawings, specifications, or other data are used for any purpose other than adcflnhely related
Government procurement operation, the Government thereby incurs no responsibility nor any obligation what-
soever, and the fact that the Government may have formülited, fUrnished, or I. any way supplied the said di*wlngs,
specifications, or other data, is not to be regarded by implication or otherwise, as In any manner licensing the holder
or any other person or corporation, or conveying any rights or permission to manulicture, use, or sell any patented
invention that may in any way be related thereto.

Please do not request copies of this report from Aerospace Medical Research Laboratory. Additional copies may be
purchased from:

National Technical Information Service
5285 Port Royal Road
Springfie ld, Virg inIa 22161

4 Federal Government agencies and their contractor s registered with Defense Documentation Center shou ld direct
requests for copies of this report to:

Defense Documentation Center
Cameron Stat ion
Alexandria, Virginia 22314

TECHNICAL REVIEW AND APPROVAL

This report has been reviewed by the Information Office (01) and Is releasable to the National Technical Information
Service (NTIS). At NTiS, it Will be available to the general public, Including foreign nations.

This technical report has been reviewed and Is approved fo r publication.

FOR THE COMMANDER

HRNNU4 . VON GIERICE
Director
Btodynsmlos and Bloengtheerthg Division
Aerospace Medical Research Laboratory
AI~~ PO~ CI1$47SO/10 MSrSfl 1573 — 300

— 
~~~~~ -

~~
————

~~~~~~~
-
~~~~~~~~ : 

-
~~ 

- r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —



SECURITY CLASSIFICATION OF THIS PAGE (B7~.r Daf.EnI.,.d) 
___________________________________

READ INSTRUCTIONSREPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM 
_____

F. RtPok ~~ Mu MStR 12 GOVT A CCCSS IO 
r~~~

u h . I . .  ,- ~~~~~

AMRL-TR-75-~ 46— VdL~-].~~J ‘ ( ~~ c~hr~iC. c4i 
~~~1 i~~~~~~-r~~ ~ ,oun.j a rrr r ....~.,..t 1

~~~~ .~~~~~~~ IOENV IRONMENTA L NOISE ~ATAJ~AND- L Volume 100 of a series

Noise!~~~~~~~ 
Aircraft ,”Near and Far—yield 

• PERFORMING ORG. REPORT N U M B E R

~~. AU THOR(a) S CONTRACT OR GRANT NUM SER( .)

~~~~~~~~~~~~~ G./Powel1
/ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

L PER~~OR MI N GORGANIZ A TI O N NAME AN D ADDRESS 10. PROGRAM ELEMENT, PROJECT . TA SK
AR EA &1~•~ 4i1~.1.I _$&4~IBERS

Aerospace Medical Research Laboratory (j ~,J 723]J ..04 .33Aerospace Me~’ica1 Division, Air Force - 62202F ‘
~7~~T—o4— 36Systems Comman -I , Wrizht-Pptterson AFB OH _______________________

