construction
englneering - Serving the Nation Technical Report N-60
researCh September 1982
'aboratory Integrated Installation Noise Contour System

= wy |United States Army
I m*miif Corps of Engineers

... Serving the Army

ACOUSTIC DIRECTIVITY PATTERNS FOR ARMY
WEAPONS: SUPPLEMENT 1

For Ref,
ere
nee U.S. ARMY CERL LIBRARY

e

Not to be taken from this room

by
Paul D. Schomer

A\ / 4
E=Ri.

Approved for public release; distribution unlimited.



The contents of this report are not to be used for advertising, publication, or
promotional purposes. Citation of trade names does not constitute an
official indorsement or approval of the use of such commercial products.
The findings of this report are not to be construed as an official Department
of the Army position, unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN IT IS NO LONGER NEEDED
DO NOT RETURN IT TO THE ORIGINATOR



UNCLASSTFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Dara Entersd)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
V. REFORT MUMBER |; GOVT ACCESSION NOJ 3. RECIPIENT S CATALOG NUMBER
CEEL-TR-N-60
& TITLE (ond Subiiile) 5. TYPE OF REPORT A PEmIOD COVERED

ACOUSTIC DIRECTIVITY PATTERNS FOR ARMY WEAPONS:

SUPPLEMENT | FINAL

& PERFORMING ORG. REFORT NUuMBER

7. AUTHOR(s) . CONTHRACT DR GRANT MUMBE Rya)

Paul I}, Schomer

5. PERFORMING ORGANIZATION NAME AND ADDRESS 0. PROGRAM ELEMENT. PROJECT, T ASK
U 'S ‘ AREA & WORK UNIT NUMBERS
CONSTRUCTION ENGINEERING RESEARCH LABORATORY 4ATBZ720AB96-A-011
F.0. Box 4005, CHAMPAIGN, IL 61820

1. COMTROLLING OFFICE HAME AND ADDRESS 12. REPORT DATE

September 1982
1). WUMBER OF RAGES
26
(T4 MONITORING AGENCY NAME A ADDRESS(IT & ffarant from Controfiing Offica) | 15. SECURITY CL ASS. (of this reparm)

Unclassified

DECLASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBLTION STATEMEWT [af this Kapori)

Approved for public release; distribution unlimited.

IT. DISTRIBUTION STATEMENT (af the abstract entered in Blsck 20, I Sffersnd from Report)

S SUPPLEMENTARY NOTES

Coples are obtainable from the National Technical Information Service
Springfleld, VA 22151

13. KEY WORDS {Contfnus on reveras sida [ necessary and ldentlly by block number)

noise pollution
weapons noise
directivity patterns

20 ABSTMACT [Coofieus an reverss siis I cecesrsery s hdentify by block number)
This repesr grves the acoustic direcuvily pattens for the LAW and TOW antiank

wrapnins and threr rounncly wed weapon smulators. These data supplement the dueoivity
panern dac measured and amalysed by the U8, Army Consirsction Engineening Rescunch
Laboraoey (CERL) for other weapons in the Army imventwy, as veporied in CERL
Cechmwal Report N-60  January 1981, These supplemental dais have been i buded in the
CEREdeveloped Integrated Notse Contonr System (INCS) anid s associared hlasi-noise
prediciion computer progrom, BNOISE 32 The Arny Enviconmental Hygiene Ageriey
PAEHA) uses CERL s INCS BNOISE 3.2 predicton program o help installations imple-
et the Arm's Tnsullavon Compatible-Use MNoise Zone Program (1CLE),

DD ,:':"" V473 EoiTion OF ' MOV 55 15 DBSOLETE FLE

- TR e aw ww e A F e Naota Pafassdl



FOREWORD

I'his wesearch wais conducted lor the Direciorate of Military Programs, Office of the Chael
ol Engueers (OCE), under Progecs 4AT62720A896, ““Environmental Quality Technology™;
Task A, “Imsullation Environmental Management Stmiegy'; Work Uni 811, “Integraicd

Installanon Novse Contour System.” The OCE Techmical Moniior was Mr. Gordon Velasoo,
DAEN-MPE -1

Ihe wimk was performed by the Environmenml Division (FNJ of the LS. Army
Camstrotion Engineening Reseanch Laboratony (CERL) Dy, R. K. Jain is Chird of CERL-
EXN,

GO Lonos | Chreeo a5 Goonmanider and Direcoor of CERL, and D L. R, Shadfer s
Techmicul Direcior,
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ACOUSTIC DIRECTIVITY PATTERNS
FOR ARMY WEAPONS: SUPPLEMENT 1

1 nTrRoDUCTION

Background

On 20 May 1981, the Army instiwsted the Instillaton
Compatible-Use Nowse Zone Program (ICUZ), Under
ICUZ, Army installations will work with the local eivilian
communiry e fined wavs i prevent or lessen the eneroach-
rend of off-insullation housing and other noisesensitive
bl tses neoareis that are, ar aee HRely o be, impacted
by Ariy trining tiise

