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INTRODUCTION

The MD-4MO generator set is an electric motor-driven source of electric powe used for the starting of
aircraft, and for gromd maintenance. This unit s-mamu rd by Tel Spragu n.newsg.

This volume provides measured and extrapolatod data defining bioacoustic embwulm t ,edued b'
this unit. Such data are essential to evaluate ear protection requirements, limiti personnel xsure
times, voice, cozmunieoo ipadam eamoidmsu at wtt etlmsoftbellD-
4M gset.

This volume is one of a srIme publish"d bA he -A Force Aroap" Ilea Bis & Li bratoy
(FAMRL)udA the meeportn I -AMLOL" ake"-
the noise environmenti produced at flight/ground crew locations A in e n aftft Om ities by
operations of Air Force aircraft and ground support equipment. The far-field, community-type, nissdata
in the handbook describe the noise produced daing -oumd aperuado of airataft, rmad apportequipment and other gr ounddequlins or fatii - ...

Volume 1 of this handbook diem .- the obfiethes And d ofthe hadbae t types of data
presented, measurement proes6du , ,dmtaproeeslagdn sofqamttiub,.~mbels,
equations, applications, limitations, etc. Refer to Volume I (reference 1) for such information because it is
not repeated in other handbook volumes.

A cumulative index lists these ar eMaos ssW6Sauined n the handbook, and dinti the selc
volume. containing each type oW ee La dlgb (UGe.,/ubVb it eAew and
passenger nois, nearfeld somderwhm o a o Ad
sequentialy as individual volumes are mli*"e THis, kds -p,&*is p a ~s ll uUaw
volumes are published and is available upon request from AFAIL/BBE, WrghtPatterson AFB, OH
4543& rgnatoeon the ihetrlbuio A listf the hm~sekiil IaeaatI ml roeskea copy ot ach
updated index as it is generated.

Direct any questions concermnin the technicl daft In this report and other handbook volumes to:
AFAMRL/BBE, Wright-Patterson APB, OH 43488 AUTOVON 78-5865 or 780SM64; Commemral (513)
256-3675 or (518) 2554664

1. Col, J.oh N., USA? ,ioe'wim Nouwt , A id h ok VolUme 1: Ovaimon.
Content and AAW46siNb, AAMU?- k N(1), Aerospace Medical Aeerch Lbertery
Wright-fttmo Air Porte Bae, Ohio, 1975.
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NEAR-FIELD NOISE

MEASUREMENTS

A standard .4M e naior was operated outside in front of radar docks used for a craft
maintammncems acenteslab,ata normal rated conditionDue to the proimity of the radar docks, no far-
ffld dateas nab

Figure 1 iduttiSos nise meauuremst'locadons at a height of LSme ahov- the concro apron
(nominal ear level of ground crew). The 0 dere reon m dcoine pase through the tow bar. Thes
locations are in the acoustic near-field of the souce where the sound wave fronts generally do not
spherically dixui and the som appem to be spatialy disrbuS ("e, not a point source).
Consequemtly, hem aes *ld dsta camnot bsetmoshtuto Isouer distancos but do property define the
levels at locations clo tW the vit.

Near-field m ui etwe also mdat -rlevoel at the operator eoatol paeL Tale lisb the
numerc/alphabetic designators used on the data Page in this report to id ft* the operator
measurement location and test conditions. The designator I/A means operator location I and test
condition A. Sub adesaiperisesealntiaslin many handbook voluimstatmvlvenltiecombinations
of loeaion/comditioms. It is std in this reportto uotain frmt.oaeistacy.

RESULTS )
The measured data prsentedIn TaeS demmedeamd p ue n molevel(S1 producedbythe MD.4M0
unit at 37 the mod"ie sar d loestimaI IThistb the ove 1/3 octave band, and octave
band s. Fran em _,r-- - omasma in Tle 8 which we widely aud to

For dat at other Bntrais 4 hI fearyildis l ss tha 4M motors) you can
interpolate between the 36 measured daet points.

