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SECTION 1. - SONAR @ﬂ EN’I‘

1s1 ~ SUBMARINE SETS

Aotive(Passive Sonar Type 2001 for H.M.S. DREALNOUGHT:and :H.M.S. VALIA.‘I’I‘
Sea Trials

Only one major trial of Type 2001X in H.M.S, VERULAM tock place in 1962,
The aim of this trial was to test the prototype electronics of the Seotor
Display in botb the aotive and the passive modes of operation and oompare its
deteotion oapability with that of the other displays., The trial was carried
out in May in the Atlantic, North an” “outh of the Canary Islands. The target
was H.M.S. SEALION, Climatio and ocuanographic data for vhe time of yeay
indicated that near-surface propagation conditions would be beginning to
deteriorate and would depend oritioully upon the prevailing weather conditions.
The trial wae therefore planned to start in the north and move south if
necessary to take advantage of inorwased surface mixing in the North-East Trade
Yind belt., As foreseen, weather conditions in the north were unfavourable and
8o the latter part of the trial was oarried out to the south of the Canaries.,

2, The trial also gave propagation information and considerable echo and
background data were recorded on magnetic tape for subsequent study in
cunnection with automation research. 4As in all previous Type 2001 trials the
deteotion results were augmented by oceanographic, propagation and
reverberation measurements,

_ — SECTOR DISPLAY
-~- INITIAL DETECTION DISPLAY
4

(€]

H
'
———— e d

{

No. OF RUNS

(I
O 4 8 12 1620 C 4 8 12 16202428 323 40
DETECTION RANGE (kyd) DETECTION RANGE (kyd)

Fig. 1 Histogram for Northern Ares, Fig. 2 Histogram for Southern Area,

3 A preliminary report has Leen istued, and detailed analysis of the
results is nearing complstion. The main conclusions ares-

(a) The active initial detsction performance of the Sector Display
S.D.) is very similar to that of the Initial Detection Display
I.D,D.), This is shown by the histograms reproduced in Figs 1

and 2« SECRE‘E‘
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(b) 7Tho active and passive beari gcouraoies of the 8.2, 1 e well
within the required limits. n€1 Tele8s)

(o) Wlulst the 10 Kyd zange increment display as fitted in
H.M.S. DREADNOUGHT is essential tactically, it dces.not permit use
of the full range disorimination inherent in the system.

(d@) The S.D. prcvides a useful classifiocation id and is capable of
showing wake echoes from surface targets.
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2-WAY PROPAGATION LOSS FROM | YD (dB) FROM 1YD ( 4B) FOR
SOL DETECTION PROBABILITY
Fig. 3 Deteotion Transition Fig. 4 50% Detection Probability

Curve for one run, Histogrem for 26 runs,

4. Part of the analysis of the results obtaiiwa on the I.D.D. during this
trial has consisted of a ping by ping comparison of the one-way propagation
loss measurements taken on the submarine with the echo levels as shown on the
films from the I.L.D. Fig., 3 shows the probability of detection versus the
two-way propagation loss for a typical detection runs The cumulative
probability curve is the best fit to the datas Fig. 4 has been derived from
26 runs analysed in a similar manner. This figure shows the number of
occasions when the two-way propagation loss for 50‘79 probability occurred in a
given propagation loss interval. These rosults apply to "possible! detections
gince they are obtained by working backwards in time from valid detections to
zero detections. The effectivs detection threshold can be varied by grading
the echoes and treating just observable echoes as undetected. The observed
wide variation of propagation loss at detection is a consequence of
reverberation limiting and the general distribution is in reasonable agreement
with that for earlier trials in the same general area, A general view of the
I.D.D. is shown in Fig. 5 on the next page.

Refurbish of H.M.S. VERULAM's Ecuipment

Se The experimental Type 2001 has been extensively refurbished during
H.M.S. VERULAM's refit and it wall be used during the ship's future programmne
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of trisls in connection with Automatioc Processing of A/S Data and Classifi-
cation (page 78) and Propagation Research (page 57).

The Sector Display

6. Consequent upon the H.M.S, VERUL/M trials the design of the Seotor
Display for Sonar Type 2001-X1 (to be fitted in H.M.S. DREADNOUGHT) was
modified during 1962, The revised parameters are now as fvllowss-

JUPy PATY TRE

(a) Beam width: 20° (receive and transmit on any sslected bearing from

Red 110° to Green 110°).

(b) Pulse lengths opproximately 612 millisecs, dependent upon local
velooity of sound in the sea (adjusted to 1,000 yd travel time).

(c) Analysing tilterss 30, spaced at 10 o/s intervals,
(d) Frequency Deviation: Linear 3.8 to 3.5 ko/s.

1. In the active mode of operation the left and right hand channels use
identical oircuits to process the
recoived signals., The phage
differences of the pairs of rangc
filters aro measured to give the
angular position of the target
relative to the line of sight. The
outgut of the left hand filter is
reotified to give the display video
brightening signal,

8. The display shows a range
interval of 10 kiloyards. The
centre of the range interval is
selected by the operator. The
original range interval of 4 kilo-
yards was discarded after trials in
H.M.S. VERULAM,

9. The bearing selector switch
gselects the heam-forming delay line
nearest to the desired bearing and
adds the delay needed to centre the
phase comparison display on the
correct bearing.

10, The bearing 3ielector switch
and phase correction networik are
algo used in the passive mode of
operation for the determination of
accuvate bearings of radizted
noise. To do this, the left and
right outputs are correlatsi, but a Fige 5 Initial Detection Display,
90° phase-shift is inserted in one

line so that the amplitude at the centre of the correlogram is zero. When the
target is to the left of the beam the ouiput is positive and when it is to the
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right the output is regative. Two centre-zero meters are used to display. the
2utput7 of' the two raceived frequency bands 1.% to 2.3 ko/s and 5.5 to
+5 ke/s,

11.  Anoihsy receiver is used to amplify the sum of the left and right hand

signals. Thke received frequency bands, 1.5 to 2.3 kc/s and %.5 to 6.5 ko/e
are both heterodyned o 500 to 1,300 of/s. Either of these channels can be.fed

to the operator's headset to assist in classification.

Type 2001-X1 Equipment for H.M.S. DREADIQUGHT

12.  The whole of Soanr Type 2001-X1 bus now been installed in

H.M.S. DREADNOUGHT. All but ono ocabinet of slectronic equipment was in use
during the contractor's sea trials whioh wers sompleted during tfebruary 1963,
Since that time the romaining oabivet has been instelled, minor difficulties
ohsexrved during the cuntractor's sea trialc have heen resolved and the formal
» 'm pattern trials are planned to take place during Hay 1963.

13+ A neries of limited beam pattern triala, to prova the arrsay prior to the
contractor's sea trials, were carried out, as planned du~ing Januawry 1963,

For this trial H.M.S. DREADNOUGHT was submerged with the top of the transducer
array 15 feat below tho surface. A 62 £t alumini.u boom (ses Fig. 6) carxying
a calibrated transducer was mounted on the submarine hull abtove the array and
could be trained between Red 150  and Green 150 . Pen recordings were taken
of delay live and correlator outputs in rasception and of the boom transducexr
output during transmission.
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Fig. 6 Boom Arrengement for Beam Pattern Measurements,
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14,  The beam axes, corrected for exrrors: -due to. the . asymmgtry of. the boom
arrangement, were found to Ve oorreot to.an acouracy -of 417 ‘Neayr. field
effects ard reflected sound did not seriously affect the"main Jobé -shapes,- but
minor lobos were distorted by refleotions and their- positions and -amplitudes:
are of little quantitative value,

15. A complete set of HeF. and L.F. ocorrelograms.was reoorded, usingia- noise
signal transmitted by a transducer mounted on the end of the boom, oonfirming
that all round passive cover was available., A detailed analysis of these.
results is still in progress.

Theoretical Deam Patterns

16+ A programme has been written for a computer to compute beam patterns
obtainable with the confoimal arrays in HM .S, VERULAM and H.N.S. DREADNOUGHT.
There is provision for plotting horizontal and vertical boam patierns ons
transmisslion or veception et any angle of depression, and for varying the
number of staves used, the amplitude shadings, and the phass delays. The
programme has also been used to investigato the effect of phase and amplitude
errors and possible ways of improving side lobe suppression by empleioal
meeas, It is now being oxtended to cover the near field so that the beam
pattorn measurements in H.M.5. DREADNOUGHT oan be checked against theory.

60Way Pressure Hull Gland

17  The problem of passing 1176 twisn-cores (plus suffioient sparus to cover
contingencies) through the pressure hull has toen solved by the provision of
22 apecially designed glands. Each gland uccepts 60 twin-cores from the trans-
ducers and passes a 30 quad cable through the pressure hull,

18+ The glands fitted in H.M.3. DREADNOUGHT have been tested to 1,000 p.s.i.
bydraulic pressure.

19, The simultaneous moulding of 64 transducer cables into the gland body
gave rise to manufacturing difficulties. A modified design has therefore been
produced in collaboration with D.G.S, for use in H,M.S, VALIANT, In the
modified design the originsl 64 moulded entries are replaced by eight sorewed
units each carrying eight rioulded entries.

Sonar Intercept Set - Type 1 Formerly known as "YELOX")

20, The use of the hydrophone element fitted in the Type 719 transducer to
replace the original hydrophone is under investigation and preliminsry trials
show promise. It is hoped to carry out trials with a complete array in
mid-1963. This new hydrophone will have a more consistent sensitivity, giving
greater bearing accuracy, as well as being lees affected by depth. In addition
it can be produced with a polythene cable thus obviating the need for the
presant cable-changing boxes,

Submarine Search Hydrcphone - Type 186

21, A noise source similar to the foreign device used by A.R.L. has been
manufactured by Hessrs Hartley Electromotives Limited. This is a 110 volt d,c.
motor driver mechenical "rattle', which can be lowered from any suitable vessel
and used as a noise source for Typa 186 trials. This noise source is now
undergoing noise spectrum and mechanical endurance tests,
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22. A small expendable noise source is also being developed by the same
firm, for use by a submarine as a wonar confidence check whilst on patrol.

The firet experimentsl model, driven by a2 battery oporated electric motor, was
not satisfactory as regards noise output. A olockwork version is now being
considered and preliminary noise output trials are encouraging, This noise
maker is intonded to be part of a cannister and float assembly which can be
fired through the Submerged Signal Ejector.

1.2 ~ SHIP SETS

Scanning Sonar - Type 184

Sea Trials

23, During the year tho experimental equipment in H.M.S. BROCKLESBY has been
ugsed for operational eveluation trials in conjunction with J.A.8.8.,
Londonderry, under the following circusstancess-

(a) Varying oceanographio/olimatio oonditions,
(v) Against unrestrioted, manoeuvring and multiple targets,
{6) 1Investigations of operating, tactiosl, and maintenance procedures.
(4) BSide by side comparisons with Type 177.
24, Three important conclusions have been drawns-

(a) The fundamental assumption tacitly implied in the Type 184 concept
- that echo detection would gonerally be made in the presence of
solf-noise - rarely applies. The dominant background, especially
in inshore waters, is reverberation, whose decay rate, ae a function
of range, is very similar to that of echo level.

(b) The expevwimental equipment in H.M.S. BROCKLESBY was not operating es
efficiently as it is reasonable to expsct the prototype equipment
will do, Frototype items and setting up procedures were slowly
introduced during the year, and the results bvecame progressively
better. For the final evaluation in 1963, the equipment will, in
all essential respects, be up to prototype standards., The Doppler
Display performance was particularly affeoted in this respect during
the early trials.

(¢) The trials to date have not pruvided in full the diffiocult search
situation for whioh Type 184 wus deesigned, so that the compromise
between detec.ion potential and search capability has not yet btoen
completely proved, although it would appear to te acceptable in deep
water, There is still an urgent need to have high spLeed submarines
available for the asseesment of modern sonar systema,

25. The veverberation problem is illustrated in some detail in the table

on the next page, which gives the comparative performances of Types 184 and

177 and in which the Portland seca area is used as a rsference for reverberation
level. For .ne deep water results, the targev is always in the layer. Some of
the evaluation figures shculd be regarded as preliminary, since analysis
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is still’proceeding. It is obvivus from these results, however, thsi
Type 184's disadvantages in shallow water under aigh reverberation conditions
are considerable.

Tater | G Fortiand | 208 | sou | Turgot | Range (1)
(fathons) se?dg§ea (£t) State | Aspect Tros 184 TypeA177
>1000- -20 150 [ 0 -2} Bean 19800 18000
>1000 -20 150 0 - 2 { Random 10000 12000

30 0 - 0 ~ 2 | Random 6300 18000
>1000 -15 150 | 0 = 3 | Random | 10000 11000
*1000 -10 300 1 ~ 4 | Randow 7100 9400
51000 -10 450 | 3 -5 | Rondom | 6000 6000

10 0 - 1-3 | Random | 4900 | 6700
< 100 +10 - 1 - 3 { Random G 12000
< 100 +5 - 1 -~ 2 | Random 5000 11000
< 150 0 to +10 - 3 - 6 ! Randon 1000 -

26. Some understanding of the reverberation problem may be derived from the
basio sonar equation in terms of the deteotion potential of the equipment
paremoters which is given bys-

(10 20g 22 - 10 105w - T - R - &) aB

where ¢ = pulse length
v = bandwidth
J = Receiver Reverberation Directivity
Rf = Reverberation spectrum level in a 1 o/s band relative to the
total reverberation energy in a bandwidth wide compared with
the speotrum spread
M = the recognition differential.

27. A practical detection rangs, however, not only depends on the detection
potential but also on actual level of reverberation and propagation loss and
may bs related to the detection potential as shown in Fig. T on the next page.
Shallow water reverberation levels associated with the Portland area are
assuwied together with o 15 4B tarset at periscope depth in a 150 £t isathermal
layex bounded by a thermocline in deep water and by the sea bottom in shallow
water. The detection potential value for the Type 184 P.P.I, Display is & 4B,
and for the Doppler Display 13 to 23 GB depending upon the amount of target
doppler.
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Fige. 7 Theoretiox) Detection Performance.

28. Moaas of improving the detection potentisl of Typs 184 within the limits
of the present system desiyn are under investigation.

Own Doppler Nullification

29« The own doppler nullifying system, described in detsil in the previous
report, has been working successfully and has now been incorperated into the
final design.

Prototyps Manufacture

30, Three prototype Type 184 equipmonts have now been manufactured, two of
which have been fully system tested in the laboratory and at present one is
being installed in H.M.S. PENELOPE and the other in H.X.S. EAGLE, The third
equipment is undergving system tests prior to ship installation. Service
Acceptance will be carried out in H.M.S., PENELOPE during 1964.

sutomatio Handling of Typa 184 Data in the D.L.G.'s

31, There is now a fimn requiremsnt to handle and display sonar information

within the ADA (Action Data Automation) System in ihe Guided Missile Destroyers

D.L.G.C5 and 06, Thig involvesi-
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(a) The injection into ADA of range, bearing and doppler-information-dn
sonar centacts, by “semi-automatic'-means (i.o..direet fyrom.the
Sonsr Control Room under operator vontrol), togéther' with: :
supplementary iuformation such as instewt of transmission-and sonay: . -
Tange socale, - ce ) '

* H

(v) The display of this data, to show past history by p;eégﬁfing‘theA
last few echoes in quick suocession ("rippling®).

(c) Classification, including correlation with radar and other
. information.

(d) The interchange of A.S.W. information over TIDR linka.

(e} Tmproved MATCH fire control, using the ADA oomputer to predict
tar~ 't position and caloulate ordars to the helicoptex.

{ ) Calculation and display of recommended manoceuvrez for torpsdo.
avoidance.

32, Preliminary demonstrations have shown that the proposed "rippling" -
technique appears to be adequaite for the display and assessment of past and
present, sonar information, so that an A/S plot can be dispenged with.

33. The equipment modifications and additions required to feed the 184 data

into the ADA system are now well in h=nd. \

. 34, The development of processes (b) to (f) above can be divided into four
stagess-

(1)  The writing of detailed "rules! laying down the cperational
requirements.

(ii) The translation of these rules into detailed "flow disgrams"
showing the operations required with the computer.

1 (1ii) The further translation of flow disgrams into detailed computer
% programmes.

(iv) The testing, evaluation and assembly of these programmes
(including the writing of suxiliavy programme material for test
purposes).

35. Stage (i) (ruis writing) is the responsibility of a T.A.S. officer
attached to D.U.S.%. and working in close collaboration with A.U.W.E., and scme
ten draft rules having been writiten to date. The broad outline of the flow of
§ data within tke computer has heen laid down, and work on detailed flow diagrams
! hes started, Stages (iii) and (iv) sre not yet under way; progress in these
will inovitably be slow because of the lack of immediate access to a POSEIDON
somputer, the only one available at present being at A.S.W.E., Portsdown.
1

Variable Deptk Sonar Type 199

36, The first Canadian equipment was received in Hay 1962 acd sst up in
A.UJN.E. in order o «heck the additional modifications required for R.N,

-9

!

K]
B




p—

B | A AT

i

RSO RC A ed s 1 Vs 2

A

phiis

[k o

;15'?’“ R

gy

:&1’ "
P

installations and to carry out a System Test of equipmsnt. This set hgé now
been inastalled at HeM.S. COLLINGROOD.

7. The,eeooﬂd ‘aquipment is being installed in H.M.S. TEANDER and a series
of JointnD.G S./A U.W.E, trials of the Handling Equipment ahd Sonar is planned
for Sept%mber 1963,

) Sonar Type 170B Depth Determination

38,  Further meetings with R.C.N. representative were held in AJUN.E. in
Maroh 1962 and in Ottawa in November. At the latter meeting the Canadian
proposals for their future attack sonar system were discusaed, and it was
learnt that they intend no sweeping ohanges to Type 170 in eximting
installations,

39, A trial to chack the effect of ohanges in method of signal processing,
with a view to reducing the present errors, was scheduled for February 1963
but has been postponed to late 1963 dne to lack of ‘rials vessels.

is3 = HELICOPTER SET

Dipping Sonar - 8 9

Bhipborne Trials of Experimental Equipment

40, The experimental Sonar Type 195 instelled in BE.T.V. ICFWHALE in

Decomber 1960 continued in use throughout 1962 for oirouit development.

Another experimental model was fitted in the Wessex helicopter MM329. Delivery
of this 'helicopter was much delayed and it became available at Portland iv
Maroh 1962. On conclusior of trials, XM329 was returned to Westland Airoraft
Limitedfin August for the fitting of prototype equipment.

41.. Qbe investigation into transmitter performance showed that the electrical
efficioncy sould fall below the design value, leading to a current drain in
excegs of the nominal 460A +10¢, to overloading of the aircraft generatol and
tor sk of transmitter overheating in high ambient temperatures. It was slso
fourd' that the impedance of & traneducer strip could vary over a wider range
than as at first supposed, duc to manufacturing and other tolerances, as well
as the quite large changes of impedance caused by interaction between the units
of ajmulti-element array. In addition, the transistors had to be used beyond
their "cut-off frequency" of about 7.5 ke¢/s, and the resultant circuits are
unduly sensitive to changes iw transistor characteristics.

42, The transmitter was therefore redesigned for the Prototype modei, using a
modified circuit less dependent orn the value of the load impedance and the
transistor characteristics. Consequential redesign of the transmitter
protection circuits was necessary, and this led to some delay in the completio
of prototype equipmeni und of the pertincat chespters of the handbook.

43, The individuel Doppler AGC amplifiers and rectifiers were redesigned to
obviate large-signal cverloading by increasing the dynamic range at all back-
ground levels, It has ulsc been found that a reduction in the rate of recponse
of the AGC loop to decreasing signal levels can lead to a more uniform, and
tence zn apparently lower backgrommd level; snd mo to a significent improvement

in detectability of low-level echoes.
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44, The interference in signal circuits, originating in~the red951gned 88TVO
training system which uses a mercury-wetted relay, has requiredfadnumber of
changes in submersible body and winch wiring. It was fouud that the™*balaneed
quad layout of conductors in ths strain cable must be-ma’ntained at every
point in tho oireuit, and in all connoctors carrying signal lsads.

45. The Strain Cable design was changed to give a further increagse of life.
411 internal soreens have been eliminated, the conductors now being arranged
symmetrically in six quads and six interstitial wiress I% has been established
that there is not significant coupling within the cable between the signal
leads and the high voltages on power supply and servo leads.

46.  Vlinch and Body trials late in 1961 had demonstrated that the sinking
speed of the body was inadequate, and that slack oable could occur on water
entry., The action of the winch hydramlic controls remained too abrupt, and the
reselection of tie control valve at water entry caused an unacceptable delay.
A new immersion switch system for the body was developed, using an electrode
energised at high frequency and located at the bottom of the body in a
redesigned fairing. The winch was fitted with a programmed throttling valve,
actuated by a signal from the immersion switch, to control water entry speed.
Further weight reductions in the winch were achieved by use of an aluminium
brake drum and cotton-base brake linings. Trials showed tha%t the new system
gave promise of solving the water-entry probdlem, bul that a numtsr of winoh
deficiencies still remained.

47. It is hoped that these remainirz problems have been ovorceme in the
Prototype design. Efficiency was improved by adoption of chain drives. The
brake operation was found to be affected by ingress of sea water and by heat
damage to the linings, and the brake was rodesigned. Excessively stiff
operation of the hydraulic control lever was roduced by incorporation of a
gorvo system into the control-valve linkage. The programmed throttling valve
did not give full protection against slack cable, an’ a new hydraulic sensing
system was fittsd in its place. Trials of the proto.ypve winch frem

E.T.V. ICEVHALE have yielded the promising results. Work is in hand to improve
the procedures for setting-up the winch controls, and a final check will he
made when Wessex XM329 becomes available for prototype trisls,

Flying Trials of the Complete Experimental Sonar Equipment

48, Following the return of Helicopter ¥M329 to Portland in March 1962
initial difficulties with the winch, electrical interference, and helicopter
engine starting prevented an effective start of the triala until the end of
Baster Leave. From then until mid-June, 38 sorties were flown, 32 being for
sonar trials purposes. The performance of the experimental equipment was
satisfactory, detection ranges being similar to those found during the more
extensive trials from E.T.V. ICEWHALE during the previous years In the shellow
waters off Portland, in isothermal conditions, contact was maintained to over
12 ¥yd on one occasion, and to over 8 Kyd on several occasions. During the
first series of trials off the Lizard a fairly strong thermal layer was
presant, and there was insufficient depth of water for the submarine to operate
below the layer. In spite of these adverse conditions an average range of

6.3 Xyd was achieved,

46. A second deep-water triel series cff the Lizard was neld in mid-July.
Serious difficulties with the helicopter engine curtailed these trials, and
only three runs took place in deep water {50 fathoms). There was a surface
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isothermal layer down to 7O ft and a deep isothermal region below 90 ft. The
detection trials all took place below the thermocline and uniformly good
detection was obtained. -'Unalerted" detections using a search procedure tscok
place over the range 2 to 8 Kyd, and contact was held cut to beyond 12 Kyd.
On one occasion, initial detection was made at 12.5 Kyd.

Trials of Prototype Equipment

50. The manufacture of six sets of prototype equipment ie well in hande A

complete prototype equipment has now been fitted in Flessex helicopter XM329,

The prototype triels were commenced in March 1963, These trials are expecied
to take three months and will be followed by the Navael Acceptance Trial., It

is hoped to complete a draft handbook prior to the Naval Acceptance Trial.

Special-to-type Test Equipment

51+ In addition to the development of the somar equipment, much effort hes
been deployed on the developmunt of spwoial-to-type test equipment. The
development of an Airborne Monitor Box, a first-line test set, and a ful: 1ot
of equipment for use at second line is expected to be substantially complete
within the next six months.

1.4 -~ HOVERCRAFT

52+ Some work has been carried out at A.UW.B. using Hoveroraft SR¥-2. To
date SRN-2 has bean over the noise and magustioc ranges at Portland and during
February 1963 a series of trials were oarried out to determine whether SRN-2
can be held in a sufficiently stable hover so as to use Helicopter Sonar

Tyve 195. Should this not be the ocase, a redesign of tho Type 195 submersible
tody mounting arrangements will be required for the hovercraft application.

53¢« The noise level radiated by SRN-2 appears to be similar to that radiated
by a Wessex Mk 1 helicopter. In the 'displacement' condition (i.e. when
stationary or at low speed), SRN-2 appears to be slightly noisier at low
frequensies and slightly less noisy at frequencies above 10 kc/s than is the
case during "passage" running at 25 to 35 knots,

54, In its present commercial form SRN-2 possesses too great a magnetic
field for it to be suitable for mine countermeasures work in shallow water.
It is calculated that even if fitted with an orthogonal D.G. System with
heading control it would be inferior, from a magnetic safety aspect, to a
deltic-ungined Coastul Minesweeper.

145 - ANCTITARY BQUIPNENTS

Underwater Communications and I.F.F,

55. In January 1963, D.U.S... prepared a araft Staff Requiremeat for the
modification of tche existing Underwater Telephone (Type 185) to provide a
higher power directional acoustic communication facility compatible with the
existing Type 185 for fitting in submarines and A/S frigates. The prime reason
for the drsft requirement is the urgent need for longer range underwater
communications which has arisen with the advent of the nuclear submarine
particularly if it is to be used as an £/S escort. An intramural project study
is in hand.
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56. A separateStaff Target is; being raised by, D.U SsW. for an.acoustic
undervater data link compatible with ADA and mIDE. This is.a separate .and.
much 1onger term subject, 8%i11 in the early research stage. The- basioc
problem is to eliminate confusion due 40 ‘multi-path propagation, the ¢ffécts.
of ‘which can vary enormously in differént sea areas and conditions. Initiar
consideration suggests the use of a variant of the RAKL technique deve‘oped
for radio communication. In this system,. test signals are interposed between-
the messages sent by the two ends of the link. These test signals: are. auto-
matically analysed to determine the .optimum coding procedure for' the :
conditions prevailing at the time. By this means, although the mean-rate: -of
exchanging messages will vary with acoustic conditions, a high degree of
reliability should be maintained.

Underwater Detection Equipment Test Qutfits (U.D.E.T.0.)

57. Limited effort has been available since June 1962 and work is now in
hand to meet the requirements of H.M.S. TRIUMPH with priority given to Types
170, 176 and 177, This will also enable existing requirements for surface
ship U.D.E.T40sts to be brought up to date. Waen the information for

HeiloeSs TRIUMPH is completed, Submarine Depot ohips will te considered,
followed by Minesweeper Maintenance Vessels and Escort Kaintenance Vessels.

Ruggedised Bathythermearaph

58. Some improvements have been made to the design to facilitate the
accurate adjustment of instruments v. = standard calibration. The reliability
of the depth recording mechanism has been established by tests at twice {he
maximum pressure and by approximately 2,000 cycles between surface and maximum
pressure.

59. The prototype instruments for ticcepiance trials now being manufactured
should he completed by mid-1963.

Echo Sounding Tquipments

Echo Sounder Type 713

60. The installation in H.M.S. (WEN was modified during the year to cperate
in conjunction with the National lastitute of Oceanography's Precision Depth
Recorder and is giving good service during the current Indian Ocean Survey.

Replacement for Echo Sounder Type 765

61, The Echo Sounder Type 765 has been in service since 1944 and now requires
nodernisation to meet present and future requirements. D.N.D. has raised a
draft Staff Requirement for a replacement set, this requirement has been
investigated and draft Agreed Characteristics formulated.

- N n'\‘weﬁn. ~
62. The proposed replacement will be based on Type 773 but will include an
AU .E. designed recorder, in place of the present commercial instrument, and
a Bridge Repeater to provide the Command with shallow water information.

Precision Depth Recorder

63, In order to provide a Frecision Depth Recorder for use in Survey Shirs
and certain selected general service shipg for acquiring deep sea data, D.N.D,
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has raised a draft Staff Requirement. This has been investigated and draft
Agreed Characteristics formulated; these take account of the recent decisions
made by the International Hydrographic Bureau, Honaco.

64, The Precision Depth Recorder will be used with the replacement for the
Echo Scunder Type 765.

Interference in Submarines

65. The problem of interfersnce on Type 186 in "A" class submarines, caused
by the air oconditioning and refrigeration plants, is still being investigated.,
It is realised that the most effective cure would be re-siting and possibly
re-mounting the offending machinery, but some improvement may be obtained by
short~civcuiting the affected hydrophones. A trial on these lines will be
carried out in June/July 1963.

Low Frequency Triplane Target

66, A vorsion of the standard triplane target, but scaled to suit the
frequencles »¢ Sonar Type 177, has been made and moored off Portland.
Prelimirary sonar trials are promising.
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’ SECIION 2 -  UEAPONS AND FIRE .CONTROL.

2.1 - ONGAR WEAPON SYSTEM

/.

. Increassed financial approval for the weapon and control system is being
sought. )

2 Eight weapons have been assembled and run; though never more than three
at any one time. Running is limited both by aveilability of spares, and trial
facilities. Some 100 runs have been carried -out in the last 12.monthe with the
loss of one weapon, Modifications as a result of experience to date are being
introduced to ackieve compatibility, reliability, and reasonable ease -of
acsembly and maintenance,

3. Certain problems have appeared as a result of the triale: TFor example
the radiated noise is greater than antioipated and difficulties have come to
light in the secondary battery which fails to hold its chaxge.

Homing

4, Triala with PENTANE vehicles at 16 knots have shown satisfactory homing
against a suspended noise target, and (in azimuth only) against H.M.S. SERAPH.
Self-noise measurement at 28 knots using a PRITANE vehicle have shown no
untoward effect from the flat nose sli..pe.

Se First runs using an ONGAR vehicle at Z4 knots brought 1little useful
information owing to trouble with new homing test equipment, but it has been
shown that there are no major design errors.

6. Eleven electronic homing units have been completed, the last four
incorporating the latest modifications.

7. Four Transducers are available with modified projectors and reverberation
sensing elements to give better beam shapes.

Reverberation Measurements

8, A series of trials were carried out during November 1967 using an ONGAR
homing transducer mounted in the fin of HM.S. ALCIDE, Most of the irials en
route to Gibraltar were in water deeper then 1,000 fathoms and the remainder in
a Mediterraneen exercise areu were in s water depth between 200 and

400 fathoms.

9. The measurements of reverberation level were recordsd in four beams of
the ONGAR transducer, two upward looking bLeams {A and C) and two downward.

looking beams (¥ and Y). The ONGAR Comparator was also usei with beams A and
¢, and ite output reccrded. The followving {ransmission parameters were used:-

(a) 5, 20 and 50 mS pulses of interrupted C.¥. centred on 33 kc/s.

(b) A 20 mS pulse of white noise genersted between 32 and 35 kc/s (the
same as the ONGAR transmission).
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(¢) Transducer depths of 50 €%, 150:ft and 350 ft.
(a) Transducer tilt angles of 09,;37-50, iﬁso apd‘¢3d°a

10,  The records are being analysed -and the. following provisional conclusions
have been reacheds-

(a) The peak reverberation level observed in the: ONGAR beame is about
10 to 15 dB less than the echo level expectad from a 10 d8 target..
This is so for ranges between 200 to 1,000 yd. At ranges less than
200 yd the difference decrsases.

(») The mean reverberation level in-each beam is the same when an
allowance is made for the respective surface reverbecation index,

{c) The coefficient of variation (utandard deviation/mean level) is
about 0.4 for the interrupted C.W, transmission and about 0.2 for
the noise transmission.

(@) The dependence of the scattering-strength on the grazing angle 6
appears to be between sin0+10 and sin 6.

(e) No definite trend has been detected in the variation of the
reverberation level with course relative to the direction of sea.

(f) No amplitude corgelation exisis between boam A (exis 22.5° port) and
heam C (axis 7.5 starboard), but some correlation (coefficient 0.3
to 0.4) exists between beams in the same vertical Blana, Qe
between beam A (axis 7.5° up) and bean Y (axis 7.5° down).

11. The data processing will be completed in the near future, after which a
comparison is to be made between the values of scattering-strength obtained
from these trials and the values given in the literature.

Yleapon Controls
Azimuth

12, Direction keeping has been found to be good over the short ranges run to
date, but early runs gave some damage at tns cnd of run owing to rapid
precession of the gyro es the weapon surfaced nose ups All gyros have since
been modified to fit slip~ring pick-offs on the inrer gimbal and an anti-spin
breke in azimuth.

13. Reliability is lower than anticipated and is being investigated.

Delivery of gyros is nine months behind schedule from the manufacturer and is
one of the main delays in assembly of weapons.

Roll

14, Runs in the water have confirmed simulator prediction. The roll unit has

been simplified to reduce backlash and improve operation, and has opecated
consistently in trials. Roll gyroscopes are also in short supply.
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Yepth

15+  The three interim depth gears have proved their worth and-been taken out
of seryice. The final dspth gear in its shallow water fom- (10. to 230-£%), has
run well down to 190 ft to date and satisfactorily executed up &nd.down
hanges (20 ft steps). The full depth range (50 to 1,150 ft in 100 Tt steps)
is about to be introduced.

16,  This is another holding item in the development programme.

Propulsion System

Batteries

17+ The first two silver oxide/zinc secondary batteries delivered to A.U,W.E.
wore considerably above the specified weight limit and were returned to the
firmm, Of ten further batteries delivered, three were watted-up for use in
weapon running trials, but a large number of cells failed to hold charge after
the first charge/diaoharge oycle, Single cell tests had indicated a life of
about twenty cycles.

18.  PExtensive tests are being conductsd to find the cause of failure of cells
when assembled as a battery. Meanwhile silver ox;de/zinc butteries, consisting
of cells developed for the PENTANE torpedo, are being used for weapon running
with a duration limited to 5 minutes at high speed,

Hotor

19, Eight motors have been built at AJUN.E. and four more by contract.
These motors have been run for the full pructice duration at full power with-
out water cooling, The power required for full speed iz less than estimated,
nowever dynumometer tests including speed changing (series/parallel on
battery) at the calculated full load have given ro trouble. No trouble has
been experienced with the motor on trials ?low speed only to date), A scheme
is now being drawn up to fit water cooling into the motor in the weapon.

Propeller

20, Adequaie stocks of stainless~steel blades are now available, Even
blades in this metal have suffered some damage in trials from melhandling and
early runs on the noise range at Loch Goil show that cavitation is higher than
anticipated.

ONGAR - 10 inch Powered Model

21, Trials on a 10 inch diemeier powered model with the ONGAR afterbody
configuration have been conducted in the 30 inch water tunnel at A.R.L. The
aim of the trials is to measure the propulsion and cavitat.on performaace
characteristics of the ONGAR propellers. The water tunnel facility enabies
trials to be conduited over a wide range of front and rear propeller pitch
combinations with the aim of obtaining optimwn cavitation performance
concurrent with an acceptable propulsion performance.

~17-
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22+ Measurements of prupuirion performance have bsen made over a range ‘of:
propeller pitch combination ranging from about 32 degrees to 45 dagrees on
each propeller. The =nalysis of the measurements is completed and .in the case :
where comparison with full scale runs is possible the agreement between iodel ’
and full scale is good.

23, A preliminary examiration on the model of the cavitation performance at ,
the prasont ONGAR blade settings indicate a cavitation inception depth in M
excess of 50 ft at 24 knots. However, detailed cavitation mcasurements is the

subject of tho last phase of the trials ourrently taking place.

Propeller Shafts

24. Some redesign and change of material of the propeller shafts and
coupling shafts is being carried out to withstand the high torques imparted
during the launching phase - this torque is developed by the water windmilling
the propellers until oil pressure devsloped by the shaft-driven pump ocloses
the contactor on to the battery and the motor then comes under powsr. This
system has worked very satisfactorily and required about 20 revolutions of the
propellers to become self powered.

Y T AR P T P R T T T

Two-speed Contactor

25, The contactor unit using oil pressure for switching operation has
tontinued to prove satisfactory. The internal mechenism is shown in Fig. 8.

Wire Guidance System

26. A1l 27 guidance electronic units
have now been made, but vibration tests
have shown that somo mechanical
stiffening is necessary.