Vital o the sucovss of the 1CUZ progriom is o noises
prediction computer ool developed by the LLS. Army
Construction Engineening Research Laboratory (CERL )
The Integrated Noose Contour Svstem (INCS) orentes
distance-scaled  poise contours using data on the ype,
lrequency, and vme of IFaning operaiboins weaon tyjes
and charge sires: and target and fining poant locations.
IMbese comtours, when over laved an a map of an inslla-
ton and its enviroms, idennly existung or potential
conflicts betwern powse levels produced by training opera-
tonns and noise-sersitive land uses on or near an sl
non. Using BNOISE 12, the blast nowse prediciion
commpattey program associated wath INCS, contours alu
can be created than predict how changes i trming range
opeTations, sitng. use intensily, and weapon types will
alter an imstalkation’s nose-impact profile® The Army
Environmental Hygiene Agency ( AEHA) can muke notse
predictions for any Army imsiallation using CERL
INCS/BNOISE 3.2 program,

One important dow type needed lor INCSBNOTSE 3.2
i the individoal peovsin directivity patiern associpied
with maost impulse-noise producing weapons i the Army
inventory. These patterns lorm a standard module of data
for the INCS/BNOISE 82 prediction progran.

CERL Techmioal Repon N-60 lists directivaty patioern
data obtmned duning tesis i Fon Sall, OK, lovr many
weapons wsed routmely in Avmy trmmng { Fable 1).* This

IPaul Schomer, “Nooe lmpan Predioon aed Control.”
Alchitary Engoneer, Volume 74, Kumber 479 (Apail 1987

‘Paul D Schomer et al.. Blau Nowe Prediction Volume I: Data
Bases and Computatiomal Procedures, and Lincoln M. Linde et
al., Volume II: BNOISE 1.2 Computer Program Deseviption and
Program Listing, Teohimisal Repon K98 ADAMGSH0 and ADA
835 (U 8. Aoy Constiuction Engineening Research Laboss-
toey [CERL], March 1961)

WD, Schomer, Lo M Linde, and A B Hune, Acousfi
Directuary Pattermy Jor Arey Weapons, Technical Repon K-
T ADVAURHZSY CE R, Jaiiry 1974,

supplement to thi repont conuins directiviny patierm daia
for the LAW and TOW antitank weapons and three
regularly nsed weapon simubaors.

Purpose
The purpaose ol this study was 1o dewermine the soowsti

direcuvaty paterns of the LAW and TOW antiank
weapons and three regularly used. impulse-mosse peoduc.
g weapaon simulators

Approach

Noise measurements were made on the LAW and TOW
annank weapons and on three ash and boom simulatons
ar Fort Carsom, CO. The measurement method  wis
basically the some as that desemibed in CERL Technical
Report N-60, Weapon [inngs were interspersed with
detonutions of G4 plastic explosive, The G4 wis used 1o
“ealibrate! the site aod wllow data o be corrected o wind
and terrain ellects,

Mode of Technology Transfer

The directivity patierns obtamed asa resulvol thissoady
have beenadded 10 the INCS/BNOISE 3.2 input data bank
and are available for use by AEHA and all Depanimem of
Delense ativilies

Tahle 1
Weapons Tested (Fort Sill, OK)
Weapon Name Model
B-in. sell-propelled LRLEY
105-mm tank Ml
42 n. ot Min
W1« rmmm rowsrian ak
| Wi rmome recoilless rilles MAOA)
Ml pecodlless rilles M7
105 howitie M
15h-imm howitses ML
Bin, howitaer Mk b 141
Ihamm Sheridan (ank gun) 1 KA
1a5mm howarser M1
1% boswiteet MIEAL

2 DATA COLLECTION

Measuremenis were performed o Fort Carsaon, (0. The
anniank weapon data souer was the normal rasmming
operations of an armor combat support company. The
sunulators were acuvated especially fow the CERL mea-
suremenis. The test site was an open grassy held, the
standard type ol training range ot Fonn Carson. An
abbreviated test plan is given in Appendix A

Tesl Sequence

Table 2 lss the two weinpons and three simulagons
measured] Tor Bl nevise durimg the Forn Carson test, The



Table 2
Weapons Tested and Event Numbers

{Fort Carson, C0)
7 March 1981 2 April 1941 3 Apeil 1981
Evemt No. Weapan Event Mo Weapen Eveni No Wrapon
| | 4 | C4 2 -4
2 Tiyw 2 -4 = L~
1 Tow 17 Arullery umulator n LAw
] -1 ] A N LAw
3 Iy L] cA b a | LAW
i ToOw 1o-14 Hand gremade 2 A
st laton
7 A 1% A n A
H -4 1 1H Antillery Mash
simaialator
1 [ 20 LAw
b (| N LAW
50 LAW
b (&8}
32 G
mam body of the wst used G- plastic explosive as an Callbratlon

ommdirectional calibration source. The test sequence
comsisted of one blast of CA flollowed h'; one of male
events froen the weapon o0 device umder wese. The C4
sound-pressure fevel comtours were used 1o conrect lor the
effects of wind and: or verrain. This is essentially the coane
procedure wsed dunng the onginal Fort Sill measune-
fments

Measurement Apparatus

Each weapon or sumulion was measured sepannely, For
eai h measurement seties, muorophones were deploved ma
concentrie riog. A radios of abour G0 {183 m) was used
for the antank weapon measurements, and a adius of
250 00 (T m) was used Bor the stmubaces devices, Eachoies-
sevies g consisted o sixo microphones plivced a 607
irervals aroml the Do point, as shiown in Figaee |

