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ABEBDRALT

The hydroacoustic signals from muliple SOFAR charges carried
by the Folaris A3 occasionally overlap e@ch other making & difffoult for the

bisalle Impact Location Bystem (MILE) to compute posions, &4 method

K, Y. fe= i

of separaiing such signals using narrow band fiters set at the bubble pulse

l frequency null of one of the charzes to enhance the other is described,

Security Classification
This report is classtfied COGNFIDENTIAL for two ressons:-

1) Reference is made to the muliple SUFAR charges In the “olaris A3
missfle,

2) AME test numbers and dstes are given for two “olaris A3 submarine
launched missiles,
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BEFARATION OF OVERLAFFING SOFPAR
BIENATL S Ehore TIMIMC 2UREOENES

il Il

INTRODUCTION

Ior the HMissfle Impact [.ocation System (MIL.5) utilization where
mulliple SOFAR charges may detonate in close Hime or space proximity
an iderdiflestion and Hming problen occasionally arises with cne large
BOFAR signal obscuring another amaller one, In the Atlantic at Ternando
de Noronha and Ascension this overiayr problem will occur more often than
at other MIL.5 stations due to the continuous high ampitude of the received
BOEFAR signals, At other otaﬂona, particularly the suspended =CA hydro-
phonn; the final bufld-up to the SCOFAR cutoft is sudden (a second or two)
and large (10-15 db) so that the problexm arises lesa often,

There have been several examples of this SOHAR signal overlap
problen: in recent Folaris A3X tests on the Atlantic iMigsile Range, In
AbF Test 125% of F'eb %3 at Fernando and Ascension the 4 b SCGFAR
sigcnal obscured the 1 Ib SOFAR signal, In Al Test #3305 of 1L Aug
63 at Sermuda the 2 1b obscured the 1/2 Ib SOFAR signal, In AMR
T omt #551&3 of 26 Oct %3 the 4 Ib obscured the 1 Ib at Woronha and
Ascension, and the 4 1b obscured the 2 Ib at Sermuda and Zleuthera., In
A1 Temt #5347 of 11 Liov %3 the 4 lb obscured the 2 1b at Tanary's
and fscension., This report describes a method of enhancing the small

SOFAR signal so that§s culoff may be precisely Himed,
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EORIPTLTIAL 2.
BOFAR CHARGE DBYDROACOUBTIC FREQUENCY BrEOTRIIM

In an underwater e’xplonton; after the emission of the shock wave,
an unstable bubble i8 formed as the surrounding water flows radially outwarc
due to inertlal lmpact of the passing sho ck wave, This bubble radius far
overshoots the equilibrium bubble radius at which the internal zas pressure
due to the chemical explosion products squals the hydrostatic pressurs,
After the spherical bubble expansion has been brought to & stop by the
hydrostatic pressure of the surrounding water, the bubble viclently
collapses followed by another expansion, this cccurring somelines as many
as € or 8 Hmes, At the time of the first collapse an acousiic pressure
wave is emlhd; known as the bubble pulse., A successively sinaller pulse
is emited 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 SOHATR mignal, Although the peak pressure of the first
bubble pulse is far less than that of the shock wave, the low frequency
components are of about equal sise.

"he Hme interval between shock wave and the emission of the
bubble pulse is known as the bubble pulse interval, its length depends
on the weight of the explosive charge and the detonation depth of the explo-
sion., The frecuency spectrum of the radisted hydroacoustic signal has a
series of harmonic lines at a2 frequency spacing ziven by the reciprocal
of this time imterval. This frequency is called the bubble pulse frscuancy
and ks harmonics are the most obvious thing in the BOFAR signals!
hydroacoustic frequency spectrum. Figure 2 shows the hydroacoustic

spectrum of a L b HEX SOFAR charge detonated at 3400 feet, Iiere
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the high frecuency components of the signal have been boosted by 12 db
per octave to the frequency where the SCFAMR signal level 18 not mueh
above the backeround slectronic noise at the upper #reduencies of the
fizure, ‘The bubble pulse interval is 1/115 second for this charge and the
sadiated hydroscoustic siznal has 2 series of broad harmonic frequency
lines spaced 115 cps apart, ™These are most casily seen by noting the
freguency winlmums at 172, 257 and 402 cps, ‘These correspond to