27+ Trials have shown that the comhand
signal levels up and down the wire are
satisfactory, Runs in which the weapon
has been steered in azimuth and depth
via the wire and other signals recorded
have given no cause for alarm, though
there are still some problems associated
witn the coded 400 c.pe.ss pulse., A
further pulse is being added to provide
a meacure of the true speed of the
weapon, This hes been incorporated in
view of the tolerances on the primary
battery output now being quoted by the
manufacturer.

e e e

Fig. 8 Two-speed Contactor Unit. 284 An additional channel is being
added to the guidance unit to give N
command arming and thus increase the .
safety of the firing submarine.
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Qutboard Disﬁenser

29+  The Mk 2 Outboard Dispsnser, intended for ONGAR, contains 5,000 yd-of
wire against 2,000 yd in the dispenser for the Mk 23 torpedo, and is designed
for higher towing speeds. TlLs first experimental model was completed in |
September and subjected $o a number of discharges through the Meep Firing Tank
to prove compatitility with Water Ram- Discharge as fitted: in

H.N.S. DREADNOUGHT. It has =ince been employed in & small number of submarine
rung with ONGAR at speeds up to 8.2 knots and dispencod satisfaotorily., Towing
gtability has bteen confirmed up to 10 knots, using a surface craft. Arrange-
ments are in hand for towing an instrumented dispenser from a faster vessel to
determine the behaviour al even higher spseds,

Pistol

30. The pistol provides for contaot operation with a sensitivity adjustable

betwaen 5~ and 15g and for non-contact opsration up to a range of 1 £t from
the target submarine,

31.  The ncn-contact pistol supplies approximately 150 watts at 1,900 cepese
to coils in the tail fins to provide a rotating megnetic field around and at
right wngles to the axis of the torpeda. In the head thevre are four coil
pockets connoctod so as to have their axes along the torpedo axis to reduce
the direct pick-ur from the tail coils to a negligible leval., These receiving
coils pick up the reflected signal from the taiyst und this is amplified and
differentiated to actuate the detcnator firing circuit at the point of reare~t
. pproach to target.

32. The experimental non.contact pistols have functioned satisfactorily in
ONGAR vehicles against subtmesged static targets; two models, engineered teo

production standards, exe at present undergoing environmental tests prior to
releasing the drawings for production.

33+ A comprehensive pistol test sat has been designed and one model
constructed for assessment with the two production pistol models.

Ancillary Power Supplies

34, The 3-phase invertor has lLeen very reliable in use and the early models
of the new design are now to hand.

3%, In common with other transistorised equipment, overloads cannot be
tolerated and an extensive programme of voltage stabilisation is being
progressed. In adtition to this many velays are being replaced by semi-
conductor switches, a3 relays have been one of the main sources of
unreliability in the weapon.

The Transponder

36, Two experimental models of the transponder were delivered during 1962 and
gave very satisfactory performance during sea trials in shallow water. The
r.m.S. bearing error, for ranges between 2.5 and 10 kyd using over 4,000 trans-
missions, was O.29°. No measuremert of vange accuracy wes made; 2as indicated
in earlier trials this is not a problem, '.,¢. under the worst conditions s
standard deviation of 8 yi was obtained at 15,000 yd range.
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37« A prototyps transponder has since undergone. a.series of climatic and
durability tests r'ollowed by a 1,000 hour life tesij these weme ccmploicd
without failure. The unit met the requirements .of the K114. Tect Specification
after the 1,000 hour 1life test had been completed.

38, Twelve prototypes and three pre-production models. are to be made. The
Test Specification is in draft form and drawirngs are almost. oomplete.

Hull

39. There has been a big demand for ONGAR dummies, space models, etoc. and
owing to difficulties in achieving orack-free welds the delivery rate of body
sections has fallon - present commitments oen just be mets Tho afterbody is
being re-modelled internally to allow easy access to the tightly packed
assemblies and improve generally the layout of ocables, pipos, eto. Weapona 13
to 27 will have these modifications, though in fact most ¢f the cemponents Wil
oome from weapons 1 to 12, Theo modifications are being carried out as matarial
beocomes available.

Transport Containers

4C, PFour ah.ck resistant boxes for weapon and head are now in use and have
proved satio’e icry.

Test Goar

41. To avoid a multiplicity of special-to-type test gear, ths uso of TRACE
(Tape-recorded Automatic Check-out Equipment) is haing investigated, "This will
check out meat of the assemblies in Armament Depots and Depot Shipu mexely by
inserting a punched tape and setting the machine to work.

42. Tha generel programme of test gear and test specifications is behind
schedule and contract action on some components awaits roceipt of the increased
financial approval. It is proposed to include a 3-axis Stabilised Test Table
for thorough performance check out on the depot ship; so far only preliminary
design has been possible.

Torpedo Guidance Control Unit Mk 2
Experimental Equipment

43. The past year hes seen the completion of the design of the experimental
model of the Torpedo Guidance Control Unit, Mk 2. The lessons lsarnt with the
breadboard equipment have proved of great value and the simplified logic and
storage systems used in the experimental model have permitted a vory
considerable reduction in size. The equipment is housad within one modified
standard cabinet, the upper four drawers being a saociated with the display
system, the lower two drawers with the computer and its storage system.

44. The individual electronic units for the equipment started to bscame
available in August 1962 and have been subjecied to extensive laboratory
it28ting prior to their assembly into the cabinets. Checking of btoth the com-
ri.er and display system as separats entities is now nearing completion and the
rext step will be to marry the two together. Overall testing can then commence
and when this is completed & series of dry land tests of the equipment as a
fire control instrument using simulated inputs and outputs will be carried oute.
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45. A number of additional facilities not specifically called for in the
Staff Requirement have been built into the T.G.C.U. Mk 2, Should own ghip
cata from log or compass prove unreliable, these functions- can now be get in
by hand. Similarly, it will also e possible to hand set target range,

course, speed and bearing, and the successful operation of tha equipment 'is net
+tholly dependent on the sonar, which provides automatic transmission of
bearing., Attack dala obtained from the periscope or radar can thus be used and
this facility would allow the use of the equipment as a fire control computer
againat surfuce targuts for weapons with an anti-ship capauility.

46, Extensive shock and climatic testing of the individual units of the
equipment has been carried out during the past year and this testing will
eventually extend to a complete T.G.C.U. ik 2, Waaknesses have thus heen
discevered at an early stage and remedial action taken.

47, Whilst the main effort over the past feu months has been devoted to
T.G.C.U. ¥k 2 itself, progress hag been made om a number of associated
instrumentss -

(a) Torpedo Simulators Reaquirements fsr a torpedc simulator which will
permit functional checking of T.G.C.U. Mk 2 have now been finalised,
The simulator, in offect, replaces the guidance unit of the torpedo
and indicates that the "weapon" is responding correctly to the
commend. ‘The repeat-backs of course and speed from the "weapon" are
also provided and, besides providing a chscl on T.G.C.U. Mk 2, this
will alsoc allow realisvac dummy attacks, including wespon guidance
to be carried out in operational sulmarines.

(b) Action Data Recorder: The requirements for the recording system
uged in conjunction with T.G.C.U. Mk 2 during praoctice firing of the
weapon have recontly been finalised and an Action Data Recorder is
on order- The recorder will store on tape the wire commands and
repeat-backs, the highlights of the digital data on tho storage
drum, and a veice commentary. When played back through T.G.C.U.

Mk 2 the binary data will be decoded by the computer and presented
on the Numericai Display. Wire commards and repeat-backs will
appear on a multi-channel paper recorder.

(c) Test Equipment: It now seems probable that the special test equip-
nment needed will primarily be a simple caxd tester. The monitoring
system built into T.G.C.U. Mk 2 itself will allow a fault to be
isolated to a group of three cards and by subsequent use of the
card tester a defective card can be isolated. A breadboard eyuip-
ment has been developed. In service, this equipment will initially
be used in depot ships, but may be fitted in submarines, depending
on its size. Recent experience with T.G.C.U. Mk 2 suggests that the
theoretical prediction of one fuult per 200 bours is pessimistic and
a more likely figure is one fault per 700 hours. This comes about
because of the enhanced reliability shown by the encapsulated Combi
elements used through the equipzent.

Prototvpe Equivment

48, Whilst the experimental equipment 2lready described marks a big advance
on the breadboard system discussed in earlier reports, it now seems possible,
whilst the design is atill fluid, to simplify the equipment still further and
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to use a simpler logic system. This will permit a significant reduction in
the number of aifferent tyves of printed oards used and ‘should result in
easior maintenance and inoreased reliability, The drawings:fon the prototype
are, therefore, being based on this simpler system and équipments numbers 2
and 3 will be made to these drawings.

P.CeS.S. 8X and 0X

49, These systems, which are developments of T.CeS.85. 6 and 7 in which
T.G.C.U, Mk 1 is replaced by T.G.C.U, Mk 2, are being fittad to H.M.S. CACHALUI‘
and H.M.S. OCELOT, respesctively for development trials. The minor changes
required to the associated instruments of both systems in order to incorporate
the requirements for ONGAR have been completed and aquipment manufactured.

50, The T7.C.S.S. 8X system in H.M.S. CACHALOT is nearing completion and
triels should commence in mid-1963. In the first instance, these trials will
bo designed to prove the computational and display facilities and position-
keeping accuracy of the experimental T.G.C.U. Mk 2. When this phase is com-
pleted trials of T.G.C.U. Mk 2 in association with the weapon can commence.

51. The T.C.8.S. 9X system for H.M.S. OCELOT is being installed and is
roughly one year behind the parallel system in H.M.S, CACHALOT. The systenm,
less T4G.C.Us Mk 2, has undergone system tesis at the works of Messrs Barr and
Stroud and has proved tc bs functionally satisfactory.

52. The existence of two tnrpedo contsul systems T.C,S,S. 8 and 9 for
spindle and cable set torpedees, respectively, raises serious logistic problems
in vegard to types of torpedo, torpedo control instruments, spares, etec. It
has been progosed therefore, that an attempt should be made to standardise on
the more flexible cable set T.C.S.5. 9 system, Although this would take some
years to accomplish the fitting in subwarines it would eventually show a
considerable simplification in the types of weapon, control instruments, etc.,
required and result in reduced requirements for logistic support.

2.2 = MK 23 TORPEDO AND CONTROL SYSTEM3 T.C.S.S. 3, 6 AND 7

Torpedo

53. Further trisls of the torpedo were carried out during 1962/63 and these
are summarised belows-

{a) Shock Trialst One torpedo was subjected to shocks of 16, 30, 40 and
57g when mounted in a tube in vhe N.C.R.E. Shock Test Base. The
torpedo functioned satisfactorily after the first two shocks, except
for a gyro vwander beyond the specified limits after the second
shock. The torpedo failed to function after the third and fourth
shocks, but the depth gear functioned correctly after cleaning the
contacts and the azimuth controls operated when tested with an
azimuth upit vhat had not been subjected to shock.

(b) Vibration Trials: One torpedo is currently being subjected to a
series of vibration trials in three mutually perpendicular planes,
at room temperature, and at 125 F and -20°F, The azimuth units used
on these trials are being returned to R.N.T.F, for examination and
testing. Apart from these units, the faults occurring to date have
been of a minor nature.
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Two torpedoes are currsntly being subjected fo
F climatic trials. After two monlhs ai -20°F, the torprdoes

functioned satisfactorily when brought to the minimum operating
temperature of 20°F,

\ .
P
(e)

Climetic Trials:

() Three Months Storage Triasls in a Submarinc: Three torpedoes weie
stored for three months in a submarine. Two torpedoss were stored
in tubes, and one in the racky. One of the torpedoes in the tubes
developed a feult which is being investigated. The other tvo
torpedoes ran satisfactorily to maximum range at ihe end of the

storage period.

Further Acceptance Trial Rumning: In further vrials in July 1962
the torpedo performanccs were as shown in the table below:-

% Success

Aim Valid | Successful
Runs Runs 1962 1961
Triuls | Trials

Guidance and Position

Keeping 40 40 100 80
Acoustic Contact 33 33 100 51
Homing and Hitting 3o 29 97 1C0

{ 54, Further small torpedo modifications recommended as a result of the July
1962 trials were, in general, incorporated in the torpedoes used in January

1963 trials and appear to be satisfactory.

Qutboard Dispenser

55, Ninety runs were completed with the prototype dispenser for the 21 inch
Mk 23 torpedo (Mk 1 Outboard Dispenser) durirg the firet half of 1962 and

Tollowing minor modifications, this dispenser was offered for acceptance. In
the course of system acceptance trials in July, sixty discharges were carried
cut and dispensing performance was better than 90%. Since then, satisfactory

‘ discharaes have been uade from both bow and stern tubes of an 'A' Class
. Submarine, but durin; trisls in H.M.S, OTTEL in Januery 1963, scme trouble was
experienced with the operation of the dispenser release mechanism, cwing to

high discherge velocities,

{

{

|

) Control Systems
H

4

3

56, Modifications to the prototype T.G.C.U. Mk 1 in K.}.S. WALRUS were com-

. pleted in May 1962 and their success demnnstrated during a subsequent trial.

. Acceptance trizls on tae complete system were undertaken in July 1962 and were
generally successfil, although due to abnormal sound propagation conditiovns the

b "acoustic contact' link with tue weapon was nct as conclusive as on previous

trials,

v
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57« The fire control equipment was released for service use although formal

acceptance of T.G.C.U, Mk 1 was withheld -pending further investigation into:
the torpedo ard continuing weapon trials, The equipment was, howéver,
released frcm production and is being widely fitted in operationsl submatires.

58. Prototype installations of the T.C.S.S. 6 and 7 systems have been fitted
in H.M.S. OTTER and H.M.S. OLYMPUS and anocessful contrel of Mk 23 torpedoes
from H.M.S. OTMTER has been demonstrated. Similar trials, but using the
T.C.8.5, 7 system to control the Mk 23 torpedo, will be carried out in

HoM.8. OLYMPUS in July 1963. A proving programme of weapon trials is at
presnant in hand and the final stage of these trials will be a long range
operational trial for the complets Mk 23 control system against a realistiic
target in November 1963,

59, Installation of the T.G.C.U., Mk 1 in both new construction and submarines
refitting is proceeding and with the completion of H.”/.S. DREADNOUGHT seven
sutmarines will oe in service with a Mk 23 control capability.

T.6.8.58., 3

60, ¥ith the exception of a few "M class submarines, the T.C.S.S. 3 systems
are being replaced by T.C.S.S, 6 as submarines are refitted.

61, The T.C.5.8. 6X system was fitted in :I.M.S. OTTER subsequent to shore
testing et Messrs Scott in May 1962, Since the T.G.C.U. ¥k 1 guidance control
unit for the Mk 23 torpedo was not at that time available, it was not possible
to complete setting to work this portion of the system.

62, The harbour acceptance trial was satisfactorily completed in May 1962.
The results showed a marked improvement in the computing accuracy of the
calculator T.C.C. Mk 16, Mod.3 on its predecesscr the Mod.1 version,
particularly at short hitting runs and experience since, whilst limited, has
shown the calculator to be more stable with respect to time.

63, Certain defects, which came to light during the system testing, have
been investigated and appropriate modifications are being introduced.

64. The T.G.C.U. Hk 1 guidance control unit became availabls in December 1962
and this allows the remainder of the harbour acceptance trials to be completed.
The sea acceptance trials of the system were carried out in January 1963 during
which Mk 8, Mk 205 and Mk 23 torpedoes were successfully fired and controlled.

65. Four other submarines, H.M.S. ORACLE, NAKYHAL, TRUNCHEON and ALLIANCE,
have been fitted with production T.C.5.5, 6 systems during the development
pericd allocated to the prototype system in H.M,S. OTTER. Whilst this goes
sore way to ensuring that the latest equipment gets into eervice »s soon as
possible, it does raise considerable difficulties in ensuring that production
systems are up to the latast prototype siandard.

66. Some further work on the %.C.C. Mk 16 Mod.3 calculator is being carried
out and a bearing rate indicator has been developed by Messrs Muirhead. Tests
on a laboratory rig have proved satisfactory and the next step will be a trial
at sea.
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67. At the coumencement of thc development of the prototype T.C.S:S. X
system it was intended that the system should be instelled 'in H.M.S. OLIMPUS
following a shore test at the works of Messrs Barr and Stroud. Furthermors,
it was intended that final development and trials of the system would be
complete prior to the installation of production equipments. However,. due. to
dslays in compleiion of the submarine, followed by difficulties encountered
during testing and tuning whilst the submarine was still in shipbtuilders!’
hands, wuch of the prototype lead time was lost.

68, During the sotting to work of the system on the submarine, trials of the
data transmission links between control instriments and tube space showed
significant errors. Investigation as to the cause of these errors and
subsequent system modification thus had to be mads, not only on the prototype
equipment but also to three subsequent production systeme in parallel. These
transmiassion errors stem from three main causess-

(a) The abnormally long cable xun of 150 to 200 £t in R.N. submarines.
(b) The use of a common 83 stator line for five different servo motions.

(c) The susceptibility of the Mk 5 n.0, serve amplifier and associated
Data Set Unit to 400 o/s interference.

69. Invostigations of these problezs on ILM.S, OLYMPUS proved both difficust
and uneconomical and the data tranemission system was, therefore, set up at
A.U.W,E. to determine the source of error and methods of effecting a cure,
prior to implementing modifications to the system itself. The errors were
found to be primarily cansed by cross talk from core to core in the submarine
cabling and wero considerably roduced by using cables containing a number of
triple twisted cores and dividing the synchro stator lines for each servo
motion such that commoning only occurred at the pnint of entry into the torpedo
umbilical B cable at each disconnect switch,

70.  Introduction of 400 c/s filters into the signal input stage of the servo
amplifiers reduced interference and provided reliable operation of data set
units. It was impossible to introduse the improved cabling into H.¥.S. OLYMPUS
or H.M.8, * CADNOUGHT as main cable runs in both submarines had been completed
well before this stage. It was, however, possible to make a comparable improve-
ment in data transmission by core selection in existing cabling, although this
naturally involved a considerable rearrangement of existing functions.

71«  The rasult of these modifications is to limit transmission errors to +30
minutes of arc for "coarse only" transmissicns and to +15 minutes of are for
coarse/fine systems. Harbour acceptance trials of the T.C.S.S. TX installation
including the prototype T.C.C. 17 calculator were successfully completed in
December 1962 in H.M.S. OLYMPUS, A similar trial was completed in

H.H.S. DREADNOUGHT in March 1963. Successful fiving of the U.X. ¥k 8 Mod.4
torpedoes have already been made from H.N.S. OLYMPUS and sea acceptance trials,
in which all compatible British torpedoss will be fired, will take place wheu
the submarine can be made available. The DREADNOUGHT system will be subjected
to similar trials, which will take place in conjunction with desp discharge

tests in August 1963.
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72. The draft handbook for the T.C.3.S. T system has been completed and
vetted and is in process of being converted to the final handbook.

2.3 - MK 20C COMBINED ANTI-SUBMARINE/ANTI-ESCORT TORPEDO

73, The design work for the conversion has now been completed and production
drawinge are available.

T74. A decision on whether or not this torpedo is required in service is
awaited.

2.4 - THREE-DIMENSIONAL TRACKING RANGE

75. The estimated completion date is still the end of January 1964. The
basic design is largely completed and the assembly of the units is well
advanced., Trials off Portland with an experimental transmitting transducer
assembly and the proposed Elliott pulse transmitter gave satisfactory signal
strengths out to maximum designed range of 5,000 yd.

76. 'The design of the instrument containers has been finalised and these
should be available for installation on EJPsV. WHIMBREL st Gosport during
June 1963,

77+ The first of the three hydrophons supporting booms is being installed in
H.M. S, 2OSSAMER Yor handling trials. The other two booms should be ready for
June 1963.

2.5 - ARROCHAR TORPEDO PROOFING RANGE

78, A report on possible methods of instrumenting the Arrochar Torpedo
Proofing Range to give the dsgree of accuracy required for proofing ONGAR has
been completed by Elliott Bros (London) Limited under a design study contract,
It is shown that adequate accuracy can be achieved and akes recommendations on
the technigues to be employed. It is clear that any such system would be very
expensive, owing to the number of pressure tight units involved, each requiring
communications with the firing point.

79. Consideration is therefore b.ing given to designing a simple 3D Range
installation for Arrochar using standard 3D practice heads on the torpedoes,
and simple tracking instmllutions on one or more of the targst rafts. This
may take the form of either tape recording of the pulse from the tracked
torpedo, to be analysed later or E.T.V. WHIMBREL 3D range, or a simple analogue
computer with its own plotting table.

80, Preliminary trials indicate that the simple 20 kc/s range will be
reasonably satisfactory at Arrochar.

2.6 - RECCRDING EQUIPMENT IOR TORPEDO ATTACK DATA

81, Further development of a small, portable digitizer/decoder with "freeze
and read" facilities now inciudes a simple print-ocut facility. Prototype uniits
are expected to become available shortly and production versions of these will
replace the original unit developcd for testing T.G.C.U. Mk 1,
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Y2. The 19-channel data recorder on H.M.S. .KWAIDSPONE has now been in sexvice
some nine months without vepetition of tue last reported defects on the
Underwood typewriter and it would appear that this weskness has been overcome

(see page 46 ).

83. Special-purnose writc-out machines are now available and it is iniended
to use an input/output writer manufactured by Internationel Business Machines
in place of a typswriter on subsequent -attack teacher recorders,

84. Further details of recording aquipment being developed for use in
asgsociation with T.G.C.U. Mk 2 are given above (see page 22).

2.7 _~ TORPEDO LOCATION INDICATOR

85. The priority of this item is such that very little work has been possible

on it during the last year. A contract is visualised to engineer the elevctronic
equipment into a package suitable for incorporation in the present Holmes Light

pooket. However, with the introduction of three dimensional ranging, the use

of the torpedo location indicator will presumably not be so pressing.

2.8 ~ DFEP ACOUSTIC TORPEDO TARGETS

Static

86, The adaptation of the Mk 44 target for ONGAR awaite revised global
approval.

87. Work is, however, proceeding on the Mk 44 target and limited modifi-
cations are in hand as a rcsult of rocent trials,

Deep Mobile

88. In view of the difficulties of obtaining live targets for the development
of anti-submarine acoustic torpedoes, the design of a synthetic mobile target,
to carry out menceuvres similar to those of a submarine, and fitted with trans-
ponders and noise generators so that its sonic behaviour will be similar to
that of a real submarine, has been considered. A design study coniract was
placed with The Plessey Company Limited which resulted in proposals beiag put
forward for tailoring the requirements into a converted ONGAR torpedo by the
addition of only two relatively small new body sectisis. The programming and
recording system required by the target can utilise apparatus already being
developed for the Mk 44 torpedo, thus reducing development costs and the extra
expense of cmall quantity production. Proposals for developnent are being
prepared, Consideration is also being given tc the use of such a target for
Fleet practice, and a Staff Target is in preparation.

2.9 - Mk 8 MOD.4 TORPEDO

89. Acceptance trials wers carried out in early September 1962 but were only
partly successful since the azimuth and depth items of the torpedoes were out-
side the limit specified, This error had not appeared in the prototype
torpedoes and an urgent investigation was carried out.

Y0, The error is now known to be due to unbalance of the air supply to the
two sides of the steering engine and changes to the dimeasions of the air
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passages are being made. Trials of the modified torpedoes were carried out in
March 1963 and the modification is now being incorporated in production
torpedoes.

2,10 - THE MATCH WEAPON SYSTEM

91, MATCH, as a system, results from the adapiation of existing equipment.
The modernisation of Type 177 is the only specific item in A.U.W.E.'s pro-
gramme requiring additional work for this purpose, but some system study and
co-ordination of material problems has also been necessary.

92, The MATCH system is concerned with the apPlication of a wide variety of
equipment to sxploit the longer range detestion potential of sonars such as
Types 177 end 184, with the aid of the torpedo carrying helicopter. There are
a number of variants of the system for which the equipment can includes-

WASP helicopter Sonar Type 177

WESSEX helicopter Sonar Type 184

Radar Type 978 Sonar Type 199

Radar Type 992 Torpedo Nk 44

Radar display Type JUA True Motion

Radar display Type JYA Soner Marker

ADA Optical Plot Attachment

X-~Band transponder system
MAD

93, The basic instullations are shown in the table belows-

Class of Ship 'r Helicopter Control Facilities
TRIBAL's WASP 177, {199), 978, JUA, JYA
LEANDER's WASP 171 or 184, (199), 978, JUA, JYA
D.L.C.'s WESSEX 117, 978,. JUA, JYA or 184, 992, ADA
CARRIER WESSEX/WASP 184, JUA or ADA

BLACKYIOOD's - 177, 978, JUA, JYA
ROTHESAY's - 117, 978, JUA, JYA
WHITBY's - 117, 918, JUA, JYA

Post LEANDER's - Not decided

94. The main requirements for the system have been settled but implementation
continues to be slow., Approval to purchase much of the equipment is still
awaited. .

95, MATCH system triels were held in H.M.S. ASHAWTI in March 1962, utilising
experimental models of the main cuntrol sysiem developments, with the exception
of the improvements to Sonar Type 177 which are reported below.
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96,  These trials had two purposes., The first was to obtain experience of
aircraft handling and operstion from the flight deck of a TRIBAL class frigate.
This part of the trial, using a P,531-0 helicopter, was successful. In spite *
of bad weather and makeshift arrangements 315 day and night take-oifs and
landings were made under a variety of conditions. The anti-roll stabilisation
of the ship made a major contribution to operation in hedvy seas but the need
for positive arresting gear on landing was again apparent.

97. The scope of the tactical trial was limited owing to submarine and.air-
craft availability but successfully demonstrated the potential of the' system
and the effectiveness of the fire-control arrangements. The A.S.W.E. sona®
marker was found to be acourate, but the random jumps in its position, due to
the orudity of the sonar data, were found to be disconcerting to the helicopter
diveotor. Nevertheless the results of some 120 runs against a submarine target
at speeds up to 12 knots and at ranges out to 18,000 yd indicate that, using a
salvo of two U.X, Mk 44 torpedoes, the sysicm should have a useful cepability
against alert evasive submarines at speeds up to 15 Mmeta, The ship must,.
however, be in sonar contact up to the time of weapon release, and it is a
major weakness of the system that the delays in making the attack give the
submarine ample time to take advantage of sound propagation conditions and dive
to safety.

98, Other facilities contributing to the success of the fire control systen
were the Decca Optical Plot Attachment which was found to meke an important
contribution to direciion accuracy by enahling the attack graticule to be
visually superimposed os the radar d.splay; and sea-stabilisation of this
display with the aid of "True-mction". An X-band radar transponder system was
found to be essential for following the helicopter through bad sea or rain
clutter. Iuneberg lens reflectors were rot adequate for this purpose.

99, Arrangements for thc engineering development and production of these
equipments are in hand.

100. The next series of trials, expected in Autumn 1963 in H.M.S. LEANDER,
will have production prototypes of the sonar improvements and sonar marker, but
for much of the other equipment only experimental models will, as yet, be
available. The WASP Mk 1 helicopter will be utilised. Improved dperating
procedures will be tried to improve fire-control accuracy against faster, deep,
and evasive submarines. (Un%il a torpedo with better search capability is
available, however, the probability of acquisition will be low for target
speeds over 18 knots.) Better trials instrumentation will be essantial and
for this purpose a D.M.E. (Distance Measuring Equipment) available commercially
in the U.S, has been ordered.

101, The MATCH fire-control problem is no ‘dequately solved ty manual methods
uaing the data and facilities available in . _s with conventional A.I.O.
systems. The better handling of sonar data, .racking snd prediction possible
with the aid of a computer will be exploited in ADA-fitted ships by the
addition of a fire-control programme for MATCH, Orders will be presented on
the ADA display for voice transmission to the helicopter by the direction
officer.
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Torpedo Dropping Rules

102. The progress of system developmont has made possible better esfimates of
system delays and this in turn has lead to a revision of the dropping:rulés
recomisnded for the Mk 44 torpedo. For the full MATCH system .in which
prediction is made by the A.S.%.0. at the A/S Plot (JYA) a distance ahead cf
the target of 36 yards per knot of target speed is now recommended. The
proving of the rules is not practicable without a very extensive series of
triels with running torpedoes. In the forthcoming trials in H.M.S. LEANDER
further data will be obtained, justifying or amending the assumptions made in
deriving the rules, and experience will be obtained in their application, but
the number of torpedo drops will be too small to prove whether or not the rule
is the optimum.

Adaptation of Type 177 for the MATCH System

103+ The completion of a feasibility and design study of possible modifi
cations to Type 177 to make it suitable for use in the MATCH system was
completed. The main recommendations are:-

(a) The Sector and Doppler Displays should be modified to handle targets
with dopplers up to 40 knots.

(b) Additional visual integration to be provided on tha Range Recorder.

(c) Facilities to be provided for ias semi-automatic feed out ot varget
information.

(d) A trial to be carried out to assess the performance of a 40° wide
Sector Display beamwidth compared to the existing 20 width,

104. To implement these recommendations a contract was placed with

< R. B, Pullin and Company in April 1662 to carry out the detailed technical
modifications and to assist AJU.W.E. with fitting the equipment into a ship for
sea trials,

105. Preliminary sea trials of part of the modified equipment took place in

H.M.S, HARDY in October 1962. The equipment under material evaluation was the

modified Sector Display which now uses only the 20 mS and 150 mS transmission
‘ pulses, but with the facility that both rulses can be used up to the maximum
! doppler limit of +40 knets, es distinct from 5 knots and +1 knot respectively,
in the present Type 177 sets. Reverberstion suppression with a rejection
characteristic of variabie bandwidth was also incorporated in the 150 mS$
channel for the purpose of the trials., In addition, an electronic strobe of
target bearing has been added to the Sector Insplay. Other components under
evaluation were the audio and recorder marking circuiss which had been modified
to cope with the variations in processing frequencies introduced by the
increased doppler coverages, and the receiver beam-forming networks which had
been modified to give the dual facility of either a 20" or 40" acoustic beam
width of the Sector Display.

106, Shallow water areas visited durins the course of the trials were off

Portland, south-west of the Scilly Isles and the Londonderry exercise areas.

g Excellent sonar conditions were encountered in the first two areas whilst
severe gales were encountered in the latier, somewhat curtailing the trials.
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07 1In thege trials the Doppler Display was ¢perating with a 5 oycle band-
width and 10~ acoustic beamwidth wh%le thGOSector Display had a 400 cycle
bandwidth and a choice of either 20~ or 40" beamwidth.

108, Results show that the introduction of reverberation suppression in the
150 mS pulse receiving channel of the Sector Display is of assistance in
detecting targets showing more than 6 knote of doppler. The targets were
either A class or PORPOISE class submariues and generally ranges in excess of
10,0C9 yd, were obtained with very little difference in detection rangé with
the different bandwidths or beamwidths.

109, The degradation in performance which theory would predict from
incroasing the bandwidth and beamwidth was not evident and th%s may bYe
explained by veference to Fig. 7. In the 150 mS pulse and 40 beamwidth mode
of operation reverberation limitations are about thc same as those for

Type 184 and the same generalisations abcut the change in deteotion potential
due to variations of the parameters apply. It may therefore be predicted from
thg more comprehensive trials with Type 184 that inoreasing the beamwidth to
40° would reduce the detection potential of Type 177. Thus it wiil be seen
from Fig. 7 that for the Portland area, low sea state, a change in detection
potential of only 4 dB can result in an increase in rangs from 5 to 15 kyd.
Day to day ohanges in propagation conditions in this area can exceed such
values, hence the danger of drawing conclusions from limited trial data.

110, Further trials will be carried out early in 1963 with the Doppler
Tigplay modified to provide for +40 knots of doppler and also “hs addition of
visual integration on tne Range Recorder will be evaluated.

111, It is planned to complete all trials of this nature by the end of

May 1963 to finalise production information by the end of June 1963. A
decision on the width of the acoustic beam for the Seotor Display information
will, however, await the results of later trials and an assessment of
comparable features included in the Type 184. In particular the use of a

30 knot target is badly needed in order to assess the operational usefulness
of increasing the sector width and the performance of operators.

112, It is planned that incorporation of the modifications in existing
Type 177 equipments shall be achieved by substituting modified electronic
units for the existing units, the work being undertaken aboard ship by a
contractor.

2.11 - FURTHER DE/ELOPMENT OF A/S KORTAR MK 10

113. Consideration has been given to various improvements of the A/S Mortar
Kk 10 including extension of the rauge and a "Slimline" double mortar layout.

Extension of Range

114. ‘'Iraals have been successfully carried out at Predannack Down tc prove
that an extension of range to 1,500 yd is possible without any mechanical
modifications to the weapon. No further work is being done in the absence of
a firc requirement (see page 92).
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"Slimline" Limbo

115 The object of the "Slimline" configuration is to accommodate double
mortar mountings in a reduced length of ship, to provide inoreased stowage
and permit a reduced manning.

116, A sketch design for Post LEANDER Frigates has been submitted to D.G.S.
for consideration,

2,12 - PROXIMITY FUZE FOR A/S MORTAR MK 103 CANADIAN PROJECT INSIGHT

117. A visit was made by a R.N. team to Canada to discuss the final R.C.H.
deslign proposals. These wexre found to meet R.N., safety and functioning
requirements.

118. 4s a result of the discussions with the Canadians it became necessary

for calculations on the magnitude and pattern of the near field of a typiocal
submarine to be carried out with specisl reference to the probable range and
depth of actuation of the Canadian proximity fuze for A/S Mortar Mk 10 which
is to undergo proving trials in the U.K. This study was necessary to guide

selection of procedure and equipmsnt for the trials against the target.

119. TFinancial approval for expenditure to provide facilities for R.C.N,
trials has been obtained, and design and contract action has been taken.

120, The facilities being provided are as follows:-

(a) Setting up a single barrel A/S mortar at St Themas Head, Weston, in
order that the mechanical arming trials can be carried out.

(b) Setting up a single barrel A/S mortar at Loch Long to fire into the
recovery net, in order that the electrical safety and arming depth
of the fuze may be determined.

(c) The magnetic survey of a wooden barge, its purchase and modification
for use in trials against a target in Loch Goil.
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SECTION -~ LAUNCHING B S

3,1 - WATER RAM DISCHARGE FOR NUCLEAR SUBMARINES

Prototyps Fquipment

The trials of the prototype watur ram discharge system fitted to the
AU.W.E. Deep Firing Tank were completed in September 1962. During this trial
the weapons discharged included:-

Mk 8 torpedo to a depth of 200 £t
Mk 20 torpedo to a depth of 700 fi
Mk 23 torpedo to a depth of 700 £t
ONGAR to a depth of 700 ft
S Mk 6 mine to a depth of 70 £t

These weapons were discharged at all speeds and accelerations expected in
service and under cornditions representing all the tube configurations in
H.¥.S. DREADNOUGHT.

2. The trials of all weapons to be discharged from H.M.S. DREADNOUGHT were
fully instrumented and analy<ed. From the results Test Specifications for
"Setting to Work" and "Calibration" were drawn up. These speoifications
togather with others covaring pressure testing, gauging, interlocking,
indicating and safety mechanisms for use by Admiralty Overseers and Test Teamrs
formed the culmination of the trials programme. This is the firstv time that a
detailed short trials programme on prototype weapon launching equipment has
been possible before ship completion and it should result in greater
operational and material reliability than previous systems.

Fore-End Mock=-Up

3. The full scale bow mock-up c¥ H.M.S. DRERDNOUGHT at A.U.¥.E. has been
modified in many respects to simulate the redesign necessary for H.M.S. VALIANT,
This wor: has been completed for the weapons equipment, but the mock-up is
still being utilised by cther Departments, e.g. by Direstor General, Ships, in
finding the optimum run of the D.G. cables.

4. It is intended that the mock-up should remain in being until the Barrow
mock-ups of H.M,S. VALIANT are complete.

Production Equipment

H.M.S5. DREADNOUGHT

5e All the equipment for H.M.S. DREADNOUGHT has been installed. A great
deal of effort by the Establishment has been put into assisting the Shipyard
Overseers with the work of checking test specifications and setting to work.

In addition the Installation Inspection and Part Harbour Acceptance Trial
(T.4.5.) was carried out during November 1962 at Barrow. In general the equip-
ment was satisfactory with the exception of the "triggering" of the firing air
circuit. This failed occasionally due to excessive leskage of the starling
air supply from some components. The lezkage was traced to the failure of the
top stops to return after firing, and the use of Aluminium Bronze pistons in
Aluminium Bronze cylinders. This latter matexial combination has an extremely
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high wear rate and gave rise to the leakage. Modifications are in hand to
prevent recurrence of these defects.

6, Dummy Mk 20 torpedoes were discharged satisfactorily from all tubes,
H.M.S. VALIANT

T All production information, drawings and test specifications have been
issued to D, .U,

3,2 ~ P(W3R LOADING GEAR FOR NUCLEAR SURMARINES

8. All the torpedo handiing, stowage and loading equipment for

H.M.5. DREADNOUGHT has been manufactured and installed. The Advance
Installation Inspection (T.A.S.) was carried out on the starboard side loading
and traveraing gear and the centre line loading gear in May 1962, In general
the inspection was satisfactory.