The microphones were Endeveo piesoresistive trans-
ducers close-coupled 1o CERL-buih preamplifiers and
line drivers. ( Appendix B describes the Endeveo deviee il
the CERL preampliliers. ) Each microphone was wired o
the CERL mobile lield acoustics labomory, where the
signal was revorded on an Ampex PR 2230 1 4-channel FM
tecorder. For comparnson, o standard BEK-type 4921
outdoor microghone svsiem was located a1 Swation 7,
wired 1o the CERL van, and i signal recordel. However,
the peak levels regitered by the BEK 4921 system were
“clipped.” bevause they were larger than the maximum
level capabality of the Bk 4921

During the est, the measurement plan (Appendix A)
had 1o be modifsed bocause the simulators and the LAW
racket produced voo linde nose 10 be measured e GO I
PVHE ). So., the test vadios wis clamged o 250 00 (72 m),
The size of the CeA calilbvanion was redoced from S l-004
1 (2.2 10 0.5 ke,

Calibwation was performed (1) an the beginnung of every
new tape, (2) at the end of easch tape and or day, (3) when
changes wrre made in the cqupment or equipimen
placement, (4) when the equipment was first sei ap, and (5]
when any eqpuipmment mallunconon was suspecied. The us
Endeven sations were calibraed with 2 BER 4220 juston.
phone, CERL made special housings for the Endeson
microphones so the calibiation could be done wung
standard Laboratory and ficld devices (see Appendix B). A
the beginning of each FM upe, the calibration one was
recorded for aboun 15 seconds a1 the measurement e
speed of 60 an. secomd (1529 mosecond ). The BEK 1921
systean wans calibrated iinally wang the B Koype 1220
pistmphane. Subsequent @libeaions were perormed
using dis anternal W00 M elevirostonue monion.

3 DATA REDUCTION

Primary data reducoon was done using the CERL-
developed True-Integrating Environmental Noise Momiwor
and Sound-Exposure Level Meier* Thas data seduction
resulted in a meisaire ol the flat-weighted and Cowrighiad
sound exposure bevel (FSEL and CSEL) The Nogland
computing oscilloscope was vsed to measure {Lit-weighted
and C-weighted peak data for each event. Background
noise measuremenits were also made 1o ensure thar the
recorded data were lar enough above the noise bevel 10 be
valid. Appendix C lisis analyzed daa by evem

fAxron Averbach, ¢ al., True-Integrating Envronmeninl Niuse
Muoviatar and Sound. Expogure Level Meter Volumes [ thriugh 11
Technical Report N4 L ADAOGISSS, ADAUTZ00Z, ADAGHYIR,
and ADAGASIZ] (CERL, May 1978, June 1979, andl Murch 1980),



Fach dan evenit aon series al evenits wis livst cormedcted by
the adpaoent (in-tuoe) C-4 calibration evemis,. A sl of
numbers was lound for the O evenis just belose and alwe
the weapon o device eventis) and used 1o correct the G4
data v an ommdireciional, henuspherical (aomally or-
cular in he ground plane jradising souroe. The eventdats
were averaged by mucrophone amd correcied by the set ol
numbers lound to convert the A4 o o perfesy carcular
soutce. These averages are lsted in Appendix 1Y, Samalar
weapons ar sources {alier correction by adjacent G-
calibrations) wene then combaned (energyaveraged by
microphone) (o loon the overall weapon or device direc-
tvity patiern, Conectons were made w0 lorm 3 sym-
metrical pantern. Appendix B liss the resolinm data by
weapon of device

lable § lists the dataas they are imecloded inthe BNOISE
3.2 weapons inpul table. Table 3 i based on the data given
n ﬁp]:l'lbllll D, In the mble, dov lor the simulaors are
adpusied so they are relative 1o 5 Ib (2.2 kg) of C-4 on the
ground tas required by BNOISE 3,29, sather than the 1-1/4
It (05 ki wsed in the test, A conversion Ficeor of b decibels
(B was wsed * Phe referenee distinee was 260 . An this
distanee, 5 s (228 kg ol €0 expalodded o e ground
typacally procdisoes o CSEL of 119 dB.

"Paul Id Schwsmorr, o0 al . Blast Nowwe Predu sion Volume | Data
Basey and Compuiaional Prooedures. Techmical Repon N
0 CADADSHO (CERL, Mamh 19581}

-~

Figure 1. Location of measuremeni microphones.

4 concLusions

The report goves the aooistie sdves vty geatserns log the
LAW and TOW amumank weapsons amd thoee soutinely
used wenpon simubstons messured o Fon Carson, G0
These data supplement the patiern dita presented in
CERL Technical Repori N-tlh. These supplemental gt
iern data will be imcluded in ithe weapon direc vty patiern
e molule of BNCSE 82 nd made avinlible to users of
the CER Ladeveloped INCS

The ounsite peed 1o vary the onginal st plan indicates
some of the problems in atempiing 1o specily standasd
measurements lor the divec vy pattern of Atmy weapons
Some of the devices were siuch that the planned measure-
ment distanee had 1o be reduced brom 600 10 250 b (18210 76
mi. The C-4 calibraton charnge also had 10 be reduced from
four sucks w1 stck (e, from 3o 104 1 [2.2 10 0.5 kgj),
Staundand measurement provedures connot be develope
withiowt showing suffwienl sepeatlnbiny ovir e (the
savrne swecnpaony pensared b the siome place Lo an differem
tmes), repeatability over position (1l some weapon
measured in differemt locanons w0 dilleresn iimes), and
uniil enough is known aboul cach 1ype of weapon 1o
adequuanely spealy measurement distances and calibranon
charge sire