II. CONTR OLLING OFFICE NAME AND ADDRESS t~ 5L~ 33 f~~~i 
~~~~~~~ —

Same as above IJ ~4 May 77 —

~il ~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~ ~:P]________________________14. MONITORING AGENCY NAME & AOO RESS(SV dStf.r.~ t 1,01,, Controttifl4 0th ,.) IS. SECURITY CLASS. _______

Unclassified
IS., OECLAS SIFICATI ON /O OWNORA DING

SCH EDULE

16. DISTRIB UTION STATEMENT (oh hi. R.pori)

Approved for public release; distribution unlimited.

‘7. DISTRIBUTION STATEMENT (of ffi. ab.~~act anb•,0d In Rlock 20. hI dhfl.r.nt h~~~ R.porS)

IS. SUPPL EM ENTAR Y NOTES

IS. K~~Y WORDS (Conllnu. on ,..‘.ra. aid. it n.c.aaa.v wd id.nthh~ by block numb.r)

Noise C—121G Aircraft
Nois e Environments

N Bioenvironmental Noise
Aircraft

ABSTRACT (Cantinu. ~ , ~•vsc•• aid. If n.c.a.asy and Id.nttf~ by block nun.b.r)

‘
~JThe USAF C-121G is a cargo aircraft powered by four R-3350-93
mgines. This report provides measured and extrapolated data defin-
~ng the bioacoustic environments produced by this aircraft operating
) fl a taxiway for five engine conditions . Near-field data are
“eported for seven locations i:i a wide variety of physical and
sychoacoustic measures: overall and band Sound pressure levels,
~-weighted and A—weighted Sound levels , preferred speech inter— ~~

— - —

2
FORMDD I JAN 73 1473 EDITION OF I NOV IS IS OBSOLETE

SECURITY CLASSIFICATIO N OF THIS PAGE (WP,on Da. Ent.r.d)

Øøy (cc’5~c23 
~ ~~~~~~~~~~ “— 

— 
- .



_ _  
- ~~~~~~~~~~~- - -~~~~~~~~~~~~~~~-~~~~~-~~~~~~~--- ~~~~~~~~ — - ~~~-~~~ - - - -  - -.- -- -

SECURITY CLASSIFICATION OF THIS PAGE(W7uan Oaf. £ni.r.d) 
-

ference level , perceived noise level, and limiting times for total
daily exposure of personnel with and without standard Air Force ear
protectors . Far-field data measured at 19 locations are normalized
to standard meteorological conditions and extrapolated from 75—8000
meters to derive sets of equal-value contours for these same seven
acoustic measures as functions of angle and distances from the
source. er to Volume 1 o ~~b handbook, ‘1USAF Bioenvironmental
Noise D Han oo , o : Organiza , Content and Application ,
AMRL-TR-75 50( 1) 1975, for discussion of the objective and design
of the han ook, the types of data presented , measurement proced-
ures, instr entation, data processing, definitions of quantities,
symbols, equ tions, applications, limitations, etc.

\

SECURITY CLASSIF ICATION OF THIS PAOE(WR Sn Oat. EnI~~~d~

r -

~

-

~

-- -~~ —



PREFACE

This report was prepared by the Biodynamic Environment Branch, Aerospace Medical Research
Laboratory, under Project/Task 723104, Measurement and Prediction of Noise Environments of Air
Force Operations.

The author gratefully acknowledges Mr. John Cole for his assistance in preparing this report, Mr. Jerry
Speakman and Mr. Robert Lee for their assistance in acquiring the raw data, Mr. Keith Kettler, Mr.
Henry Mohiman and Mr. David Eilerman of the University of Dayton for assistance in the mechanics of
data processing, and Mrs. Peggy Massie and Mr. Mike Patterson for assistance in typing and
preparation of the graphics.

ACCF~y - . - - - - ——-- . -

NTIS
DDe ~

.

tiN ~~\ ‘

iUSii~j~~~~. ~~~~ C

OIST UT /Ay 4 
‘~3i I TY 

~U~f S 

/ /

1

-

~~~~~~~~~~ ~~~~~~ —~~~~::



- .~ . — -— _ _ _ _ _ _ _ _ _ _ _

Table of Contents

Page

INTRODUCTION 3

NEAR-FIELD NOI SE 4

FAR-FIELD NOISE 6

List of Tables
NEAR-FIELD NOISE

1. Measurement Locations and Test Conditions 5
2. Measured Sound Pressure Level

1/3 Octave Band 8
Octave Band 9

3. Measures of Human Noise Exposure 10

FAR-FIELD NOISE
4. Test Conditions 11
5. Measured Sound Pressure Level 12-16
6. Directivity index 27-3 1

List of Figures

NEAR-FIELD NOISE
1. Measurement Locations 4

FAR-FIELD NOISE
2. Measurement Locations 6
3. Normalized Far-Field Noise Levels 17-21
4. Acoustic Power Level 22-26
5. Overall Sound Pressure Level — Contours 32-36
6. C-Weighted Sound Level — Contours 37-4 1
7. A-Weighted Sound Level .— Contours 42-46
8. Perceived Noise Level — Contours 47-5 1
9. Speech Interference Level — Contours 52-56

10. Permissible Exposure Time — Contours 57-72
11. Octave Band Sound Pressure Level — Contours 73—117

2 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



- ‘~~~~ “~~~~~~~~~ 
- ,- ..—--‘~~~~~ ~~~~~~~~~~~~ --- - . —~~

. . — — r .  ~~~~~~~~~~~~~~~ 
-