9 This was, however, the first time that the centre line loading gear had
been tried as no trials facilities had been available at A.U.Y.E. 45 a result
it was decided that the fore and aft support beams needed stiffening to

prevent the possibility of an accident when loading short weapons, particularly
the Mine M Mk 5, Modifications were put in hand.

10.  The Installation Inspection and Part Harbour Acceptance Trial (T.A‘S.)
was successfully carried out during Novemb.r, All types of weapons were tried
in each tube and every stowage position. Weapon loading and traversing was
carried out over the full range of load conditions. Embarkation and
disembarkation of all weapons was also accomplished. As a result of the trial
a defect list has been passed to Admiralty and the Shipbuilders for correction
prior to the Final Harbour Trial.

3.3 ~ SUBMERGED SIGNAL EJECTORS MK A AND MK 5

Hk 4

11.  The 1k 4 Submerged 3ignal Ejector is designed to discharge all U.K. and
some foreign pyrotechnics and decoys of 3 inch and 4 inch diameter at all
depths from the surface to 1,000 ft. The siores are discharged by a water
pump system and the whole equipment is designed to full shock standards,

12, During harbour trials of the Mk 4 Mod. 1 ejector in H.4.S. OTMER the
noise level of the water pwsp during discharge was unacceptably high. No
reason could be discor red for this in H.” 5. OTTER and an ejector was mounted
on the test tank at AJUW.E. exactly repeating the configuration of the OTTER
nstallation. Insirumented trials showed that the water pump cavitated during
the firing stroke. The collapse of the cavity gave rise to pesk pressures of
the order of 500 1b per sq. in. and accounted for the noise. Tue pressure
peak decreased as the discharge depth increased and disappeared below 100 ft.

13.  Subsequently the same symptoms, although less pronounced, were round
when firing the Mk 4 Mod. O ejector in H,M.S. DREADNOUGHT.

14, It was found possible by a reduction in firing pressure to eliminate the
pressure peaks. A clearance trial was carried out in H.M.S. OITER in December,
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and the ejector accepted for emergency and escape purposes from periscope
depth to 500 ft. Similar measures will be taken in H.M.S. DREADNOUGHT and
other O class submarines fitted with the Mk 4.

15. A redesign of the water pump assembly is now in hand with the objesct of
eliminating the cavitation. A modification to the ejectors now being fitted
to submarines is being prepared for trials, with the aim of cushioning the
cavity collapse and reducing the peak pressures.

16. There is no longer a requirement to make special arrangements for
discharging foreign stores used in a Submarine Explosive Esho Ranging (SEER)
system.

M 5

17.  The Mk 5 Submerged Signal Ejector is designed to fire U.K. pyrotechnics
at all depths from the surface to 500 ft. The ejeotor is designed for escape
use only. It will be removed and the hull pads blanked in time of war,

18. As a result of shore trials and trials in H.M.5. OMER in December the
Mk 5 ejector has been recommended for acceptance from the surface to 350 ft.
Clearance for use for emergency and esceps purposes has been given from 350 to
500 ft., It is hoped that a full acceptance trial to 500 't will teke place in
1963 when s submarine and surface escort can bs made available.

19.  Arrangements are in hand to slcck test a Mk 5 ejector at the Naval
Construction Raesearch Establishment. If the trials are successful there will
be no need to remove the ejector in time of war.

3.4 - DISCEARGT FROM Niw DESIGN NUCLEAR SUBMARTM™

20, The Staff Requirements for this submarine have not yet been finalised.
Work on this project has been limited to sketch designs of varying fore end
layouts in collaboraticn with the Ship Department. This work has been aimed
at attaining the best possible layout of torpedo tubes and sonar transducers,
with particular emphasis on siting any extraneous noise source, e.g. bow caps,
shutters, and torpedo dispenser t«wing cables, as fer aft of the transducers
as possible. Preliminary studies of the effect ¢f incresased diving depth on
the tube equipment have been made.

21.  Proposals have been made and approved to provide a new torpedo firing
tank to enable development work to be done on discharge systems for deep diving
submarines.

3.5 - TORPEDO DISCHARGE FOR PORPOISE AND OBERON (LASS SUBMARINES

Constant Impulse Feature

22, Resulting from the experience gained in the trials in H.M.S. RORQUAL,
further modifications wcre carried out o1 the Imguls> Cut-off (I.€.0.) Units and
a fully instrumented trial was carried out in H.¥.S. GRAMPUS in May 1962, to
ascertain the performance of all components of tle system.

23, The complete system has now been set up on the deep firing tank at
A.UVW.E,, but unforeseen delays have prevented trials starting. It is now
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expected that trials will commence in May 1963. It is intended to investigate
all the provlems existing in the firing and venting system and to modify as
necessary to make it fully operational. This work will include finding a
solution to the run-back problem (see page. 140).

3,6 —~ APPLICATION OF THE ONGAR WEAPON TO CONVENTIONAL SUBMARINES

24, The work of modifying the handling and discharge gear in PORPOISE and
OBERON classes of suhmarines has been planned in two phases, vigs-

Phase 1
(a) Modifications consequent on fitting T.C.3.5. 8 or 9.

(b) Modifications to the embarking arrangements, stowages and lcading
gear to minimise shock and abrasive effeots on the torpedo during

handling and loading.

() Modifications to the tubes to minimise abrasion of the torpedo when
loading and corrosion when kept in the tubes.

{d) Providing stowafes for dispensers and spare gear and for the over-
all functioning test set.

Phage 2

(a) Improvements to the stowages to limit the transmission to the
torpedoes of shock due to enemy aotion.

(v) Modifications to the upper stowages of OBERON class submarines to
make them suitable o carry ONGAR,

(c¢) Modifications to the loading gear of OBERON olass submarines to
enable ONGAR to be loaded inte the upper four tubes.

25. Phase 1 medifications, with the exception of those to minimise the
abrasive effects in the loading gear and tubes and corrosion in the tubes,
have been designed and fitted in H.M.S. CACHALOT. The same modifications are
being done in H.M.S. OCELOT with the addition of enti-abrasive features in the

loading gear.

26, Admiralty approval is being sought for use of one of the torpedo iubes
of H.M.S. ORPHEUS to be bored oversize and fitted with Tufnol or Terylene/
resin sections over the strips. This is the proposed technique to provide
anti-abrasive and anti-corrosion features in the tubes; and the proposal is to
prove the effectiveness of the technique when the modifications are done by

dockyards.

27. The modifications to H.M.S. CACHALOT and H.M.S. OCELCT were made to
sketches in a very sbort time to enable H.M.S. CACHALOT refit completion date
+t0 be met. Shortcomings are already becoming apparent and depending on the
experience gained in these ships further redesign may be necessary.
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SECTION 4 -~ MING COUNTERMEASURES AND MINING

v o

4.1 - MINEHUNTING

Minehunting Sysiem QAcoustio! Mk 1

Sonar - Type 193 '

The prototype equipment in H.M.S. SHOULTON has continued to give good
results although some compoments which have been fitted for four ysars are
showing need for replacement.

2, The first production syuipment is being fitted in H.M.S. KIRKLISTON due
to complete conversion to a minehunter in October 1963 (ses vage 107).

3. The handbook for the equipment and "Instructions for Installation" have
been produced in draft fomm.

Minehunting Plotting Table

4, The first production Mk 20 Plotting Table is to be supplied for fitting
in H.M.S. KIRKLISTON due to complete conversien to minehurter by Ootober ‘963

Mine Disposal Weapon

Se The redesigned bridge and fittiigs for towing the charge from the Gemini
dingby was supplied to H.M.S. SHOULPON and proved satisfacstorily robust. A
requirement was rdaised for a brake to be fitted to the winch to allow rapid
free lowering of the charge instead of hand winding, A brake, designed to give
a preset terminal velocity, did not prove satisfactory and a new desigu of
brake with manual control has been made and tested and is being incorporated in
the winch design. The stainless steel, screened towing cable has proved to be
expensive in manufacture. Approval of the Radio Hazards Committee is being
sought for use of a less expensive cable.

6. Ten charge casee suitable for inert filling have heen completed, A
further twenty cases coated internally for explosive filling are being made.
Thirty safety and amming mechanisms have been made for trials. The transfer
of a mine descruction charge from ship to dinghy during trials in rough
weather is shown in Fig. 9 on the next page.

T Means of reducing the underwater noise from the outboard motor of the
Gemini dinghy have been investigated. Fairly simple modifications to exhaust
and cooling water outlets have given a worthwhile reduction. A further four
engines are being modified to check the rasults.

The Short Scope Buoy

8. Further trials to measure scope, endurance, visible range by day and
night, and radar range, have given satisfactory results. Packaging and
environmental and shock trials have been completed, a stronger cruciform
support for the radar reflector has been designed by 4:5.7.E. %o AJUN.E.
requirements. This buoy completed triasls in 1962 and was accepted for Service,
Arrangements for production are in hand by D.W.U. It now appears that a
different type of buoy will be required to meet the Staff Requirements for an
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Mg. 9 Transfer of a Mine Destruction Charge from Ship to Dinghy.

Inmproved Standard Dan Buoy, which requires lenger endurance but may have a
greater scope than the Short Scopy Buoy (see nage 41 ).

Remotely Contrclled Vehicle for Mine Disposal

9. 4 Staff Target has bzen issued and investigations of possible control
systems and propulsion systems have commenced. A Gemini dinghy has been
operated under radio control and steered by differential propulsion using
lash~up arrangemerts to provide the initial "“feel" of the problems of control.

Minehunting Systew (Hagnetic) ik 1

Gradiometer

10, The gradiometer and recording system is in service in H.M.S. BRONINGTON
and H.M.S. BRINKLEY,

Uine Dosition Marker

11.  After a repcat proving trial carried out in June 1962 the Mine Position
Marke: was not accepted Tor se.vice becauses-

(a) marker buoys divped and dragged in tide speeds less than those
specified;

(b) explosive cutters were not complefely reliable;
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(c) conauctors broke internally within the armoured csble;
(d8) wmarkers did not always stream correcily.
Action is in hend on defects (a), (b) and (¢). Defect (d) has been ‘overcome.

12,  Proposals for an alternative design of marker and with different fAgreed
Characteristics, were investigated but it was decided that first priority
should go to clearing outstanding problems on the existing design. The harkgr
requirements are being reconsidered for the 1970 M.C.M. Veasels, and for those
Conversion Minehunters which will also be fitted with both the Acoustic and
Magnetic Systems, with the possibility in mind of using the Mine Disposal
Weapon to attack tarsets detected with the magnetic system,

Mine, Splash Simulator

13,  The design incorporating sclf-sinking arrangements wus ccmpletod and
gingle units were testud satisfactorily. There has been considerable deisy in
getting sufficient samples from the fina for A.ceptance Trials.

+2 - M INESN EEPING

Unified Acoustic Sweep - OSBORH Phase B*

14. Development of electro-hydrsulic mechanisms to drive both the Audio
Frequency and Low Frequency sound c~onveas has continued.

Audio-Frequency System

15. The Dowty Rotol A.F. System was installed in an OSRORN body in mid-1962

Fig. 10 The A.F. Urit in OSBORN Phase BY,
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and is shown in Fig, 10 on the previous page. A sound output of* 5,000 mioro-
bars octave level measured ai a distance of 6 fi, was achisved over &
frequency range of 40 c/s to 450 c/s. This represents an extension in the
upper frequency beyond 240 o/s required by the Agreed Characteristics.
Between 40 c¢/s and 30 o/s, the level fell below the target level to 3,800
microbars approximately, and this is under investigation.

16,  The reliability of the experimental system to date is good. Some 150
hours running hes been achieved with excellent repeatability of response with-
out adjustment of settings. .

Low_Freauency System

17+  An experimental unit has
been constructed and installed,
as shown in Fig. 11, in the
central part of the OSBORN
body. Jaboratory trials ware
satibfactory and experiments
are in hand to measure the
sound outpul in water over the
designed range of 8 c/s to

30 O/So

Electrical Control Panel and
Strain Cable

18.  An experimental control
panel, built at Cottage
Laboratories, has been

installed 4n H.'{.3. GLASSERTON,
This rontrols the L.F, and A.F,
sysiems, and provides indi-
cations of depth and roll of

the OSBORN body, and indi-
cations of the hydraulic system °

perfornance. Triels have been  pyo. 44 mme 1,F, Unit in OSBORN Phase BY,'

satisfactory and design of a
prototype panel is under way.

19.  The multicore strain cable for towing the OSBORN body also supplies
power and control signals to the L.F. and A.F. systems. Improvements have
been made in the arrangements for securing the cable to the body. A further
improvement in the cable dosign to increasoe its endurance is now contemplated.

Explesive Shock Trialgs

20, Two series of explosive shock trials against OSBORN bodies were carried
out during the year to provide early dats on the shock resistance of the L.F,
and AJF. units. Encouraging results were obiained, During these trials a new
buoyancy material for inclusion in the tail section was satisfactorily tested.
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Output Indjcator

21,  In order to distinguish between the sea hed monitor hydrophone, required
for predioting acoustic propagation vonditions, and the hydrophone %o be
mounted on vhe OSBORN body to give a continuous indication of the working of
the sweep, the former device has retained the name Accustic Monitor (see

page 75) whilst the latter is now known as the OSBORN Output Indicator.

22.  An experimental version of the Output Indicator was duilt during the
vear and is boaing fitted to the OSBORN body for trials,

Interim Towed Acoustic Sweep

23. Ships of the 2nd Mirecwseeping Squadron fitted with this sweep, including
medified Pipe Noisemakers, were ranged at Bexington. The resulting data on
sweep performance is being analysed.

Non-Magnetioc Improved Standard Dan Buoy

24. A new development programme for the Improved Standard Dan Buoy has now
to be arranged since it ie no longer oconsidered possible to use the float of
the Short Scope Buoy for the lmproved Standard Dan Buoy (see page 37).

Magnetic Sweep for I.M.S. and C.M,S,

Sweep for I lMls.

25« As the importance of the I.M.S. has declined, it has been agreed that
further work should be limited to investigations of inoreased length of the
ribbon tail, and to the fitting of P.N.M.'s on the legs of the sweep.

SWGBD for C.M.S.

26, A buoyant cable of French manufacture using aluminium ~enduectors
completed about 150 hours endurauce running but was then damaged by underwater
obstruction and is being repaired. A new British aluminium cable using
neoprene sheathing has become available, Four sweeps for endurance and
handling trisls will be mede using this cable and incorporating a cadmium
copper catenary cable which gave satisfactory results in tests during the
year. Investigation of vulcanising techniques for cable joints has continued.

Shipborne Swell Recorder

27.  Acceptance trials on the sea unit, cable, and control unit took place in
July and August 1962, Envirommental and packeging trials have since been
cozpleted. The cable reel manufactured by D.G.S. was not satisfactory ani is
btoing modified. The swell recorder, less the cable reel, was accepied for
service, and is in production.

Acoustic Sweep Test Sel
28, Production of 40 test sets is contimuirg. One prototypc calibration

machinre of the new hydraulic type has teen made and was satisfactory.
Compenents for five further machines bave been made, and are being assembled,
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Mine A Mk 12 Exercise Version

29. The design using a sodium phcsphide filling, contained in Kilner Jars,
was successfully tested, and has been accepted for service.

4.3 ~ CLEARANCE DIVING AND MINE INVESTIGATION

Shaped Charge Cutting Outfit (Explosive)

30. Following successful Inter Service Trials the Mine Cutting Outfit
(Explosive) has now been adopted by the Army and R.A.F. and the equipment has
been renamed the Shaped Charge Cutting Outfit (Explosive).

31, Trials have now confirmed that 0.25 inch thick steel mine cases of up to
30 inches diameter can be cut using curvilinear charges from this outfit.

Suction Clamp

32, Bix suction clamps for securing a neutralising point charge on a mirne
case are being made for trials,

Radiographic Equipment for Mine Investigation

33,  After further trials during the year the Mine Radicgraphic Outfit,
complete with processing equipment, radiation monitor, etc., has teen accepted
for service.

Magnetic Mine Detector for Clearanca Divers

34, The first two instruments have now been manufactured by a contractor,
and trials will he carried out early in 1963. The contract has been extended
to cover the manufacture of a third experimental model, to be followed b}
three units to prototype design. A contract has alsc been placed for the
fibre-glass cases which will contain the instruments.

35« A non-magnetic headphone has been designed, and the first experimental
model completed. This headphone is of the double-bimorph type, and uses lead
titanate/zirconate elements.

Underwater Telephone for Clearance Divers

36. The performance of the commercially available AQUAVOX is close to that
requived and had been conwidered for R.N. use. The equipment had, however, a
number of known failings, mainly the standard to which various parts have been
engineered. It is now known that the manufacture of a new version of the
Underwater Telephone 2ngineered to service standards is being supported
abroad., It is intended to purchase six sets for U.K. evaluation.
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SECTION 5 - INSTRUCTIONAL EQUIPMENT

5s1 ~ INITIAL DETECTION AND CLASSIFICATION TEACHERS
Type 177 Teacher A/S 1072

This project has reached the production stage. Two magnetic tape
record/playback units were manufactured and one prototype playback unit; the
two recorders are being used in conjunction with a Type 177 installation in
H.M.S. VERNON, to monitor the recordings :btained from sea trials and to
prepare master tapes. . The playback unit (see Fig. 12) only wil®. be issued to
ships, An additional unit providing a stabilised 60 cycle suppiy has been
found to be necessary as the frequency stability of normal ships' supplies is
well outside the acceptable limits for the playback unita. ]

Fig. 12 Ten Channel Playback Unit,

Type 184 Teacher A/S 1078

2, It has been decided not to proceed with this Teacher as the provision of
a Shipborne Command Trainer for Type 184 (see page 45 ) weuld practically
satisfy the requirement for an X.D.C.T.

Type 195 Teacher 4/S 1074

3. Development work has started on this project. It is proposed to use a
14-channel magnetic tape record/playback unit already developed by

Messrs Solartron Limited for the Ministry of Aviation. The teacher will
probably be shore based and will consist of a cabinet housing the playback
unit, the associated electronics, power units and certain parts of Type 195
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equipment, togethe. with several Type 195 consoles, Tapes-played on, the-unit ’
will operate the displays and sonar effects at the pupils' posftidné,‘tgé .
Instructor being able to monitor through a clcssd interoom systém. Recordings. :
from which mazter tapes will be prepared will have to be made under opérational

conditions, and this involves siting a recorder in the helicoptor in a suitable

position and providing plug-in junction boxes and cables to break into the

Type 195 circuits at the raequired points.

5.2 ~ ANTI-SUBMARING UNIVERSAL ATTACK TEACHER

4. The commitments of A.U,W.E. are virtually complete; the firsi A/S 10688 v
version, which caters for Types 170, 176 and 177, is being installed in

trailer vehicles by D.G.W.(U), and will be tested and tuned by A.U.W.E. staff

on completion. Production of equipment for the second A/S 1068% is proceeding
satisfactorily.

5.3 -~ TYPE 170 ATTACK TEACHER A/S 071

5 Production of these teachexs is in hand and the first three are being
installed in trailer vehicles,

5.4 - TYPE 187 MASS PROCEDURE TEACHER A/S 1073

6. This teacher is now in the
production stage. The design is
baged on a one-pupil unit
consisting of the Type 187 Sound
Room equipnent, and electronics
cabinet, in which the synthetioc
effects are generatel and an
Instructor's Control Unit. To
install a trainer to teach more
than one pupil all these units
are multiplied by the number
concerned. The Instructor sets
by hand the target's range,
bearing and speed and with two
other controls sets an aulomatic
range and bearing rate. Aural
effects and operation of the
cent & bearing meter (with
indications of side lobes) are
produced on the pupils console,
these effects being controlled
in strength, revolution count
etc., by the settings on the
Instructor's Control Unit (see
Fig. 13).

Fig. 13 Instructor's Control Unit,
~44-
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- TYPE 193 COMMAND TRAINER-A/S 10 5

{e A feasibility study has been .completd of a Type 193 trainer-aimed:
towards making use of the major components of an existing, Radar Simulator.

ihe proposed trainer would include the full Command cohirol of the’ minehunter,
effect of tide on ths ship, position keeping on buoy, operation of dinghyfand
weapcn analysis. ,

5.6 ~ TYPE 170/177 AND 170/184 SHIPBORNE COMMAND TRATNER A/S 1071

8. A feasibility study has been completed for a Shipborne A/S'Command
Trainer for ships fitted with eunar Types 170 and 177 or with Types 170 and
184, When at sea a synthetic submarine echo will be injested into the sonsr-
sets while they are working under normal conditions. With the ship in.harbour
the sonar sets will not be able to “ranamit, therefore a synthetio backgrgund,.
revarberations etc. will be provideds this condition will also require
synthetic ship's motion. \

9. Target speed, course, depth and dive angle will be set manually, but it
is proposed to employ analogue computing techniques to generate rates of
chenge of vessel co-ordinates in response to external manual séttings of
ship's speed and helm (from own ship's motion when at sea or synthetic control
unit when in harbour). These rates of change would then be converted into
pulse frequencies; by means of precision. voltage/frequency oonverters, from
which range and bearing informaticy would be derived in digital form by
oounting pulses. This information would be used to control the sonar effects
by a digital computer desoribed in the next section.

10, It is proposed to simulate the aiming and firing of a torpedo (either
free running or guided) from the submarine, the control of a simulated MATCH
System, and of the Mortar Control System ¥k 10, and to incorporate facilities
for future weapons, e.g. guided missiles. Analysis of the weapon atteck will
be available. It is hoped to house the system in one cabinet which will be in
the Sonar Control Room, with the addition of two smaller units in the
Operations Room to provide romote controls for the submarine, helicopter, etc.

11, More detailed design studies have been made in A.U.W.E. but development
contracts for the Trainer cannot yet be placed as financial approval is
awaited.

5.7 ~ TYPE 170/184 SHORE BASED COMMAND TRAINER A/S 1079

12. The requirement is to develop a system which is capable of providing
training through seversl stages, from simple Sonar Control Room operations to
the more advanced training for both Operators and Commands using more than ons
ship. Ac a result of feasibility studies it would appear to be more economical
in developwent time and production costs to provide a digital computer with
sufficient capacity in the single ship trainer already described to allow for
the addition of two ships and other advanced requirements.

13. The system proposed would be based on a fast digital computer, with a
svored prograrme, using well established techniques. Information which exists
in the sonar sets in analogue form, shafi rotations, etc. would be converted
to binary code. The computer would scan the inpuis at regular intervals and
tranofer this information to the store, for use by the programme performing
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the oalculetidns when requited. Calculations: ‘made; AnthS ‘comput;
control the ‘Sonar displays. Instructor's: Console instrum' ; g

plots The sonar effects would be genorated in*peripheral equipment designed
for each type of 'set. .

14, The system veuld provide for a single-ship or- two-ship Command Trainer
requirement, the 19y arrangements differing in the. quantity of input/output
peripheral egquipmen> required, but all basically oommonmunits. Incorporation
of new developments in sonar and weaponS&would mean reprogramming ‘the oomputer
and the additicn of new peripheral equipment, the:basic.units remaining the-
same.

15. As sonar effscts should be as realistic-as possible, the inolusion of
such features as wake echoes, temperature gradients, tide effects etc. are
being considered in the studies.

16, The next phase in this progremme is to complete 'a dstailed design/
project study for which contracts are being placed.

5.8 - TYPE 195 HELICOPTER A/S TRAINER

1T The proposed system will provide for training on one, two or three
helicopters attacking a single submarine target, with weapon simulation and

the full searck ‘facilities ot the Type 195 sonar. Helicopter movements
conforming to true flight characteristica and other desirable features are
being considered in the project study. Tue zequirements of this trainsr are

8o nearly identical with the A/S 1079 Conmand Trainer (see page 45) with the
exception of the peripheral equipment associated with Type 195, that it is
proposad to develop the two trainers in parallel, using the same basic building
bricks.

5.9 - SUBMARINE DEPOT SHIP TORPEDO ATTACK TEACHER

18. The submarine depot ship Torpedo Attack Teacher, Mk 2, was installed in
HoM.S. MATDSTONE early in 1962 and harbour acceptance trials carried out in
May 1962. With the exception of a few minor defects, which were subsequently
rectified, the trial was successful and the equipment accepted for service use.
Apart from one minor fault on the 15-channel data recorder, the teacher has
functioned satisfactorily during the last nine months (see page 27).

19, The teacher for H.M.S. FORTH will bte a similar system to that installed
in ‘H.M.S. MAIDSTONE, but will now incorporate T.C.S.S5. 6§ and 8 training
facilities. Manufacture is underway and the system will ve assembled, tuned
and shore-tested prior to assembly in H.M.S. FORTH in January 1964,

20, ™e teacher for H.M.S. DOLPHIN will also incorporate T.C.S. 6 and &
training facilities and, in addition, certain design changes affecting the
model ship track and display unit have been incorporated. A ta.get/escort
display and control unit with range and bearing attachment will also be
provided. Working models are being made to prove the new design arrangements
and it is expected that these will be ready for approval in April 1963.
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é SECTION 6 .~ RESEARCH -
. E 641 — TORPEDO RESEARCH PROGRAMME o
v Introduction )
) . The period under review corresponds rqqghly to the first year of the _
Joint L.R.L./A.U.W.E. torpedo research programme which has been planned on.a
’ five-year basiss
) ., Propulsion
Propulsion System Development
2. The major effort on propulsion is currently being devoted to an experi-
mental study of one particular torpedo propulsion system which holds out
promise of good performance at depth, This is a direct cyole system with
= isolation of the power plant from the pressure prevailing at the depth of
operations The syatem is based on the propellants combination HeT+Ps and
. PoPS, (phoaphorus/phosphorus sesquisulphide) the exhaust products of which
L v are in the main either condensable or solubles Thus the exhaust isolation
X problem is essentially one of pumping liquids overboardt since this can be
achieved without an excessive expenditure of power, propulsive performance oanh
ﬁ be rendered almost independent of depth, '
? 3o Particular emphasis ic being taid on the development of a gas generator
to provide the working fluid for prime mover operation. A specimen design of
a gas generator is illustrated in Fig. 14« Gas generation hes been reliably
achieved at full soales The required propellant flow rates, high combustion
efficiency and a good admixturs of a water diluent in the combustion product
) HTP IN
OXIDANT
t * , INJECTION.,
’ : 7 INSTRUMENT
£ %, .
E N SECTION
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_have all been obtained. The latter is required to provide an accéptable
temperature condition for admission to the prime mover,

4. Whilst the mechanics of a gas generator deaign have been established,
the working fluid geneération has up to now been' acoompanied by severe attacks
on material from a combination of corrésion and erosion associated; it is
believed, with a solid or liquid acid formation from the phosphorus pentoxide
component of the combustion product. It has also been obsexved that parts of
the gas generator may be attacked by sulphur but this etfect may not be
serious in the very short operating times required in the application.
Accordingly the test programme is heing urgently directed to investigating
means of suppressing the acid formation in the working fluid and to seoking
materials of construction, particularly for the prime mover, able to withstand
the extremely arduous conditions,

5e Two parallel prime mover developments are being pursued for operation
witb the propellant system. The first is a multiple-lobed cam plate plstoa
engine. Deosign data on the load transmission atructure of this type of engine
have been obtained from operation of an experimental unit rated at 30 HsP. On
the basis of these data two different full scale engine designs have heen
completed and manufacture is well advanced. The first of these is intended to
provide performance data and to establish the feasibility of operation with
H.T.P. /? P.S., having regard to the possible nature of lhe working fluid. The
seoond is intended to provide confirmation of mechanical design with respeot
to the power, weight and space requirements of a propulsion system installation
in a test vehicle,

6. The second prime mover development is a high speed, single stage impulse
turbine engine with speed reduction gear transmission. Detailed dwsign of the
power plant is ccmplete, but manufacture is being held awaiting the outcome of
the materials evaluation programme which is in hand.

Ts Component procurement is in hand for the test facility for develop&ent
of the exhaust isolation and disposal unit of the propuision system. Two
forms of exhaust disposal have been studied, a high pressure water driven jet
sjector unit and a jet condenser with positive displacement pump. The former
is thought to be the more promising line of approach because it offers a
simplification of the propulsion system and tolerance of transient off-design
combustion conditions. Further such a system might be arranged to accommodate
a high permanent gas content in the working fluid and so allow greater freedom
in the choice of propellants combination. Detailed design is proceeding of a
series of water driven jet ejector units for experimental evaluation.

8. Work has commenced on the overall dssign of the first stage propulsion
test vehicle. This is primarily intended to provide early in-water operating
experience with the H.T.P./P.P.S. combination. The propulsion system will be
of very simple form with pressurisation of the propellants and direct prime
mover exhaust discharge.

9. Design studies are proceeding, at present at low priority, of alternative
propulsion systems for the atifainment of high autemobile performance with
substantial independence of operating depth. A simple direct cycle system,
using & vexry high pressure piston engine power plant, appears promising and a
desiyn development of the multiple-lobed cam plate piston engine referred to
above has been put in band to allow experimental evaluation of the system.

-48-

s e it Sy i e et




e 1 wlae b o bortaarl g sd o o Sar B DR o okl Sag iR

L1 i it

T

Loaid g mdad e

TR

bl o st

N

ot I RE e

Study of an indirect closed cycle system has now reached the stage where
experimental investigation of certain problem areas is necessary and component
design to allow this is proceeding,

Fuels

10,  P.P.S. fuel, consisting of 70% phosphorus and 30% phosphorus sesqui-
sulphide, has been manufactured in a crude forw and some of its physical and
chemical properties investigated. As the fuel ignites in air all bandling and
transfer operations are done under water, and initial difficulties due to the
formation of a scum at the interface between the P.P.S. and the water have
been overcome by the addition of potassium metabisulphite to the water.

11,  Compatibility tests cf materials in contact with P.P.S. over a six month
period have indicated that stainless steel, titanium alloys, nickel alloys and
pure aluminium are suitably resistant at 60°¢, Suitable plastics are P.T.F.E.,
polythene ard polystyrene. No completely suitable elastomer has yet been
found.

12,  The physical properties which have been investigated are freezing point,
density, vapour pressure, specific heat and viscosity.

Metallurgy

13. In view of the almost complete abmence of reliable data on the corrosion
resistance of materials to the products of combustion of P.P.S. with H.T.P., &
qualitative survey has been carried out using, in particular, a simple tube
furnace containing the semple at the test temperature down which mixed acids
of appropriate composition were allowed to flow. Corrosion was measured by
weight change after a standard t%me, usgally cpe hour, andoby metallographical
examination. Temperatures of 60°C, 220°C, 700 °C anl 1,000°C were used,
corresponding roughly to condenser exhaust, condenseor inlet, turbine inlet and
combustion chamber respectively. In view of the known susceptibility of
nicxel-base alloys to grain boundary attack by sulphur compounds several
nickel-free materials were tested as well as conventional high temperature
materials. A selection of the results is given in the table below in which
the loss in weight of the various metals is expressed in grams per sq. cm. per
hours-

Notal 60°% | 220% 700°¢ 1,000°C
Mild Steel 009 2.3 1.1 0.85
Stainleas Steel En &8J .001 2.0 .19 «21
Aluminium Bronze B.S,1400-AB2 | .0008 o4 .02
Aluminium 254 Si .3 1.0
Titanium Alloy 3184 .6 20
¥onel 0001 .035 ,003 3 (estim.)
Corronel B +003 .02 » 002
Nimonic 90 07 0.28
Hastelloy + 002 04
Holybdenum .010
Silicon Nitride (AML245/12) ‘ 006 (gain)
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14, From this work materials were selected for combustion rig construction.
It was found that, whilst the combustion chamber conditions were much more
gsevere than in the tube furnace mo that metal removal rates of 0,001 inch per
gsecond were suffered, the materials were still in the same order of resistance,
The tube furnace is now used only for initial assessment of prospective
coatings and other new materials,

15. The only material so far tested .hich showed no attack at all in the
tube furnace was vitreous oarbon, but this muterial is not yet in production.
Silicon nitride and molybdemum showed most promise of the other materisls
teated.

PR ——— — 1T g

Fual Cells

16, A survey of the present state of development of fuel cells has been
completed and is being published. Most research on this topic is directed
towards applications where relatively low elscotrical outputs are required over
a long period, and under these conditions a high overall conversion efficiency
of ohemical to electrical energy is achieved. Howevor, increasing the powexr
density of the fuel cell will decrease its efficiency to a level where it is
no longer attractive. In addition, the number of fuel and oxidant combinations
than can be used is severely limitecd by the rate of the appropriate reactions
at suitable electrodes. The system using hydrogen as fuel with oxygen as the
oxidant has shown most promise for long term applications, but the inactive
electrodes must have a high porosity to provide a suitably lerge area for the
electrodn reaction. This resulis in a very vulky cel) and hence a low power
density. An assessment of hydrogen/oxygen fuel cells for torpedo propulsion,
allowing for siorage of reactants in pressure vessels, shows that for a
duration of less than 1 to 1% hours zinc/silver oxide batteries provide a
lighter and more compact source.

17, A more promising approach would be a fuel cell with a consumable anode,
and using a cathode dspolariser (or oxidant) dissolved in a circulating
electrolyte. Advantage can be taken of the extremely rapid eleotrode reaction
of halogens on a film of precious metal to construct duplex elestrodes that
could then be made into a vary compact battery. From initial calculations it
would appear that a battery superior to zinc/silver oxide is possible, and
further theoretical study of suitable systems is planned.

Torpedo Hemine Research

Torpedo Simulator

18. Much of the available effort during the past year has been devoted to the
construction of a three dimensional torpedo simulator. This consists ‘
essentislly of a general purpose analogue computer and special purpose elec-
tronic equipment in which are gensrated the signals needed in simulating the
torpedo homing acoustics. The simulator will be used as a tcol ror the study
of alternative search and homing systems.

i 19. The propcsed wmethod of operation is as follows. The torpedo search
pattern and target motion are set up on the computer. Calculations are made
continuously of the amplitude and time of arrival of target echo and boundary
reverberations and amplitude of volume reverberations. The speciel purpose
equipmont, whicix is under the control of the computer, generates separately
signals representing each of these quantities correctly scaled in magnitude.
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Ihis combinea output is passed to a circuit representing the torpedo -signal
processing and this circuit is used to determine whether or not the target
echo is detectable against the background of noise plus reverberation. ‘‘hen
once an echo is detected a circuit representative of the torpedo "logic"
checks whether consistent detection occurs in one or two subsequent pings.
When satisfied that this is so, the logic circuit informs the computer pro-
grsmne that the torpedo has acquired its target and the search trajectory must
coase. The signal processing circuit now extracts target angle information
(in azimuth and elevation) from the target echo and feeds it into that part of
the compufer programme simulating torpedo control and dynamics, Results
obtained from a number of runs representing different target courses and
speeds and different initial torpedo positions can be used to make a good
agsessment of the likely performance of the cearch end homing system under

study,

20. A view of the Torpedo Simulator luboratory is shown in Fige 15 A
general purpose analogue computexr consisting of two PACE 231R computer unite
has boen installed. The special purpose equipment consists of a number of
units known as target echo generators and reverberation genevators. One set
of such units is reyuired for each transducer beam being simulated.

Fig. 15 Torpedo Simulator Laboratory,

21, 1n the simplest form the target echo generator creates a CW pulse (at
any reouired frequency from 2 to 100 kc/s) suitably delayed in time by an
intervel equal to the time taken for the sound to travel to the target and
back to the torpedo. Pulses in the several beams are rhase delayed with
respect to one another by an amount appropriate to the target bearing.

22, The reverberation signals are generated by passing white noise through a
very narrow band filter (Q of the order of 5,000) and applying a T.V.G. control
to the outpui amplitude., Three generators are required per bheam, one for
surface reverberation, one for bottom and one for volume reverberation.
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Separate T.V,@. controls are used in order that each reverberation signal
level will decay with time in the appropriate manner.

23+  Design of the special purpose equipment is nearing completion and &

typical C.R.0. trace of the final combination of target echo signal, surface
and volume raverteration components is shown in Fig. 16.

\  VOLUME REVERBERATION

75 \TIME DELAY 7O ONSET OF SURJCE REVERBERATION

Te

TIME DELAY BEFORE ARRIVAL OF ECHO
Pig. 16 A Typical Simulated Luohc/Reverberation Trace,

24, The task of programming the computer for the investigation of torpedo
gearch procedures 1s in hand.