01

Table 3
Reduced Data by Weapon or Device
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APPENDIX A:
TEST PLAN FOR ROCKET NOISE
MEASUREMENTS

Background

A Backgrouwnsd Teratoee stly wos pesfonmed on the
sertirees andd levels ol nonse genevared by o kets, Phos sody
indicares that very Hele Tae-fiehd dara exist on rockel noise
emitssions other tin for the very Lirge ballistic-missile
types al rockes, For the simalbrocke s, tnterest hus centered
primarily omoche noise encountered ot the operitons var
For prelimaniry wonk, the Army Environmental Hyvgiene
Agency (AEHA) hin egquated the pounds of propellan
the Lar<field prosure in a bike manney (o explosions of C-4
plastic explosive or INT. Indeed, some secent work in ihe
United Kingdom by Clayden, Walters, and Hillman
suppaants this comerpl. They sav. ., . in the near field, the
shock strength depemds sirongly on the detailed mech-
anpim ol the starting process, henee there s some seope for
noise reduction, but iy the e Oeld G is promarily
deperndent on the ol eoergy released" Basically, the
sl vockets appens o produce most ol then noise from
the bursting of o plug or membane when the engine
gmites and from the subseepuent shock wave ormed by (he
engine bium, However, the small amount of dac which do
exiv indicate o Laly exieme direcivity patten for the
noise emissions from small rockers

T vt the peeliminay bypothesis that the primary
meee of imterest wos the burst which commes ar or Just aliey
igmition of the rockey engine. simple measurements were
perbormed on o DRAGON oussile m Fone Beonimg, GA
Pypical recorded wavelonms are shown in Figure Al
These wavelorms are chisscl shock wave sigmatures,
wenileal 1o those gemrated by explosives. Thus, the
Berarure seave b the preliminaey messoremienis i For
Beoang show it (0 sinall roe kets can b modeled
identically 1o oher impulsive weapon sysiems sach as
armar o artallery and (2) ihe detailed divectvity pattemn ol
each weapon st be mcasured stmilarly G thase already
repuntied in CERL Tedhmcal Report N 60 for most armaog
and anillery weapon systems

Purpose

The pue pose of these messurements is o gather required
i on the poise vossions of small Armv rockets, T hise
rockets ire charnoeried by o plug or seal o the mosor eod
which bursts o explodes shortly alwr agmiton. The
primary noase o be measored by dhese wesis o than of the
bursting or exploson ol das plug or membrane amd e
subsequent shock wave fommed by the engine bum,

WA Claydem, A G Walwrs, A Flillman, ~ A Survey of UK
Wk on Naise am] Bliswhack From Man-Postable An- Tank
Wrapom,” paper peesenied o the TTOPWE Semposaom oo fn-
Baowe Dymanmues ane fneepmediaire Ballisoes, July 7 and 8, 1970,
Monserey, CA

Weapons To Be Measured
I, Pnmary Weapons
a LAW
e Tmprosed LAW (VIFER)
v. ow
il. DRAGOIN

2 Secondd Priowity
i, STINGER anti-anenilt sussile system
b Redeye
. 2.75an. v ket

1. Aurborne Rockets
a. Hellliee (Helwopter Launch 1o Anttank Missile
Svstem)
b. M6 (Annank missile)
. 5511 misile

b omn el

DHRAGON mvssile wavelorms {ahour 100 m
1o the pear; EM reconding b

Figure Al

Test Location(s)

i s desived 10 make these ests a6 pait of segularly
scheduled training or other tews mther than creae a8
special set of tests just for these measurements. Thus, the
measurersent ieam will move lrom site w0 site a1 various
times m onder o accomiplish these mcasurements. To the
extenn poasible, however, 10 s clearly desirable to measuee
maore than ane rocket an the same location in approx.
imtately the some timeliame, For proper dac, the test sie
pruest B g enr, Bevel, ogen arei,

Test Setup

Measmemenis will be done ik dhise alecady coployed
fot the divearivity patterns of armor and antillery weapons
Specifically, measorements will be ausde on s ring having
a madings ol 250 m. Additonal measurements wall sl be
rricle at distancoes of 500 m, and a1 one site, 1o the e ol the
ket ar 1000 m. The measurement sites are shown in
Figure AL Most o these sites will be wired by Linadline 1o



CERL'S instrument van, where FM recordings wall be
pude of the noise sigmatures, The other sies will be
manned and will use Nagra reconders and a special, CERL-
developed modukanon system,

As with the heavy weapons measurements, b [ (2.2 kg)
of G set plastic explosive on a post about 31 (0.89m) high
will be used 1o calibrate the measurement site and velae
these new Measurements 6 [evious Weapons measure-
ments and previous sound propagaton work by CERL.
These O~ calibeation charges are the only reguiremens
CERL has which may in any way aflect the oomduct o
order of other traming o 1esis.