~~~~~

INTRODUCTION

The USAF C. 12 LG is a cargo aircraft powered by four K.3350-93 reciprocating engines. The aircraft was
manufactured by the Lockheed Aircraft Corporation and the engines by Curtiss-Wright.

This volume provides measured and extrapolated data defining bioacouatic environments produced by
this aircraft during ground runup operations. Such data are essential to evaluate ear protection
requirements, limiting personnel exposure times, voice communication capabilities, and annoyance
problems associated with ground runups of the C-J.21G aircraft.

This volume is one of a series published by the AMRL under the same report number (AMRL-TR-75-50)
as a multi-volume handbook that quantifies the noise environments produced at flight/ground crew
locations and in surrounding communities by operations of Air Force aircraft and ground support
equipment. The far-field , community-type , noise data in the handbook describe the noise produced
during ground ope rations of airc raft. ground support equipment , and other ground-based equipment or
facilities.

Volume 1 of this handbook discusses the objectives and design of the handbook , the types of data
presented , measurement procedures, instrumentation , data processing, definitions of quantities,
symbols , equations, applications , limitations, etc. Volume 2 provides a method and data for adjusting
the handbook’s far-field noise data , which are for standard meteorological conditions (15 C temperature, —

70% relative humidity , 0.760 meter Hg barometric pressure) , to derive comparable data for other
meteorologicai conditions. Refer to Volumes I and 2 I.references I and 2) for such information because it
is not repeated in other handbook volumes.

A cumulative index lists those aerospace systems contained in the handbook , and identifies the specific
vol umes containing each type of environmental noise data available t ie . ,  inflightiflight crew and
passenger noise , near-field/ground crew noise, far-field/community noise). Volume numbers are
assigned sequentially as individual volumes are published. This index is periodically updated ai
individual volumes are published and is available upon request fro m AMRL/BBE, Wright-Patterso n
AFB , OH 45433. Organizations on the distribution list for the handbook will automatically receive a
copy of each updated index.

Direct any questions concerning the technical data in this report and other handbook volumes to:
AMRL/BBE . Wright-Patterso n AFB, OH 45433; A1~TOVON 78-53675 or 78-53664; Commercial (513)
255-3675 or (513) 255-3664.

1. Cole. John N. , USAFB1OCnI ’iron menta l Noise Dab: Handbook . Volume!: Orga n ization , Content and
App lieat ion . AMRL.TR-75-5() ( 1) Aerospace Medica l Research Laboratory . W~~ ht-Patterson Air
Force Base. Ohio. 1975.

2. Cole , John N., LI SA F’ Bioent ’imn menta l Noise Data Handbook. Volume 2: Procedure to Et ’aluate
Effects  of Non-standard Meteorologica l Conditions on Fa r-Field Noise , AMRL-TR-75-50 (2 ) .
Aerospace Medical Research Laboratory , Wrig ht-Patterson Air Force Base, Ohio. 1975.
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NEAR-FIELD NOISE

MEASUREMENTS
AMRL acquired near-field noise data on the C-12 1G aircraft during ground runup operations of its
reciprocating engines. For these t~*ts the aircraft was located on a taxiway at Wright-Patterson AFB
with no significant reflecting surfaces in the vicinity except the ground plane . Table 1 gives the surface
meteorological conditions and nomenclature for ground crew locations. The ground-crew chief selected
power conditions and near-field locations usually used during routine maintenance or engine runup for
preflight checks.