Transducer Beam Patterns

25. Thile simulator studies may shcw that certain transducer beam patterns
have spsoial merits, the important problem still remains of achieving them in
practice. As a start on this problem measurements have been made of beam
patterns of a number of simple combinaiions of transducer elements on u flat
torpedo head. Results have shown a significant disagreement with theoretical
prediotions of beam patterns using standard prediction wethods which assume
that the transducurs are embedded in a baffle of infinite extent. It is
thought that the discrepancy is due, at least in part, to a finite baffle
effect,

Torpedo Hydrodynamics Noise
Flow Noise

26, There is gond reason to suppose that, at the speeds required of future
homing torpedoes, the noise background against which targets havse to be
detected in noise limiting conditions will be predominantly flow noise.
Considerable effort is being devoted to the design and development of equip-
ment and instrumentation for torpedo flow ncise investigations, both in the
laboratory and at sea.

27. The design of equipment necessary to investigate, 'wder laboratory
conditions, the effects of speed and body surface gtate on both the direct and
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radiated couponents of flow noise over the frequency range 2 to 10 kc/s,is
complete. It is proposed to conduct laminar and trensitionsl flow regime
studies on a rotating disc assembly and turbulent flow regime studies on this
end a rotating cylindev assembly. Manufacture of the first of the engineered
e, uipments, namely the rotating cylinder, is nearing completion. fn extensivé
series of experiments is being planned.

28,  An attempt is being made to develop a lahoratory technique designed to
investigate the effect of different head shapes on the diffraction of noise
generated downstream from the head of a torpedo body. Difficulty has been

experienced in obtaining a suitable omni-directional source.

29. Consideruble progress has bheen made with the development of a flow noise
test vehicle, based on the ONGAR design, which will be uwed in a full scale
chack of self noise levels as predioted from the laberatory experiments. A
gketch of the proposed test vehicle with the salient features detailed is shown
in Fig., 17. The ncminal values of all-up weight and displacement will be

1,700 1b and 1,750 1b respectively. The vehicle is to be capable of bursts of
gpeed up to 50 knots. Tho maximum operating depth will be 600 f't,.

ROLL STABILISING UN

SALVAGE GEAR-
LA .
L T = —
I i i !
LRECORDING INSTRUMENTS \—BATTERY MOTOR
OVERALL LENGTH 14 FEET

Fig. 17 Sketch of the Flow Noise Test Vehicle.

30. Analogue computer studies on the stability and control of the vehicle
are in progress. Fig. 18 on the next page illustrates the response of the
vshicle when commanded to dive to a preset depth of 400 ft, control being
effected by the current ONGAR control system. In this system the vehicle is
under pitch control only when within a preset depth bracket {2hq) of the
nominal running depth, the elevators being operatedoin a "bang-zero-bang"
mode. In addition, the pitch apgle is limited to 5 when within anciher depth
bracket 2k, (b2 > h1) and to 30~ outside this bracket, the elevators operating
in & "bung-bang" rode wien these limits are reached. Examination of the
figure shows that sudden changes in depth can occur as tihe positively buoyant
vehicle bounces along the top of the fixed depth bracket 2h,. This depth
variation is not considered to be a desirable feature in a test vehicle
designed for noise measursments in level flight and accordingly alternative
control systems are being investigated.

1. Spscial noise zeasuring transducers of sensitivity 5|V per microbar and
3,000 pF olectrical capecity ere to be used. To match these a broad-band,
transistorised low roise amplifier has been developed, Preliminary tests
reaulis on the amplifier have indicated ¢b. following noise performance:-
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2 to 5 ko/s 3.dB above sea state 2
5 to 50 ko/s Sea state 2
50 to 80 ke/s 3 dB above sea state 2

This has been achieved mainly by selection of low noise components and
component layout.

Torgedﬁ Dimamics
Stability and Control

32. Studies have also besen made on the hydrodynamic performance of a %orpedo
initially describing a vertical trajectory when commanded to pull out and
describe level horizontal flight; such investigations are relevant to concept
of a "vertioal search" torpedo. Fig. 19 illustrates the response of a
neutrally buoyant torpedo as a function of its hydrodynamic characteristics,
control being effected by using a linear combination of piten and depth to
operate thie elevators in a "bang-zoro-bang" mode. In this figure, changes in
hydrodynamic design are represented by different values of the so-called
"margin of stability" which is a function of the hydrodynamic deviations of
the torpedo. For normal torpedo configurations it cannot much exceed unity.
As the value decreasos, the stability of the torpedo decreases and its
manoeuvrabilivy increases. The corresponding effect on the pull-out
trajectories can be derived from Fig. 19.

HORIZONIAL. TRAVEL (FT)
0 Q 8 RO Wo

L G IS THE MARGIN OF STABILITY

Fig. 19 Torpedo Trajectories.

6.2 - RESEARCH IN SUPPORT OF CURRENT TORPEDO DEVELOPMENT

lnvestigation of Silvex Oxide/Zinc Couple

33. The rate of decomposition of silver dioxide increases with an increase
of temperature, Tests to find the temperature dependence of the rate of
decomposition have shown that a steady decomposition rate is not maintained at
a fixed temperature, but that the rate of decomposition also increases with
length of time in store. The rate of decomposition in the temperature range
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30o to 50°G is initially quite slow, sé‘xhat.thg=inéfease~ip rate of
decomposition with storage time was not.noted in earlier téests.of limited
duration, At 100°C the rate of* decomposition is considerably higher and:tha
complete decomposition curve ‘can be plotted in a relatively:short period.
Tests at this highsr temperaturo indicate that«silver‘dioiide~h59<¢$§ighdidar
shaped decomposition curve with an initial induction period’ with.very.1ittle:
decomposition followed by a rapid speeding up of decomposition rates: ‘The.
results available at lower temperatures can be extrapolated toolonggr‘p§§;dd§
by comparison with the shape of the decomposition curveogt 1007, and suggest
that a loss of about 5 to 107 per annum may occur at 40°C. Further long-term
tests at lower temperatures are in progress to confirm this value and to find
what limitations on storage temperature of silver/zinc batteries are required.

34, The amount of gas evolved when charged silver dioxide battery plaies are

wetted with KOH electrolyte has been measured, and the discgarge characteristics

of the plate noted., Long term storage of plates at 30°; 40° ana $0°C Las shown
that the volume of gas svolved on wetting increases with storage time. and ia
higher at tho higher temperatures. The effect of an equivalant amount of gas
liberated in the confined space of a cell is baing investigated using silver
dioxide plates that have been heat-treated at 70°C for one week to reprcduce
conditions equivalent to storage for one to two years at 40°C.

35,  An investigation of the anodic Gissolution of zinec in alkaline sclutions
has demonstrated the need to warm the silver uxide/zinc primary cells to
prevent pessivation of the zinc electrode at low temperatures. The effect of
temperature, KOH electrolyte concentration, and zino in solution on the anedis
polarisation of a zinc electrcde has been evaluated.

Silver/Oxide Zinc Secondary Cells for ONGAR

36, Single cell tests in the laboratory had shown that reservoir type silver
oxide/zinc secondary cells gave over iwenty charge/disoharge cycles at a high
rate of discharge and a relatively high charging rate. However, these cells
have shown a high failure rate on the second or third cycle when assemtled as
a battery. The reason for the large difference in cycle 1life in a battery is
being investigated, particularly the effect on cell life of the charging
temperature and the pressure on the cell due to swelling of the separators
when wetted, Tests at A.U.W.E, and at the firm have demcnstrated that the
temperature rises very steeply when the battery is overcharged, and with the
present interleaved cell connectors it is not feasible to disconnect cells
when they reach top of chargs condition., It has been found that the time to
top of charge varies greatly from cell to cell.

37. Lxcessive temperature rise of a battery camsed by a high rate discharge
has resulted in distortion of cell cases and rendered them inorerative.
Extensive tests are being carried out to improve the heat dissipation from
batteries and to mirnimise pressure build-up on individual cells.

Research on Weanon Hulls in nainforced Plastics

38, The mechenical testing of the hull sections in gluss reinforced plastics
has continued. The first of the two hull ssctions manufactured with glass
rovings-reinforced resin skins and rigid polyurethane foam core has been

fitted witk strain gauges and transducers and preliminary pressure tests carried
out. FWith pressures up to 10C p.s.i. the deflection has been found to be
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linear. Exparimcnts on the water absorption of the glass royings-reinforced
resin skins have shown an abscrption of 1 mg per sq. ci. affer 12 weeks
exposure at 43°C,

39. Two hull sections with fluted core construction replacing the poly-
urethane foam have heen manufactured by Bristol Aeroplane Plasties Limited.
These sections incorporate a glass reinforced plastics joint ring system and
the weight of the first 4 ft long section with integral male joints has been
reduced to 81.5 1b, The corresponding section in aluminium alloy weighs 10C
1b.

6,3 - MEASURES TO IMPROVE SONAR PERFORMANCE

Propagation Research

40, The five-year programme of propagation research is now well under way.

A body of data has been collected from one-way propagation measurements using
simple (omni-directional) equipment and progress has been made in deriving
some first-order statistics (principally mean bottom reflection loss) from the
data., Thie introductory experimental study was virtually complete by Spring
1962, and is Phase I of the research programme.

41,  Current effort is concentrated on the extension of these one-way
ropagatici mdasurements to the measurement of second-order statistics
fluctuations, corrclation between separated receivers, etc.). For this work

more sophisticated equipment (directional line hydrophone arrays, high fidelity

tape recorders and coxrelation
analysis equipment) has had to be
obtained. Preliminary trials to
prove the equipment were started in

July 1962; the results are now AR FLLED

being evaluated, INSTRUMENT POT

STRAN CABLE—__§

42, The continuation of work

beyond Phagse II will be concerned

mainly with topics involving two-way ég:%&h;gﬂﬁ
propagation, such as reverberation 42 TRANSFORMERS

and target scho studies. This will \\\\
constitute Phage III,

HYDROPHONE
-ELEMENTS

Bottom Reflected Sound 1-2

43, Effort has been largely

devoted to the development of the

line hydrophone array, recording

system and correlaticn processing ROTATE TO
equipment required for the study HORIZONTAL
of secondary characteristics of

sound fields in ponnection with .

Phase IX, The receiving array,

which is 16 ft long and contains

42 hydrophone elements, is shown

in Fig. 20, It is pivoted zbout

the centre point so that il can be

used in either the vertical or ' 1
horizontal position. Fig. 20 A Multi-Element Hydrophone Array.
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44, Sea triazls were conducted in July in the Atlantic and in October in the
Nediterranean to evaluate the array and recording system under a variety of
envirormental conditions. Useful data at & frequency of 3.6 ke/s were obtained
on the spatial characteristics of sound transmitted by the surface duct, via
the bottom, and along the axis of the deep sound channel. The channtl, at a
depth of 400 ft in Mediterranean waters, is of easy access and is of interest
in thet reflections at the sea surface and bottom are not involved.,

45. Development is nearly complete of a loop recorder delay unit and
correlator for laboratory processing of pairs of recorded outpuis from
selected elements in the hydrophone arrcy. An cxample of the signals received
by elements in the array from the same transmission is shown in Fig. 21; as
the signal amplifier gains were not the same, amplitudes should not be
compared, bul the variations in shape of the signals from elements spaced only
1.4 wavelengths apart are apparents In this example, much of the variation

is due to interference with the surface reflected wave. To avoid this
complication it will be necessary to operate the array at greator depths than
the 400 ft available in the trial, and so it is being modified to work at
deptha of 2,000 ft.

HYDROPHONE ELEMENT
8 —

|
PR o N —2hmes ————2b mugs

IbKeis
PROJECTOR

| SECOND
Fig., 21 Envelopes After Bottom Reflection.

Bottom Eounce Study (SUiT)

46, VWhile the detailed wmechaniczm of acoustic reflection from tne bottom can
be studied in particular areas by laboratory-type experiments using two ships
and complex equipment, the investigation of the operational aspects of bottom
bounce GVer extended areas require simpler measurements. For this purpose,
Hydrographer hus made available, full time, a survey ship in 1963 and 1954 to
obtain statistical information on bottom loss data over the whole NHorth
Atlantic area, with associated oceanographic measurements.
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47,  This survey (SUMMIT) forms part of ‘the NAVADD cruise (North Atlantie
VIDAL and DALRYMPLE Oceanography) HJMLS. VIDAL and HJM.S. DALRYMPLE being the
survey ships involved. The provisional track chart for the operation,
Involving some 70,000 miles of soundi ng lines, is shown in Fig. 22.

0o®

\@ﬁé}/ ©
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. .
100 o § [ 40° K o ; [

—— — . e ———— — . . v

Fig, 22 Provisional Track Chart for NAVADO Cruise.

48, The system of measurement adopted uses a deep Echo Sounder (Type 773) to
which is coupled a Preoision Depth Recorder. The latter will provide precise
depth records with & resolution of approximately 1 fathom for any depth.
Associated equipment will measure the energy and peak pressure of the signel
echo returns from the bottom.

49. From these measurements, with appropriate ancillayry data, estimates for
bottom loss at each vertical reflection can bs mads. In selected areas it is
hoped to use a helicopter with explosive charges to supplement the observations
by producing data over & range of frequencies and grazing angles as shown
schematically in Fig. 23 on the next page.

50, Preparatory trials have been carrisd out over the last year using a
Vlestrex Precision Graphic Recorder in conjunction with the 10 kc/s Type 773
Echo Sounder. The bottom reflection losses merasured in these trials are
compared with steep angle losses at 3.5 kc/s as measured hy two-ship experi-
ments in the Table below.




Depth SRS Ee—
Axea (fatlioms) | Obligie | Vertical -
(35 ko/s) | (10°ke/s)

SWALLOW BANK 0820 & an 1
14° 15* w 44° 08t X
cAgxcm mmco 1000 20 aB 22 aB
11° 20+W 42° 43t ¥
SOURH OF TOULON 1500 9 aB 10 aB
6° 30" E 42° 201 ¥

51« These values are averages takon fr.mn Several messurements in the areas
tabulated, The correlation between trs twe sets of measurcmenis is better
than might have been expected. An interesting feature of these trials was
that in these areas which have been oharted in detail by oceanographers, the
Precision Grahpic Recorder was also used foxr accurate navigation.

4

SURVEY HELICOPTER
SHIP .
lnAolo LINK .
l'ﬂ—l \
]
[ — = : SURFACE
1
1
%1 b cHARGE
le]] \ &
HYDROPHONE TYPE 773 /°
AN 7/
/
AN Y
N /
900 FT BATHY N N /
/
CORE  \ v
SAMPLER \/ 80TTOM

Fige 23 SUMEIT Measurements with a Helicopter.
52. In vhe forthcoming survey it is planned to take bottom samples and, it is
hopad, photographs of the bottom. Tegsther these will indicate the nature of
the bottom reflecting surface. i
Surface Duct Propagation and Internal Vavea

53, The effect of internal waves on surface duct propagution is of interest
to the users of sonar equipment, and it has becoms apparent that insufficient
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is known of the frequency of occurrence or of the magnitude of such waves to
enable an ¢ ~timate of the effect on sonar ranges to be made,

54. No effort is availaile for a full-scale study of this phencmeno:n, but
the example in Fig, 24 shows a 100 ft variation of layer depth over a period
of 1 hour., This was noted incidentally during s propagation trial in the
South West Approaches.

TEMPERATURE

55, It is of intercst that this observation 300
arose by cbance during a period when bathy- £ 10 (//\\ E
thermcgraph dips were being taken at ] a \\\\
unusually frequent intervals. This £ 340 :
emphasises the inadequacy of a single bathy- £ b0
thermograph dip in a situation varying in % 0
both time and space.

400
Model Experiment in Bottom Reflcction O 10 10 30 40 50 ¢0 70 80 lOC

MINUTES ARTER 1120 hrs. GMT.

56, The laboratory investigation into VARIATION (M LAYER DEPTH

refleocted sound from acoustically hard

surfaces in air is temporarily in abeyance

due to concentrailion of effort on Figs 24 Internal VWaves,
preparations for Phage II of the propagation

research programme,

57,  The Ray Calculator has been in use for 18 months and is a valuable
laboratory tool for computing and displaying sound refraction paths under
specified oceanographic corditions.

58.  An improved Ray Calculator, barza upon the laboratory design, has been
manufactured by R, B, Pullin Limited and is about to be installed as part of
the computing facility in A.U.W.BE. The main difference in pexrformance between
this calculator and its predecessor is that the maximum grazing angle at which
reys may be launched has been increased from £10° to +709,

59. Some theoretical work on ray tracing has been carried out. This has
cleared up a number of sources of error, and given a tasis on vihich more
sophisticated computations may be made, Then time pexmits, it is planned to
produce a digital computer ray tracing programe which will include such
useful features as calculations of intensity, effect of horizontal variation
of velocity siructure and effect of imperfect reflecting surfaces.

Oceanograpby in A/S Detsction

60. The collection of temperature and salimiy daia from various international
sources has continued, anC has been of use in planning propagation trials.
During the course of these trials serial obsarvations were made so that the
velocity structures computed from them could be used in analysis of the
propagation data,

61.  The Chief Officer of 0.W.S. WEATHER SURVEYOR has been instructed in the
use of the oceanographic equipment and observation of salinity, temperature and
depth are nov being made weekly while on station by the three weather ships

61
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WEATHER ADVISER, WEATHER REPORTER and WEATHER SURVEYOR, It is expectéd that:
0.7.S, WEATHER MONITOR will be instructed and her programme of observation/
started in 1963, The data from these ships are being analysed btut:thers is
not yet sufficient for definite conclusions to be reached concernivg temporal
varietions in the deep velocity structure in the Atlantic Ocedn. ‘

62, In April 1962, a N.I.O. Thermostat Salinity Heter, loaned by the
Figheries Laboratory, Lowastoft, was installed in A.U.VV.E. Since then the
salinities of water samples collected during proraration trials and by the
Ocoan Veather Ships, have been measured. It is hoped that further equipmént,
suitable for accurate salinity measurement aboard ship, will be available
before the next propagation trial,

63. A device has been constructed to measure temperature and depth
continuously to a depth of 500 metree, theoresultsoheing displgyedoon a_paper
record, gt hasg f%ve temgerature ranges, 0°C to 10°C, 0" to 207, 0" to 307,
10”7 to 20”7 and 10” to 30", No tests have yet been made at sea.

Echo Formation

64, In the "image pulse" theory of echo foxmation discrete echoes are formed
whenever there is a mathematical discontinuity in the relation between the
projected area of the echoing body and the distance from ¢he source, This
theory has been extended from the previously treated case of amplitude -
modulated transmissions to deal with a more genexal foxm of modulation,
embracing ¥.M. and noise transmissions, to deal with back scattering at small
distances and with the bistatic as well as the monostatic case.

65. Tho same echo-formation process applies in these cases and irrespective
of tha type of modulation., PEach direcily backscattered echo component has the
same form as the transmission.

6.4 -~ EXPLOSIVE ECHO RANGING

66. In August 1961, A.UM.E. in collaboration with Roya) 3ircraft
Establishment, Faruborough, drafted an outline researc': programme to cover a
period of 2% years with the following terms of refersncei-

To carry out acoustic research on Fxplosive Echo Rarging in shallow
waters with the aim of drawing up a specification for an airborne
sonobuoy system to meet the regquirements of the part of Operational
Requiremeni (OR) 3548 relating to active detection in shallow water,
i.e. detection and localisalion of a submerged submerine out to a
range of 10 miles. In the execution of fthis tusk particular
attention is to be paid %o the problem of distinguishing between
submarine and non~sutmarine echoes.,

67. In addition to the facilities tc¢ be provided by A.U.W.E., it was fore-
seen that a sea-going research vessel would be needed for extended trials in
areas other than Portland. The vessel was requared to have adequate laboratory
space, accommodatior, equipment handling facilities and a high capacity battery
supply for extended silent ship werking, To meet this need modifications are
being made to A.C.S, BULLFINCH,

68, 3Subject to Admiraliy &nd D.R.P.C. approval this research programme should
commence during 1963.
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6.5 - TECHNIGWUES TO IMPROVE THE DECOY RESISTANCE OF GUIDED TORPEDOES

Sea-Return Circuits

69« Work is continuing on the problem of reducing the attenuation of a
single core wire with sea-return. Calculations show that ‘there is an opbimum
amount of copper necessary to achieve minimum attenuation with a fized overall
size of wire. The amount of copper in use at present is well helow this
optimum, a worthwhile reduction in attenuation could be achieved by increasing
the copper diameter from 0,018 inches to 0.022 inches.

70.  In order to investigate the production problems assooiated with the
menutacture of long lengths of wirc with reduced insulation, Messrs British
Insulated Callenders Cables Limited have msaufactured a number of experimental
lengths of wire with different typee of insulation,

Twin Cirouits

7t.  The results of measuremsnts made on the impedance balance to earth of
flat twin wire show that the use of such a wire 8% frequencies as high as

20 kc/s is not justified if the length is greater than about 10,000 yd, unlsss
& very large dispenser is used. The degree of impedansce balance measured is
comparable with that predicted by the menufasturers, iie. of the order of one
per cent.

Dispensers

72. The attenuation of the wire in & fully or parsially colled state is
difficult to predict. Measuremente show that at high frequencies the
attenuation of the present wiruy in the coiled state in usually less than that
of a fully paid out wire. However, with the proposed lower loss wire, the
attenuation in the colled state may predominate if precautions are not taken.

73. The mechanism of attenuation in the coiled state is being investigated
theoretically and mothods of reducing it are being considered,

Noise

T4, A theoretical investigation of the likely magnitude of electromagnetic
background noise induced in the guidance circuit has been neads. It is hoped
to confirm this theoretical work by measuremsnts at sea.

6.6 - NOISE REDUCTION {INCLUDING FLOW NOISE)

Flow Excited Noise

75« Two further trizle with the buoyent body designed to elucidate flow noise
problems in ships, have been performed in Loch Linphe whern the water depth is
400 ft. The semi-ellipsoidal nose was permanently bonded to the body for

these tests, and there was therefore no possibility of entrapped air. It was
found that with this arrangement there was no change of noise level with depth
once the terminal velocity had been reached, see Fig, 25 on the next page., It
has therefore been concluded shat this effect which was shown in earlier trials
was due ito entrapped air at this joint.
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Fige 25 Noise Pressure Level Versus Tinm
for a Third-Octave Band Centred at 111 0780

76.  Measurements of the spectrun level of the noise between 100 ¢/s and

10 kc/s have been made over the speed range 25 to 45 ft/bee. Speotrum level
measuremenits have alao been made on the body witk its shell coated internally
with an Aquapla damping material. Fig, 26 compares the spectrum level measure-
ments on the damped and undamped body and alsc the wall scceleration levels
measured with internal accelorometevs. It will be seen that the dambping
material has a considerable effect on the R — -
vibration levels but no effert on the <
noise measured at the nose hydrophone. )

S

This appears to be good evidsnce for §‘ S et Mt

assuming that the wall vibrations do not a ™~ o~ ]
contribute to the flow noise, tut this 1 T e
should be concluded only with caution 8 "‘w\ ATELLA P
until mors experiments have bteen made to S .

determine the exact source of the noise.
The variation of the noise with speed
was found to be close to a power law
over the whole frequency range. The
values compare with the theoretical
velues, for pressure level fluctuations,
of 9 @B at the lower frequencies and . B
18 4B at the higher frequencies, . REQUENCY (CA)

Fig. 26 Noise and Wall Acceleration
Spectrun Levels Versus Frequency.
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17+ hen the hydrophone is siisd in
the apex of the nose it is in a
stagnation region and can therefore only
receive noise by scoustic radiation from downstrean. This means that the
hydrophone is in a region of acoustic shadow and will receive noise only by &
diffraction process which is frequency lependent.

78. This partially accounts for the very stsep slope of the spectrum levels,
about 15 4B per octave, above about 800 c/s. Subsidiary measurements were
made of this diffraction by using a small roise source on the wall of the body.
On the basis of the results of these tests the spectrim cun be corrected for
diffraction effects; when this is done the sicpe above about 800 ¢/s 1s close
to 17 dB per octave.

79. The new buoyant body with an array of aydrophones around the nose and
along the length of the cylindrical section is nearing completion. It
incorporates multi-channel tape and pen recorders and facilities for boundery
layer exploration using pitot-static tubes,
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on turbulence in air tunnels.

Flow Noise - Amooba

are being analysed.

80, The contract Work at Southampton University has been completed.and.a:
final report iséued, Heasurements in the 2 inch water tunnel wera made of the
re.m.8, pressure fluctuations, statistical amp’itude distribution,,longitudinal
spatial correlations and of the effect of a step in the tube-wall on. the 1d0Fn=-
stream pressure fluctuations. The general conolusion drawn;from: the wo'k is
that the results are in broad agreement with the more extensive measurements

Self Noise in Surface Ships

§2. A summary of self nuise meacurements taken in 1962 is sbown in the tabdle

Purpose of Trial

To compare self noise levels due to

steam and gas propulsion and mesgure
increase of noise from stadilisers in
various conditions, Auxiliary maohinery]
nolse was >xamined.

81, A hose-like oylinder of xubber, 30 ft long, filled with oil, and carrying
a number of transducers distributed along its length - Amoeba - has been used
for the purpose of obtaining flow noise data. A successful trial has been
carried out with a 30 f4 long transducer array towed deer in a 1,000.fathom
gite some 1,500 yd astern of a coastal minesweeper. The data from the trial

To measure self noise in a ship a long
time out of dock. The Type 2001 Sonar
dome was obasrved to shield the dons
forward of it from direot pradiated
propeller rcise.

To cumpare the degradation of Sonar
parfonmance due to self noise, over &
por! - .§ 2 years out of dock, in two
gimilar hvll forme hsving difrevent
wdersater finish, (3 trials in

HHM.5. VENUS, 2 trials in H.M.S. URCHIN

in 1962.)

To study the contritutic. to self noise
from main and auxiliary machinery and
take routine weasurements up to 28
kaots,

To meagure self noise in double curva-
ture glass~fibre dowss fitied %o hull
outfit 15 and hull outfit 20.

below.
Ship Class
H.M.S. Type 81 A/S Frigate
ASHANTT (18t of Class)
' H.MLS. Type 15 A/S Frigate

VERULAM
§ H.M.S. Type 15 A/S Friga.tes
3 URCHIN
£ and
3 VENUS
=
=
&
£ H.M.S, 7ype 12 A/S Frigates
g;, I RESTOFT
£ and
Eif BERVICK
£ H.M.S, Type 12 4/S Frigate
B LONDONDERRY

H.,¥.S. LION | Tiger Class Cruissr

of noise level during evsaive aetion wa

Houtine self noiev mcasurements. Cbang%

examined.
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Stabilisers

83, No substantial direot effect of stabilisers on self noise was measured
irn H.M.S. ASHANTI buv consequent modification of the ship's sea-keeping
behaviour could conceivably affect self noise in bad weather.

Machinery Noige in H.M.S. BERWICK avd H.M,S, LCWESTOFT

84, H.M.S. BERWICK was found to bo exceptionally quiet in the standard sonar
bands even though machinery noise was exoessive at lower frequencies. Her
sister ship H.M.S. LOVESTOFT did not show this excessive L.F. noise.

85, Further trials in H.M.S. BERWICK are desirable in which avxiliary power
myy be obtained from shore supplies, to carry ocut "on/off“ measurements of
the noise contribuizd by individual machines.

Relationship betweon hull Vibration in Vicinity of Domes and Self Noise

86, During the first-of-class noise trials carried out in H.M.S. ASHANTI,
me-surements of hull vibration in the viciaity of the domes wsre made to
determine whether, and over wkat upeed range, vibration of the hull is a
significant contsibutor to self noise.

51, Fig. 27 compares the hull vibration levels in the octave 4.8 to 9.6 kc/s
near the Hull Outfit 20 deme with self noise levels at 6 ko/s in Hull Outfit 20
for a range of ship speeds. Auove a speed ¢¥f 15 knots a factor other thar hull
vibratiqn doainates self noise levels., Below 15 knots the form of the curves
indicate that it is possible that noise due to vibration of hull plating, both
flow and machinery induced, is a significant contributor to self neiso,

o..
o -
3 ASTERN BEARING /
o)
I
- 23
¥ -40 Y2 -0p
ui al
& b AHEAD BEARING
on T
- .50 <., -30F
2 DOME CENTRE 5%
O ‘—'—'\‘__/'-—’. 5%
T .60t A\ &~ a0t
S DOME a
g FOKD ENC 2 OPERATIONAJ. BEARING
put _70 1 1 [ ] 6 _5 ] ] Il [ ]
(o) 5 0 15 20 25 5) 5 10 B3 20
SPEED (KNOTS) SPEED (KNOTS)
{2) Hull Vibration (b) Self Noise

Fig. 27 Comparison of Hull Vibr:tion ind Selr Noise Levels in H.M.S. ASHANTI,




X T e || B

EPFTCEATIEEN S O] RO T At R Y TR SIS

IR ot T e tie e o e

5

Hull Finishos

‘bad weather-during al. three of the trials 80 'far carried\out 1n»H.M ga

88, Comparisdn ¢ the effects on self noise of alterhative ant;—fouling;hull
treatments in H.M.S. URCHIN and ‘HeM. S~ VBNUS has not been possible~owing %0

The series of triala in ." M.S, URCHIN has acoordingly ‘bbén abandoned Dut-iy is
proposed to: complets the o.-responding series for H.N.S, VE&US in the hope ui
assessing the effect, over & “eriod of two ysars out of dock,-of the special.
anti-fouling treatment that sh. received initially, i.o. Vacu=blasting and
painting with Composition 161P,

Effect of Evasive Action

89, H.M.S. LICN steamed at 18 knots carrying out Evasiin Zig-Zag Steering
Plan 255 from "ATP 3 - Anti-Submarine evasive steering". Self noise was
recorded in Type 176 pos%tion on allead, abeam and astern bearings and in
Type 174 position on R90". In no instance was any signifiocant increase in
self noise recorded.

90. H.H.5., VENUS repeated the procedure al 22 kiotc vhen noise was measured
in Type 164 position on shead, abeam and astern bearings and in Type 174

position abeam. Again no significant increase was recorded.

‘
&
]
s
%
K
-

(&) Pitech 10 (b) Pitch 20 (c) Pitch 22
Fig. 28 The Effect of Verying Pitch on Propeller Cavitatiou.
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Lropeller Noise
AGOUTT

9. "‘rials were carried out with ‘H,M:S. UNDAUNTED-during the. *poriod September
to December 1562. Using large cap‘éoity comprassors the- effeotsof variations
in air volume and hole patterns have bben studiad to. determineetha«optimum
combination for the reduction of noise radiated from:-the propellers Detailed.
asseesment of the trials results is still in hand but initialwanalysis -ghows
that over the frequency rango 75 ofs to 76.8 ko/s the ship at 18 knots with
AGOUTT working is no noisier than at 10 knots without AGOUTI.

H.M,S. YAXHAM - Cavitation Nolso Trial

92 A trial with H.M.S., YAXHAM is in prngress with the aim of atudying the |
nolge significance of different formas of
cavitation. By varying the propeller 00RM PICH O 2¢° O 20° & 10°
itch, at constant revolutions :

800 r.p.m.), it has been possible to
produce either essentially no visible
cavitation or strong visible ocavitation
of the tip vortex alone or strong
visible face cavitation alone. This is
illustrated in Fig. 28 on th@ previous

TRUM TEEL ,
vsgpm)
~ L]
e

(0

WASE SPEC

Co vsuso:oo-ooo TR 987 mu .
93. Tt is remarkable -{hat whereas the AEQUENCY  (CIs' & xchs)
tip vortex .and face cavitation are ) .
acgompanied by substantial ‘incrcasés of Fig. 29 The Effect of Propeller
radjated noise. at low frequencies, Cavitation on Noise Level,
1ittle effect is apparent at the higher

fraquencies. This is illustrated in Fig. 29.

o

Underwater Viewing. Equipment

94. A system for repording the behaviour of submarine propellers is being
developed at the request of D.G.S, The system, working at depths of up to
350 £t, will use thé pulsed high speed camera equipment developed for the
ol-u/television installation,

Portland Sound Range
Radie*ed Noise Measurements During 1962

Class No. of Ships | Range Days
Aircraft carriers 2 2
Fast replenishment tankers 1 1
Submarine base maintenance ships 1 1
Destroyers 4 4
Frigates 17 24
Minesweepers 17 34
Cableships 1 1
Helicopters 1 1
Hovercraft 1 2
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95. Rangings'of special iutérest inoludéds-

(a) The firgt-of-class t¥iel of the Typs.01:frigate H.M.S. ASHANTY;
which has both gteam and -gas turbiné propulsion systems. There is
évidence 0 buggest that, with suitable: izolation: mountings,pgaa
turbine propulsion could be considerably quieter than stean at; a11
frequencies. Trials have shown that oareful ‘balanoing oiathe gas
turbine is not by itself enongh “o yield this potentially quister
performance and it is clear that failure to employ-isolation
mounting carried a heavy penalty.

»

(b) The German C.M.S. FULDA, fitted with controllable pitch ‘propellers,
some degrea of attenuation of airborne noise from the engine-:roonm,
and vibration mounting of the main machinery.

(c) The Gexman frigato EMDFN, fitted with controllable pitch propellers
a combined Diesel and gas turbine propulsion system.

Machinery Noiss (Hadiated)

Importance of Swectrum Lines due to Machinery in Type 12 Frigates

96. An enalysis has been carried out of the most prominent spectrum lines
radiated from Type 12 frigatos fitted with the original 3-blade and the later
noise~reduction 5-blade propellers. The level of these lines, which originate
from machinery, have become of far greater significance wiih the fitting of
modern 5-blade roise-reduction propeilass because the underlying ievel, of
general nolse is markedly less than with the standard propellers.

Effect of line Componqnts on Range at which Shiv may be Detscted

97. An examination of the effects of discrete spectrum compenents on
detection ranges and mine actuation widths has been cerried out using

H.M.5, SCARBOROUGH as an example. Tha following tabls shows the calculated
effect of suppressing particular lines on detection ranges by Sonar Type 186
in the listering band.3C0 to 600 c/s and assuming sea state 2. Two situations
have been considered in which depths of 100 f4 and 3CD £t for the surface

duct apply.

ie th of Propeller Gear meshing
Speed Surfzce Duct No Suppression singing lines lines alone
(kt) (£1) kyd) alone eradicated | eradicated
(kyd; (kya)
10 100 3.4 2.0 -
300 130 38
14 100 3.0 2.3 -
300 100 Sed
16 100 2.7 - 2,5
300 76 68
18 100 2.4 _ 2.3
300 58 54
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98. It will be seen that the singing nropeller in this ‘oade: is the dominant
source of discrete frequency noise. The effecis-on: mine. actuation are

similarly important. If the propeller did ot sinhg ‘the. relative magnitudes of

gear mesh and othex machinery lines would becoms moxe importaht. -Thus ‘$he
discrete frequencies tend to control the risk of -deteotion and the mine ‘risk.

6.7 _~ DOME INVESTIGATIONS (INCLUDING NOISE REDUCTION)

Replacement for Dome A/S 26

99, The five double curvature A/S 80X domes have now been in service for
periods ranging from 18 months to 2 years without any adverse yeports.
Further acoustic trials have boen caerried cut with this type of dome to assess

the bearing error which might result from phase distortion. Cumparative tests,

using the phase conscious Type 170 transducer at 21 kc/s, produce the results
given in the tablo below,

reme8e Vnlue of
Bearing Error
(Comparison of
L and R Squares)

HYean Attenuation

Dome Description dB
(L and R Squares)

Standard production 0,020 o
A/s 82 in, stainless steel skin 0.6 2.3
with steel reinforcement.

Double curvature glass fibre

» skin 0.25 in. thick. Steel o

A/5 80X verticel and glass fibre 1e3 2.8

horizontal reinforcement.
a As above - with sections of

:£§1§g§a glass fibre horizontals 0.8° 1¢3
removed.

A/s 80X . ) -

Sholl As above ~ skin only 0.2 0.25

1¢0, The significant improvement obtained by removing certain sections is
thought to be in part due to the presence of voids which are formed during the
lay up of glass fibra ribs.

101, Work carried out using perspex sheet (to simulate the acoustic problem
without the variation in result which arises from voids and inhomogeniety of
glass fidbre) has however demonstrated the manner in which a single rib may
increase the attenuat.on out of all proportion to its size. The effect is
particularly marked when the width of the rib corresponds approximately %o one
quarter wavelength in vperspex.