TA"Z

MESEM TW ATIONS AND CO MNDIONS
FOR OflLaT0S NO -.EM E--U.EMENTS

MD-00 Gemerstoir
TO An, 19 June 1M
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ITASLES HEASURED SOUND PRESSURE LEVEL (003 )IDENTIFICATION$
2 113 OCTAVE SAND

4 OMEGA 3.2

003 NO S OURCEISU&JECTI 4 OPERATIONS I I RUN It I
I NO-*N0 GENERATOR ( UNLOADED I I
I GROUNDCREW I I 0Apt I

M EAR FIELD NOISE LEVELS 41
4 13 PAGE F2 I

4 LOCATZON/:ONOITION
D ISTANCE 4M)-3 6 4 6 6 2 2 2 2 2 2 2 2 1

I FREC ANGLE IDEGI3 244 200 500 320 360 a 20 66 Go 00 106 120 161
I 43423 CONDITION ---- w A A A A A A A A A A A A A

4 29
31.9

I 0

633
as0 79 4 72'

4 is$ 79' 734 7i 34 73' 764 76' 75' 744 ?%a 76' 72c
- I 129 724 rid 71d 71'C

£ 160 60'9 71' 714 69' 69' Me. 794 ?44 734 724 708 4 69 Go 3
216 66' God 60'6 9' bo O' 77 77 754 734C 724 69' 72-c 7ic'

4 250 G94 72'c 7ed 65' 69 76 77 76 74 FS 77 74, 79 I
f 315 66' 604 694 7IC 69-c 75 is 76 7o 76 76 77 79
4 460 76 as Is 3 73 73 714 76 73 F3 73 71 71 1
I see To 70 76# 7s 79 76 77 76 77 76 76 75 76b I
4 636 76 7o 73 73 76 70 77 76 76 76 79 74 76 )

T W606 69 76 71 72 72 79 76 70 ?3 73 73 73 72 1
I 1606 72 71 Go 7z 71 74 7#& 75 74 ?f 7o 73 72 I
1 129 70 70 71 69 72 79 76 79 T6 76 73 72 76o

los 1o0 07 O6 67 66 66 a7 69 To 76 70 76 s0 6"
4 2660 63 62 63 61 0 6 9 66 Go 64 63 64 62 1
4 2906 62 &1 62 61 61 # 66 4 Of 6as 6 64 66 63 I

4 3196 6 61 62 61 61 66 63 Go GO6 A 65 6 69 63 1
4 4600 s0 to 99 go 97 S1 61 62 62 61 61 so Go

54906 or 56 5? go SO 97 go of so 5 99 go go 57 1
4 360 go6 95 so of so 99 7 G6 or g7 IT I7 97 I

all 600 99 95 9 9 56 96 o9 62 90 I7 s9 90 so I
1000 92" It 1 92 It o2 91 6 95 IS 93 5 9 4 56 9 I

t.OVERALL $1 01 63 63 62 66 06 T6 t 09 -I6I03

SLEVEL CORRECTED TO REOVE BORTROUNOELECTUNC NOISE.

GROUNO ~ ml ()- PRi

I-- - .-F---0 NO-S- JVi737i Wr)

( ) ) PAG Ir
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TABLE# MEASURED SOUND PRESSURE LEVEL (01 )ZDENTIFICATION$
1/3 OCTAVE SAND I

E OMEGA 3.2

NOISE SOURCEJSUBJECTs I OPERATIONS I RUN 03
NO-4Nd GENERATOR f UNLOADED ) I
GROUND CREW 1 66 APt 82
NEAR FIELD NOISE LEVELS C )