At each near-field location a test engineer randomly moved a hand-held microphone in and around each
Location, probing all areas where a crew member’s head would normally be located . He recorded all the
noise samples on magnetic tape. During analysis of each sample, he determined the one-third octave
band root-mean-square sound pressure using a 4- or 8-second integration time to derive a
power-averaged level for each location. Figure 1 shows the seven near-field locations where ground crew
are usually located for maintenance and/or prefli ght checkout operations. Estimates of noise levels at
other locations are difficult in the near-field since the noise source is spatially distributed , i.e., not a
point source. The noise levels at near-field locations can vary widely depending upon relative distances
from each noise source (intake noise, exhaust noise, panel resonances , internal engine noise through the
engine wall , etc.) .

Table I lists the numer icfalphabetic designators used on the data pages in this report to identif.v the
measurement locations and test- conditions. For examp le , the designater I ‘A means ground crew
location 1 and test conditi on A.

RESULTS
The measured data presented in Table 2 define the sound pressure levels (SPL) produced by the C-121G
aircraft at the seven ground crew locations. This table includes the overall , 1f 3 octave band and octave
band levels. From these data one can calculate the variety of measures given in Table 3. which are
widely used to assess th~ effects of noise on personnel and their performance.

A ll near-field data are for the meteorological conditions at the time of the tests but are valid for all
typical airhase meteorology because of the short sound propagation distances involved .