102, Development is accordingly being directed toward replacing the glass’

fibre horizontals with steel girder structure secured to the skin but not
enbedded within it.
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New Dome Configurations

103,  An underwater observation sea trial has been carzled out in
H.M. S, LONDONDERRY. Twelve underwater periscope positions were 1ustalled in
the ship a view of the bow and both domes. A comparison between onset of
cavitation obtained during this trial-and results of -watex tunnelsmodel~s ale
tests is shown ‘in the table below. AT

| sean Cavitatich Onset Conditigns =
P HM.S, LONDONDERRY Result |Water ;I:;mnel Result
Foature (E?tim. gPdﬁ?r Speed of Approi; Critical - Critical
nay | "€ | Fntry | Speed” |Cavitstion | Medel | Cavitatien
Scale) into Turn lin Turn |Indox (for | Scale | Index (for|
' (kt) (k) Keel Line) Keel Line) |
‘og 0 17 17 .6 1/6 0.8
Bow 2, 15 22 16 4.0 1/6 725
6, 25 20 14 503 1/6 2,95
8 35° | 6to12 | 6t08 20 1/6 41
0 (+]
8/ 8ox | So % - - M 18 9.9
100 in. | 40 1? ) - w :;6 '25
vone | 2o 25 - - 1 0.
3 35 - - * 1/6 0.65
0° 00 (25 t0 26 |25.t0 36 | 1.6 1/10 1.35
ﬁ‘é:;’ TX1 92 ] 15% JoB to28 |20 ta 24 | 2.0 1710 ] 1.3
peme 1 1 25 24 to 28 |20 t0 24 | 2.0 1/10 143
2 35° 22 13 6,0 /16 1.25
¥ No cavitation visible up to 28 kt, the maximum speed during trials.

104,  Although a reasonable relationship beotween model and full scale
cavitation onset results was obtained for the 157 in. dome, a significant
discrepancy was noted in the case of the bow. In part this is -considered to
be due to the difference in surface finish between ship and model.

105, Fig. 30 on the next page illustrates the bubbles which are swept down
from the bow and envelope both domes durinz turns executed with 35" rudder in
celm weather., The serious effect which ths bubbles must have on sonar
performance suggests that in order to maintain sonar contact in turns surface
escorty should use the minimum rudder angle possible.

106,  The results of the trial confirm and strengthen the need to improse the
shape of bows of A/S escorts and to install a tairing to Aefer cavitation at
the 157 in. dome/hull junction, A further ses trial, for which equipment is
already being made, has been requested; this trial should demcnstrate the
improvement which may stem from an elli.tical bow and faired dome.

Slamming Trisl

107. Equipment has been installed in H.}.S. LONDONDFRRY to measure the
dynamic pressure loadings on the domes during "slamming". Both 100 in. and

-T1-




2

T LT N Y T AT ST RS A P S T T e

S

TRSORRSAT AR R RN R

.

157 in. domes have been fitted with pressure. sensitive transducers mounted
flush with the external profile. Outputs of thewe. and strain;ganges, fitted,
in the domes are fed to #wo twelve. channel recorders, -Records: iill. be:-taken.
b{ ghip{s staff when.condition of epeed and-weather .seem:1ikaly ‘to-¢aise
81 asm ' o

L

[ - - v -
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(1) View looking forward “(b) View looking forward from
past 100 in, dome to forefoot position forward of 100 in. dome

Fig. 30 Cavitation Shed grom the Bow of
H.M.5. LONDOXDERRY in 35 Rudder Turns.

Replacoment Dome for Type 187 Soner

108, To eliminate the operational speed limitation now imposed on conventional

submarines, which arises as a result of failures among existing A/S ‘19 domes on
the surface in rough weather, a stronger replacement dome design has been
produced and two prototypes are being maiufactured.

Fin Domes

109, A further design of glass fibre dome is in hand for use with the

Type 185GL sonar in nuclear submarines. In view of its location adjacent to
the remeating compess in the forward part of the fin the stiffeniry structure
for the dome will be produced in an aluminium bronze of suitably low
permeability, .

Bottom Bounce Sonar Investigations

140, Tho estimated H.P, requirements, predicted from towing tank trisls, of
a Type 12 frigate hull fitted with the 100 ft long integral dome form (which
had excellent cavitation onsat performance) suggest an increase of 150% as
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comparsd with bare hull at 20 knots., This very large increase in power
requirement is consideréd to be largely due  tn the .dome position used during
the trials (15% of the ship's length aft -of the bow)., Further work is needed:
to detexrmine an optimum position for a large -dome on the hull.

111, Consideration is being given to-other -arrangements for bottom bounce
arrays whioch would minimise such propulsion penalties-in.frigate sized vessels
including the possibility of stowing the array above watex.

112,  Models are being menufaotured for use in water tunnel trials which are
programmed for mid-1963, these include bow forms for mounting various large
arrays in the new design airoraft carrier.

6.8 -~ INVESTIGATION OF TORPEDO DISCHARGE FROM SURMARINES

113, The development of a model for investigating the external hydrodynamio
forces on torpedces during the launching phase ‘has oontinued, Althéugh a
satisfactory method of firing tho model torpedo has been developed, some
delay has been caused by the need to repair parts damaged by the large number
of firings now made.

114. The outstanding problem is still that of measuring the transient
forces on the model. Instrumentation has been developed foy this. A new
firing tube having a bore of improved accuracy has been fitted, but trials in
air reveal unexpected forces which are being investigated.

6.9 - MINE COUNTERMEASURES RESEARCH

Magnetic Sweeping

115, Tests have been carried out at the Bexington Range using the ocorstal
minesweeper H.M,S. HIGHBURTON to determine the magnetic field levels associatied
with the closed loop sweep, MI Mk 11(L) and the open loop electrode sweep,

MM Mk 11(0). The results of those tests on ihe range are being compared with
the predicted field levelr obtained in the laboratory from tests on scele
models of the two sweeps. A plot of the field contours obtained from
laboratory tests for a depth of 10 fathoms and a plot obtained from the
Bexington trial results for the MM Mk 11(0) in a depth of 8.5 fathoms are

shown superimposed in Fig. 31 on the next page.

116, In the case of this open loop sweep, the position of the field contours
is dependent upon the relative conductivities of the sea and the sea bed, For
minesweeping purposes it is convenient tc uss the parameters Q (a reflection
coefficie st) and a/H (an electrical depth ratio) to describe the conductivity
conditions. The laboratory diegram is drawn for valuss of € = 0,95 and d/H
1.23 +the average values applicable at Bexington are aow known %o be Q = 0.93
arl d/H =« 115, It is already clear that there is a very good degree of
correlation between the observed and predicted patterns. & set of punched
tapes appropriate to the exact values of g and d/ﬂ off Bexington are in course
of production for use on the laboratory sweep field plotting equipment and
electrode field computer to enable a more exact comparison to be made, in
respect of swept path, position of mine orientation, and sweeper safety.
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SWEEP MM MK 11 (0)

——BEXINGTON  TRIALS -~ /= LABORATORY PREDICTIONS
QG AVERAGE OG5 j Q 095
44y AVERAGE 115 9 12
H AVERAGE 8/4 FATHOMS H 1O FATHOMS

Pig. 31 Comparison of Model Scale
Predictions of Sweep Field and Observations.

MM Mk 11 and MM Mk 20 Sweeps -~ Operational Data

117. \Minesweeping calculators have beexn produced for the open loop and
clesed loop versions of the MM Mk 11 and the MM Mk 20 sweeps. The calculator
slides apply to sweeping speeds of 6, 8 and 10 knots and cover all likely
types of horizontal component magnetic mines, divided into four groups accord-
ing to the duration of influence field necessary for the mine c.rcuit to
actuate,

118. The calculators give values for the aggregate actuation width averaged
over all angles of mine orientation. The use of this value of swept path (We)
for calculation of percentage clesrance of a mined area will tend to give, in
certain cases when high order clearance is required, an over-estimatc of the
percentage cleared, and for this reason it may be necessary tc produce a second
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set of’-alides.for statistical cmi,msv‘ge'epi‘,ng‘\pni*poseg ;giyiﬁg'é‘véiixe of ¥ based I

upon the aggregate actuation width for the 10§ worat anglés. This-matfer is
under consideration, “

119, Tables of safe current have been prépared from knowledge-of the .
combined magnetic field of coastal minesweepers and thgfgﬁﬁp@tgd}yglﬁg.df the-

sweep <ield in thé region around the minesweéper. For éach minesweeper -

sweep,. combination, two sets of tobles .have been preparedi- png:fopqugép;ﬁg .
horizontal ficld component mines and the other for vertical field 'componont

mines.

Acoustio Sweeping
Definition of Aqoustic Mine Actuation levels

120,  Experimental work on the actuation level of the British V. circuit te
both sweep-like and ship-like noise has shown that the-definitions proposed.
t0 N.AJT.0, by the U.,K, are realistio and the measurement procedures-simple.
The definitions were fully discussed at the 1942 meeling of the N.A.T.0.
M.C.M.T.Ps technical panel.

Acoustic Propagation Monitor

121. Trials with the prototype production model of the monitor-have been
successfule A emall number of outfits of this equipment are biing.made for
practical evaluation pending a dcei=ion from the assessment mentioned belav.

. Prediction of Acoustic Swept Paths

122, A study of L,F. propagation data in shalloy water made available through
N.A.T.0. has provided some indications of the possible variation of swept path
within typical sweeping aveas. From this it has been possible to assess the
effeot on & sweeping task of propagation data obtained theorvtically and by
use of monitors. 4 single profile from an expendabls monitor is generally 4
preferable to theoretical prediction particularly at the lower fregquencies.

Hultiple monitor profiles spaced slong the channel besome more necessary as ¥
combination mine complexity increases and as minesweeper acousiic safety K
requiremants are raised. A paper which considers the polioy that. should be
adopted in practice in respect of acoustic monitors is in preparation.

M.C.M. Nange at Bexington |

123.  Apert from ths euto-tracker, the instrumentation is complete and the
Kange fully operational, A number of investigations have already been carried
out including a trial with sweepers of the 2nd M.C.¥. flotilla., Manufacture
of the auto~tracker system is nearly finished and it should be installed

shorily.,

Rk

Pregsure Mine Countermeasuras

Inkroducticon

124, A good deel of understanding has accumuleted in this field over the
years and it is doubtful whether further research investigations would be
perticularly rewarding. This being so, it was decided to cease active research
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in the field of pressure mine countermgasuras,\atxloast for the*t;me being;

the period under review has ‘beén largely-dgvotéd Lo windingfup*tné investiq
gations in progrese and documenting the i 'silts in report forme -

Pregsure Mine'Sweeg

125, Model-scale work on the MATTRESS pressuré mine -swéép had row ceased
pending a decision as to whether to pursue the investigation; with\Speo‘al
emphasis on engineering aspects, at largé scale, The investigation to-date’
indicates that the device would apparently be feasible from the point of “¥#ew
of construction and towing drag, and that there appears to be -a very good
cage for examining such further matters as the towing stability, explosion
resistanne; handling and searanship.

-

Safe Speets for Ships

126, Work aimed at relating pressure signatures of ships to simple
geomotrical and other parameters has now been completed. -Expressions embracing
all ships, both warships and merchant ships, are available.

127, Safe speed data have now been extended to cover the case of merchant
ships in swell and a technicel note ie being published.

6.10 - DEGAUSSING FOR C.M. S., I.M.8., CONVERSION HUNTERS, AND FUTURE
M.C, M. VESSELS

128,  Variable-strength permanent magnets for "dipole" type compensation-have
been developed: action is in hand by D.G.S. in collaboration.with AJUW.E. -
to introduce them into service on current C.M.S. for use in gonjunction with
the normal D.G. coil system to compensate the very large permansnt magnetism
in their propulsion engines. The design of the magnets permits the magnetic
moment to he varied over a wide range to suit the particular requirements of
individual sweeper's engines. The technique of deperming the crankshafts of
C.{.S, engines has been finalised and has passed into Serviee, The stability
of the treatment has teen confirmed by re-~testing one of the earliest set of
three which were depermed and subsequently run for 2,500 hours in an
operational sweeper (see page 77).

129. The first phase of D.G, trials on the partially converted minehunter
H,¥.3. KIRKLISTON has been completed and an interim D.G. coil system design
produced, This sysiom will be fitted into the first of class during current
refit when further confirmatory trial~ are proposed. Magnetic measurements on
individual consoles of Sonar Type 193 equipment have shown that the ferro-
magretic field may not be significant for the Comversion Hunter: further
trials to measure the electro-magnetic stray field await the ava~1ab111ty of a
conversion hunter fitted with an operational set.

130. The relationship between self danger width of a M.C.{. vessel to
horizontal magnetic mines of 0.5 mG level and the N.A.T.0. criterion of "“the
peek of the combined vertical component of magnetic signature" has been
investigated on the model scale (see page 103). The results have lead to a
proposed megnetic specification for the new M.C.M. vessel of 0.6 mG in

5 fathoms (N.A.T.0. criterion) which provides a self danger width in shallew
water suck that an adequaie risk factor of 0.06 in 3.5 fathoms, falling to
0,02 in 5 fathoms and greater is achieved, To each and maintain this magnetiec
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apecification will require R. and D¢ effort by all Deparimenis Qoqqerned with
construction, storing and meintenance of these vessels and an outline of the
effort involved in doing so has been published.

131 A large amount of non-ferrous. substitution of materials will be required
for most of the major items in the new M.CiM.; so alsowill prafitting treat-
ment, involving dipole compensation and demagnetising, will alBo be'necgsaary.
Consequently "Land" D.G, ranges both for R, and D. and for production-purposes
are oonsidered essential. Considerable effori has been expended in finding:
suitable megnetically quiet sites for the instrumentation for the first one
which will probably be located at D.G.W. (Compass Division), Ditton Park.

6,11_~ DEGAUSSING FOR NUCLEAR SUBMARINES

132,  Freliminavy investigation of pressure/hagnetie effeots of the pregsure
hull material under deep diving conditions were mads by compressing solid test
pieces in a specially designed non-magnetio test rig. These trials have not
progressed very far, but the results indicate that the mechanical strain under
deep diving conditions may have serious consequences with regard to magnetlo
mine safety and range of detection by airborne M.A.D.

133+  The axial current flash technique of deperming has been explored at
full scale and shows promise. This method has tho advantage over all existing
methods that magnetic fields inside the hull during the process are reduced to
& level below that at which they could affect sensitive navigational and
recording equipment and the contentz of missiles.

134. A report on the distant megnetic field of submarines (that is, at
typical M.A.D. ranges) has beon issued. This is a theoretical treatment
intended as an aid in the calculation of detection ranges when actual megnetic
woments of submarines (model or full scale) are known.

6.12 ~ THE NEW MINE COUNTERMFASURES VESSEL

135, Target levels for the magnitude of pressure, acoustic, and wmegnetic
influence fields in the new construction mine countormeasures vessel have been
formulated for inclusion in the Staff Requirement. The target levels are
baged on the concept of minimum acceptable danger widths, & concept which is
operationally morc accoptable than the former considerations simply of the
maximun field directly beneath the ship (see page 102). It is, however, a
complicated procedure to make direct measurement of danger psths and field and
model studies are in hand to show the connection between the figures for
maximum noise level and D.G. combined code number as recorded during a voutine
operational ranging, and the required danger path (see page 76 ).

136, A schedule of R, and D. effort required to ensure & sufficientiy low
level of magnetic field in the new Mine Countermeasures Vessel have been drawn
up for the Admiralty Working Party concerned with the new vessel, and A.U.¥.E.
has collaborated with D.G.S. in preparing & similar schedule in connection
with noise.

6.13 ~ MINERUNTING PROBIFMS . MINE BURIAL

137. Acoustic minehunting may be made more @ifficult if the mines are partly
buried and would be ineffective against completely buried mines. It is
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thavefore 1mportunt to agsess how widespread, in.arees of opérational interest,
are conditions in which mires would probably beceme buried. An analysis of
available information from U.K. and foreign sources has ‘been made and'a
tentative basis arrived at for some form of prediction baged on paramefers
such as sea bed conditions, tide and swell.

6.14 - ADVANCED MAGNETIC TEGHENIQUES

138, Digital methods of recording and processing the data from nuclear and
atomic magnetometers have been examined briefly. The new magnetometers are
particularly suited to digital metheds because the outputs are signals of
varying frequency. The standard method o field measurement is by a succession
of frequency determiuations using a counter-timer, Although the original
intention was to assemble apparatus for use in cenjunction with magnetometers
for submarine magnetic moment measurement, 1t is aow appreciated that these
techniques have wider application.

139 A commercially manufactured metasteble helium magnetometer was purchased
by 4.R.L. and has been on loun to AJU.Y.E. for laboratory evaluation. ‘he
particular virtue of this magnetometer is its theoretical orientation
independences Rotetional effects have been examined in detail by comparing

tie output of the helium magnetometer in various orientations with a nuclear
magnetometor. Orientation errors have been found to exist but indications are
that these originate in the electronics and not in the wagnetometer Lead.

6,15 - AUTOMATIC PROCESSING OF A/S DATA

140, Studies of the design of a syatem for automatic detection of sonar
targets on the doppler display of sets similar to Types 2001 and 184 have
continued.

141,  Signsls recorded on magnetic tape on trials of the experimental Type
2001 get in H.M.S. VERULAM have been analysed in the laboratory to determine
their statistical character and to look for any systematic differences betwsen
target ochoes and the background signals of noise or reverberation. Because
of the very large number of recording channels roquired if the outputs of the
doppler Tilters were recorded directly, the signals at the inputs of these
filters have been racorded. The signals have then baen repleyed in the
laboratory through a bank of doppler filters similar to those used in the
Type 2001 set. Because of the relatively small fractional bandwidth of any
one doppler filter, the recording and replay apparatus must have exceptional
fraadom from wow and flutter. A .substantial improvement to a commercial tape
racorder hss been made by using a pilot signal from a stable oscillator
recorded on one track to correct the frequency of the signal channels. The
correction is electronic and substantially free froum time delay,

142. Electronic equipment for measuring the amplitude distribution of the
replayed signals has teen built. This counts the number of times regularly
taken samples exceed a preset threshold level. Fig., 32 on the next page iz a
typical resuit obteined on a reverberation background. It will be seen that
a* low amplitudes the distribution folleys the Rayleigh law but thst at the
largest amplitudes measured (about three times the r.m.3. amplitude) the
frequancy of occurrence is about four times as great.
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143, Measuremonts of the frequercy of simultaneous occurrence of rever-
beration levels in two adjacent doppler chennels or iwo adjacent beams. have
shown negligible correlation at low amplitudes but an inoreasing correlation
at high amplitudes,

144, True subtmarine echoes show &
spread in range, bearing and doppler
about 50% greater than suggested by
elementary calculations based on the
system paramaters, These echoes do not,
however, have any characteristio wave-
form which distinguishes them from pesks

g zmm/ms S
of roverberation cor noise. Automatio 3 *:
deteotion must therefore be based on the oL “ MEASURED DISTRBUTION

] o

comparison of signals raceived on
successive transmissions and the
association of those with consistent
movement and doppler. Additionally, it
may be possible to reject signals which
appear simultaneously in‘'many beams or

doppler channels and sare due to bursts Mge 32 Comparison of
of noise or to achoez from laige bottom Reverberation Distributions.
features.

145, The estimate of consistency of movement is greatly eased by accurate
begring information, OCn a set like 'gpe 2001 ghere the preformed beams are
10~ wide thers ie a possible error of nearly 5 if the bearing is taken &z
that of the largest signal. It was therefore hoped that a more accurate
bearing counld be obtained by interpolating detween beams according to the
relative amplitudes of the sixnals received in them. It has been fourd,
however, that differences of amplification and over-loading on large signals
invalidate interpolation. Comparison of time-bearing plots using bearing
ivterpolation and using merely the bearing of the largest signal show only a
ivo te one improvement in smoothness for the interpolated case,

146,  Apparatus is being developed for translating recordings of signals
receivod on sea trials into digitised "words" representing amplitude, bearing,
doppler and range. These words will be passed intc a FOSEIDON computer,
sorted and stored. Some of the computer programmes needed for this have been
written. It is clear that a great deal of experience is required for the
prepuration of useful programmes.

147 In view of the likely complexity of any system of completely automatic
detection and the risk that the computer might handle large nurbers of false
targets the possibilities of a special wonitoring display are being investi.
gated, This display would show the raw sonar signals, as at present, and
would have superimposed markers which show the signals which the computer is
handling. Such a display would allow an operator to confirm or supplement
the decisions of the computer and it would 21low operation to contirue in the
event of a computer breakdown. It also lends itsell to the development of
automatic detection by beginning with comparatively simple schemes and
proceeding with successive improvements.




T T IO K PO R R A e | Y 4 e SIS I R R TR A TR A0

oy

6.16 ~ FUTURE TREXDS IN FIRE CONTROL

148.  The techniquas.being followed in the first digital computer.under
development for torpedo fire control, the T.G.C.U. }Mk 2 and the. present
position with this equipment are given on page 22, The use of .a fixed.pro-
gramme, special purpose machine for this tdsk, does-show tremandous flexi-
bility as ocomparei to the earlier electro-machaniocal.analogue systems used
hitherto, Furthermore, it is also true that special purpose machines of this
type can be tailored to the form of caloulation they are required to. perform.

149. This evaluation is now being challenged by the availability of small
goneral purpose digital data processing sysiems for shipborne use, Such
systems, because of their general purpose nature, oan provide solutions to a
very wide range of computational and datu handling problems, This flexi-
Lility gives them a much greatsr long torm development potential thun that
which could be achieved with any of the special purpsse equipment.

150, The first genoral purpose digital data handling system to go to sea in
the R.NI will be the ADA sysiem doveloped at A.S,W,E. Whilat originally
developed for use in Airoraft Carriers, plane now exist for it to be fitted
in smaller ships which have an anti-submarine capahility. This has opened up
the possibility of utilising spare capacity in these ADA systens for the
automatica of anti-sutmarine warfare, The first ships in which this
opportunity oan be exploited will be the guided weapon destroyers D.L.G.05 and
06 as Gasoribed elsewhere in this report in whioh the fire-control function
sorved is guidance of the MATCH helicopteir. The major limitation of this
system is the slow data rate imposed by the semi-automatic data link between
the Sonar Type 184 and ADA. In lator A/S Frigates, it is hoped to overocme
this limitation by the development of an automatic link supervised by an
operator and by a special display showing both the raw Sonar data and the
computer evaluation of it.

151. In these Frigates, it is probable that ADA will be used for the control
of the long range weapon IKARA, Looking further ahead to the possibility of
A/S vessels fitted with IKARA and a longer-range mortsr, it appcars logical

to control both weapons by the ADA systom. The availability of more than one
type of weapon, either within the ship or within the force of which the ship
forms a part, opens up the possibdility of utilising ADA to provide an automatic
threat eveluation end weapon assigrment.

152, Cost and size considerations may preclude the fitting of the present ADA
system in the smaller ships of the R.N. Present thoughts suggest that such
shipe should be provided witk & more limited form ol general purpcse data
handling system and the D.S.C.E.P.S, (Data System Coastal Escorts and Patrol
Ships) is one possidble solution.

153.  The work at A.U,W.E. requived to further tais programme is primerily
concerned with rule writing for the verious tactical situations .nd associated
computer programming and with the investigation of special peripheral equirment
used fecr data display anu presentation of operationel state.
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6,17 = TRANSDUCER. RESEARCH A - .

Development of Lead-TiténateJZiicoﬁﬁfe Pibbo Eiéc%fic«ééramfd

154,  Barly difficulties in polarising tkis -cevamic. have- now boen overcone-
and most of the work with this material has used smnples of composition«AM97
supplied by Admiralty Materials Labcratory, electroded and . polarised at .
A.U.W.E. Silver electrodes depoaited by vaouum evaporation ‘have besn- shown to
make satiefaotory acoustic jolnts in transducers- driven at high amplitudes

(up to O +014% v.m.s8, mechanical strain) Tensile strength of 1.5 %02 ‘tons
per sq. inch have been obtained for epoxide resin joints between vacuum
silvexed AM9T7 test discs, compared with 0.5 to 1.6 tons per sq. inch for fired
silver eleotrodes, and 0.3 to 0.6 tons per sq. inch for electrodes-using a
commercial oold silvering solution. The advantage of dejositing eleotrodes by
cold silvering or vacuum evaporation rather than by a firing proocess is the
eliwination of contamination of the ceramic by the electrode material
diffusing into it.

195,  AM97 has been tested with mechanical and electrical stresses spplied
simultaneously, The {able below shows that the changes in power factor and
capacitance are greater than the sum of those which ocour when the stresses
are applied separately.

Stress Power Factor C:za:i;zy:e
Eleotrical Hechanical at 9 ko/s (relative vclues)
o 0 90,0023 100
2 kV/em 0 0.001 _ 108
o* 10,000 1b/in? > 0,0031 122
2 kV/en 10,000 1b/in 0,021 141
* Measured at low electrical fisld.

156. In this case the mechanical stress is applied along the direction of
polarisation and there is a rise in capacitance., If the stress is applied at
right angles to the polarisation the capacitance decreases. This effect has
been observed in a commercial grads of similar material tested as a spherical
shell under hydrsulic pressure. The capacitance decreased by 53 at 9,000 1b
per sq. inch when the sum of the principal stresses in the ceramic was

55,000 1b per sq. inch.

157, Alternative ceramic compositions are being investigated. Small
additions of Uranium or Chromium appear to reduce the c¢hanges of capacitance
with stress without seriously affeoting the other properties.

158. Good acoustic joints have baen made using the soft metal Indium as a
joint filler. Rings of indium foil 0.005 inch thick are placed between the
ceramic rings and gauze electrodes of the normal type of transducer stack and
a pressure of 3 tons per sq. inch is applied by tensioning the centre bolt.
Experimental trensducers have been driven succassfully at high amplitudes for
short times, although the tensile strength of sample joints has bsen fouud to
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be comparatively low at 0.3 tons per 'sg. inch. Tha advantugesof this technihﬁe
is that it eliminates the resin.glues used at present.

x
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Materials for Transducer Pistone

159." The vibrating pisten of a high power, broad band transducér needs’to be
light to keep the Q~faotor low and rigid to prevent flexural’ resonances
occurring in the operating frequency band, T% has been shown that 'for these: -
criteria the best piston materials have the highest ratios of velocity of
sound (c) to density (p): this ratio is shown in the following table for  /
several materials. ' o

Material c/p (cgs units) Remarks

Silicone Nitride 2.4 x 105 Promising new ceramic

Glass 2,08 x 10° Brittle

Aluminium 1.9 x 105 Precautions needed against
corrosion

Titanium 1.3 x 105 Resists corrosion well

Stevl 0.65 x 107 Corrodos

Aluminium Bronze 0.5 x 105 Resists corrosion fairly
wel

160,  Aluminium is used at present wherever the risk of corrosion can be made
small, usually in transducers where all the other perts are of Aluminium, for
example in torpedo and heliccpter transducers. In most other cases Aluminium
Bronze is used despite its low cﬁ: ratio, Titanium pistons are being used on
experimental transducers. Silicon Nitride not only has a high c/b but is easy
to machine before final firing and dimensional changes during firing are
negligible., The thermal expansion coefficient ig about the same as the
piezoelectric ceramice (1 to § parts in 106 per "C) and this should minimise
stresses converted joints caused by differential expansion. Experimental
transducers with Silicon Nitride pistons are being tested.

Variations in Transducer Characteristics

161, It is often important that the transducer elementa forming an array
should be alike and should not change under pressure or temperature or with
time. Initial differences due vo the spread of manufacturing tolerances may
complicate the associated electrical circuits and maike it necessary to tune
each element separately. Variations due to environmcnital changes have 2
similar effect but it is not normally possible to adjust the equipment to
compensate for these changes.

162, Several Barium Titanate transducers have been tested at different
temperatures and pressures and the results are summarised in the table below
together with a summary of an analysis of manufacturing variations of 800
Barium Titanate transducers.
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Range whiqh'z fRabéé;ﬁhféﬁvrf
Manufacturing Veriacions includes 50% - inélgggsﬁ95%§}‘
~of ‘samples | of .samples [
Capacitance (Co) ' ‘ _4_-_1:{“ 1 ;1_6% B
Resonance Frequenocy (fr) +1% 2%
Coupling Coefficient (k) +% +10%
Resistance at resonance from C ,f ,k +6% C 4258

IMPEDANCE CHANGES DUE TO:- ,
Temperature + 306 : 0° to 30%
Pressure 4 4% 1+ 0 to 500 1b/in
Ageing + 108 + 100 to 1000 days
Array Interaotion +30% possibly, depends on array parameters.

¥For Type 2001 transducer designad for operation at 700 t't depth

163s  Although changes in individual parameters are quite small the total
effect is large. Thus, taking all the changes into account there is a possible
variction in impedance at. resonanze of 531.

Leak Detection and Watertight Joints

164, A theoretical study of the problems of transducer leak detection and
prevention has been carried out. This indicates the necessity of very
sensitive methods if a moderate testing time is to establish the practicabiility
of, say, five years service exposure to high hydrostatic pressure.

165, A mass spectrometer using helium as a tracer gas has been used to test
for leaks in two transducers. The evolution of gases from the transducer
componento and the long time-constant of small leaks made the method more
difficult thar had been expected, The sensitivity obtgined, about 10~4 luseo,
was just adequate but much inferior to the figure, 10™° lusec, obtainable in
ideal conditions.

Cavitation

166. Soms experiments have been made to extend work done some years ago on
the limitation of the power output of transducers due to cavitation. The older
results established this limit as:~

2
Maximum average intensity at transducer face = 0.3 (%% + 1£7> watt/0m2

where h is the depth of immersion of the transducer in feet.

This limit was established for frequencies down to 20 kc/e and pulse durations
up to 20 milliseconds. In modern transducers operating at lower frequencies
modifications to the cavitation limit may occur because of the lower frequency
and longer pulse duration and bscause of the lower proportion of the total
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transducer area that is vibrating. (The last cause 1B“copsequ§nt‘ép'£hg*gge
of.diffegent methods of construction and of circular-rather-than rectangular-
pistonse : - .

167. Experiments at 10 ke/s and 100 milliseconds with the Type 195 trans-
ducer have shown that the 0.3 multiplier in the 'above formula bécomes 0,23 if
the total eres of the transducer is taken.

168, Experiments at 3.5 ko/s using & single small element (diameter one
sixth of a wave length) have given values of atiout O.1 for the above
multiplier, These experiments were, however, carried out with CW signals.

An unexpected result was a reduction in the diameter of the motional impedance
circle during cavitation, i.s. the effective radiation resistarce is increased
by ocavitation.

Array Interaction

169,  Advantage is baing tavsn of an existing A.R.L. computer programme to
make a theoretical investigation of the effects of various elevent and array
parameters on the performance of piezo-eleztric elements within an array,
The AJR.L. programme. designed for the Ferranti Pegasus computer, can only
deal with plane arrays having quadrantal symmetry, but can provide very full
information on the acoustic and electriocal characteristics within such an
array., All elements are assumed fed in parallel; and "steering" is not
considered,

170.  Scaling laws have been ascertained in order to present the results in a
more generalised form, and initiasl calculations have been made for arrays
containing very smull elements, where interaction effects are expected to be
most pronounced., Arn example of curves obtained for a particular array is
shown in Fig. 33, in which the abscissa is the genereslised frequency parameter
2Q(f—fo)/fo, corresponding to that ususlly employed in studies of tuned
circuits. (Q is the Q-factor, fo the resonant frequency of an isolated
element in water, and f the frequency.) It has been established that, over a
limited range, this pasameter can be used to give approximate results in the
presence of changes of Q-factor. The ordinates are normalissd to an input of
1 volt, an elecirical to mechanical transform coefficient of 1 newton/volt,
and to fo = 1 kc/s. The elements are assumed to have a mechanical acoustic
efficiency of 90%, coupling coefficient of 0,28 and a Q value of 19.6. On
each diagram on Fig. 33 a curve is also chown of the behaviour of a completely
isolated element, and this bring out clearly the chargcs of performance

within the array due to the presence of neighbouring clemeats. The maximum
value of the velocity of the centre element is 30 times greater than that of a
mid-side element at the same frequency, although only avout 1% times as great
as the maximum velocity of an isolated element. It can also be seen that over
a certain frequency range, only the corner elements of the array are acting as
radiators; the other elements are then absorbing power. The peak rate of
absorption for the centre element is in fact about twice the pesk rate of
emission for an isolated element. Considerable variations also occur in the
electrical input impedance.
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SECTIG _:‘Z - LOPERATIONAL .. RESEARCH -AND: ASSESSMENT

{.1 - SHIPBORNE ANTI-SUMARINE WEAPON SYSTWEM (SASS)

The Joint Admiralty/Hinistry of Aviation Working Party set up in
lugust 1961 under the chairmanship of a member of A.U.W.E. to advise the
Jirector Gemersl of Weapcons, Admiralty, and the Director Generzl of Guided
Yeapons, Ministry of Aviation; on the provision of & leng range A/S'Wbapon
system for new ships has now completed its work. A report was pubiished in
fay 1962 recommending the edoption of the Austrelian IKARA with the Mk 46
torpedo as payload.

2, Since the publication of the report the Working Party have continued
their studies of the technical details, procurement and costing of the chosen
system. A mission wag sent to Ausitralia in July and August 1962, A full
submission to the Board of Admiralty and Defence Research Policy Committee,
including a Staff Requiremert, detailed Cnexational Requirement and Limited
Through Costing, has been prepared and was submitted to the Naval Staff in
Tanvary 1963. Approval to go shead on the Project Study is awaited.

Comparigson of Sonars

3 A study has been made of the potential fire-control performance of
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Fig. 34 Classification Ranges of Sonars Type 177 and 184.

available British and f.reign sonars. The latter offer no clear advantages
over R.N, ea.ipment. At moderate ranges where signal/background ratios ure
hign, iustrumental errors are the main source of error; triala of Type 177
with the MATCH syster have indicated sonar accuracies better than 1 in
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tearing and i% in range. At ranges near the limit of detectability, bearinz
errors ore dom.uated by the signal/background raiic. The study showed that,
for a given periormance, Type 177 can accept & propsystion loss 9 dB graater
each way than can Type 184.

A, An anelytical study has been made us the periummauce of Sonars Type 177
und 184 for detection and classification in the presence of noise and
reverberation taking into account also the time factor involved in sweeping,
detection and classification. Fig. 34 shows & resuli for typical conditions,
wilh a ship's speed of 15 knots, operating at a frequeucy of 7.5 kc/s against
a 15 dB target in a 150 ft isothermal layer. The targe% rangs after these
time delays have elapsed is plotted against range rate &nd target doppler.
The extension to 40 knot doppler assumes the plauned modernisation of

Type 177 (see page 30). It is seen that, above 15 knot *+arget doppler, the
effect of the above delays is serious in both sonars. The Tindings for a
modorate ship and target speed, in calm and rcugh seas, with the target both
in and below the isothermal layer, are summarised in the table belcw for an
operational degradation of 5 dB.

Potential Detection | Typicsl Range after
Sea State T;:g:; B Range (yd) Classification (yd)
Type 177 | Tyve 184 | Type 177 | Type 184
1 In Layer | 10000 7800 8100 6400
Bolow Layer 330 3500 1600 2100
4 In Layer 5400 4000 3500 2600
Below Layer 3500 3500 5600 2100

Notes:~ * Using extend:d r-nge scale this would be 11600 yd.

Layer depth 150 ft Target strength 15 dB
Ship speed 15 kt- Targst doppler T kit
Transmission intervel 15 sec. Own dopplexr 10 kt §

5e It is concluded that these sonars fall short of the aim to attack sub-
marinos at ranges out to 20,000 yd.

Attack Times for Sonar and Weapon

6. The above study has revealed that the information rate of the present
generation of sonars is, without exception, too low to mest the needs for
attacking nuclear targets which may transit the swepi area at high speed and
may exploit shadow zones to provide only fleeting opportiuities for detection
and attack. The table on the next page shows an estimate . the median time
lapses during detection and attack by Type 177 neing 2 transmission interval
of 15 sec on the 10,000 yd range scale.

Te The total time of approximately 4.5 min, allows considerablc selative
movement between escort and target, e.g. 7,200 yd for a relative apsed of
48 knots, a movement so large as to permit at hest a single hasty attack.
Using a range scale of 20,0CO0 yd these figures become 9 min. and 14,430 yd.
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Contributions to total attack time “Se§§h§$%\
Median swoeping delay* ' éo ‘
Detection in 3 pings % 45
Target classification, 4 pings 60
Weapor loading and firing delay 45
Guided air flight . 48

TOTAL 288

*
Notes: Sweeping delay reduced by half in Type 184,
Type 184 may require a minimum of 180 sec for clascification.

8. While the development of bottom-bounce sonars may permit detsction of
targets unhampered by shadow zones it is ~oncluded that a substantial increase
of data rate is required for a sonar to meet “he target for the shipborne A/S
weapon system.