3/2; 5/2 and 7/2 of the fundamental bubble pulse frequency. At these
wave lengths the inMal shock wave will be 180° out of phase with its
following conceniric bubble pulse wave resulting in acoustic inferference
or cancellation of these freguencies in the BOFAR signals! hydroacoustic
spectrum,

The upper frecquency limit of the SOF AR signel frequency spece
trum is Mmited by sthe atenuation In the sea water over long transmission
paths and by the poor high frequency response of the M1L.5 hydrophones
with their lonz submarine cables, 4t short range, harmonics as bigh as

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

METHCD OF B88FPARATING SOFAR SIGNALDS UTILIBING BEE

As mentioned above, the null lines in the BCEAR signals! fre-
quency spectrum depend on the charge sise and detonstion depth, Typically,
a L4 1b BR¥ and &2 1 1b HiF3 have thelr lowest null frequencies at 170 cps
ancd 255 cps respecvely, The method of enhancing the small SCIFAR signal
on the Sanborn recorder is to record the combined signals through a narrow

band filter set at one of the bubble pulse null frequencies of the larger
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signal, This rejection of the large signal emphasizes the small signal,
Norm‘auy; the frequen cy components of 1 Ib SCFAF signal level would be
about 12 db below that of the L Ib signal (approximately 6 db for each
halving of the explosive charge welght),
AME TTITET #1255 - Yernando de Moronha

The following procedure was used to separate the overlapping
siznals for A}MF Tost #1_255 on Ternandc de Moronha Mo, 1 hydrophone
shown as the boltom Sanborn trace of Figure 5, 'The tape recorded signal
was first frequency analyzed on a Iay Hlectric So, Vibralyzer to deter-
mine the bubble pulge xull of the largsr signal. In the top vibragram of
Figures 3 a frequency null at 180 cps can just be seen in the last halt of
the signal as expected for a L4 Ib i charge at about 3400 feet., ‘This
4 Ib charze bubble pulse null is more apparent in the middle vibragram
where the high frequencies were boosted relative to the lower frequencies
by fikering the signals through a 200-225 cycle/second bandpass fiiter
(lowﬁr fiker curve of I'igure 7] before # was vibralyzed, Any method
of boosting the high fregquencies without overloading the lows below the
bhubble pulse null would be satisfactory, In this middle vibragram of
Figure 3 & is now appareat that a shot with a hizher bubble puise frequency
aull precedes the L 1b signal, The eoriginal taps recorded siznal was then
played back to a Zanborn graphic oscillograph through one or two seciions
of 180 cps bandpass fllers in a setup as dagramed in ¥igure 4, The

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

OB TIAL



CORPHRET 5
cetave cutoﬁ; are shown In Flgure 7,

The effcet of such a bandpaes fiker on the SHanborn recordings
of a HOFAR signel is shown In IMigure 5. In the lower unfillered trace
the small SCFAIL signal is not apparent, Fowever, with one and then
two Adlison ﬂl.rs; the presence of the small HOMAL signal becomes pro-
gressively more apparent. It i3 now possible to precisely time the 1 Ib

BOFAR sigaalls cubtclf with assurance,

A TEST #3305 - Bermuda

‘The original flanborn recording of the Liermuda suspended
hydrophone for the iarce SOTAR charge i3 shown as the lower record
of Flgure &, A vibragram of this signal is at the boMom: of Figure 3 and
has just an Indicatlon of a second signal 1.2 seecnds shead of the b.rge
signal cutoff, Following the techmique discussed above for Test #1255,
a fiter was set at the 215 cps null frequancy of the larger charge and the
tape rscordecd signal played thrcugh one and two stage fikebs to a Sanborn
oscillogragh, ‘The upper traces of iigure & with their easily timed cutoff

for the small SOFAR signal resulted,
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UL USBLION

& method of separating overlapping hydroacoustic explosive signals.
of different bubble pulse frequencies zas boeen described,

The method was daveloped to wake it possible to precisely dine
overlapping SOFAR signals origineting with multiple &0 EF A charges
carried by & siagle missile, “Uyplcally, the rolaris A3 wissile has {ndi-
vidual SOE AZ charges of different explosive wdg,hﬁ that the 4115 jdene
#ifles by the variation in the awplitude of the received IBTUFAR signals,
""his is an excallent method of identifying individual SBCEF AR signals being
both siraple and inexpensive, ‘The tecinique described herein eliminstes
the priacipal problem, that of occasional overiapping signais that was

inherent in this peak pressurs ijdentification method,
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