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A-15 ST RAC T

The hydroacoustic signals from mutikple cOFAE charges Carried

by the E 'olaris A3 occasionally overlap each other making 2 diMlult for the

'tglsll* Izmpac Locaflon System (144ILS) to compue postons. A method

of separtng such signals using narrow band fters set at the bubble pulse

frequency mull of one of the charges to enhance the other Is described.

Seur GCassft on

This report to classted C.IONFIDEONTIAL for two reasons:-

1) Rderence is made to the rnuMlple S FA. charges In the Polawis A3mbiue.

2) AMR test numbers and dates are given for two Iolarlz A3 subnauine
launched ms so.
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SIPAIZ-TION OF QVIMVRILAPLINCG, O]3FA,.
-3 ' GNALUS 1POR TIMI'sNG PURPOSC)~11&S

INTRODUCT ION

For the 14l|ssile Impact Location System (MILS) utwlsatuon where

multle SOFAR charges may detonate in close time or space proximity

an idWesdon and timlne problem occasionally arlses with one large

SCDFA: signal obscuring another smaller one. In the Atlantic at Fernando

do Noronha and Ascension this overlap problem will occur more ofen than

at other bILS stations due to the coninuous high ampitude of the received

SOFAIT signals, At other stations, particularly the suspended 13OA hydro-

phone*, the final build-up to the S0.'FA-R cutoff Is sudden (a second or two)

and large (10-15 db) so that the problem arises less oen.

There have been several examples of hi S01FP. signal overlap

problem In recet Polaris A3X tests on the Atlarl e Misslle xRange. In

AlMR Test 1,255 of Feb '63 at Fernando and Ascension the 4 lb 8OF AR

signal obscured the I lb SOEA1Z signal. In AlMIR Teat #3305 of 14 Aug

'63 at -e'rmuda the 2 lb obscured the 1/2 lb SOFA3- signal. In AIM1E

TeA #5343 of 26 0ot '63 the 4 lb obscured the 1 lb at Noronha and

Ascension, and the 4 lb obscured the 2 lb at Iflermuda and 3leuhera. In

ATOR, Test #534? of 11 Nov '63 the 4 lb obscured the 2 lb at Canaryls

and imoenslon. This report describes a method of enhanoing the small

SOFAre signal so that ts ovkoff may be preoeily timed.

1M 05W iAFM- j4A L



SCDFA C1A-GB YDZCACUSIC REQUNCY SPECTIR UM2

In an underwater explosion, after the emission of the shook wave,

an unsable bubble Is formed as the surrounding water flows radially outward

due to Inertial Impact of the passing sho ak wave. This bubble radius far

overshoots the equilibrium bubble radius at which the Internal gas pressure

due to the chemical explosion products equal= the hydrostatic pressure.

After the spherical bubble expansion has been brougAt to a stop by the

hydrostatic pressure of the surrounding water. the bubble violently

collapses oliowed by another expansion, this occurring sometimes as many

as 6 or 8 times. At the time of the first collapse an acoustic pressure

wave Is emMed, known as the bubble pulse. A successively smaller pulse

is emre at each succeeding minimum (see Figure 1), but only the first

bubble pulse has sufficient energy to add to the acoustic signal of the shock

wave to form the SOFAF,-k signal. Although the peak pressure of the first

bubble pulse Is far less than that of the shook wave, the low frequency

components are of about equal sise.

The time Iterval between shock wave and the emission of the

bubble pulse Is known as the bubble pulse Interval. Its length depends

on the weigit of the explosive chaerg and the detonation delh of the explo-

sion. The frequency spectrum of the radiated hydroaooustic signal has a

series of harmonic lines at a frequency spacing given by the reciprocal

of this time Interval. This frequency IS called the bubble pulse freqoaney

and Is harmonics are the most obvious thing in the SOF',kE, signal

hydroacoustic frequency spectrum. igUre 2 shows the hydroaOouWC

spectrumn of a 4 lb ITX SFAR charge detonated at 3400 feet. iere

sp@t4m t- 44 I A
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the high frequency components of the signal have been boosted by 12 db

per octave to the frequency where the ,,OAE2? signal level Is not much

above the background electronic noise at the pper fIoquencles of the

figure. The bubble pulse interval Is 1/115 second for this charge and the

eadlated hydroacoustic signal has a series of broad harmonic frequency

lines spaced 115 cps apart. These are most easily seen by noting the

frequency minilmums at 172, 2,3.? and 402 cps. These correspond to

j/2. 5/2 and 7/2 of the fundamental bubble pulse frequency. At these

wave lengths the ial shock wave will be 180 ° out of phase with its

folowing concentric bubble pulse wave resuling in acousc Interference

or cancellation of these frequencies in the -©. s-- al' hydroacoustic

spectrum.

The upper frequency limit of the SO)IPA signal frequency spec-

trurn Is Umid by the atenuation In the sea water over long transmission

paths and by the poor high frequency response of the JNILS hydrophones

with their long submarine cables. At short range, harmonics as high as

the fortieth can be seen in the frequency analysis of such a SO.FAi signal.

NUETHL ('-1F Q SE3PAFRAT ING 8O1FAR 31G1,AZS UT1IL IZiING L-:P

As mtenitoned above, the null lines In the SOFAR' . signals' fre-

quency spectrum depend on the charge slse and detonation depth. Typic"j,

a 4 lb i-BSX and a 1 lb ] have their lowest null frequencies at 170 cps

and 255 cps respectively, The method of enhancing the small SOFAR- signal

on the Sanborn reoerder Is to record the combined signals through a narrow

band filter set at one of the bubble pulse null frequencies of the larger

A I.
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sign al. This rejection of the large signal emphasizes the small signal.