©

~~~7~~TE~ O

Figure 1, Near-Field Measurement Locations on Taxiwa,,
Wr ight-Patterson AFB, 

OH 4
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TABLE 1

MEASURE MENT LOCATIONS AND TEST CONDITIONS
FOR NEAR-FIELD NOISE MEASUREMENTS

C-121G Aircraft, Ground Runups, Wright-Patterson AFB, OH
Tail #30548, 23 September 1974

Groisnd Criiw Location

Engine Start

2 Marshal

3 Fire Guard

4 Wing Walker

5 Chock Pull

6 Chock Pull

7 Safety Obeerver

Airr r af t Rngsne Operation

A All Engines Idle
Meteorology

Temperature 12.2 C
Bar Preeaure 0.749 M Hg
Rel Humidity 36
W i n d — S peed 2 Nt’Sec~ 4 KUO

— Direction 050 Deg

5
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FAR-FIELD NOISE

MEASUREMENTS
AMRL acquired near and far-field data during a 1-2-hour test period , thus keeping similar meteorologi-
cal conditions. Figure 2 shows the ground runup area (taxiway) , ground cover , aircraft orientation and
19 microphone measurement sites on the semicircle. The center of the 75 meter radius semicircle used in
surveying the R-3350-93 engines was on the ground directly below the intersection of the aircraft’s
centerline and the plane passing through both inboard engines’ propeller planes.

Table 4 provides cockpit readouts of engine characteristics (RPM , fuel flow , etc.) for each power setting
used in the far-field tests. Also listed in this table are the surface meteorological conditions during da ta
acquisition.

All 19 microphone measurement sites are in the acoustic far-field of the source where the sound
wave-fronts spherically diverge and the noise source may be regarded as a point source.

A portable microphone/tape-recorder system was used to sequentially record the noise at each far-field
location. The microphone was attached to a hand-held pole, pointed at the souzte (0° angle of incidence)
and vertically scanned from 0.5 to 3 meters for a period of 5-10 seconds during data acquisition at each
microphone location. These samples were then time-integrated to derive a root-mean-square sound
pressure level. Vertical scanning and time-integrating together reduce anomalies frequently present in
data acquired by a fixed height microphone.

/~ ~~~~~~~~~

/
/

~ 
j \~ TAX IWAY 21

/ /I5o-\

/ / 
_ _/ ,  t20 

90 

60 \\
E~~~~ GRASS

/
1 [ 11J ASPHALT

FIgure 2. Far-FIeld Measurement Locations on Taxiway
Wright-Patter son AFB, OH

8

I,. ~~~~~~~ ~~~~



— —, - ‘~~~~ “ ‘~~‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~ ~~~~~~ ~~~~~ 
,• .- ~~~~~~~~~~~~~~~~~~~~~~~ - - 

-

R ESULTS
Table 5 list s the ~vera lI and 1/3 octave band SPL measured at the far-field locations under meteorologi-
ca l conditions at the time of the test. Data in all other fi gures and tab les are based on these levels. These
data were normalized to 100 meters distance and standard meteorological conditions (15 C temperature,
7O’~ relative humidity, 0.760 meter Hg ba rometric pressure ) and used to derive the graphic data in
Figure 3 which provides a compact summary of the far-field noise characteristics of the C-12 1G aircraft
in a standard for mat.

Fi gure 4 and Table 6 present two basic acoustic measures , the acoustic power level and the directivity
index, respective ly . The acoustic power level describes the power radiated by the source as a function of
frequency. The directiv ity index is a standard acoustical engineering measure that describes the
geometric way in which the source radiates thi s power as a function of both frequency and angle from
source . These basic source measures are primarily of interest for acoustical engineers and noise
generat ion control speciali ’~’s.

Estimates ofthe noise levels for intermediate power settings e.g., 2300 RPM) and/or different number of
engines operating e.g., single enginel can be determined as explained in Volume I of this handbook.

Figures 5 through I I  are sets of equal noise contours describing seven different measures of noise as a
function of angle and distance from the source for standard day meteorology . They are, respectively,
overal l sound pressure level , C-weighted sound level , A-weighted sound level , perceived noise level ,
speech interference level , permissible exposure times for personnel and octave band sound pressure
levels.

Data excessively influenced by spurious background/electronic noise were eliminated from all figures
and tables. No data are presented at the 170-180 degree locations for the engine warmup and propeller
speed check , nor at t he 160/170/180 locations for the magneto check and the takeoff power settings
because of turbulent air flow behind the aircraft. Typica l ly, the A-weighted levels for these angles are 5
to 10 d BA below the level measured at the preceding microphone location.

Test personnel performed noise surveys during quiet period s when the background noise was minimal ,
e.g.. ear ly in the morning when no other aircraft or engine test stands were operating. Data eliminated
because they were near the background/electronic noise were generally not signifi cant because the
levels were so low (e.g., Table 5, idle power) .

Volume 2 of the handbook describes the influence of meteorology on far-field noise environments, and
provi des, if required , the factors necessary to adjust the handbook~s standard meteorologica l day data .

7
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TABLE 4

TEST CONDITIONS
FOR FAR-FIELD NOISE MEASUREMENTS

C-121G Aircraft , Ground Runups, Wright-Patterson AFB, OH
Tail #30548, 23 September 1974

Aircraf t Engine Operation

Idle All Engines
700 RPM
26.3 Inches Mg, Manifold Pressure

90 LBS/HR. Fuel Flow

Engine Warmup All Engines
1200 RPM

24 Inches Hg, MAP
150 LBS/HR. FF

Propeller Speed Check All Engines
1700 RPM
25.2 Inches Hg, MAP
325 LBS/HR, FT

Power Check All Engines
2050 RPM
28.8 Inches Hg, MAP
500 LBS/HR, FF

Takeoff Power All Engines
2900 RPM

58 Inches Hg, MAP
2000 Plus LBS/HR. FF

Meteorology

Temperature 12.2 C
Bar Pressure 0.749 M Hg

- Rd Humidity 36%
Wind — Speed 2 M/Sec (4 Kts)

— Direction 050 Deg
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