Submarine Vulnsrability to A/S Weapons

9. In order to cbtain guidance for weapon design, assessments have been
made of the vulnerability of submarines to both high explosive weapons and
nuclear weapens. Both lethal hull rupture and internal shock damage sufficient
to force the submarine to the surface were considered for a wide raunge of H.E.
and nuclear warhead yields.

10,  Pig. 35 shows, for illustration, the estimated stand-offs required
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Fig. 35 Stand-cff from pressure hull for hull rmpture and -urfacing shock.
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between the warhead and the pressure hull of a hypothetical submarine with.a
2,000 £t Jdiving depth, for a renge of high explosive warhead:weights: The
ourves include crudely estimated effects-of the explosion gas bubble and:
«pply therefore cnly to stationary or slow targets. The effects against: fast
targets are more doubiful and ave still beihg discussed. It is possible that
they would give a behaviour as shown detted in Fig. 35 for the case of a

100 1b warhead.

11.  The stand-offs for surfacing shock damsge (which are independent of
depth) are also shown at the bottom of Fig. 35 and it can be seen that
surfacing damage can be much more readily achieved against such a tough
varget.

12,  The information on nuclear weapons has also been applied to the case of
the IKARA system with a view to detexmining the optimum depth of burst and
desirable sinking speed of the weeriu. An increased burst depth improves the
warhead effectiveness itself but also increases the dead time in the fire-
control system. It was found that a relatively shallow depth of burst gave the
best compromise.

rrediction of Dcsition of an Evasive Submarine from Sonar Fixes

13. The investigation of the method of estimating the pogition of an evading
submarine from sonar fixes has been continued. Evasive steering about a mean
line of advance i3 assumed to result in a short-leg zig-zsg containing a
mixture of simple harmonic components. The most unfavourable situwation for
the use of the me*hod arises when a.e such componcut is predominant at a
particular frequency. Study has thereforse been made of the variation of r.m.s.
prediciion error with frequency of 'enemy' sinuation, when the fire-control
calcilation is matchsd toi-

(a) true sinuation frequency (ideal);
(v) worst frequency (minimax)j
(e¢) zero frequency (linear).

The variation of predicted error with sinuation frequency is plotted in Fig. 36

13
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Pig. 36 Veriation of Predicted Error with Sinuation Frequency.
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for a 30 knot target and for particular values of the fire-control variables,
namely, 11 fixes each with an error having an r.m.s. velue of 200 yd at

12 second intervals. The prediction time is 72 seconds. Choice (a) is.an
ideal which it is impossible to attain because the true sinuation frequency

is unknown. Choice (b) minimises the maximum r.m.s, prediction error which
evasion can produce, provided thac the number of independent fixes is not much
groater than 10, and corresponds tc a game theory solution of saddle-point
type. Choice {c) reduces the r.m.s. error against a non-evading enemy tut
increases the pcak error at the worst frequency, For numbers of fixes greatly
exceeding 10, the game theory solution terds to produce mixed strategies, and
there is then no single frequency of sinuation for which the fire-control
commutation can bs optimised.

14,  An alternative method of prediction has been investigated under contract
by Messrs C.E.I.R., (U.K.) Limited, in which seven parameters specirying a
sinuous target track are evaluated by leust squares from the observed fixes.
This is a non-linear estimation problem wbich has been solved iteratively on
the IBMT7090 Computer using variovs numbers of fixes; the orrors in predicted
position being averaged over all phases of sinuation cycle and over several
sets of observational error. No investigation has been pcssible within the
scope of the contract of the effect on prediction accuracy when the evesive
manoeuvre comprises more than one frequency,

‘5. This study indicates that, for a pure sinuation, & refined game theory
approach can reduce the r.m,s. prediction error below the level of the above
A.UN B, method, particularly when the ave Jahle number of independent fixes
exceeds 10. With 11 fixes on a high speed target the C.E,I.R. solution is of
mixed strategy type. Fig. 36 illustrates the variation of r.m.s. prediction
error with sinuvation frequency for the same operating variables., Three
separate curves repressnt the following modes of optimisationt~

(a) ideai;

{e) best pure strategy (not a true minimax);

(f) best mixed strategy.
Choice (f) must be compared with choice (b) of the A.U.W.E. method. Allowing
for ditlerence of detail in the underlying assumptions, it is fair to conclude
that there is no significant difference in prediction accuracy between the two

methods when fewer than about 10 independent fixes are available.

16. Work to date has not included date on tarpet doppler which can be
obtained from an active sonar, an omission which it is hoped to remedy in the
future.

Close-Range A/S Weapons

17.  Assessment of the future Shipborne A/S Weapon System has included a study
of the role and effectiveness of close-range weaponsj in perticular the
performance to be expected from A/S Morter Mk 10, firing salvos of 3 or 6
projectiles, fitted with fuses of various types, contact, tine, or proximity,
to ranges extending beyond the present maximum of 1,C00 yd.

18, System errors taken into account were errors in prediction of target
plan position caused by sonar errors and tarzet evasion, depth errors, and
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delivery errors, It was assumed that the fire-control system could be treated
as an ideal one, in which best use would be made of 211 available data given
by the range and bearing records of Type 170, ang that tke enemy would be in a
position to choose the most effective frequency of sinuous evasive stsering
throughout the tracking arnd prediction time. In practice both sides will fall
short of these ideals,

19. In size and vulnerability the target was taken to be equivalent to
H.U.S. DREADNCUGHT, and the probabili’ly was calculated of’ inflicting either
surfacing or sink. g damaze with one or more salvos, at various ranges,
speeds, and depths, assuming optimum pattern spacing and orientation, and
perfect fuze operation. The effect of delivery errors in causing sympathetic
premature detonation of proximity-fuzed charges was investigated, end found to
be negligible. In the final analysis, salvo patterns of proximity-fuzed
charges were taken to be in the form of a sinjle line, aimed to fall acrowss
the submarine, a spacing of 32 yd beins chogen t+ meximise probability of
surfacing damage.

20.  Typical results are indicated in rig. 37 for 3-charge and 6~charge line
salvos w.th proximity fuzes against a submarine at 500 ft. The horizontal
lines are for the case of non-sinuvating targets. A r.m.s. radial delivery
error of 2% of ranwe is assumed.

100 RANGE | ICO RANGE
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8OI—X 1.9, 2 80 \\\ 1000
I AN N
= 69 N 1500 \\Q; \\\\
Eg ] \\ \\\ l ] 3 < 2000
@
< XN TN o 40 —
o \\\\> \\sfi B 1500
> 20 AN ] 2012990 NN\ [
|
- oo::] §>\\.~ i \\\3
1 1 L 1 1 1 1] L
° 6 12 1) 24 °© 12 18 24
TARGET SPEED{KT) TARGET SPEED(KT)
(0) 3CHARGE (b) 6-CHARGE

Tig. 37 Overall Probability of Surfaéing Damage
with a Proximity~Fuzed Line Salvo.

21, It was concluded that the 3-charge pattern fired from singl ;-mounting
A/S Mortar Mk 10 can give 80% probability of causing surfacing demage to a

15 knot non-evading submarine at 500 ft depth, »rovided that prorimity fuzes
are fitted., I!Maximum target evasion during tracking and prediction times can
reduce this value to 10!, Retention of the presert time fuze would halve these
probabilities.

22,  The 6-char~e salvo can give substantially tice the probapility of kill
against high-speed evadin tarrets at long ranje. When probabilities are

-91-




v~ ——

£

»

higher, however, the improvement is less marked and there is little difference
between the two salvo sizes for non-evading or low-speed targets.

23.  An increase of range from 1,000 yd to 1,500 yd would reduce surfeacing
damage probability by about one third. In gencral 3 salvos would be required
at 1,500 yd to achieve the same results as 2 salvos at 1,000 yd.

24. The studies have included investigation of available close-range A/S
weapons of foreign origin, some of which can provide ranges in excess of

1,000 yd. In general the ship itself has adequate speed and manosuvrability
to close to a range of less than 1,000 yd targets which are vulneyable to such
unguided weapons; the need for greater rangs capability does not at first
sight seem great. It is, however, the threat to own ship from the submarine's
anti-escort weapons thot wmokes a longer range desirable, albeit with reduced
effectiveness and greater expenditure of ammuniticn.

25. Further studies have been carried on tre material aspects of the Mcrtar
ik 10 and foreign weapons. It has been concluded that none of the foreign
weapons should be adopted and that the R.N. should continue with the Mortar
Mk 10. A revised layout of the douole mortar installation occupying a

reduced length of ship, with increased stowage and reduced manning has Teen
recommended for future classes of frigate. It has been proposed that the
mortar range be extended to 1,520 yd in those ships in which digital computing
faciiities are available. Progress on the proximity fuze is reported on

page 32 and on the extension of the mortar renge on page 31,

Salvo Firing of IKARA Missiles

26, A study has been made of the readiness and 2zlvo intervals possible with
the IKARA vehicle harndling, launching and guidance system and a Vorking Party
paper has been ublished. f%he present Aus*ralian system is exnected not to
meet the current requirement that the system should pass from Standby State to
Action State (ready to fire) *n 30 seconds. Some improvement in this would be
nossibla by the introduction of receiver preheating arrangements prior to the
launcher, but the design difficulties and ordnance risks argue against its
adoption. Further gain is obtainabie if the wmissile is tracked by the CF299
radar rather than Yy the Australian tracker, as the missile transponder with
its siow warm-up can be eliminated. Similar d.fferences in salvo interval are
obtained and both cases are summarised in the table below.

Dalay from Total delay | Minimum | Max. range Salvo
Systen alert to $ill missile salvo at which interval
thd order "fire'" leaves Interval this is at 100,00C
(sec) (sec) (sec) [achieved (yd) | ya (sec)
Present 35 45 50 6800 66
R.ALN.
R.AQN. plus
hreheat on 26 36 41 5000 66
trolley
R.H. with
CF?299 TIR 20 3C 35 T000 50
ifor tracking
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<. These salvo intervals have assumed that only one missile can be guided
in {light at one time, and it does not seem worthwhile to demand more. This
18 particularly true while torpedo mutual interference is such & limiting
factor. When and if it is solved the aim would generally be to maka it
difficult for the target to evade successive torpedoes independently; this it
probably cannot do when the interval is of the order of only one minute.

7.2 - TORPEDO ASSESSMENTS

Anti-Brcort Torpedo

28. It is likely that the efficacy of passive torpedoes such as the

Hk 20(C) and ONGAR (in the passive mode) will be greatly reduced when used in

the anti-escort role by the almost certain use of decoys by the enemy.

Operation of ONGAR in the active mode is not likely to be satisfactory either
because of the poor echo/reverberation ratios obtained against such a surface

target. Apart from this, wire guidance does not appear to be the zppropriate
technique for thie weapon because of the restrictions placed on the firing

submarine, ¢

29, Alternative techuniques such as wake homing and sonar seeking seem more
attractive ror mid-course guidance and/or homing. Each has its own partisular
characteristics. Wake homing provides continuous information; it ie difficult
to reduce the wake of a ship und the method does not appear to be troubdbled by
high torpedo speed. However, the effect of high sea state is uncertain, false
triggers may be likely. the effect ¢© target weaves or loops is likely to be
deleterious and little experience is availahle ir this country of the funda-
mantal physies of the problem.

30. Sufficient effort is aot available to examine the guidance and homing
techniques themselves, buc a study contract has been placed with the

de Havilland Airvraft Company to examine the kinematical, guidance and
stability aspects of the homing system premised on the existence of reliable
triggering gignals,

31. In addition t. s contract calls for a comprohensive study of the hit
probabilities of salvos of pattern-running torpedoes so that a definitivs
treatment may be available of the potentialities, and performance of this

type of weapon, This latter enslysis would enable a decision to be made not
only on the effectiveness of pattern running per se, but also as a preliminary
to a terminal homing phase based, for example, on wale homing.

32, The wake homing problem has been set up on the contractor's analogue
computer and various torpedo steering prugrammes are being simulated to
determine the torpedo trajeclory, hit probahility etc. against a constant
velocity target producing an ideal wake.

33 Initially a simple cosine law for torpedo angular velocity is being
used and the effect of system lags, etc. on the torpedo pattern stability is
being determined. A programme selector has been devised to produce five steps
of variable amplitude and duration for the torpedo angular velccity so that
more complex and realistic torpedo steering programmes can be investigated.
Also a finite width wake model is being introduced by using a conducting strip
with probes, as an electric analogue.
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34. A programme has been written for the digital ccomputer studies of the
pattern running torpedo hit probabilities as a function, inter alia, of the
number of torpedoes in the salvo and the errors in terget coumse, speed and
range estimation. It appears that a twelve computer running time will be
recuirad to analyce the effect of a four torpedo salve ugainst one particular
target track,

Universal Wire-Guided Torpedo

35, Tho logistics problem whioh will be encountered in supplying, servicing,
carrying and loading the threo very similar torpodoes Mk 20(S), Mk 20(C) and
Mk 23, has led to a proposal by F.0.3.MH. tlhat they should be supasrseded by a
Universal Wire-Guided Torpedo, designated Mk 23(U), the simplest znd cheapest
version of which would be obtained by giving the Mk 23 an up-homiag capability
as for the Mk 20(C) but leaving it otherwise unchanged (s.g. in speed).

36, A study has boen made of the affectiveness in A/S and anti-escort roles
of the proposed Mk 23(U), together with an assessment of the effeotiveness in
thece roles of current torpedoes, Mk 20(8), Mk 20(C), Mk 23 and Mk 8, The
main conclusions reached aro:-

(a) the praposed Hk 23(U) should be doveloped;

(b) the imporiance of atlacking submarines transitting on the surface
must Yo decided before the policy on the development of the
Mk 20(C) can be confirmed;

(c) if the development of the Mk 20(C) is confirmed then the Mk 20(S)
should be dropped;

(d) the present Mk 23 glves the best performance against submarines
which may be snortinz or fully submerged;

-~
<@
S

tha M- 8 may ha the bagt tarpedo tn ura in tha anti-ancort role,
though if the restrictions cof vwire-gzuidance are acceptablc, the
unmodified ¥k 23 run shallow to hit directly may give a useful
capability against one escort at a time,

Hutual Interference between lik 20(S) Torpedoes

37. An investigation uf results obtained in a trial with Mk 20(S) torpedoes
showed tlhiat the variation in speed between torpedoes is as important as gyro
angls and firing interval in determining whether or not mutual acoustic

interference would occur,

Use c¢f Automatic Computer in Anajysis of ONGAR Runs

38, A digzital computer pregramme has been developed for use it analysis of
ONGAR homing runs. The torpedo internal film record is placed on a film
reader, tiue Benson-Lehner Lata Heduction System O3CaR, #hica punches the data
on tape fir input to an Elliott 803 Tigitel Computer. The output tape from
the digital cemputer is run on an Llectronic 4ssociates, Ine, Digital Data
[le*tce to obtain tracks of submarine and torpedo, azd torpedo depth, pitch
and roil during the course of the attack.
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39 The torpedo track is computed from the continuous record of torpedo
heading error as the torpedo follows ordered changes in course. The digiizl
computer output tape will also give a tabulated numerical print-out including
both ordered and actual torpedo headings, at all data instants during the

attack,

[+3 - SONAR TECHNIQUES AND FERFORMANCE

Variahle Depth Sonar

40, A limited number of the R.C.N. AN/SQS 504 Sonars has been bought for
Titting in earlier shiys of the prescnt construction A/S Frigates of the
LEANDER and TRIBAL classes to o2in experience of the operational value of
variable depth sonar; the firat ship so fitted is scheduled to commission
early in 1963. This equipment is subject, however, to the limitations in
search rate inherent in a searchlight sonar and vonsideration is being given
to the substituilion, in later ships of these classes and in new construction,
of a variable depth scanning sonar system.

41, A study has been made to assess the probable effeotiveness of a variable
depth sonar (V.D.S,) to supplement the A/3 detection capability already
afforded by a medium-range hull-mounted soner in a ship with a world-wide
employment ané to make recommendations for suitable fitting. The conclusions
of the study are summariseds-

(a) When considered on a wor:..-wide area basis a V,D.S. cen provida a
supplementary detection capability for approximately 31% of the
time.

(t) Although there will be large ocean areas, distributed mainly in
the equatorial belt, where V.D.S. is of little potential value,
the advantages offered by V.D.S. when operating in higher
latitudes, together with supplementary facilities which this type
of aquipmant can provide, justify the continued fitting of a V,D.S.

equipment,

(c) 1In the majority of conditions V.D.S, detection ranges against
evagive targets will be refraction-limited to less than 5,00C yd.
The V,D,S. equipment should therefore aim to provide optimum
search performance at the restricted ranges of deep targets and
should be operated indspendently of the longer range hull-mounted
duct sonar.

New Pagsive Sonar for Operational Submarine

42,  Although Sonar Type 186 consistently achieves detection ranges of some
60 to 80 miles in trials and exercises against snorting submarines of the
later types ('A' and 'T' conversion) its detection range tgainst 'P' and '0'
Classes is only some 10 miles. MNorsover the long time to carry out an all-
round sweep and the existence of only a single narrow detection beam are
technically inefficient and tactically restricting. The two latter handicaps
could be removec by improvements to the signal processing. One possibility
would be to retain the array in its present position and by means of a series
cf closely-packed preformad bteams provide a time-bearing plot. Passive ranging
facilities could also be rovided by dividing the array in three sections and
by determining the target bearing from each of the two ariay pairs so formsd,
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A development programme has been proposed by A.R.L. using the Type 186 array
to provide these facilities using & parallel digital processing system based
on the use of shift-regisier delays.

43, Though this system would provide the improved facilities, the performance
and characteristics of the Type 186 array loave much to be desired when useu
for forming beams at a large angle to the normal of the array and its
restricted length gives a very short base line for passive ranging. 4
preliminary design based on the use of three topside arrays has been outlined
which could be free of the reflection difficulties of the Type 186 array ard
wovld provide a much longer base line. Noreover such a set could probably be
designed to provide all the integrated facllities of search, fire-contrcl,
torpedo warning and passive ranging etc. and so reduce the total volume of
equipment as opposed to the present configuration which requires a separate
set for each facility with consequent large space demands. The signal
procegaing aystem being developed by A.R.L. could, in principle, of course, be
made compatible with uny new array spacing.

44, A more complete assessment will be made later in the yeer in collabor-
ation with A.R.L. of the likely perfec:mance of itho seis using the two different
approaches and, additionally, of the performence to be achieved by a passive
ranging system based on Type 186 compared with foreign passive ranging systems.

Theoretical Analysis of Sonaxr Detoction

45, Theoretical studies havo been carrie.. out of the signal-to-noise werform-

ance of sorar receivers. A b o

particular point of investigation 10y 1T T7 12 IAVE

has been the relative performence f~——~——~17~{1—-~ —

of pre-detector and post-detector £ 8 1 7 —-74

integration ogainst a white g A e

gaussian noise background, It is 3§ & £ P

shown that in practical cases thers § e .

is rclatively 1ittle difforence B4 p i

between them for bandwidth ratios 2 pZ <]

up to aboui ten, but that beyond 2 ? P

this post-detector integration is 2 P

inferior. ° 375 0 0 100 oo
Bl

46, Fig. 38 shows the loss in

decibels of & receiver with a Fig. 38 Relative Performance of
bendwidth B ¢/s in the detection Fost-Detector and Pre-Detector Integration.
of a pulse of duration T seconds

compared with a receiver employing a nambor n (= BT) of optimally designed
doppler filters. It was possible to carry out the calculation rigorcusly in
the difficult inteimediate region providing the Jdetectcr was of square-law
type. The curve is valid for 50% detection probability with a falso alarm
probability in each range element between 10~2 and 102 ,

47. The detector and bearing accuracy of . whase comparison sonar against
wnite background neise has also been studied and it was shown that signals
stronz enough on averase to meet ths statistical criterion for detection would
give a good bearing accuracy. For example, with unshaded adjacent iransducer
arrays, with 50% detection probability ard a false alamm probability as high
as 1074 per range element, a r.m.s. bearin; error o some 4% of the beamvidth
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can be obtained, The effect of overlapping the iransducers, i.e. by using
common staves, or alternatively the effect of a corralated background is
capable of degrading the bearing accuracy seriously.

Properties of Reverberation

48, A theoretical study bas been made of the power spectrum of reverheration
in shipborne sonars; the agreement with the rather sparse experimental data
available is satisfactory. It was used in the comparison of sonar performances
referred to above (see page 86).

49. TFrom a moving ship, the reverbrration spectrum shape is not only a
function of pulse length but is alsc spread by the effeot of sonar beamwidth.
A particular point of interest is that the improvement of echo/reverberation
ratio obtained frou doppler filters is greatly reduced.

Sonar Prediction

50. The experimental Range Prediction Manual for sonar equipments desoribed
in the previous S, and T. Report has becn in use in the Fleet fdr a year.
Turing this time approximately 60 reports of detection incidents by medium-
range Sonar Type 177 have been received for analysis of which nearly 40 took
place in deep ocean waters and the remainder in coastal areas,

5t.  Preliminary examination of these data suggests tha$ the method will
provide operationally useful predictions for deep water areas. A plot of these
results is given in Fig. 393 it wi.l Ya seen that for desp water areas 60% of
the aotual ranges of detection achieved fell within 425 of the prediocted
range, but coastal waters show a gross over-pradiction with the actual ranges
of detection apparently limited to approximately 6,000 yd, presumsbly due to
reverberation, It must be borne in mind, however, that the two sets of data
were obtained mainly during two exercises in comparatively limited areas and

do not represent an adequate sample of the envirommental conditions that might
be enoountersd.
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Fig., 39 Comparison of Achieved and Predicted Somar Ranges.
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52 It is believed tha® rcfinemant of the method generally, and particularly
in comparatively shallow water will require in situ wsasurement of the sonar
performance figure versus range using ‘ne actual masking background signal,
whether this be predominantly rever-sration or self noise. The provision of
such facilities for measuring the background for Type 177 is in hand.

7, The study of Type 177 detection data for which corresponding revexrbesration
Jata were available is being extended tu initial detection data derived during
the development trials of Sonars Type 184 and Typo 2001, for which ping-by-ping
reverberation records at or near the time of detection were available. As with
Type 177 the results indicate that detection of fine aspect, low speed targets
is made againsl reverberation background.

54, The aim of the work is to see if measurement in situ of reverberation
level with range can provide data on soner propagation and performance which
might provide a basis for sonar prediction. Since detections are in ths
majority of ceses against a reverberation rather than a noise background, the
method used in the manual referred to above, which is based on noise-limited
deteotion, may well need elaboration.

55 To date, the work has been confined almost entirely to analysis of past
trials data. A specification has been prepared for the construction of a
display for use in conjunction with the background measuring equipment referred
to above in order thut predictions may be carried out at sea.

.4 - HELICOPTER/HYDROFOIL CRAFT/HOVERCRAFE STUDIES

56. A general theoratical investigation is being made into the A/S require~
ments for the nsw joint R.H./R.A.F. helicopter which is being planned as a
successor to the Wessex. At the same time the study is being extended to
include the potentialities of hydrofoil craft and hovercraft as A/3 platforms
since in many ways their operating haracteristics are similar to those of a
helicopter when running in their foil-borne or air-cushion modes respectively.

57. Although the siue and speed of the Wessex successor are likely to be
determined by other considerations such as suitability for ihe commando-carrying
and close logistic support role, it is desirable 1o know the aircraft and sonar
parameters which are most appropriate to attacking the fast submarine target of
the 19708 (up to 40 knots).

58. The present helicopter set, Type 195, is now undergeing evaluation and no
operational experience is yet available. However, it is obvious that two ways
in which the set could be improved would be in increased arc of cover per
transmission and by increased range. DBoth these improvements incur extra
all-up weight of the sonar and it is 1’kely thut if a 5,000 1lb limit is imposed
for the weight of the sonar set the range of the set would be restricted to
some 10,000 yd fo: an all-round looking set, even under good sonar conditions,
i.e, the target in a thick isothermal duct.

59. vhen the requirements of the helicopter in the datum zearch role are
examined it is evident that the most important A/5 factor, apart from time late
at the datum, is the maximum range of the set. Thus a 14 minute time late at
the datum would require a 10,000 yd range sonar to ensure u 50% first dip
detection probaebility against a randomly evading 30 knot target. However, it
is not in general possible to ensure such a long detection rang: against
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targets making use of thermal layers for concealment and it is probably
necessary to use rather more detection units of more moderate range capability,

60. Equally in the screening rols, maximum rangs is of greatest importance
in increasing the width of the front covered, but the exigencies of senar
performance are again likely to force the use of rather more units with
smaller range.

61, In both cases it is consjdered of little valisz to design for maximum
réenges beyond 7,000 yd or so. Improvements in arc of cover per ping, hoist
speed, etc., can be introduced to make somewhat better use of the ranges
obtained.

62, In the tracking and olosing phase of an at’ < thcue latter factors
become more important since the helicopter now spends a greater proportion of
its time in the hover. However, it appears that none of the single helicopter
weapon systems or techniques such as "on-*op" drops, unguided or guided fore~
run, self-vectored attacks etc. are satisfactory and the best solution would
be to use a double~helicopior sysiems Thy weapon dropping helicopter would be
either a similar helicopter or a MATCH helicopter, which type is likely to be
present in sufficient numbers and has sufficient range to make the concept
viabls. 4An alternative solution would be to close the target with the
helicopter in continuous contact by towing the sonar at a greater speed than
the target. Hnwever, the tow bar pull required of the helicopter at say

45 knots is well over 10,000 1b, without taking into account the snatch
{transiont) load factor, and is beyc . tho capacity of even a futwre large
helicopter.

63, A hydrofoil craft has performance characteristics intermediate between
those of a ship and an aircraft, though 1il:s the helicopter it must use its
sonar in the "grasshopper! mode since a towed sonar would cause a prohibitive
drag increase. 1its major gain over the helicopter is in load carrying
capacity and endurance but its inferiority in maximum speed and acceleration
make it inferior in the datum search role unless its dalay time osn he made
much shorter than that of a helicopter by keeping it continucusly on station.
Bqually its comparatively sluggish purformance hetween dips makes the use of a
double vehicle weapon system essential. These comments apply generally to
hovercraft as well, though maximum speed may not be so restricted.

64, A very important factor in both hydrofoil and hovercraft cases'is the
self-noise of the vehicle when the sonar is in operation. Unlike the
helicopter both vehicles can be run in the displacement mode with main engines
switched off and a spucially designed transducer suspension system would
minimise the effect of heave, Thus it is likely that lower background self-
noise can be achieved than with a helicopter. However, the effect of such a
main engine switch off on the time %o reach maximum spsed and the maximum sea
state in which the craft can be operated may be undesirable.

7.5 - BEARINGS ONLY ANALYSIS

Results Achieved by an Automatic Method

65. During the last year the automatic solution to the B,0.A. problem has
teen further developed and evaluated or. the computing facilities at Portland,
Results show that within the assumption of the study, i.e. zero navigational
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error, no correlation between bearing errors, no degradation of sonar
performance due io the tracking submarine manosuvre, and a constant velscity
target, there is a 9C% c+ance of achieving a solution within 10 minutes.
These solutions are accurate to within 5% of rangs and spead and 5 of target
courge, They reach out to initial target ranges of:-

(a) 10 miles when the standard deviation of bearing error is 0.25°;
{(b) 5 miles when the standard deviation of bearing error is b.5°.

66, The automatic method represents a subsiantial advance of the hand-
plotting method currently in uvse, ses below, In its present form it is
limited mainly by the inability to introduce sstimates of, or ernstraints on,
the solutions for course and speed. 1t also suffers from the deficiency,
inherent in all existing methods, of being severely disturbed by a well chosen
target zig-zag. For these reasons, and because of the uncertain position
occupied by B.O.A., among the competing and supplementary techniques in the
passive ranging field, no early sea trisls are contemplated. A furthsr siudy
contract hag been placed with Messrs Elliott Bros to examine the extent to
which these deficiencies can be removed or reduced.

Results Achieved by Current Hand-Plot Methods

67.  An analysis has been made of the results achieved by a var_.ety of teams
in bearing-tracking exercises conducted at the Submarine Attack Teacher,
Rothesay. Cver 100 complete solutions have besn analysed to find the accuracy
with which each team estimated the range, course and speed of the target. It
has not been possible to assess the mean time taken to reach a solutivn
because the necessary data are not contained in the attack teacher recordc,

68. The analysis shows that the distributions of error in estimation of
target course and speed are cowmparatively normal with standard deviations of
327 and 1.8 knots respectively.

69. In tha lioht of the magnitude of the standard deviations and the size of
sample, the esiimutes were unbiassed. It may be noted that standsra deviations
little larger than these would be chiained from reasonable a priori guesses of
target course and snorting speed.

70.  The'distribution of error in estimation of target range is much less
normal and shows a wide spread of
error, The estimated ranges,
grouped in 1,00C yd bands of true
range, and averaged within each
band are shovm in Fig. 40. This
reveals ihat the estimated range
tends towards 2,000 yd whatever the
true vaius of range, short ranges
being over-estimated, long range
being under-estimated. The bias X . )
tcwards 2,000 yd is explicable by 2 4 [

the fact that ithe records are of TRUE RANGE {KYD)

the firing soiutions and that the

available torpedo is not cffective Fig. 40 lean Estinated Range
beyond a maximum of 4,000 yd. versus True Range.
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Tracking is normally continued till the estimated range approaches ahout
2,000 yd. The results show, however, that at this instant there is = very
large spread in the true range. Contrary to common belief, no appreciable
difference was devected between the four tyves of personnel of differing

o e
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experience and seniority who acted as operators.
= 1. ~ FLECTRONIC AND SONIC WARFARE AFTER 1970
T
e 71« 3Because of the increasing imporiance of electronic warfars in militsry
ﬁ«j radar and radio systems the Director ci the Signal Division has called for a

forward-looking study that wculd result in a recommended research &nd
development programme for future equipment and a recommended philescphy of
usage. Because of the similarity of many of the technicul problems and
tactical situations in the underwater equivalent of Electronic Warfare (EW),
vhich has been termed Sonic Warfare (SW) it was obvicus that a co-ordinated
study of the problems would be beneficial not only in the evaluation of
techniques but also in their joint employment in Naval Operations, Accordingly
in early 1262 a study group of three members, including one from A,U.V.E. was
appointed with A.S,W.E. as the co-ordinating authority. The ‘erms of reference
of the study call for an appraisal of the likely requirements over the next
decade based on an assetsment of probable design trends in enemy equipment,
priorities for supplementation of the varicus SV (and tW) tasks and the likely
equipment time scale. An important outcome is hoped to be a oross-
foertilisation of ideas from the two related fields of EW and SW to ensure that
no techniques and concepts are bo''i: nsglected,
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72, It mey be seer. that the use of sonic warfare has lagged behind that of
electronic warfare, o.g. techniques such as jamming, reciprocal intercept and
radar silence have not yet been applied in this country in the sonar field.
However, one A/S vehicle in particular, a submarine, lives almost entirely in
3 a sonic warfare environment, meking detections by passive means, being very

3 conscious of own radiated noise output, exploiting any favourable propagation
3 characteristics of the medium to reduce detectability and being conscious that
¥ its homing weapon may be rendered ineffective by the target countermeasures.
However, it is still likely that SW techniques can be adopted from the EW
field, possibly chiefly in the field of intercept and I.F.F. systems.

73. Apart from the consideration of specific devices to perform essential

SW¥ tasgks, an important by-product of a study of this nature is the making
aware of the designers of our own weapon systems of the potentialities and
techniques of SW so that these weapon systems can be made woid resisiant o
enemy countermeasures. Moreover to devise effective SV systems which can be
available to the Fleet in time phase with corresponding enemy squipment it is
necessary to ma2ke an early assessment of the most probable design trends of
enemy equipment including the possibility of his using techniques 10t yet

1 developed for the RN, With the present 6 to 8 year minimum evoluvionary
period from research to production it is usually much too late to wait until
the characteristics of any enemy equipnent are known before starting the
design of 2 corresponding EN equipment, Thus solutions effective against only
one design of enemy system should be avoided as being vulnerable to enemy
design changes. Instead solutions should be broad-based with a capability to
meet a number of possible designs available to the enemy for the accomplishment
of his objective. Such solutions represent the best defence investment by
having the best prospects of a long operational life.

Ul e
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74. A list of 5 tasks has teen derived in relation to probable naval
operation after 1970, the thrests to naval forces in limited and global war,
end the assessed degree of sophistication of enemy equipment. A short list of
these tasks has bsen selected on the basis of iacticel vszlue, technical
feasibility and cost-effectiveness. The next step is to develop the opthaum
scientific method of reelising the requirsd characteristics. Although there
i» e lerge number of sonic warfare tasks, the majority of them are already
being pursved in some form ox other. The outstending items are in the field
of jammevs, mobile decoys, cemounications and I.F.F. though nere too the R.N.
is closely watching the development of suitable foreign systems which may be
purchased or anglicised, or jointly developed.

1.7 = MINE COUNTERMEASURES ASSESSHUNTS

——————

New Mine Countermeasures Vessel

79, To aid an admiralty working party in the planning and design of a new
mine countermeasures vessel which ls expected to enfer service in 1970, a
study wae completed of the characteristics required by this vessel to combat
the likely mining threat in the 1970 era and the techniques to achieve them
(seo page 77). It was assumed that the vessels would have to operate in a
limited war setting with equipment very similar to that which s at present in
service; the ground mines which would be met would rely on ¢inventional
influences - magnetic, acoustic and pressure - with sensitivities high enough
to meke the safety to tbe vessels very difficult to achieve; provision would
also be required for dealing with moored mincs.

76+  In this context, the study showed that it would be necessar, to maintain
both hunting (acoustic) and sweeping capabilities. Tne question of whether a
veseel was required which could both hunt and cwsep, or whether separate
hunters and gwcopers were more suitable, wor left open pending further
inveutigations. If separate vessels w.re required, then at least half of them
should be hunters,

77+ To achieve a rensonu.ie degree of safety for the M.C.M. vessel, it was
concluded that, for svaspers, sel’/-danger widths against magnetic and acousiic
mines of seven sw’ twelve yards, respectively, were desirable, although a
relaxation of <aese vidths to 20 and 36 yards, respectively, would be just
acceptable. The sweepers should not be endengered by pressure mines. For
minehusters. a self-dangexr width not exceeding five yards was desirable, but
e” upper limit of 15 yards could be accepted. Detailed technical assessments
of the prospects of achieving these magnetic, acoustic and pressure
signatures, were included in the study.

78. It was also concluded t'et & worthwhile gain could be achieved in
incressing the sweeping speed frem 8 to 12 knots, providing the safety
rorsuirements could be met at this speed. Any increase in the operational speed
of winshunters which did not lccreass the Luubing efficiency would be of

direct benefit.

79. Present sweeper navigational accuracies were concluded to be adeguate,

but an increase in the accuracy of navigation of acoustic minehunters was
desirable, to give errors of not mo»e than 20 yards.
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Application of Game Theory to M.C.M. Tactics

80,  Other M.C.M. assessment studies have continued in association with the
Technical Panel of the N.A.T.0. Mine Countermeasures Working Party. An
interim report was prepared for the Panel on estimating the maximum amount of
sweeping required to reduce the risk to the ships subsequently using the
channel to an acceptable figura. The method, using two limiting sweeping
conditione, applied Game Theory to the problem, and overcame the imperfections
of the method that had been sutmitted previously. The work is now continuing
to cover practical values of the sweeping parameters,

81,  The extended study of an M.C.ii. assault operation using the Theory of
Games, has been completed and the general results of the study were used in
the new M.C.M. vessel assessment described above.

82.  During vhe year the possibility was examined of extending the computer
programmes used for the assault setting to study a situation in which more

than one minelaying and countermeasures operation occurred. It was concluded
that the programmes could be extended to give the ship losses in any specitied
situation, but that the study of a completely general situation was not
possible as the pay-orf matrices would be too large for the available computer
store to accommodate. Nevertheless it is thought that a study under restricted
conditions should be possible and might lead to a solution close to that for
the general problem. A general description of a possible tactical setting has
been circulated to N.A.T.0. operational commands.

Navigational Accuracy of Merchant Shipas

83, Work has just commenced to obtain accurate information on the navigational
error of merchant ships, and how this is affected by different methods of
navigation and dan-laying. A.U.W.E. has accepted custodianship of this

problem on behalf of the N.A.T.0. Vorking Party. As a start R.N. trials have
been carried out on the Bexington range, using the two shore-based theodolite
gstations to track R.F.A. vessels transitting a buoyed channel,

Reduction of Mine Sweeper Risk

84. The paper on a met od for reducing minesweeper risk, which had been
submitted to the Panel in 1961, was sent to N.A.T.0. operational commands
asking thom to comment on the method and the presentation. The replies that
were received guggested that simplification in the presentation wes desirable.
A nethod for achieving some simplification has teen tried, and it is now
necessary to prepare a shortened paper for operational use.