Approximately 5 1o 10 measwremenis are reguired bor
each rocket-engine combimnanon

R

CERL will do all the measirementa and data analysis
The acoustical daca will be gachered by CERL persone|
using CFRL equipment. In addition 1o Diring the vocker-
weapan system, the Bacility involved will hive 1o supply
about one o two personnel trained in demolition o wt the
CA explosive charges and will alse be responsble fo
salrty requitements for use of the weapons and lor ithe G-

""h-..___*'- —

Figure AZ

12

Proposed measurement locations.



APPENDIX B:
TEST EQUIPMENT SPECIFICATIONS

AND WIRING DIAGRAMS
Tuble ®1
Microphone Line Driver Paris Lisi
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Figure Bl. Miucrophone line driver s hemanc
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Table B2
Picroresisiive Microphone Preamplifier Paris List

Maximium
Sound- Pressure

Ceain Desired LS C,
Level
{] Shiart 40l per ceramic disk | W1
20 Holk 11 20 pl per ceramin disk 1
k1] 7.6k 41 W pd e ceranie disk |l
il 284k 11 4 pl per ceramic disk 140

Piezoresistive Microphone Preamp

Microphone Amp
Ry
+12 AWV
C
|
2 S 05 f
White ) . L g J Ceramic Disk
3 o Output
/4
. =
Black .-
Green LM 301 AN
Shield
e

Figure B3, Piczoresistive mictophone preamplifier,

15



SPECIFICATIONS FOR MODEL 8550M1 MICROPHONE
{According to ANSI and ISA Standards)

PERFORMANCE

RAMGE
SENSITIVITY (AT 15 Vac)*

RESOMANCE FREQUENCY
FREQUENCY RESPONSE

AMPLITUDE LINEARITY
VIBRATION SENSITIVITY
WARMUP TIME

BUAST PRESSURE

ELECTRICAL

SUPPLY VOLTAGE
MAXIMUM SUPPLY VOLTAGE
ELECTRICAL CONFIGURATION
POLARITY
RESISTANCE

Input

Output
lsolation

Al lsast 100 to 190 ¢B SPL

=110 £ 9B ref 1 V par ubar (equevalent to 53 rma mV at 180 aB
SPL or 218 mV/psi)’

45 000 Hz. typecal

Within t1 dB 1o 5 000 Hz
Within £3 dB 1o maora \han 10 000 Hz

+0.5 dB, 100 to 190 a8 SPL
100 dB8 SPL at 1 pk g, typical
=30 sec

=20 psi

15 Vde

18 Vde

Four-active-arm peazoresistive bndge in uilicon
Positive outpul 'or increasing pressure

1 BO0 11, ryprcal

1 600 1, typical

100 M1 minimum al 50 Vde, lsads (o case, leads to shisld and
shiald 1o case

| Rghgrpnca 0 o8 = 0OOF res b |Fome Syaaliome) « 30 & 00 Mo oma - 10 P oma

Figure B4, Microphone specilicitions.
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T oee MWy

0
T'T’" |DENTIFICATION
i
L —
STANDARD TOLERAMNCE
WCHES A LA TRE T
T 1] | X=2%
Xx o+ g @ (XX = M
MECHANICAL
MOLUNTING Adhesive Bonding (ARTV recommended)
MATERIAL EXPOSED TO
MEASURAND MEDIA Stainless steal, Parylans C and apaxy
CABLE Integral, four conductor, shisided, Teflon-insulated conduciors.
gray PVC jackat, 30 in. (78D mm) long, .05 in. (1.3 mm) dia.
WEIGHT (EXCLUDING CABLE) 0028 oz (0.8 g), cable weghs 0.036 oz/ft (3.4 g/m)
ENVIRONMENTAL
TEMPERATURE BANGE
COMPENSATED 4A*F 1o +212°F (-20°C to +100°C)
A LM #5*F 1o «225°F (-54"C ta =107*C)
VIBRATION 500 g pk. sinusoidal
SHOCK 10 000 g, 100 us haif-sine
HUMIDITY, PER MIL-5TD-202E.
Method 1038, test,
condition B Isclation resistance 100 MI{! at 50 Vde

Figure B4, (Cont'd),
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APPENDIX C:
ANALYZED DATA
(BY EVENT)