C C ) )PAGE FS
I---- --------------------------------- - - - - -------- ---- --------- - ------ -

LOCATIONICONOIION
OISTANCE IN)-* 2 2 2 2 2 2 2 2 Z 2 OPERATOR LOCATION

FREQ ANGLE 4DEG)--> 160 ee 200 226 240 26 280 330 320 340 TEST CONDITION I
4 (hZ) CONOITION----* A A A A A A A A A A 11A

25

S .S
40

4 63 T
£ 0 73c 74' 79'

180 724 73t 74C 73C 74-c ?c 75t 76C T4c Tc S1C
12S 724 714 Tic 71' 72' 71' 71' TIC 61C

f 160 69C 71#4 7c TIC TO c' c c 72 c 73 c S so 6
4 20 71C 73$ 73' Go 72c 69-c 71' 73 74c 76 N I

S23 73C 73 74' To 75 77 7T 77 ?7 70 79
31 73 72' 71 76 77 T6 76 77 7? 76 79
406 71 70 71 71 71 74 73 74 73 7$ 7? 1
Sfi6 T2 69 72 74 77 76 76 7T T? ?7 76

4 636 ?2 6 72 7t 77 73 76 ? 77 76 79
4 go6 G9 G6 To 74 74 76 73 76 7 T 74

16s6 76 67 71 T4 T7 To 73 7 6 TO 73
1236 6 Go 6 73 73 75 7 Y75 T3 75 72 1
16O10 62 62 52 64 59 To 71 71 7I 76 5I

£ 2830 60 sc 39 64 67 b7 7 57 5 Go 6 1
2 306 99 56 s9 64 GT 66 oT o? bY 5 Be

I 310 of 36 59 64 67 66 66 67 57 6 61
4666 35 35 33 61 63 6 Z 5 63 52 SO

4 s0l 34 34 34 60 61 be 60 6 t0 S9 56
6366 31 f1' 31 S7 6 so so S9 g9 39 36

4 6866 s1 of 30' 3o 61 37 so Go 39 so 57
£ 1606 Wt' 47C 46C 5 S4 33 33 S o go 32

4 OVERALL 62 62 63 64 66 6 5 67 Be 67 69~---------------------- ----- - ---------------------------------

LEVEL CORRECTED TO REMOVE 4ACKGROUNOIELECTRNNIC NOISE.

J.
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--- 4 ------------ - --------- ---------------- ------------------------ - --

4 TABLES MEASURED SOUND PRESURE LEVEL (0B) )IDENTIFICATION# 1
2 OCTAVE SAND OMEG

-- - - - - ----------------------- I TEST BA-1S-3 I
4 NOISE SOURCEISUSJECTI I OPERATIONS I RUN I&
4 MD_4HO GENEIRA TOR 4 UNLOADED I 3
I GROUND CREW 4 1 3 3 APR 42
4 NEAR FIELD NOISE LEVELS i
q I IPAGE JI

4 LOCaTIONIfCOMDZTION
D ISTANCE INI-b . 4 4 4 4 4 4 4 4 4 4

4 FREQ ANGLE 40151)--: 21 43 83 8 3 23 13 1310 3 2 4
(IZo CONDOTON-b a a a A a A A A A

31.6
4 3 1
4 126 71 ?3 76 74 74 76 73 76 77 76 73 76 14 29 74 Ti 74 ?S ?2 ?2 ?1 73 ft 75 70.74 Y4 76 I

I see 77 76 78 76 74 is 7s 74 73 73 72 76 77
4 3371 A4 76 7? 74 4 72 73 17 73 71 74b 75

403 61 62 62 63 62 63 62 61 so go 61 62 66 2367 8 67 7 87 7 6 63 3 83 7 69 1
$09 333 38 7 97 s3 or 67 6o 66 63 63 66 s3 603

4 OVERALL 83 a1 32 31 as as 79 so so 31 as as 32

-



- ----------------- - - ------------------- - --- ------ - ----

I YABL ME NAUREO SOUND PRESSURE LEVEL (03) 1 SWIIAfW
2 OCTAVE SANO Ik6IIOMEGA 3.2 3

I --------- ---- - -- -v--------------- --- I TEST 9496.897 1
I NOI1SE SOUROE/ISJECTI ( OPERATIONI I UN6
1 O-4160 GENERATOR 4 UNLOADED33