Assessuent of Recordinz Mines

85. A trial was carried out to test esrtain foreign recording mines and
assens their value for R.N. use. The triel formed part of a combtined naval
M.C.M. exercise undar the command of the Captain, Mine Countermeasures (Home).
In the trial, sweepers from hoth countries passed in line astern at right
angles througb a line of recording mines. The track-time chart for ec~h
sweeper was accurately determined by two shore-based theodolite stations on
their final apuroach tu the mine line. The results were subsequently analysed
in detail by AJU.W.B. They showed that the mine clocks were of a high order
of accuracy, enabling the distance of the sweeper from a mine at the time of
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actuation to be determined witb a standard deviation of exrror of about

10 yards. The performance of the magnetic sweep appeared to give approximetely
the expected actuation widths. Anomalous results were obtained on tle: accustic
circuits, however. There appeared to be large differences in the swept paths
from different low-frequency sweeps which were nominally the same, some
actuation ranges being in excess of 1,000 yd from the sweep, The audio-
frequency circuits of the mine also seemed to bu activated by the low

frequency source, either due to the harmonics of this source or to intsrference
between audio and low~frequency circuits in the mine.

86. It was concluded that, whilst such recording mines cammot offer such

good facilities for testing sweeps as the Bexington range, they could fulfil a
useful function in operational commands, pariicularly those basid abroad.
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SECTION 8 -~ POST DESIGN

8.1 ~ SONAR BQUIPMENTS
Divers Aid Mk 1 - Type 151D

As a result of trials to compare the performance of the Divers Aid lk 1
and a foreign equipment it was clear that ihe latter equipment was to be
preferred. A new Staff Requirement has been raised and-a transistorised
version of the foreign equipment has been proposed as the best mears of
fulfilling the requirements.

Attack Sonar Type 170

2, A limited trial of the pre-amplifiers for use when Type 170 is fitted in
conjunction with Type 182, was carried out early in 1962 at one frequency only
(22 kc/s). An improvement in initial detection range, compared with presert
pre-amplifiers, was obtained. A further trial of tests at the remairing
frequencies is in hand and includes an assessment of the effect of thsse
pre-agplifiers in reducing self and mutual intexrference from Sonars Type 177
ard 184.

3 Post design work conbinues satisfactorily ot Messrs Hartley
Electromotives Limited. The Type 170 Reference Equipment has been installed
by the post design contractor and testing and tuning is in hand,

H.,BE. Warning 8ot - Sonar Typa 176

4. The post design contract has been transferred to Messrs R. B. Pullin ané
Company Limited, and the installation of the Reference Equipment is proceeding.

Search Sonar - Type 177

5 During 1962 seventy-four defect reports were received and are under
investigation. The Reference Equipment is now being installed by the Post
Design Contractor, Messrs Cottage Laboratories Limited.

T.,A.R.T. - Type 181

6. During the past year only four defect reports have been received and
none of these was considered to require further action.

Towed Torpedc Decoy - Type 182

Te A further series of trials, lasting approximately four weeks, was
carried out in H.M.S. AGINCOURT in July/September 1962, Towed bodies used 3in
the previous trials, together with bodies incorporating a number of further
modifications, were used in conjunction with two types of towing cables. One
type of cable had a four layer armour construction, generally similar to that
used during the experimental trials of the equipment, the other was of two
layer armoured construction and was a development of the two layer cabls used
in the trials in H.M.S. BLAXE and H,M.S. UHDAURTED during 1961.

8, The results of the trials showel that both types of cable were
unsatisfactory, as at nc time was it possible to achieve stable reanlts with
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the two layer cable and although the four leyer cable gave repeatability it
eventually failed mechanically and electrically. The limitetions imposed by
the cablas only enabled iimited investigations intc the alternative body:
arrangements o be carried out.

9. In view of the results obtained from this trial A.U.W.E. rsported that
although nome prrgress had been made there was no possibility of releasing
Type 182 tc the Fleet for at least 12 to 18 months.

10, A further study of the hydrodynamics of the towed body was carried out
as & result of this trial and it was shown that the stability could be
increased by repositioning the Transducer Casing.

11. Two quarter scale model bodies have been manufactured, one to this
arrangement and one as those used in the AGINCOURT trial, and were subjected
to towing trials in the Ship Tank at Feltham in February 1963.

12. A new saries of sea trials is planned for 1963, starting in

H.M.5. ASHANTZI. The object of these trials will be to investigate the
altcrnative body/transducer configuration together with a new design of two
layer armour cable.

Emergency Underwater Telephone Type 183

13. A failure in the modulator of this set is being experienced and is
thought to be dus to = limited shelf life of the copper oxide rectifier when
potted. A survey of the units in store and held as spares is being undertaken

as a matter of urizency.

Undexrwater Telephone Type 185

14. It has been found impossible to make an effective redesign of the
pressure hull gland to overcome the large number of failures reported by the
Fleet and the only & *isfactory solution is the fitting of polythene hull
glande with the apprepriate transducers. A programme for the fitting of such
installations is in hand.

15,  PFurther investigation of the bow installation of four narrow beam
transducers in H.M.S. VALIANT showed that the arrangement would not provide
the required coverage and an alternative scheme has been produced. This new
arrangement, Type 185GL, consists of two synchronously rotating transducers,
one in the after end and one in the fore end of the fin structure. This
scheme will provide complete all-round coverage. The control unit and
synchronous drive unit to control the two scanners is being designed and made

in AJUVLE,

16. Post design work continues at the Post Design Contractors,

Messrs R. B. Pullin. The design of the modified Reueiver/Transmitter for use
in ships with long cable runs has been completed and the first production unit
to this design will be completed in mid-1963.

Submarine Search Hydrophone Type 186

17. Post design work is still nandicapped by the lack of a Reference
Equipment but th.s 1o now veginning to vecome avsilable and is being installed
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i8., Redesign cf the transducer, to eliminate interference caused by the
relative movement of certain parts of its structure during rotation, has been
completed and passed for production.

19, A trial was carried out during 1962 to determine the effect of depth on
X the present transducer and showed impaired performance at both 2% and 10 kc/s.
The sensitivity o¢f the transducer decreased with depth, whereas the back

response increased. The loss at 2% kc/s was greater thaz that at 10 kc/s end
the mazimum operational depth was cbserved to be only 300 ft. The transducer
recovered as the pressure was reduced and the recovery time, which was
dependent, on depth and duration of the divec, was of the order of 30 minutes.
To overcome this defect a new transducer of the barium titanate type is being

developed,

20, A requirement has arican for use of Type 187 in the active role for
range detemination during the later stages of an attack. This is being wet
by lengthening the existing 2.5 millisecond mine detection transmission pulse
to 25 milliseconds and by use of the new barium titanate transducer referred
3 to above, which will have a greatly increased transmitting efficiency over
that of the existing scroll type transducer.

21, A Reference Equipment has “een installed at the post design contractor's
works. This will speed up the introduction of modifications shown as necessary

in service.

oy

22. A new version of Type 187 is needed for submarines carrying ONGAR. This
version will incorporate a Signal Discriminator to assist in the determination
of the range and bearing of the ONGAR torpedo relative to the yarent submarins.

23. Experimental and prototype models of this equipment have been made and
fitted in H.M.S. CACHALOT and H.M.S. OCELOT respectively. Trials in

ilo}e5, CACHALOT will take place in the Autumn 1963. Monitoring facilities, io
enable the ONGAR attachment to Type 187 to be tested without firing the torpedo,
have been included. Provisional test specifications and temporary handbooks
will be available later this year. The preparation of the drawings is
prroceeding satisfactorily.
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Cavitation Indicator - Type 189

eaf G hox

24, The first production unit is scheduled for September 1963 and a post
design contract is being placed with Messrs Hartley Electromotives who eve the

present production contractors.

TR L

Sonar Typs 193

25. The first proauction equipment comploted system test early in 1963 and

other production equipment is following. TPost desigh work, mainly associated
with problems arising during production and sysiem test, is continuing at the
Post Design Contractors, Messrs R. B, Pullin.
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by the Post Desigan Comtractor, Messrs Cottage Laboratorics Limited, Some
work bas howsver been accomplished by working on equipment installed in the )
Fleet.

Submarine Search Sonar - Type 187




Helicopter Sonar - o 1

26, The cast aluminium dome to facilitate production has been accepted into
cervice and is now in production.

27+ The elimination of the corrosion of magnesium cable reels due to sea
wvater continues to absorb a considerable amount of post design effort and
money. A number of palliatives have been introduced and others are scheduled
for incorporation at an esrly date. In view of the expected 10 years of
further life for this equipment serious consideration is being given to the
design of an aluminium cable reel.

28,  The volume of post design work on this equipment continues to inoreasej
this is mainly due to the special probiems arising from its installation in

tho Wessex helicopter, A continuation contract, covering post design work up
to 1964, has been placed with Messrs R, B, Pullin by the Ministry of Aviation.

Sound Range - Type 720

29,  Production under D.W.U. contracts has been subjeot to deluys and
difficulties primarily becauss production proceeded direct from an experimental
model without benefit of a fully and acocurately documented production
prototype as only & limited number of sets was required., Significant effort
has been provided to help overcome these difficulties, including the intro-
duction of modified components.

Submarine Scanning Hydrophone - Type 719

30, The replacement units for the 5 inch synchrondus link and D.C. motor has
bean delayed by lack of Refarence Equipment, but the new components are now
available and tests will be starting shortly

31. Post design work is proceeding satisfactorily at the post design
contractors, Messrs E.M,I, Limited, and the installation of the Reference
Equipment was completed in March 1963 and will considerably assist post design
work,

Sonar Dirscting Gears

32, A post design contract has been placed with Messrs Lawrence Scott and
Electromctors Limited, who are at present investigating mechanical defects in
the Type 187 directing gear; and sluulating working conditions to ascertain
possible noise sources.

Bcho Sounders Types 771 and 772

33, Action is in hand to provide time-interval marking on the recorders,

Echo Sounder Type 773 -

34. The post design contractor for this equipment is Hessrs R, B. Pulling
work is in hand to redesign the output stage and provide & receiver test jack
in the receiver-transmitter. A redesign of the transducer is in hand to over-
come corrosion trouble.
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Echo Sounder e 176

35. This is a modified commercial equipment and Hessrs Kelvin & Hughes have
a contract to muintain the drawings. The transducer housing has been
modified to accept polythene cable for submarine fitting.

Submarine Bathythermograph AN/BOH-1B

36. The ship instailation drawings have been prepared for fitting this
equipment in H.M.S. VALIANT and 'O' and 'P' class submarines.

37. The first equipment has been received and is being examined with a view
to conversion to rolytheno cables and for triels in a mock-up of the proposed

installation.
Submarine Bathythexmograph AN/BSH-2

38, The only failures reported with this squipment have been dus to the
ingress of water into the salinity-temperature elemsnts. Arrangsments are
being made for pressure test equipment to be supplied tc Portsmouth Dockyard.

8.2 - WEAPON EQUIPMENTS

Torpede Discharge

Torpedo Tubes for 'A' and 'P' Class  ubmarines

39. The decision to fit the new Impulse Cut-Off Units in A and T Clase
Submarines has been deferred until trials in the deep firaing tank are complets

(see page 33).

21 inoh Mk 20 Self Discharge

40, Two sets of redesigned torpedo starting gear have been sen. to Chatham
Dockyard for fitting in H.M.S. OCELOP. Ths new gear has been desigred to

obviate the following defectss~

(a) Seizure owing to inadequacy of lubrication arrangements.

(b) A torpedo could slide out of tho stern torpedo tube prematurely
when the top stop was clear and the boat trimmed bow up.

(¢) Ne remote cperation as is desirable in the case of a T.C.5.5. 7 or
9 fitted boat.

41. A layout of the redesigned equipment, as "mocked-up" by Chatham
Dockyard, has been generally accepted with minoy modifications. These are
being incorporated mainly by the Dockyard. The outstandirz requirement is the
provisicn of a firing circuit from the Control Room.
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Dual Pressure: Firing Gear

Internal Preservation of H.P. Air Systems

42, The torpedo tube H.P, air cylinders, treated with Araldite, arnd fitted
in H.M.S. TRUMP, have completed a full commission and have been returned to
AUV E. for examination.

Water Non-return Valve

43. The new design has satisfactorily completed trials and drawings have
been issued for fitting in all olasses of submarine. The final report hes not
yet been received from H.M.S. TRUNCHEON and hastening action has been taken.

Larze Firing Valve

44. Production drawings for retrospective fitting of a modified valve to
ease maintenance in PORPOISE and OBERON Class submarines have btaen prepared
and will he issued whcn satisfactory trials have heen completed. Since the
time required to modify large firing valves is estimated to be very much less
than the present refit time it iz proposed to apply the modification to 'A!
and '?' class submarines,

45, Difficulties have been found in meking an airtight seal betwsen the
non-ferrous sleeve and the ferrous motor evlinder casting. It is thought that
4 solution has now been found, but this rerains to be proved.

Auziliary Small Piring Valve

46,  Recent trials of Dual Pressure Air Firing Gear have shown that a torpedo
runback could be caused bty delayed opening cf the Auxiliary Small Firing
Valve., This delay starts the Automatic Inboard Venting System too early in

the firing cycle.

47. A simple modificution to the calibration equipment has been designed to
detect this fault and drawings are being prepared.

48, The Auxiliary Small Firing Valve has been modified to cure its délayed
opening.

Top Stop and Spring Catch

49, Modifications have been carried out in PORPOISE and OBERON Class
submarines to reduce the excessive friction which caused stiffness of

operation.

Drum for Recording Torpedo Velocity

50. Recent submarine discharge trials inm Mk 20 torpedoes have shown that the
present velocity drum is unsuitable because of the effects of its large

inertia.
51. A lightweight velolity recerder has been designed which uses 2 separate
line =torage and measuring drums. The line storage is a fixed spool which

can carry up to 300 ft of line and the measurirg drum is a lightweight alloy
disc of neg'igible moment of inertia. Yhe line is Nylon monofilament of 80 1b

breaking strain. ~110-
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52. Satistactory trials of experimental models have been carried out and
nrototyres ars now being wanufactured.

Power Loading Equipment [c¢z PORPOISE Class

Rammer Chain
53. The trial of Voler Compound 200R as en anti-corrosion measure has been
terminated in H.M.3. PORPOISE after a total period of 16 months. The trial as
judgsd on vhe boats' bi-monlhy reporis was satisfactory. Admiralty Oil
Laboratory has been notified of the result of the trial and has been asked to
comment before further action is tsken to patternise Voler Compound.

Trolley Taths

54.  Although it is considered that the only complete solution to corrosion
ef the Trolley Paths is %o machine the supporit beams and insert stainless
steel strips, alternative processes are being tried to obtain a cheaper
solution, vizs

(a) Voler Compound 200R hes been tried in H.M.S. PORPOISE; the ship's
bi-monthly reperts so far indicate that this is satisfactory.

(b) Laboratory trials were Aone using a stainless steel strip stuck to
the trolley path with Araldite; the adhesion was inadequate.

(c) Trials are in hand on two trolley paths treated with a nickel-
copper-nickel coating applied by the Dalic Plating method.

Traversing Noige

55. As an aid for accepting officers of new construction and refitted
submarines, an attempt is being made to lay down a standard acceptable noise
level for the various working parts of the traversing gear.

Refitting Specification

56. 4 specification for refitting PORPOISE clazs submarines is almost
complete and a similar specification for '0' class is being prepared.
Traversing and ramming speeds are to be more closely specified.

A/S Yortar Mk 10

57+ The fibre-glass breech cover and the projectile retaining device are
approved for production.

58, Difficulty is being experienced, owing to radio frequency explosivs
hezards, in the development of a line charge for de-icing the exhaust annulus.
Two proposals are being forwarded for consideration of the Naval Ordnance

Inspection Division.

59. In order tc overcome the corrosion and scoring of link bosses on the
barrels it is proposed to build up the bosses by the Dalic process of electro-
lytic deposition which can be carried out in situ. Trials will take place

during 1963,
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60. A requirement has been received from the Fleet to increase the number of
projectiles carried on board each class of A/S frigate and schemes for doing
this have been forwarded to D.W.U.

61. A new design of hoist guides for mortar loading equipment has been
sutmitted to DW.U, because of reports from the Fleet of failures of existing
guides and a contract for one experimental set of guides has been placed.

62. The further development of an assessment projectile has now been com-
pleted. This has the same ballistic churacteristics as a live bomb and is
capable of baing fired against a sulmarine at a safe depth. The object is te
facilitate the assessment of system accuracy against a realistic target.
Triels have been carried out and drawings are being issued for production.

63, The first stage helicopter safety switch which restricts firing of the
A/S Mortar Mk 10 on astern bearings, has been fitted in TRIBAL class frigates.
Proposals for the second stage have been forwarded to D.W.U. This scheme
permits firing on ahsad bearings, prohibits firing from just forward to aft
of the beam and allows permissive firing; under the control of the Landing
Control Officer over the stern.

64. A prototype panel 59 has been tried successfully on a mounting at the
Royal Naval Weapon Equipment Depot. This panel enables the mortar harrele te
be placed in a new, lower stow position in order that the muzzles of the
barrels have the minimum protrusion above the helicopter deck in LEANDER class
frigates.

21 inch Mk 20 Torpedo

Lead Acid Secondary Batteries

65. Batteries types 22TFA27 for ik 20(S) and 28TFA21 for Mk 20(E) torpedoes
give acid specific gravity higher than the specified value of 1.280 when filled
initially with S.G. 1.270 acid recommended by the manufactursrs. Tests at
AUW.E, and by the firn have established that the correct final specific
gravity is obtained if the cells are filled initially with acid of S5.G. 1.210,
and recommendations to this effect have been made.

E.D.P. Primary Batteries

66. Roecent trials have shown several cases where EDP 4 batteries fail to
give a high rate discharge when the battery is primed some time before firing.
A preliminary investigation has shown that the inhibitor added to the
perchloric acid electrolyte to ensure a rsasonable safe stand period will
passivate the electrodes and prevent & high rate discharge if an early priming
is used. Tests on the rate of passivation of the electrodes at various
temperatures are proceeding to find what restrictions need to be placed on
firing procedure.

Improved Hsming Unit for Mk 20/23/30

67. A cortract was placed with Messrs G.E.C. in 1960 to redesign the homing
unit to meet the Envirommental Specification and to improve the stability of
the electronic circuits. Eighteen prototypes units have been manufactured.
Homing trials were successfully carried out on the first four in Mk 20
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vehicles and four more have passed environmental teste to appropriate
sections of K114. It is intendod to issue three units to Captain SM3 for
Fleet handling trials in Mk 20 torpsdoes and three to R.A.F, Coastal Command
for similar trials in Mk 30 torpsdeoes. All drawings have been approved and
issued to D.A.S. and D.G.N.(I).

Gyroscopes for Mk 20 and Mk 23 Torpedoes

68.  The present designs of jyros have proved difficult to manufacture to

the specification and are inaccurate at long ranges. A contraoct has therefore
been placed with Messrs S. G. Brown to improve the designs and supply six
gyroscopas to the improved design.

Tube-held Hot Run Device

69. A new tube-held hot run device which will te common to the lfk 20 and
Mk 23 torpedoes has been designed and two prototype units manufactured. A
Uk 2C hull and a 23 hull are being modified to take these units and trials

will commence about mid-1963.
8.3 - MINE COUNTERMBASURES AND MINING EQUIPMENT

Sweep AH Mk 4

70, To achieve increased endurance complete helical spring wiits have now
been made with an interfersnce fit telwsen spring and mandrel, using uormal
manuracturing tolerances. Arrangements have been made for the issue of these
units to the Fleet for evaluation.

Sweep AD Mk 3

T1. Drawings and specifications have now bsen issued for minor amendments to
the present AD ¥k 3's, {0 improve endurance. To effect a further improvement
in endurance with minimun cost, spare connecting rods supplied to the Fleet in
future will be cf an improved material.,

72. Endurance trials of the long stroke version of the sweep AD Mk 3
revealed shortcomings, modifications were introduced and drawings have been
issued. The handbook has bsen amended to incorporate revised frequency

calibration figures.
T Mk 8 Cutters

73. A further trizl on these cutters was unsatisfactory due to failure of
ancillary equipment. Cutters are being assembled for a new trial.

Sag of W Mk 3 Mod.2 Sweep

74. A set of new sag tables has now been compiled, and has been issued to
the Fleet,

Pipe Noise Maker Type @ (AQpiralty Pattern49019}

75. Production of P.N.M.'s with rubber mountings to give & longer life is in
hand., Trials to effect a further improvement in 1life of the sweep, by

rotating the bars are in hand.
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MM Mk 17 Swesp
76. From the few trials completed to date there is an indication that the
cadmium copper catenary cable will give the sweep an increased endurance.
Wirvher trials are in hand.

71 Sweeps incorporating buoyant cable to an amended specification have
given improved endurance in trials. Trials have shown that the replacement
of the present elbow former in the sweep, by the bai and stocking device is
successful, and arrangements have been made for Fleet use,

Non-Magnetic Minesweeping Equipment

78.  An evaluation of existing foreign non-magnetic equipment has been made.
A submission of a possible programme with suggested cost for converting U.K.
Minesweepers to non-magnetic sweeping gear has been made to Admiralty for the
raising of a Staff Requirement.

"Palurit" Mk 5 Swaging Press

79+ Some post design medifications are being carried ocut by the manufacture.
These include the provision of cover and lifting lugs for the whole unit,
cable guide and cablie olamp, improved die location, and a dirt exclusion
system between ram end yoke.
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SECTION 9 - SUPPORTING DEVELOPMENTS
941 - ELECTRONIC COMPONFNT DEVELOPMENT

General

Host of the work of this section has besen on the design and development
of electrical filters and delay lines. New designs covering about 250 coils
have been produced during the year and an average of eight of each
manufactured.

Low Frequency Work

2. The measuring facilities have been extended for the accurate measurement
and adj: :tment of filters and coils down to 5 c/s end a new coil design
enables band-pass filters opsrating down to 10 o/s to be constructed.

Flat Response from a Resonant Transducer

3. The efficient use of a hydrophene requires that it should be resonant

in the middle of the frequency band of interest. Howevewr, the associated
variation in sensitivity with frequency is then often an embarassment. This
can be overcome either Ly a compensating equaliser or by asscciating the
transducer with loss free inductors and capacitors so as to t1orm a band-pass
filter., Thes second solution makes the best use of the transducer but ihe use
is limited to a relatively nerrow handwidth. The first solution merely
attenuates the transducer output where this is greatest. It is difficult to
design an equaliser to work directly counected to the transducer so the
equaliser is usually placed at the output of a preamplifier. In a particular
case, it was necessary to connect the equaliser to the transducer without an
intervenirg amplifier and the bandwidth required (6 to 16 kc/s) was too great
to permit the transducer equivalent circuit being absorbed in a classical
band-rass filter, Fig. 41 on the next page illustrates the technique employed.
A band-pass filter covering the whole band required was designed so as to
incorporate within its structure as much of the transducer equivalent circuxrt
as possible and so that the filter input impedance was as high as possible.
The remaindsr of the transducer equivalent circuit was a simple tuned circuit.
The filtsr was terminated in a conventional "constant resistance equaliser.
The input impedance to the filter was nearly a fixed resistance so the
equaliser only had to correct for the response of the circuit L, C.. The

coil L, could be wound as a transrormer so that a twin balanced cable to the
trangdicer could be ugsed, thus reducing liability to interference pick up. In
a particular case a varistion in response of 20 dB over the range 6-16 kc/s
was reduced to 3 4B,

Radio Components Standardisation Committee

4. The A.UN.E. representative on sub-committee H (Transformers) of the
R.C.S.C. has had a large share in preparing DEF.5195 Bobbins for use with
laminated or ferrite cores and DEF.5194-A Cores, magnetic ferrite.
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™g. 41 Fiat Response from a Resonant Transducer.

9,2 - HULL OUTFIT DEVELOEMENT

Hull Outfit 8 (For Type 193 Sonar)

5. First production units have now been successfully installed in two
Australian wineswsepers.

6. To provide castings for this equipment having an adequate low
exrmeability to keep down the magnetic field, a special aluminium bronze
akin to BSS 1400 AB1) has been introduced. The castings for later production
units will be made in either heat treated Superston or the new alloy, which
should ensare that the maximum megretic permeability on all items is lees than
1.05.

Hull Outfits 18 and 20

1. Among minor improvements being introduced for this basic dcsign of hull
outfit to carry the 157 inch dome, a set of detachable glass fibre fairirg
blocks has been made. This type of fairing material should ease some of the
provlems involved in exchange of dome by diver.

Hull Outfit 21

3. The mopitor hydrophons for Type 184 has successfully completed retraction
testing under load and has been installed in H.M.S. BAGIE for sza trials,
Production inforwation has bser forwerded to D.W,U.
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9.3 - DOME EXCHANGE OUTFITS

9e Development of tue improved D.E.O. Type 2 with increased lifting
capacity is proceeding at the contractor's werks and furtner tiials are
expected in mid-1963. In addition to larger buoyancy tanks, to ease the work
of the divers the outfit has now finger-operated push velves instead of
screw-down valves. The D.E.O. Type 3 was offered for acceptance at Malta in
June 1962 and considered satisfactory. The manufacturing drawings are being
cleaned up prior to issue for production.

~

10.  An A.F.0, dealing with the standardisation c¢i dome fairing plates and
fixing scrows will be issued shortly,

9.4 — STRUCTURAL MATERIALS DEVELOFMENT

Metalluigy

11. The assistance of this section given to the projecte and research items
is reported under the appropriate heading, A number of itcmc of more gensral
intereat has also been studieds-

(a) Work at R.N.T.F. and AJU.W.E, has shown that orack-free welds can
be made in the aluminium alloy sheet used for ONGAR hulls. Current
production is limited by porosiiy rather than by cracks and work is
in hand to eliminate thie defeci.

\b) A study of the sea water corrosion of aluminium bronze lead ‘o the
development at C.D.L. of an aluminium-silicon-iron brenze. Small
soale production quantities of this alloy in the wrought form have
‘been received from a contractor, and it has been shown that the
alloy has excellent mechanical properties. Welding and hot and
cold working trials are in hand.

(o) Considerable difficulty in obtaining pressure-tight copper alloy
castines has been reported. Trials of a range of alloys showed that
the newly introduced leaded gunmetal LG4 or BS 1400 was capable of
giving pressuro tight castings consistently and its general use has
been recommended.

Plastics

12, It has been common practice to use a gel coat on the outside surface of
glass reinforced plastic laminate wiien these were made by the hand lay-up
proceas, ‘This gul coat gives an improved surface finish and could reduce the
rate of raterioration in contact with water but it has recently been buggested
that it could also reduce the strength of the laminate. Tc examine this
suggestion and to provide design data for an ONGAR contactor cover, a series of
fla‘; panels were laid up with polyester resin aid chopped =trand glass fibre
mat lanminate.

13+ Simple bond tests were carried out on samples from the laminate panels.

A load-deflector curve, in the speciried time of about 15 seconds for carrying
out such tests is shown in Fig. 42 on the next page.
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! 14. With the gel coat extension, cracks occurred at about half the ultvimate
load and resulted in general breakage of the glass rovings at about 90% of the
ultimate load. With the gel voat in compression there were no premature .
cracks.

15, Comparison of sections through the samples afier test showed that with
the gel coat in compression failure was by general delamination (see Fig., 43
on the next page), whereas with the gel coat in tension the ncracks are
propagated through the section and cause a reduction in strength from

23,600 poSoio to 18,200 pOSOiQ

Pp———_

| Propeller Blades in Reinforced Plastics

| 16. Two samples of a propeller blade moulded in glass-fibre-reinforced
epoxide resin have been produced. Measurements of the blade dimersions are
being made to determine the degree of shrinkage obtained during the moulding
process.,

9.5 - SHOCK MOUNTINGS FOR SONAR ELECTRONIC CABINETS

17. Tre mild steel yielding strap section of the shock mounting previously
reported on has been redesigned in order to increase the amount of free travel
before bottoming occurs. Static tests have shown the new design to be-an
improvement on the old. :

18, Manufactures of a mould for the nteel-.ubdber-stesl sandwich sub-assemblies
has been comple*=2d and sample mouidings have been produced by AM.L. It is
proposed to cr.auct resonance search tests on complete assemblies using varying
grades of rut.er to determine the optimum harduess valuve for the rubber mix.
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(a) Gel Coat in Compression
Fig. 43 Frecture or Polyester/Glass Mat Laminate.

9.6 - SHIP INSTALLATION

Sonar Equipments

(b) Gel Coat in Tension

19. The bacic fitting information for each sonar set, hull outfit or echo
sounding equipment is contained in the Instructions for Installing (I for I)
and the Equipnent List (B List) from which the Fstablishment List for Sonar
gtores is prepared and published by the Director of Stores. The new and

revigsed I for I and E Lists completed in the last year, or in the course of

preparation, are given below.

Equipment

IforI

B List

Sonar Type 162
Sonar Type 170 EC/GC/GF
Sonar Type 176
Sonar Type 177
Sonar Type 181
Sonar Type 183
Sonar Type 184
Sonar Type 185
Sonar Type 187
Sonar Type 189

Revision in hand

In hand

Revision complete
Revision complete
Revision complete
Revision complete
Preliminary issue
Revision complete
Revision in hend

Revision in hand

compleis

Issued

Issued

Issued

2nd Revision issued
Issued

Revision in hand
Tssued
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Fquipment

IforlI

E List

Sonar Type 193
Sonar Ty§e~199

Patt. 204674 Cable
Jointing Set

Sonar Hull Outfit 5 and
Monitor Hydrophone

Sonar Hull Outfit 15
Sonar Huil Outfit 18
Sonar Hull Outfit 19
Sonar Hull Outfit 20

Sonar Hull Outfit 21 and
Monitor Hydrophone

Deme Exchange Outfit 3
Sound Range Type 720

Echo Sounder Tyne T73
Echd Sounder Type 776

Torpedo Guidance Centrol
Unit Mk 2

Standard Electronic
Cabinet

Teacher A/S 1068E
Teacher A/S 1071
Teacher A/S 1072
Teacher A/S 1073

Preliminary issue complete

In hand

Revision complete

Revision complete

in hand
In hand
In hand

Revision issued
Issued

Revision iwu hand
Revition issued
Revision in hand
Revision issued

Issued

Revision issued
Revision issued
Igsued
Tasued

lzsued

Issued

3rd Revision issued

In hand
In hand

20. Layout drawings and wiring diagrams of sonar equipment in various types

of ship have been prepared to meet the requirements for new construction,

modernisation and experimental trials and are shown in the followiug tables,

182 and 199 Hull Outfits 19
and 18 or 20

Ship or (l:ss Equipment Remarks
G.M. Destroyerc Sonar Type 184 and 182 Hull Complete
Outfits 18 and 21
LEANDER Class Sonar Type 162, 170, 184, 182 | Complete
and 199 Hull Ouifits 18, 19
and 5
Type 81 Frigates Sonar Type 162, 170, 176, 177,| Complete
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I.M.S5. UNDAUNTED
Assault Ship
H.M.S. HERMES
H.M.S. PENELOPE
H.M.S. LONDONDERRY

H.M.S. RELENTLESS
1468 Frigate

H.M.S. BULWARK
A.C.S. ST MARGARETS)
A.C.S. BULLFINCH )
K.M.S. CACHALOT
H.M.S. OCELOT

H.M.5. KIRKLISTON

H.M.S.
H.M.SI

CHEDISTON
FORTH

R.F.A. TIDESPRING

H.M.S. SEALION

H.M.S. MATDSTONE

H.M.S. VIDAL

PORPOISE and OBERQY
Class Sutmrarines

Lgiean yeather Ships

Replacing Sonar Type 177X2 and
H.0.10X by procduction
equipment

foaar Type 182

Sonanr Type 184 and 182 Hull
Outfits 18 and 21

Coaversion to Trials Frigate
and revised bow form

Viewing port~ and UM
periscopes

Sonar Type 182

Sonar Type 184; 182, 162, 185,
170 AN/S5@S35 Huil Outrats 18,
19 and 5

Sonar Type 182

Conversion to trials vesgels
for Propagation Research

T7.C.5.S. 8 and ONGAR System

ToCuSoSo 9, ONGAR System’
Sonar Type 187AC

Sonar Type 193, Minehunting
System Mk 1

Hull Outfits 8 and 22

Maintenance for CNGAR,
T.C.8,S. Sonar Training
Facilities

Sonar Type 182

Zxp. equipment for Type 2001
Trials

Maintenance for T.C.S5.5.,
Sonar Trainers

E/S Type 773 and expl.
equipment

DUUX~2 and AN/BQH-1

Uceanographic equipment

In hand

Complete

In hand

In hand

For dome fairing and
dome siamming trials
Complete

Space requirement

drawings complete

Complete
In kand

In hand
In hand

In hand
Complete
In hand
Complete
Complete
Complete
In hand

In hand

Continuing Commitment

RIS ERAS
Ship or Class Equipment Remarks
H.M.5. BASTBOURNE Sonar Type 177 in E.0.16 In hand
H.}¥.S. GRAFTON Sonar Typs 177 in H.0.16 In hand
H.M.S. BROCKLESBY Sonar Type 184 and 185 Continuing Commitment
H.M.S. VERULAM Sonar Type 2001 Continuing Commitment

!
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Weapon and Mine Countermeasures Equipment

21. The installation of experimentcl equipment for weapon and countermeasures
projects is continuing. Details are given in the table helow.

Y¥odification to Loop Cable
reel to form two separate
drums

Equipment Iforl Remarks
Proje~t OSBORN AUWE Spec. ?rototype equipment fitted
Phase Bx 22800/173 in H.M.5. GLASSERTON,

trials satisfactoxy.
Proposals forwardad to
D,W.U. Dimensional require-
ments awaiiing confirmatory
trials in HM.S, LALESTON
in March 1963.

G.1.5. Minesweeper/Minehunter
Conversion

¥inehunting System Mk 1(A)

Minehunting System Mk (1)

AUTE Spec.
19837/9

AT .
AUVE Syv Ce

19837/3
(being written)

Leyout approved. Details
prepared. H.M.S. KIRKLISTCY]
has started conversion at
Portsmouth.

Eddy Current Compensation
Equipment, Ship rolling
outfit

To be written

Further trials in

HoM.5. GAVINTON in No. 8
aock Portsmouth gave 5%
roll, Trials in open water
to be arrangod.

Swell Recorder

Prototyps dsck unit

AUVE Spec.
22158

Prototype being mrnmuafactured
at Hessrs Clark-Chapman's,
Anticipato complete end
January 1963.

Hagnetic Sweev Leadinz-on
Gesy

Prcduction Ecuipment

To be written

Tenders fur writing I for I
from three firms have been
forwarded to D.W, U,

Mobiie Tracking Range

Zquipaent for E.T.V. WHINBREL

To be writtien

Oue set of boom gear is
being made for handling
{rialg in H.M.3. GOSSAMER.,
Layout of gear in

E.T.V. WHIMBREL forwarded
to DOW QUO
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AJU.W.E, Civilian Manned Tenders

22, R.D.V. J. PARLEY was refitted during the year and has been in constant
sexvice &ince.

23.  R.D.V. SAREPTA TI was converted to a vehicle for Dome Exchange Outfit
trials and a training platform for use by H.M.S. VERNON's diving teams.

24. R.D.V. DUCHESS OF ARGYLL has been given an adverse survey report and all
plans for fitting & 20 ton transducer testing station have been postponed
pending the result of a major hull survey to be carried out by Portsmouth
Dockyard about mid-1963.

25. E.T.V. SAREPTA, based on the Clyde end administereu by CAPIC, Clyde,
complated a refit in the last quarter of 1962 and as she is the only Trials
vessel with underwater torpedo diecherge tubes she is engaged in a heavy
programme of ONGAR development trials.

26, E.T.V. WHIMBREL, based on the Clyde and administered by CAPIC has just
completed a routine refit and is due to report to Portsmouth and Chatham
Dockyards for the installation of 3-D Ranging facilities and associated
ncceptance trials,

9.7 - REVIEW OF BOOK WRITING

27. In the last year the installa’!on of an off-set lithn machine has been
completed at A.U.W.E., and four books were reproduced for the Fleev, With
increased experience it is hoped to quadruple this during 1963.

28, The appointment of a full time editor has, tc some extent, made AU, 8,
self contained; Ytooks are now written, processed, prinved and bound within
the Establishment. OSuch an arrangement saves both time and money.