Normally, the frequen cy components of 1 lb SO signal level would be

about 12 db below that of the 4 Ib signal (appro4laately 6 db for each

halving of the explosive charge weight).

AM - EST #1255 - i6ernando de ,,Soronha

The followi-ng procedure was used to separate the overlapping

signals foz' AML Test #1255 on F-Zernando de Uoronha INo. I hydrophone

shown as the botom Sanborn trace of Fig ure 5. The tape recorded signal

wias first frequency analysed on a !Kay -l2lectric Co. VIbralyser to deter-

mine the bubble pulse null of the larger signal. in the top vibragram of

Pigure 3 a frequency null at 180 cps can Just be seen in the last half of

the signal as expected for a 4 lb HI3X charge at about 3400 feet. This

4 lb charge bubble pulse null is more apparent in the middle vibragram

where the high frequencies were boosted relative to the lower frequencies

by filtering the signals through a 200-225 cycle/second bandpass filter

(lower Mer curve of Figure 7) before it was vibralyzed. Pany method

of boosting the high frequencies without overloading the lows below the

bubble pulse null would be satisfactory. In this middle vibragram of

Figure 3 a is now apparent that a shot with a higher bubble pulse frequency

null precedes the 4,+ lb signal. The original tape recorded signal was then

played back to a Sanborn graphic oscilioeraph through one or two secions

of 180 cps bandpass filters In a setup as diagramed in Higure 4. The

bandpass characteristics of the flters, having a 30 db or a 60 db per

.1



octave ciAoff, are shown in. 1l5gure 7.

The effect ofl suchi a bandpasts flter on the Sanborn recordings

of a "3,O.ALm slu is shown In Vugure 5. in tle lower 'n ltered trace

the small E3CFAB- signal is not apparent. T- owcver, with one and then

two AMson Mrs, the presence of the small 80:*EPAR signal becomes pro-

gressively more apparent. It Is now possible to precisely time the 1 ib

JSOFN'. signalos cutoil with assurance.

AM3~ T~BT#3305 - 1Sertnuda

The or Anal 6anborn recording of the 1iermuda suspendoed

hydrophone for the large 3 A3© charge ix shownr as the lower record

of Fi gure 6. A vibragram of this signal Is at the bottom of I 3giw. 3 and

has just an Indication of a second signal 1.2 seconds ahead of the large

signal cutoff. ollowing the tech.-tique discussed above for Test #12559

a filter was set at the 215 cps null frequency of the larger charge and the

tape recorded signal played through one and two stage Me&s to a Sanborn

osc lograph. T.he upper traces of ?iPigure 6 with their easily timed cutoff

for the small OP'iF signal resulted.
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m ethod of sep.rating overlapping hydroacoustic explosive signals

of different bubble pulse iz'equencles as been described.

The method was developed to make it possible to precisely time

overjappnp, CO '.A 1 zignals originating with i iltipl. E-IUFAv charges

carrled by a siMe_4e missUe. ''yplcally, the ,:9olarIs A3 missile has Indi-

vidual ~C2 ~chargea ce, dhfirnt. explosive weight that the '1,4LS3 Idea-

VAe& by the varlaton in the ampliuwe of the received SOFFA signals.

This Is an excellent method of idering Individual UtOVAS?. signals being

both slrple and inexpensive. The teclnique described herein eliminates

the principal problem, that of ocasonal overlapping signals that was

inheren In this peak pressure Idenzlftatlon method.

Dustrbulon:

OWIR 18 (2) ('00 .i11R wai Area 7acW,
1 M.66 (1) Navy No4. 990,

S 25 (2) ACT. L. r, FaIrbanks,
1Yi. 'DR-D-4 (2) E-an -rancisco, Calif,)

CLYG4iVS B3da (2)
0NATTPecP-ep-Hudson Labs (2)
CO FP.N1R Rawailan ,rea (1)

O*-MNFVD-f A L



Inltial .Shock Wo we

~~/7pexAAIH(/scalt Inqc. Allison

R~,rouDQcade Vao-lable L. C. &

L 7yoe 1-40a 1 Alodel 2ABP

Sowhoorn Gi-ophlc A//iso,,

0-5cl//oylvloh Vaoo/e L.C. &e

with Zoq~ -Audio / C. 1f1/ter-

Preomp 4? ers Moel ?ABRA



4'~

9 V
k
K)
'4

"3 'T

I ~ 0>r
'4

(I) K

~ V

ZZ~~

(.~ K



f Aw~ No oPi 7'OVAwl*

f/-LTzkEO eO-225 ADs

Z 0 WE/? .54jp~lw .c g'A-1II



I-'I

rI g5H H'I9I iA
*1 _ _

t4 I

Ng



* -j. 2( -

+ ~~JI
L~4~ 1~

7:
-V

0 -

IC) 7. -~

-~

fr)~ -
A

3 -

- ;ur*K
-~ -~ -

- ~0L(j~
-~K

-4-

-~

* -I

V
I-

.1

~4J
~aj ~ ~4J~ k
K '-~ K~

A



s0 g0 flm sop /00 /0 ot00 J0 0 500

/~eu //7 - cyc/os/veco'i

One filWe - - - - - 7wo fl/tes /., Seriles

AEJPONVjr Cvqvz Owe An/1JON I44*/Asi.
Z. C. & /A C. r1- z R's , MootL. 2 A B R

/b' A 8-opejs Opv ;Ir OcTAvc
CElvr,CD. Ar /dOccs

R"Rovc -a -c -r l1.51 .- Ir

Szr~~ Are<p. o aro,.e5
Fiur 7.'