Slation:
o 1 2 %
. Peak di F5EL: CHELS Fenk dn FSELS CSEL: PFeak B FSEL. CH5EL
Exent Weapon (Flatl  (Sec)  Noine Noise  {Flat)  (Sec) Nodse Noise  (Flag)  (Sec)  Moise Marise
1K1 [REN| 1205 1244 18001 126 4
4211 it «lu 1w, IR 1482 <l [[IEH! 10 talh =118 10,4 HK.A
[N [RIIKH
¥ Libw LI LT 07 B
Wil i i i (A RN 1%
H I'iFh 27 =1l KL R P =1t (TN ] HR.Y
[T (LI} 14 (180 IR 1.7
LS ] [T RS R 104 7 [[H) 15 S 1 LA [EE R LA TN N
1S [ R IREER LU
] Iow 1#iG =108 HT A B [T A 1| HE.1
E25.4 1210 1024 a3 5 [NER! IR
fi e {5 {1 Bl 1 104 106k 1 l#s -l Kb 4 Hs.e 147.7 =20 92 6 HAL.T
(a1 124.5 1274 1229 1248 1245
7 - 14749 114 1K H e 4 459 =114 LI 4 1024 1494 2.0 1] & WL
124.4 | E R F2R.4 1235 1294 (e i)
K [ 1487 =114 130 ks 4TH 11N (LU 1025 108 ~12n 17 10015
DATE: 27 MARCH
i & I T
Feali AR FSFL. CNEL Prak dit FSEL LAELS Peuk il FSELS {SEL Prak i} ] FsEL USEL
(Flanp  (Sec) Minise Muodse  (Flat)  (Sec) Niiar Moariwe  (Flan) (e Sl Moaskar (Flanh (e Miur Nuine
(RN LK 1L L1 [RUINT
Wi =B Ui Y 1K, | L R [[EN] ([N
(NEN] ILK7
150 =115 (LU RN
1ok [TER 170 1065 LA (I
400 =194 0y, 5 W54 1445 <15 Y Hi1H l2ud - 1.7 M1 1.7
12612 (P8} 1y 1274 (£ 1282 [P 1999
1480 =120 1045 B4 bl -1 LA 14Hh 4 1N 1598 -124 [[Ir! LGN Lo S R I, 4 HiRg
| |42 11732 Wit | [JURT]
142 -| LR W61 Hi T 1284 =114 RN i,
|44 118 1Lk 10015
474 11N 1) ¢ Wl 1968 =i1A 04y ai i
1254 1280 [N 1278 182,48 1247 1264 LB
147 4 1n 107 17 1564 <120 EELS HHE 136 =184 10k ) 14%5 - =127 1045 L5
19510 1244 [ H] 10| 1304 [l 126.1 ey
Ligd <124 1055 124 1558 =22 L] a8.4 1546 . =120 1.4 i 1 l4k% . =129 1046 NEI ]
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L] b 4 A
Prak B FSEL CSEL.  Peak  dB FSEL CSEL Peak R FSEL (SEL
Kwwnt Weapon (Flail  (Sew)  Maise Noise  (Flat} (Serd)  Noiw Natwr  (Flat)  (Sex) Mol Navse
(E 1] F1 ] Eai] 1248 2 Y]
i 4 1323 -l 0 69371 1544 127 LG X} IS8 122 [[UA] 1647
1= (1 [ (LY 1=3 124
g [ (ETE s L] hini W [T 516 127 Wl & o 121 -2 T THY -y
sl i hioy s e s 1
| Sommubat e Ims 142 " LA Wiy -i2s WA e TENNEE . B
Aanllny (L1 (] L] T2 ey (1%
i Sumulas s (L - B 1% 4 W LR} HZY s LR e -2 - -
Aanibre (LY s 1" St sz - wes
3 L w4 -f02 LAl L] [LLE T b1 TR = -2 LI ety
LTI (LR ] % i (UL fwe jA]
L] Sanm bt o LTF I T % (L] K2 1305 -154 LK} ™1 InT -z e TS
Agillery I § (LA 1871 (1] e 1T
] L e 2 e Bla [LL AT - =4 (LT I X Lik] -
L1 170 1m3 : [Fo R =74
" A 524 -84 LA ety 187 -154 [LX] o,y A28 -2 [ w7
[P 1] T 1364 Iz 1718
i - 1527 =134 birs 1 (LN 521 <134 (LR sy M1 -2 (LR W
Wl
otk L] 7.k [T [l i W 1017
in Soulaton 1994 =104 (18] Tk s -1 768 Tia Is0E 124 ni2
Hal
Citenadle 11,4 (TR [ i [ WA
n Sl 14 <184 1y 5 T [LVE SR L K | A w7 1o =had . 17
Tl
Errermasle LU Jod .k (L A3 4 [[TR [[LTR)
|2 Shnlator LS <l W Thk (LR L AL i (1. S 1 1172 .
DATE: 2 APRIL HI
4 4] i H

Prak AR FSEL/ CSEL. Peak dB FSEL/ CSEL Peak  dB FREL- CSELS Peak  dR FYELS CSEL
(Flat)  {Sec)  Moise Maise  (Flath  (Sec)  Majar Moise  (Flat]  (Sex)  Moise Noise  (Flatl  [(Sew) Mo Noise

(LR 1258 140.2 1285 1206 I (RIS}
{1 SO b TR % R L) s WA s 12 w2 e MR -1 LT
117 25 1113 [N M4 e 1254
A <127 s L SO L R LK e BT A 127 -7 i a2 T
[IEE! 237 nin {1118 (18 1] ([N LA
1"ie -123 w13 Y 1M 120 ey K wa o s 127 LTI a4 Iy -1 L
(%] s (0% s 1.5 bom. | ([
s 117 i B 1eT -j2e e .1 12y 127 i - LTE L i
[T il 4 (LIRS (LY (L8 Im? -y
e =187 e e 1M ety HE A 108 27 L 714 ER -ae iy
1IN T s [TTRS s [N (T2
LT & (L HE I 1 -1 4 I 2T a4 TRE I -lam L]
15 s Iy inwl 185 K [ % M
Ismy 187 oA iMh -Iz9 L T2 e 27 a3 FI2 1m0 -lam Lk
1248 % isay X s =3 m=e
ISAW 147 IS1% 126 e 18 IWMT o127 om0 I T ] ey
i Bl =23 iz 1m0 = 1 1553
17 -0A7 - - YR X A LK 1527 -127 24 L I E Wi
15 181 K 1NN (LR 1A [{LA] 1l
15K =137 7R N7E 180 =130 i e 1mae 127 741 1263 =121 LA
1§ 0.5 [ w7 i 0 i i 7
LT R HTE 1m0 -2y K74 758 1Ma =127 H3. 1 78 1 -1 7
(LR i 7 qUN 1K 1701 v i g
LTI bITH 1176 1856% -0 i (LT 1955 -12.7 HA W TH0 100 =184 i
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S