( GROUND cite" I 330An6 at
(NEAR FIELD NOISE LEVELS 4 1

- - -- - -- - ------- !3- - - - - - --- - - -

I LOCATION/COMDITIOK
I DISTANCE I- 4 4 4 lb 4 2 2 2 2 & a 2 2 1
I FREQ ANGLE t66--s 2UI 280 391 3te 340 a 26 to so M6 1 ts 126 s 1 I

at t 4Z) CONOITIO---bA A A A A A A A A A A A 

31.9

63121 76 70 70 10 70# 1e 76 7? 77 to 77 74
C 256 71 74 7t 713 72 61 :1 :1 so ?I so of To I

I of6 f 74p 7? 70 76 1 1 61 $1 a6 79 78 79 1
4 1056 7o 70 to To 70 TO of 61 78 ?a 76 76 70

a& 2a6 41 0 4 7 0f?t7 71 f2 72 is 71 To to I

1 66655 0 1 so 65 2 04 02 a1 62 4,1 01 I

I OVERAL.L 1 as so,2 8 60 of as61 8 64 S

---- -- - - ---- . *..... .

-I .4
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I 9ALE EAUESOOPESRELL )ZO IENTIFCATONS I
2 OCTAVE SAND ~ .

*4NOISE SOURCEISUSJECTI 1 OPERATteNs am as IU 6

1 WO-'.NO GENERATOR 4 UNLOASEO I I
4 GROUND CREW 96 I Apo~ at

I NEAR FIELD NOISE LEVELS £I I
I I IPAGE J3

LOC&TZONICONOITION

D ISTANCEN()-b 2 2 2 2 t 2 2 2 2 1 @PRATOR LOCATION I
- I FREQ ANGLE 4OEG)--D 16 too 266 226 246 M0 266 393 326 346 TEST CONDITION I
- IZI CONDTION-- -A A A A A A A A A A 10 1

4 31.3
6 3 as I

£ 125 74 ?6 76 76 77 77 T0 T6 T? T9 so I
2S9 77 To 76 7o 0 of To 6o as *I I4

C Soo 70 ?4 70 to of so 6f &I 61 at 41 1
I 1666 74 72 ft 7o 79 as Ts of as ?a I6
14 2691 of 04 so 71 72 72 74 74 73 72 Go
4 46060 02 61 61 of 69 Go 0o to 09 07 0

off o66 U 9 of 0I G4 02 G 63 as 43 110

4; 
1



I TABLES MEASURES OF HUMAN NOI9SE EXPOSURE )3INTIFICATION1

3 SOMEGA 1.2
(- ------- --------------------------------------------- ITET -6 867 I

INOISE SOURCEISUSJEGTI ( OPERATIONS I RUN 61
C NO-40 GENERATOR I UNLOADED I

4 GROUND ORION f 336 APRt 02
I EAR FIELD NOISE LEVELS I I 3

4 1 1 PAGE "t I

LOCATIONICONOITION
I DISTANCE (Ml-* 4 4 4 lb 4 4 4 4 4 4 4k 41 l

ANGLE BEG)--w 6 2s too 6 0 16$ 126 146 10 166 It 66o 2*6 260
I CONDITION ---- , A A A a A A A A A A A A A
I I
I NAZAROIPROIECTION

* C-NEIGHTEO OVERALL SOUND LEVEL 40ASLC IN 060) AT CAR
A-WEIGHTED OVERALL SOUND LEVEL IBASLA IN 060) AT EAR

I NAXIMUM PERMISSIBLE TINE iT IN NINUTESS FOR ONE EXPOSURE PER DAY (APR 161-36, JU.Y 71
40N PROTECTION3

D4L Go8. as $I a2 61 66 s6 79 as $I $I $I of of I
4 CASLA 76 77 TV to TV 77 77 70 A4 79 79 7? T9 I
4 T Se06 91 690090696 69961 to 6he9 0* 96 6*VI 60 1

I NiNimim DPI EAR MUFFS I
I OASLA* 06 67 so S7 0 67 66 6 o? s0 117 90 so9I

I AMERICAN OPTICAL 1766 EAR WUDPSI
4 OASLA* so 62 63 62 31 It 46 $1 of #8 or 91 61 )
I r 600 906 *61 no 966 96 96 See *68 966 *0 *0$ Ise I
4 "I6R CAR PLUGS
I OASLA* 9 41 of 64 61 91 IS 63 62 6* 62 64 I0

T 900 96 *69 666 906 96 90 SO6 *69 96 9411 *6 *6 )
ANERICAN OPTICAL. 17s$ EAR MUFFS PLUS V-6R EAR PLUGSI

4 OASLA* 41 46 41 46 S9 so so s8 37 10 s0 49 41l I
I T 9"0 906 64 *6 90 96 966 169 * 9 6# no IG6 Ise
4 N-133 GROUND CONNMUNICATION UNIT I
4 OASLA* 94, 49 s6 6# 49 49 46 46 so It I0 6 6
4 7 906 906 96$ "1 061 Ste So6 So6 *69 96 *69 *60 *0 1

I CONNUNICATION I
£ PREIED SPEECH INTERFERENCE LEVEL (PSIL IN 0031

4 PSIL Ts 72 is 76 72 re ?2 71 69 to 09 72 74

( ANNOYANCE3
4 PERCEIVED NoIs LEVEL, TUEt CORRECTED (PIE.? tN PN093 I
4 TOME OMMOTCION lC in 09) 1

4 PSILT S6 a0 69 a0 so 60 96 o7 60 6 47 66 91 1
I C I I I a I 1 6 9 1 1 1

1141oAE ON CALCULATED SPL SPECTRUM wISR PROTECTIVE BEVC.

4alw 01
1110.-lei'--A-I.1.1. . 11. 11



1 TA@Lfs NEASURES OF "UNMN MUSE EXPOSURE )IDENTIFICATION$

1 3 OMEGA 3.2
NOISE . --- - - - -.----- ---------- - ----- ---------- 3 TEST VA-6SS-117
NO11 SOIMUcISwIJCTS 4 OPRATIONS I I RUN I

I NO4S1 GENERATOR I UNLOADED
I GROUNO Ren 4 I 1 66 APR It 3
1 NEAR FEELS NOISE9 LIVELS I I I

)I PAGE t I

LOCATIONICONMITION o
0ISTA NC I-b % i 4 4l 4 2 2 a 2 2 2 2 2 3
AN 6066-b ISO 111 360 320 340 0 29 #0 #1 so a to 129 16l
CONOITIOW----* A A A A A A A A A A A A A

KAZARDO.Pltf TIS
4 :-MEIGKTO OVERALL SS'40 LIEVEL 4O*S.G 1N 0960 AT EAR

A-NEIGHT O OIRALL SOUNDO LEVEL NASLA IN0'084 AT EAR I
NXIMM PERNSSIBLE TINE IT IN MINUTES) FOR ONE EXPOSURE PER OAY 4*6 161-35, JU-.Y 73)

I NO PROTECTION I
I O&*L5 a1 a1 63 as o2 66 i A6 IS 1 4 63 3
4 ASLA 7S 78 79 7s 79 as 63 2 62 02 61 so I
I T 6 91 6 961 no 6 71 $71 440 679 67s 679 for 960 3
I MINIMUM Sf1 CAR MUFFS I
I OALA* go so 59 66 so 62 63 62 62 61 61 Go 99 3