I 2 b '
Pealk ol FSEL CSELS  Peak B FRELS CSELS  Peak o FSEL CSEL
Even Weapan (Flut)  (Sex) Noine Woise  (Flat)  (Secy  Noise Nowse  (Flaty  (Secy  Noise N
Hanud
Cepemide LR ITERS 1,1 2 (TR [ 11
15 Sirnlato PEE <184 BA 1 T6.2 1408 <154 M A 1$a -1 17,2 1z
Bl
Catenache HEUR, 10,5 15k B MeLT TR} hEn
I Sivianilatest 142 -144 el Tad RN S A 15,7 T [ 13 TR [ o 174
(i A1 R 12H, 7 [ (FRH 12:h
% [§5 INEH =14 ¥ 1A In10 . =141 AN s (BT S 1
Aatallvay
FlLish 1KLL LR [V Wy it
n Sunilinn 120 =154 A KOLH (L I | ] wa [BILL LS A
Antillery
Fliah (LN nial i i (RS T {1 ]
17 Samiuilite 196,54 <14 4l fiH5 1369 -104 TR Tl [T L
Artillery
I lsh [RERE] 17K 10061 M5 - LT
Id Sernulaim I9ka =110 YRS Tal |8 =121 Al TR 1976 =124
1] 4
1200 1254 L2449 1275 4,2 1209
20 [ ] InZ2 =115 107, % ({ELNA ] 1632 =121 (JCERS an 1500 =1k -

DATE 2 APRIL HI
1 !i i i

Prak B FREL Penk i FSEL:  OSEL/  Peak ot FSEL:  CSEL’  Peak  alH FREL CSEL
(Flatp  (Sec) Mol Noiwe  (Fla)  (Sec)  Noise Moise  (Flat)  (Sec)  Noise Moise  (Flat) (S0l Noise Noise

Lk [IIIRH (RTINH 1% Tk, 1 W7 LA AITHN]

LLE. R L T 1861 <L JHn Tl [ RIEE P R VA (L5 T A Thi e
L1k RHNE [ITHNT] 1k [T 17 2 [[ERE | il

[P, (B 144K =130 L YRR o R T ahn (R (Fah W T4
12746 [N [RLN] 14546 17 17,5 12 14

(L0 S | T L PR Wil A L} PR b ) L] it (I (L] AN el fe
U, ¥ LR 1L 14 (§EI] [[XINRY | LLAN

[Fa R ] 15.7 1880 =150 H2.0 ThH 1264 =127 B4 T ol I L T s |
LR ] 104 THLD 3 1ih TR 105,45 47

[T L ) . - 42 -0 - b6 =127 dE (EIR] [ L1 S R, FiR.] 6|
1.1 W7 1 1064 LsE T [ i H Lisky

18238 =157 . e =150 A2.% 148 1308 =127 Kl T 12e9  -12.5 Tl bst ]
1 1287 1204 1275 K 14K

5k =150 a7y wry 5% <17 1oy.7 aT.1 [ e R LR LN
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nes - 1304 ' (LR ] [E1N ]
a0 (=1 ¥l =126 [ il 5 1532 .12 (LN} LN Ny 127 LR L i
1505 132 (& 44 In3 3% Imz
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. Law e -IZ8 -y LR 84 128 e TR [{TE BT Al Me
s s 1=z [ ] Sy e
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i3 125 (5B (b ] LK =i
n L | 119 =126 L] [LiL8] 1 128 jL L] L IAET -4 11 T
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4 L1 i 7
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APPENDIX D:

DATA REDUCTION TABLES

[he G- blasts gust belore and just alter cach weapon
event or senws of events were averaged to lorm o correction
varlue that would convert the C-1 toa pertect hennspherieal
source. bach weapon was then averaged by station and

Cod Energy Averages
I Through 4

First LAW Set

Tahle DI
Reduced Data — LAW

(Raw C-1 Yalues) (Row Value) Clarrection
| 285 LKL 3 .4
| &0 1. & LB
156066 | 15,5 -5
[N (A )
1%1.% (1 s B
ﬁ (LI -84
29,8

C-4 Envrgy Averages
4 Through b Second LAW Sei

(Raw €4 Values) {Raw Value) Correction
| 48,5 bk -h
|78 (1] +.5
127.8 1157 +.5
1273 +1.0
| 244 11H.4% -5
1287 | 1Hi. 2 -4
(s

Average LAW Dana He:

Average LAW Data Re: 5 1 of €=

5 0b ol €4 feorrecied 1o be symmetrical)
-2 =201
8w =220
o P -2
it g =, b
11K -12.0
| =22

Values liw Table 3 (BNOISE 5.2 Inpui Data)

Corrected Value

subiracted from this correenion value to give the correeied
values for each weapon aneach sanon, These values were
then normalized 1o the TRO® posiion and used o dorm the
enires Loy the BNOISE 3.2 program.