1 90 me s6e se6 966 966 96 6 S so# 9 "0 9I 9 960 960 1
I AMERICAN OPTICAL 1760 EAR iUfiFs
4 OASLA* at of $4 5o 93 S? a? ? 57 56 56 so 96 1
I T 966 966 966 966 96n 960 960 960 966 6I 960 "I 6O
4 V-Sit EAt PLUGS
I 0ASLA* ft 54 Of 6 9 6s 60 39 09 so s6 57 t
I T 960 963 96 9 96 961 960 960 111 966 966 961 s6 3
4 AMERICAN PTA 1760EAR MUFFS PLUS V-SIR EAR PLUGS
I OASLA* V 4 41 41 42 41 4 * *6 44 44 44 43 42 1
I T 96 960 966 96O 966 is# 960 960 966 966 966 966 "a6.
1 M-133 GROUND CONMUNICATION UNlT I
I OASLA* 51 91 St $1 51 s 59 66 99 04 9 s 923
I I 9" 966 960 960 960 960 "1 ISO 966 see 960 "10 "10

I COMMUNICATION
I P667IN6 SPEOMCH INTEMFE[NCE LEVEL tPSIL IN 061
I PIlL To 72 7*# 747 77 76 77 77 To P9 7* i

4ANNOVANCE3
I PERIIVCa NOISE LEVEL, TOE CORRECTED IPILI I* Poo)
4 TONE CORRECTION 4C IN 063
4 PULT 69 09 91 96 91 9* If a6 9* Is Is I 9I C l1 " 1 6 1 1 2 1 1 6 1 0 3

* ~~* l*ID ON OALCULATE SF4 SPCTRUM UNR PROTECTIVE 0EVICE

.n 
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I TABLEI MEASURES OF HUMAN NOISE EXPOSUE IIOENTIPrAIfONU I

1 I OMEGA 3.2
.-.--.-....-- ...........................................--- - - - - - TEST BA-6n-67 I
NOISE SOURGESUJECTI A OPERATIONS I j RUN 33

1M1O-4110 GENERATOR 4 UNLOADED I I
4 GROUND CREW 4 6 I 03APR 62

NEAR FIELD NOISE LEVELS I
4 I I PAGE "S

LOCATIONICONDITION
DISTANCE (00-w 2 2 2 2 2 2 2 2 2 2 OPERATOR LOCATION ?
ANGLE IDE)-' 110 186 203 Us3 24.0 263 286 366 323 343 TEST CONOITION I
CONDITION ---- A A A A A A A A A A IAI

I MAZAROIPROTSCTION
S C-WEGHTED OVERALL SOUND LEVEL £OASLC IN OC) AT EAR

A-WIGHTEED OVERALL SOUND LEVEL 4OAS.A IN 604) AT EAR
MAXIMUM PERNISSIOLE TIME (I IN NMINUTES) FOR ONE EXPOSURE PEq DAY (APR 1t3-3S, JU.V 73)

no PROTECTION
OASL 62 02 03 04. 8 00 03 44 03 07 I
OASLA ?11 7 7o &1 03 83 03 03 33 33 at I

-T Sa $ 6 6 or M ri S r II 0t1 3 971 3 3791
c MINIMIUM QPL EAR MUFFS I

f OASL** SO 61 33 6 02 32 31 33 32 63 of I
I T 936 IS* 936 6 939 96 936 931 no3 S06 931
4 AMERICAN OPTICAL 176 EAR MUFFS

f OA.8L* 53 5 59 i 33 1o 4 1 6 of OF so 2 I
f 1 960 91 96 966 936 936 96 9 6 9l Il 93e
( V-SIR EAR PLUGS
I OASLAO Of 34 31 a0 I9 s 59 60 6 0 o

T 96 90l 3 9 39 0&1 933 96 93 960 91 936 930
4 AMERICAN OPTICAL 1763 EAR MUFFS PLUS V-SIR E4R PLUGS

OASLA41 to 39 4.l 44 43 4S 4.S 0 4 4. 4. 6
T 9t6 96 933 US 96 936 0 goo 961 96 Is3
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