Value Re:
Bk oof €4

10K ¢ =204
107 1 =300
170 -1¢:4
|'_H-H =ty
L =18
1403, 11 -4

Value Re:

Corrected Value 5 1b ol €1
(IUAHH] =47
(M. EE Al
16,2 =120
1174 =LIKG
1% H =225

Aversge LAW Daa Be; 5 1b
ol 4 with B
i Rear + Gbodl

S RN

S LR LRI
=34 (1))
[ERVNR V]
<hoh (240%)

L R LY

=i

i (- 1H.5)
8P 1171
I =l
NI =K, 0
Lt ¢=5.10
Lol - L)

A==220 | |4= 1k
LEnl}

Average =0

A0 (1A
R O
P2 I
TR (=Ml
A ey
AW =170



Tahle D2
Reduced Daa — TOW

First anel Sevond
(-4 Energy Averages First TOW %1 Valur Re:
(Raw C-4 Values) (Raw Valur} Caorrection Comected Value 5k ol C4
1241 — LT — -t
1254 0 LY 7 =271
120 (8 R v 2 =187
[ 14,4 A 117 =
L2K.0 Huy -2 1A =108
128.2 L3 =24 988 =6
1258
Sexmod and Thard
{4 Enesgy Avetages Ssegon] TUYW St Value By
(Raw L-§ Valuwrsy (Raw Valwr) oy tion Corrrnsed Valor 50b ol -4
1213 210 L B 125 =13
1229 979 «1.9 1004 <230
1284.6 1109 v.2 2 =137
1225 — +5.2 — -
12H.1 NEX 2.4 el -0.7
L2H.% [Vl | =25 U h -2
1254
Average TOW Data Adpusied Average TOW Dais
Average TOW Dasa Re 5 Ibof (-4 (dB) e 5 1ol €4 with
Re: 5 b ol C-4 (dB) {norrevied to be vymmetrical [dB]) 0 db o Rear + 8.0 AR
1.3 "-30 M =220 {IF)
-25.4 262 -J8.2 (W}
«lA7 =115 =1.5 (120"}
K0 =R.0Q LCNURRE. U]
STl 158 -85 (2107
=211 =dii¢ L LT T
=LL4 =LY
Values lor Table 3 (BNINSE 12 Input Daia)
-2 IsF § 0.0y
e -19.7) 0F -1L4)
r (-18.2; M4O0° (-35)
W -6 210 (~64)
1207 i-A.5) 00 (18.2)
150¢ (-1.4) 3807 (-19.7)
A= =120+ |14 = 1061 A48 B s more o omeasure of ihe rocket prssing near the oucmophone than s meise
A= ol the weapon Boing moise, Hence, 0 b8 excluded from fuiher caloulation amd replaced
Avemge = 4.4 by <3000 (B} sinee the AW dats show the lront e be the gquickess position,
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Table D3
Reduced Data — Artillery Simulator

-1 Energy Averages First Artillery
1 Thaough 4 Simulator Se
(Raw C-4 Valuri (Raw Valoe) Correction Conroied Value
1270 107.0 L | s ]
1230 s 14 115.%
1274 Ties oo 1125
I&N LJEY 5 .z
1258 L] =14 1085
b0 ] (LS.} =7 1031
1754 LT
Camorrsrd Awrrage s
-1 Awrragr -1 E7A
=lis Value re 1=174 1h of CA
-5.0°

-2LR Value se: 5 Ib of C4
A=-208+ 119= 972« Value for Fable 3 (BNOISE 3.2 Input Dita)

*The =54 dB shift from Figure 17 of CERL TR KN-98 plus the 119 dB convers ihe duts
v res B lboof €4 sen off on the grownd e 250 m,

Table D4
Reducrd Data — Artillery Flash Simulator
Firsa and Second Antillery Flash
{1 Encrgy Averages Sirmvialatos St
(Raw -4 Value) iRaw Valoe) Carrection Carveoied Value
1271 L7 «l.2 (FRE]
ImR ok | R o7 e
iz Was il L
Pl 1] LU 75 ([ B}
1531 [l 8] =51 i
55 i L7 107 &
[ ] i
Cawmextnd Average (] (A1
L4 Average JEN]
183 Value 1 |-04 Th of C4
b

-25.4 Volue e & 1b ol C-4
A= =200+ 119=957 = Value b Table 3 (BNCHSE 3.2 Inpun Daia}

The -0 dB shift from Figure 17 ol CERL TR N-98 plus the 119 d8 converts the it
e S Mol G4 sevoll on the ground an 250 m.
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Table D5
Reduced Data — Hand Grenade Simulator

-4 Encrgy Averagrs Hand Grenade
2 Theough 4 Simulasor Set
(Raw -4 Valur) (Raw Value) Caomection Comented Valoe
1271 (IR | 14 s
126, 2 1 “| K 1074
1204 il 1.7 TIAR
1205 [ITNG i 107, 1
1324 1087 =43 LKA
1277 L. T -3 10,0
128 1Y
Camres el Avwrage ([
-4 Awrrage I
~20.3 Value rez 1104 Th ol G4
-5.0°

-2 Valuere 5 |bol CA
A= G2+ 119 = 928 = Value o Talle 3 (BNOISE 3.2 Inpun Data)

*The =50 db shide bom Figuee 17 of CERL TR N-S8 plus the 11D dB converts the daa 1o
per 5 Db ol C04 set ofl on the grownd at 250 m.
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