20,  The number of books in hand now exceeds 200; details are given in
AJUF.E.'s Annuel Review of Handbook Preduction dated October 1962. Despite
the fact that the permitted complement of 13 authors has now been recruited,
some 70% of the total book writing commitment must still be put out to
contract. The standard of authorship with the contractors is not always as
good as could be desired, so inevitably a propcrticn of AJU.W,E.'s author
complement must be expended on monitoring the contractor's work.
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BIBLIOGRAPHY

Publicutions issued between 1st February, 1962 and 3ist March, 1963.

ESTABLISHMENT REPORTS

Report No.

ER 51/62

ER 64/62

ER 65/62

ER 66/62

ER 67/62

Security
Title Date Clagsirication

Arctic Trials of Under- Dacember 1961 Scoret
Ice and Echo Sounding
Equirment

The formation of acoustic May 1962 Unclassified
echoes in fluids.

Part I, Theoretical

Analysis of high frequency

acoustic backscettering

The formation of acoustic May 1962 Unclassified
echoes in fluids.

Part IXI. Theoretical

examples of echoes from

simple geometrical shapes

The formation of acoustio Hay 1962 Unclassifisd
echous in fluids.

Part 111, Experimental
obgervations of echo
structure. Comparison of
image pulse and fresnel
zone approachss., D.C.
acho components., Bistatic
scattering. Multiple
scatteing, Fleatro-
magnetin Echo formation.
Low frequency scattering

The formation of acoustic Kay 1962 Unclaseified
echoes in fluids.

Part IV, Formatioa of
acoustic teams., Display
mechanisms and picture
formation. Graphical
method of echo
construction, Echo
formation with frequency-
modulated transmissions.
BEcho formation with noise
transmissions coupled
with a correlation
detection syaten.
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Report No.

TH 36/61

TN 41/61

TN 43/61

™ 44/61

™ 45/61

™™ 46/61

1N 47/61

™ 48/61

TN 45/61

TN 50/61

TN 52/62

™ 53/62

Title

An Examination of some
surface channel acoustic
propagation data

Triels of the Experimental
Asdic Type 199 Vinch and
Submersible Body in a
Wegsex Helicopter

Asdic Type 195. The
Sector Display

Low frequency Q-Meter
Type C.T.465 100 ¢/s to
100 ke/s

Degign considexations

for a passive asdic set
for use in battery-powered
subtmarines

Hodel scole cffect on
ship's pressure fields

The flow-generated
contribution to torpedo
self-noise; a review of
American worke

Prediction of position of
an evasive submarine from
2cdic fixes

Submarine countemeasures
against A/S torpedoes

Ship's pressure Tields.
A comparison between theory
and observation

Hodernisation of Type 177
and adaption for fire
control purposes

Asdic range prediction

using the decay curve of
reverberation
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Date

August 1961

September 1961

October 1961

October 1961

August 1961

October 1961

October 1961

September 1961

Noveabsr 1961

Decemner 1961

January 1962

January 1962

Security
Clagsification

Confidential
Discrest

Confidential

Secret

Unoclassified

Secret-Discreet

Coinfidential

Secret-~Discreet

(onfidential

Secret-Discreet

Confidential

Secret

Secret
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Report No.
TN 54/62

N 55/62

™ 56/62

™ 57/62

TN 58/62

™ 59/62

TN 60/62

N 61/62

TN 62/62

Title

Degaussing of Nuclear
Submarines,

The effest of mechanical
pressure on the magnetic
state of a mample of
9.7, 35"

An examination of the
ninehunting system
{Acoustic) Mk 1

The theoretical comparison
of asdic signal-to-noise
performance with
pro-detector or
post-detector integration

Theoretical analysis of
the detection performance
and vearing accuracy of a
phage comparison
zcorrelation) asdic

"PORPOISE", "OBERON" and
"OBERON" Class Submarines
fitted with T.Ce¢S.S.7.
Notes on alr and water
shot calibration of
torpedo tubes.

A preliminary indication
of the necessary source

depth for reliable puth

asdics

The magnetic condition
of the Deltic engined
C.H.S. type i.

VI, Low latitude trials
1961

A method of reducing

frequency deviations

caused by fluctuation
in speed of magnetic

tape recorders

Acoustic shadow zone<
observed in summer
conditions in the
Atlantic west of Ireland
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Date

January 1962

August 1961

January 1962

January 1962

September 1960

February 1962

February 1962

Pebruary 1962

February 1962

Security

Clagsification

Secret

Secret

Restricted

Restricted

Confidential

Restricted.

Rentricted

Unclassified

Confidential
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Report No,
™ 63/62

TN 68/62

™ 69/62

TN 70/62

™ 71/62

™ 72/62

™ 73/62

™ 74/62

™ 715/62

TN 76/62

™ 71/62

T8 78/62

TN 79/62

Title

Appraisal of the preasure
mine throat in 1962

Depth devermination -
Type 170

Cavitation Testing of
model scale asdic domes.
Part I.

Reverberation levels in
Type 184

Evaluation of a combination
of AGOUTY with noise-~
reduction propellers in
H.M.3. CUMBERLAND

Attenuation of a magnetic
plated wire with sea
return

Environmental factois ’n
ninehunting

List of ToEoE., UcCo”oE‘,
HOII(QUUDOEO’ U.LIEO, and
U.W.E. Classified Reports
and their 1962
Clagsifications

Calibration of U.S.R.L.
hydropnores Tyne H,29

The detectability of
radiated spectral lines
above the underlying
spectrum of noise for
type 12 frigates with
standard and noise
raquetion propellsrs

Type 2001X Trial,
March 1961

Report of trials carried
out using U.K. and U.S.
forms of flexible sheet
explosives

Self-noise factors in
acoustic minehunting
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Date

March 1962
March 1962

June 1962

March 1962

March 1962

April 1962

April 1962

April 1962

April 1962

April 1962

tay 1962

Security
Classificatior

Secret-Discreot

Confidential

Confidential

Secret

Secret

Confidential

NATO
Confidential

Restricted

Unclassified

Confidential

Secret

Gonfidential

NATO
Confidential
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Report No.
TN 80/62

™™ 81/62

™ 82/62

™ 83/62

™ 85/62

™ 87/62

TN 88/62
™ 89/62

™ 90/62

T~ 91/62

TN 92/62

™ 93/62

Title

Sulmarine vulnerability to
high explosive weapons

Instrumentation for
research into underwater
acoustic propagation and
reverberation

The attitude of the Type
195 submersible body when
dipped from Wessex
helisoptor Y329 in the
hover under automatic
control

The theorstical eignal-to-
noise performance of an
Aedic with a cquare-law
detector

Low -frequency alactro-
magnetic fields jn the eiy
above a semi-infinite
conducting medium

containing a dipole

The distant magnetic
field of a submarine

Ship's pressure fields

Note un the stability
of tubular elastic bodies
towed in water

Hagnetic field cutculations
for an anti-submarine
proximity fuse

The practical cclibration
of hydrophones using the
air pistonphone

Burial of ground mines in
the sea bed.

Report of survey of
relevant literacure
February to June 1962 -
with conclusions

Performance of thrown
charges against submarines
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Date

June 1962

June 1962

June 1962

June 1962

July 1962

June 1962

July 1962
July 1962

August 1962

August 1962

September 1962

September 1962

Security

Clagsification

Secrst-Discreet

Unclussified

Confidentisl

Unclassified

Restricted

Secret-Discreet

Confidential

Restricted
Secret |
PSCREET,

Unclassified

Secret-Discreet

Confidential
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Repoxrt No. Title Date Classification
TN 94/62 The correlation of self September 1962  Confidential

danger width and vertioal
\ camponent of masnetic

; field residuzis of mine

' countermessures vessels

TN 96/62 An evaluation of various September 1962  Confidential
methods of bearings-only
analysis,
Part I, Results achieved
by an automatio method of
utilising a digital computer

N 97/62 An evaluation of various September 1962  Confidential
methods of bsarings-only '
analysis, Part II, Results
achieved by current hand
plot mothods at the
sutmarine attack teacher

Isle of Bute
™ 97/62 An evsluation of various Novembexr 1962 Seoret-Discreet
( ADDENDUM) methods of bearings-only

analysis,

ADDENDUM, Comparisen of
current U.K. and U.S. Navy

w WRREIE SR D TRV PR CT RN [ 0 SRR N RTY KTt eyes

methods
L 98 /62 Asdic Type 195 = The November 1962 Secret
' doppler display
k ¢ ™ \01/62 Proposal for pressure November 1962 Confidential

sweep (MATTRESS)

TN 102/62 Bottom-bounce asdic array November 1962 Seoret-Discrest
configurations. A study of
the problems involved in
siting large domes

TITVITER I O e prmann tegems

TN 103/62 An investigation of November 1962 Seoret-Dizoreet
. elestromagnetic noise in
the sea-return circuit of
a wire-guided torpedo

™ 107/63 Report of the discharge of Jonuary 1963 Confidential
21 inch Hk 23 torpedoes
from the bow and stern
tubes of H.M.S. AURIGA

IRTT TR
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Report No.
TN 109/63

™ 115/63

™ 12:/63

Title

The assessment of stability
and drag of certain under-
wvater bodies when towed in
line ahead formation

The 1970 mine counter-
measures vessal.
Manosuveability required
for minehunting

The value of degaussing
to British ballistic
missile submarinec

Security
Date Clagsificaticn
January 1963 Unclassified
Junuary 1963 Contidsntial
Secret-Discreet

March 1963

-130-




%
E
é ALPEARETICAL . INDEX
; e
% -
E . Acoustic SWEOD o o ¢ o 6 6 6 s 0 0 0 0 6 0000 00 v 41, 5
g Aotion; Evasive v ¢ 4 o ¢ o 6o o 0 0 2 68 0 00 [ ) 7
AotivVo SONBY ¢ o o ¢ ¢ o 4 0 0 e 0 s s 0 20 e e s e e 1 2
' A.D.A, System L I T R B S T T T T T ST S S T Y ) 5913é028’
?
AiDa, Mk 3 Sweop R EEEEEEEE I I 113
B AGOUTI 2 o o o o o 5 6 ¢ 0 6 06060606 voosovees 68
§ AH, Mk 4 Sweep R EEEEEEEEEEEEEENE I 113
E Analogue Computins " I R R S S S A S Y 45, 50
Analysis; Beariugs Cnly A R R B I I I A IR ) 99
g Analysis of Sonar Detootion o+ o ¢ ¢ ¢ s ¢ o 0 ¢ 0o 0 0 o 96
g 13 Batbythomograph ® 0 0 0 ¢ 0 5 00 000 0 0 0 109
» AN BSK—Q B&thythermograph L I I I R A A A I 109
s M/SQS"5°4 VDo Sonar RN EERE X 95
; Anticeacort Torpedo o« o ¢ o ¢ o o ¢ 66 66 066 00 ¢ ¢ 93
‘«quapla Damping Material o« o o ¢ o ¢ o 6 + 0 s 0 04 00 64
g AQUAVOX & o o ¢ o ¢ ¢ o 0 6 ¢ 06 05 606006000800 42
;, Aresst Atlantic o o 4 4 4 0 s 0 4 b v r vt 8 s s e e 1, 58, 62
é‘:“. Bmo' T T % 2 9 8 5 8 S 4 i * & 6 b & s 0 6 0 0 33
E? dexingtgnl R T T T S S R T S S S S S A I ) 41, 7?, 75
ARAYY LBlEE o o ¢ ¢ o ¢ o » 5 0 0 9 ¢ 0 00 0 0
Galloda Bank o o o ¢ s ¢ 5 0 0 ¢ s 0 08 00 s 60
g Gibral®ar o+ o o o ¢ o s 0 6 s s 0 b e s e e 15
'é ' GOSPOYt & v v ¢ ¢ o 4 2 0 0 0 e 0 0 v e 0 0 26
E Indian Ocean R EEEEEEE T EEES 13
{f‘ Lizaad o 4 & P T R R O A R A R ) 1
E Loch Goil . I EEEEEE e 31
; Loch Linnhe "+ 9 8 e » ¢ 6 & 9 6 ¢ & & 9 0 0 63
> Loch LQXIB ¢ 6 ¢ 8 L 9 6 3 s 2 s s 0 0 e a0 s k)i
g b Londﬁnderl'y * e o o R EEEEEEEE 30
R Moditerranean + = - s » o ¢ o s 06 06 6 0 0 9 o o 58
"63‘ MONAGO o ¢ o o o ¢ 6 6 o 6 6 6 06 6 6 8 6 6 0 0 s 14
§ Portland o o« o« s o ¢ ¢ ¢ ¢ ¢ 0 6 06 06 0606 64 00 7& 10, 11, 12{
/ 26, 30, 31,
f SOilly IS108 o o ¢ ¢ 6 ¢ 5 0 606 060 8606 08 0 8 30
South-West Approaohes 0 e 0 0 0 0 0 0 0 e s 0 61
Swallow Bank « o o ¢ ¢ ¢ o 6 ¢ ¢ 6 0 06 06 6 00 60
TOUIOR & o ¢ o 6 5 ¢ 0 6 6 ¢ ¢ 6 0686 0606 69 00 60
Weston o o o o o o o ¢ s s o ¢ 0 5 5 0606 6 8 0 o 32
A.R.L. ® 6 0 5 9 & 9 & 9 & 0 H % O & 8 2 P 6 2 % 0 & s 5, 17’84.7, 781
4
A/s HOPtar o« o ¢ ¢ ¢ a8 ¢ ¢ o 0 6 ¢ 9 06 8 86 606 060 ¢ ¢ 31, 91, 111
ASSOSSMENtS ¢+ ¢ o ¢ 4+ 5 4 4 ¢ 0 8 6 e s s s e s s s 86
A/S Weapan s‘fﬁtem; Shipbome P R O 2 T IO T Y ) 86
A/S w@ﬂpons; Closa-range DI R YT T Y S SR B S B Y 90
A.'S Veapons, Long-range ® 0 0 0 0 4 0 0 0 0 0 8 s 0 e 86
BeSuWeBo o 0 ¢ 0 ¢ 6 6 ¢ 00 6 0 0 06060680 0 0000000 9, 29, 37, 8
Attack Times for Sonar and Weaponl + ¢ « o o ¢ o ¢ ¢ o o 87
Audio=-frequency System * 5 % o 0 0 0 0 0 0 s 0 0 0 s s e 39

]
-
L
-

‘




L2 -2 b

- —

03
m& vl L T —

ALPHABETICAL& IND?X

-

Automatic Computer Analysis of ONGAR « «
Automatic Gain Control ¢« ¢ « « o« ¢ o ¢ o «
Automatic Method of Dearings-only Analysis
A UO"{.«.IC Tenders L . * L] L] . L] > L] Ll * L] .

Barr & Stroud; Messrs . « &
Bathythemmograph; Submarine
Batteries, for Mk 20 Torpsdo
Bearings-only Analyvsis ., . .
Bibllograpb,,' LI N I I
Book erting I S A I R I
Bottom Bounce Study (SUMEIT)

e o 4 o »

Bristol Aeroplane Plasticds; Messrs

* o < e o o

Bristol Tnsulated Callenders Cabless
Buoy;Dan.............

Buoy; Short Scops ¢ o o o o

Cabinets; Electronic « « ¢
Ca.lcnlator; RW ¢« ¢ 0 s e .
Canary 8108 o « o o o o o o &
Cavitation « o o 4 o ¢ o o ¢ &

Cavitation Indicator - Type 189

CMS..QI..‘OQC...'O
Coiles Development of + « ¢ + 4 &
Combi Zlements « o o ¢ o ¢ = o o
Comparison of Sonars « « ¢ o o o &
Compass Division (DeGeWe) o o o

Components, Electrcnic; Development

Computer analysis of ONCAR
Computer; Electrode Field
Comp!).ter; PAGE [ R S )
Computsry PEGASUS . . .
Computer; POSEIDON . . .
Computing; d4nalogue « + &
Computing; Digital * e o o

Cottage Laboratories; Messrs
cwise; NAVADO PR R T S S N
Cutting Cutfits Shaped Charge

s ® & ® o @

¢ o @ o o o o

uaanC-'Ocoooooov

TPecca Optical Plot Attaclimens

~ o o & o ¢ o+ o o

* & o o @ o & * o+ o

® ® o o o & o+ o e o

-

e & o o o o ¢ o

Meas

* o o [}

e ¢ o o o o

PReg.

B

<Q

e e o o

® o o o o o

of
Components, Electronics Standardisation
Computeroooooooooooo'ooo

.

s ©o o o e o

e o o & @ o o o o o

(<)

o e o o
¢« o o o
e o & o
e o e o

o o o o v oo
® & @ o & e o 3 e & »
e + @& o o & 2 o & & o
a8 8 o « & 2 ? & e e

® o o o o o
e o o ® o o o
* o o o o o
e ¢ o o o o
® & ¢ ¢ s o @

Commxtfee

* o 2 s 0

o o o o @
4 ¢ b o 0
" ¢ & 0 0
s v o ¢ e
LI I A ]
s 0 s e 0
LI I Y I
¢« s 0 0 0
* 4 & 3 »
« o e 0 »

LI T I Y B I

-132-

(Contd)
Page

%4
10
99 -
123

® ® ¢ ¢ © o o o & o o
® & o o ® o ® 3 & o o

® @ ¢ 0 o ® o 3 e « o
-t b .
N
(#%)

118, 120
61

e ® o o
e o o o

. o o o

. 1
17’ 18, 67’ 71,
2, 83

107
4
115
21
86
i
115
115
59 9y 626, 46,

%
13
51
84
% 19
45, 50
45, 18, 79, 80
40, 105, 107
59
42

® 6 o v & ¢ o o o
o o & @ & o ¢ o o
e ¢ o o € o o & o

e & & o ® o o o o o
® ¢ o o o & o o o @
@ ¢ & o e & o o o o

* o ¢ 38’41
* e e 49




%

ALPRABETICAL TNDEY (Contd)

Decoy; Towed Torpedo, Type 182

e azmtnﬁﬂ%ﬁﬂ#ﬁ@%!&%ﬁFﬁ”ﬁﬁﬁ?{f
&

Degaussing ¢ & 6 & & 0 4 0 0 s & ¢ O 0 4 08 s P s s 8 2 0 7§, 77
Destroyer; Guided Missiie o ¢ o ¢ o ¢ o o v 0 5 3 s o o 8, 120
'Detector; Magnetic Mine o+ « o o ¢ ¢ ~ 6 s ¢ 0 0 s 0 ¢ o 42
DIpping SoNnaT ¢ o o o o 2 ¢ 4 6 0 0 0 0 e e e e e b . o 10
. Directing Gaars; SONBT ¢ ¢ ¢« ¢ 6 ¢ 8 0 0606 0060 c0 00 1(8
Display......................o.. 21
Display; Doppler ® 5 6 9 & 4 6 2 06 8 9 0 0 s e s e v 0 e 6’- 30, 31
Display; Initial Dotection + o o ¢ o ¢ ¢ o 0o o 0 0 ¢ ¢ o 1s 2 :
Diapla\y; Se0tor 4 o ¢« o ¢ ¢ 0o 0 s s a0 s 00 s e 1’ 2, 3, 30’ kY|
Distance Measuring Equipment (DeMeE.) ¢ ¢ o ¢ o o o s o o 29
4 Diver's Ald Mk 1“% e 1511)) 2 06 ¢ 0 % v 0 0 0 0 s 0 0 e 105
E Done Exchange Cutfit o ¢ ¢ ¢ o ¢ 9 ¢ 6 s 0 4 06 ¢ 0 000 117, 120
g DOMES ¢ s o o ¢ o« s o ¢ 8 ¢ 6 6 6 06 ¢ 60690590000 65’70,71,72
= Doppler.........:...o'......-... 10
lé Dowty Rotol A.F. System I R R N N R T T S S T 39
g: Dual Pressure Firing GOBT o o ¢ ¢ o o ¢ 06 06 068 0 0 0 8 110
=
: -5-
£
" Echo Sounder Type 765 o 8 0 0 6 c x4 B 8 8 s s e s 0 13
g Echo Soundsre ’I‘ype TIV ¢ ¢ ¢ o ¢ ¢ 60666 0 6 0066000 108
E Echo Soundex Type TT2 ¢ o« ¢ o o 6 s 6 ¢ o ¢ 6 ¢ 3 0 0 ¢ o 108
= Foho Sounder me 773 9 & * 0 5 % s s 0 0 0 % 0 6 0 13, 89, 108,
: 120
% Echo Sounder T.Ype 776 ® Q. % 8 0 0 0 s 0 3 0 0 s 08 s b0 109’ 120
H Electrode Fisld Computer 4« 8 o 0 6 4 0 5 6 0 b 8 e s s e 73
§ Electronic Cabinets + « + « 6 0 0 8 0 0 0 e s s 118’ 120
H Electronic Components Development o 6 s e s a0 s s e 115
] Flectronic Warfare After 1970 ¢ ¢ ¢ o 0o ¢ 8 006 ¢ s v o0 101
é Elliott Bros, HOasy8 4 5 v s o ¢ ¢ o o ¢ 6 06 060060 0 26
E.M. I. Messrs « o« o o 2 e 6 2 6 5 8 8 % 2 S 0 P 0 s e 108
% Equi’:ment List (E List) s o 0 68 5 0 0 8 0 0 0 0 30 119
s Eatablishmert Reports « « ¢« o ¢ o ¢ s 6 0 ¢ ¢ ¢ ¢ 6 ¢ s s 124
A Eatablichmentss AsRels o ¢ 6 ¢ ¢ 6 6 06 0 0 ¢ 606 0 ¢ 5
AS.WE. . e ¢ o 6 0 0 0 o 0 8 0 0 0 9
Compass D1V1310n ¢ o 0 8 ¥ 0 0 2 s e 00 |
JoA./S Sc e 0 60 0 600008 e 6
Ministry of Aviation « 4 o o o o ¢ o ¢ o 43
NeCeReEe ¢ ¢ ¢ ¢ 0 4 ¢ 606066 0 ¢ 04 3H
NeleOo ¢ 0 ¢ 0 o 6 06506 60 0660000 13
R.A.E. - L ] « & . » L] L] * o . L I . L] L ] 62
Wasivo ACtIiON o« ¢ o o ¢ ¢ 4 v 6 o 0 ¢ ¢ s 0 0 0 0 0 v 67
EXplOSiVG Echo Ranging o+ ¢ o s ¢ ¢ ¢ ¢ s o ¢ ¢ 6 0 0 s » 62
- -
Filter Development R R T R T S T T S T ) 115
Firing Gear; Dual Pressure . o o o o o ¢ 5 o o 0 ¢ ¢ o o 110
Plow NOIEBB ¢ ¢ ¢ o ¢ ¢ 2 o s o o ¢ ¢ 0 0 ¢ 0 6 0. s 0 s 53
mow Noiee TGSt Vemcle s & % e ¥ % & 0 8 0 2 0 0 o 0 4 0 53, 54

-133-




PR

nem

LTI VIR G R

ATPHABRTICAL: ‘TiER “(Contd)

E

E\lel cells L[] L] . L] [ ] . * L] . * L L » . . L ] L] . . L] . L ] L] 50
Fuels 48, 49
Fuze; 32, 9

® & 0 4 0 & 4 & 0 & 2 0 0 & 9 6 8 4 06 2 s s s 0

Proximity « o ¢ o o o o &

Game Theory 103.

3.E.C. 3 MOSBIE 4+ ¢ ¢ ¢ o ¢ ¢ o ¢ o 6 06 26 066 06 0 0 0 112
GEMINT Dinghy ® ¢ 6 6 ¢ s 8 s s s s v s 0 0 0 0 0 0 o s 37 ’ 38 .
Gland 3 Pressure Hull . ¢ « v ¢ o o ¢ o ¢ ¢ o 6 o 0 o ¢ 5 :
Gradiome¥eT « « o o ¢ ¢ o 4 s 0 6 06 6 ¢ 0 0 0 0 6 s 0 s 38
Guided Miaaile ])esﬁrﬂyﬁ"' ezt s e a e e . s 4 s e s e o 8 ’ 120
GyTOSOOpBS, TOI‘pCdO s 8 % e & 8 6 8 B 3 3 0 2 o 2t e 1 13

5, 105, 107
10, 28, 29, 44,
45, 59é25°, 8o,

Hartley Electromotives;
Helicopter « o« o ¢ o « &

MoSSYS o o o o ¢ o ¢ 0 ¢ s o o

® 9 % & s & 6 ., & & 2 & e T o

Helicopter Assessment o « o « o o o o o o s o ¢ 0 o o o 98
Helicoptér, WESS’EX T L T T T AT T SV S Y S S S S} 10, 11’.';2, 28
Histogram ® ¢ 0 3 5 6 6 0 & 0 s s s e s 6 s e s 00 s s ) 1', 2
Holmes Light s .86 ¢ o o 0 P S T R R S I 27
Homing Unit for Mk 20 Tcrp BAO o s o 6 0 s 0 6 s e s s e 112
Hovercraft o o « o ¢ 4 o o ¢ o s o o s 0 0 0 o 0 o s oo 12
Hovercraft Assessment o+ o o o o o s o s o o s » o s o o 98
HCTOPO/P.P.S) S o & o 8 & 8+ s 6 b s 4 s 0 0 s 0 s s s 47, 48
Hull Gland; PreSsuYe o+ o ¢ 4 z o o o s o 6 o 0 0 0 o 5
Hull Qutfit ¢ o o o o o ¢ ¢ ¢ ¢ 6 ¢ 6 ¢ o 0 6 s o s o & 65, 66
Hull thfit Develop‘.:ent o & ¢ » 4 3 3 e & 8 s 4 s o s ‘116
Huil OutfitB, Shipfi‘bting ¢ ¢ 6 0 0 v e st s s s e e s 120
Hydrofoil Craft, Acsessment ¢ o« ¢ o 0 b 6 0 0 s e e s 98
Hydrophone e 8 6 6 o 9 v e s 4 6 % e s et s 6 s s v 0 5, 26, 41
Hydrop'uune, Ty’pe 186 P R T T T T S S S S S S S ST S 5, 106
Hydrophone, Type T19 « o o ¢ o o o s o+ s o ¢ ¢ o s s o 108
- T -
TKARA 6 o ¢+ ¢ o 6 ¢ o 0 ¢ 6 6 0 6 5 8 o 0 5 s o 0 & ¢ 86,92
Impulse Sut~off Unit (I-C-O.) L N R I I 35
TMeSe o o 0 6 o o s 5 6 5 6 ¢ 6 s 0 06 6 0 s 6 s 068 v 41
Inductor Davelopment ¢ o o v o 4 o ¢ o 2 ¢ o o v 0 o o o 115
Initial Detection Diqplay ¢ 8 0 9 4 s ¢ & s b 6 e s v 0 1, 2
INSIGHT; Prajcct LI S T Y S S S Y 2 I T T T R Y T Y 31
Installation; Ship o o o 4 ¢ o o s s 0 o 0 ¢ ¢ 0 o s o 119
Instructional Equipment . ¢ o o s s ¢ s o s s o 0 ¢ v o 43
Tnstructions for Installing (I forI) « v v v v s o o o 119
Interference‘ Tor‘pedo Mutual ¢ 0 4 e % & ¢ e 3 0 » e s 94

”aﬁgﬁmzm“”FFWnﬁz"nqw

s

\]
e

B

&
!

-134~




skl TN S La

&
B
g
§ SPUTEION O (contd)
: -3- Poso
E Joint A/S Szhool (Jnﬁo/SoSo) R ] 6
E . -X-
% Kelvin & Huahes; MeBBYB o o« o o ¢ ¢ ¢ 6 6 0 ¢ 0 s 0 00 1(»
3 -1-
E LaunOhing' Equiments ® 0 06 6 6 6 6 % 4 0 8 0 0 e 08 0 33
g Lawrence Scott & Electromotors; Messrs « o « o ¢ ¢ o . 108
LEANDER Class Frigates ® 6 0 0 0 8 5 0 0 8 e e s 98 0 o 28, 112’ 120
Lmo ® ® 8 6 0 & © 2 0 ¢ & 0 66 & b 0 9 O B 0 0 0 L N 32
E Long\-Range A/ S Weapons R R R R I I 86
g Low-Frequenoy systﬁm © 8 0 ¢ 0 5 0 0 0 4 0 0 0 0 00 0 0 'i')
i? M.A.D' ¢ @& & ¢ & % % & 0 0 L 6 3 A2 s Tt 3 & & = & ¢ o 9 28, 77
;}« llagnet:lc Record.tng e 5 5 6 8 5 6 8 6 0 0 ¢ 8 5 2 E 8 00 1, 43' 44
g Hagnetio S'eepa S 6 8 6 8 6 0 8 6 8 0 s 5 B G 8 s 2 @ 41’ 73‘\ 74
_'__‘E Hagnetomoter 0 6 0 0 0 8 8 4 0t O e 6 4 e 20 e b 78
-:!E HATC“ ¢« & % % s o 6 0 & B 2 & 0 b ¢ v ® & % ¢ ¢ ¢ o O 3 9 Pl 28 ] 29’ 3\)’
E 5, 80, 86
i Katerials, Structural « o o ¢ o ¢ 0 ¢ ¢ s 6 ¢ s s s 00 117
q MATPRFSS ® 0 6 6 0 0 6 0 06 4.6 0 0 0 0 0 0.0 00 00 00 76
. Me Bﬂﬁﬁn{entﬂ 3 DI3tanN0e ¢ + + s ¢ ¢ 0 6 00 ¢ 0 00 s 0 29
Measurements; llagnetio Feld o o 0o 0 ¢ 06 00 0 c o 78
B Measuzements; NoiZe o o o o ¢ ¢ = 8 5 ¢ 0 0 6 0 060 a0 &8
E Yeasurements; 056 anographic ¢ + + ¢ . s ¢ 6 0t 6 00 0 1
S Measurements; Propagatiol « o ¢ s+ o s o 2 2 v 2 0 v o0 1
4 Measuremunts; Revorberation ¢« « ¢ ¢« o ¢ ¢ o ¢ 0o ¢ ¢ 0 o 1, 15
g Measurements; Salini.ty O % 0 00 0 00 00 00 0 0 90 62
i‘ Mexchant Ships, Navigation + o o ¢ ¢ ¢ ¢ o 6 0 0 0 s o o 103
h{% Metallurgy e 6 0 6 ¢ 0 0 0 8 2 5 0 0 5 @ 0 0 0 0 00 00 “9, 111
g MING o o « ¢ ¢ 6 6 06 ¢ 0 6 2 0606600 006906500 o0 33,3‘
5 Mine AMk 23 Exorcise o o ¢« ¢ ¢ s ¢ 6 s 0 0600600 00 42
, Mine Burdal + o & L O A I I A I R I I R I A : 78
f Nino Countermessures ¢ ¢« « ¢ ¢ ¢ s« s ¢ ¢ s ¢ 0 ¢ 6 0 o ¢ 37, 77, ’02,
& 103, 113
é Mine Countermeasures and Mining o+ ¢« « o ¢ ¢ ¢ 0 s ¢ o » 37
E'f:'- Mino Detector + ¢ o s ¢ » ¢ o 6 06 ¢ ¢ ¢ 6 ¢ 68 0 8 0 0 42
g Mine H\lﬂting ® 6 4 % 8 ® 8 C 6 6 b & S 6 8 8 8 0 s s s 37, 39
£ Bino M HK 5 o o ¢ ¢ ¢ ¢ o ¢ ¢ 6600080800000 34
my Mine Position Markez o o o o ¢ o ¢ o ¢ ¢ s 6 ¢ 0 0 0 0 @ 38, 39
g’i‘:‘ Hine, Prossure « o« ¢ o ¢ ¢ ¢ ¢ ¢ ¢ 5 9 ¢ ¢ 0 6 0 s 0 o ¢ ?5
’;:: Mine, Roocording o o o« ¢ o ¢ o o 0 ¢ ¢ 56 ¢ 8 0 ¢ ¢ 3 ¢ 103
:’E Mine S Mk 6 € 6 6 6 0 0 8 0 8 8 S & P e B 6 9 s T e 0 33
P Mine Splash Simalator o o ¢ ¢ ¢ 6 3 6 0 6 0 0 e s 0 8 o 39
%’ Hinesweeper RIGK o o o ¢ ¢ 6 0 0 0 ¢ 0 00 0 o8 o3 ¢ o 103
Lilced Mineﬂﬂeeping Squadron; .4+ S R S 41
o Mining qu’.iment’ Yost D@Bigﬂ I O I R T I B I I ) 113

!
onds
h
A i



PHEMRI R L R N T T WIS 7T R GTn. e SO ¢ .

Al

e

" =

B A e s e ram— — v

T BN 5 tvtr @crarerua x5 22 o 5 coomin

e

Ministry of Aviation
M.M, Mk 11 S'Neep ’ @
Mobile Tracking Range
Mock-up
Mortars
Muirheads

¢ 8 0 0 0

AS ...
Mossrs

N.AQT‘O. * L] L] L[] [ ] .
NAVI\DO qruiﬂe ]
NOCOROEU L] L[] L] L] L3 .
NOI.OO L] . L) [ . L[] [ ]
fHoisce Msker; Pipe .
Noise Yeasurements .

Naval Aaceptance Trials

Nou-magnotic Sweeping Equipment

_ALPHABETICAL ' INDEX (Contd)

* 0 9 e 0 1 o b
LI R T T Y I )
LI I N
L I I I )
S e o 0 s 0 s
L S I Y )
[ LI I
* . LI )

L I A ]
¢ 0 s s 0 0
. LI I 3
. o e 0 e
LN N T Y I I ]

nt .

OBERON Class Submarines « « « o o o

Oceanographioc Inotitute o« o o« ¢ o o
Oceanographic Moasurements + « « o ¢

ONGAR

* 8 & o 8 & 0

ONGAR Analysis . + »
Operational Research
OSBORNOQQOOQO

PACE Computer .« « .
Pagsive Sonar .+ .
PMANE e & & & o+ 0
Pipe Noise Maker . .
Plastics « « o 5 ¢ o
Plastics, Reinforced;
Plesaey Co.y Messrs
PORPOISE Class;

¢ & o o v o 0 O

L[] L] L] * o L] [ L[]
and Assescuent

* & & 5 0 5 5 0
LI T S L I
*® & & 6 8 0 ¢t
¢ & o o o & o s
¢ & 2 % 0 b & 0

e & o o ¢ ® s .

» * e * e o
* o o o o+ @
* o © » &« e

]
=
)

® o ¢ o o ® o

.
¢ & ® 2 & o o o
* 8 o o ® e e o

1]
o
1

* @ o e o
* o e o o
e o & o o

Proneller Blades in

¢ & 6 s & o @

Power Loading + «

YORPOISE Clase Submarines .+ ¢ + + o«

POSEIDON Computer .
Fost Design

LI N

Power Loading Equipment

Prediction; Sonar .
Pradirtiong

Project INSIGHT . .

Subtmarine Position

s 8 0 s 0 0 @
6 4 9 0 o b s
. I T I 1

o e ¢ o LI I ]
* .

e ¢ o * o ¢ 0 =

¢ o 0
¢ o 0
« o
. o
¢« o 0
* 0 0
LI I )
o o
. o

-136-

e @ o o o

» @& o o ® o e o

e« ¢ o o o o

e ® o & & @

> o o & o ® e o

*» ® o e

o e ¢ o @ o

e o o o o o o o

® o o o e o ® o o

e * & o & o

e o & ¢ o o o o

o o 3 o * @ &+ o »

e v & o o @

* o & & o o

e o o o o © o o

¢ o o o * o o o o

* ® o e o o

« & ® o e

® ® & © o o o o
.

o e e e o o o

e e ¢ o ¢ o

|

Bage

43
114
122
33,.109
31, 45; 11
24

T5, 76

59
12’9 41
35
13, 62
41, 113
68
114

35, 36, 109,
110, 111, 120
13
1
15, 16, 17, 18,
19, 20, 22, 27,
36y 53, 56,
107, 117
54
96
39, 41, 122

oy -
.1 25 95
15, 1T
41, 13
49, 56, 57, 10,
117

118

217

111
31, 3%, 109,
110, 111, 120

9

105
11
97
89
31




IO R P R I SR A TR T

i A —————rt - sorn e o~ g e
=
J
x
g ALPHABRTICAL INDEX (Contd)
E i Page
& . T
g Propagation L T R T S S S S ST SRS S R T S I IR T S I I} R ‘11 2, 7’ 57:61
Propagetion MeasurementS o o o o ¢ ¢ ¢ o ¢ 0 5 06 0 ¢ o 0 1
: . Propagation Monitor « o o ¢ ¢ ¢ 6 4 6 1 0 ¢ 0 0 6 0 0 o 75
E Fropsller Blades; Reinforced Plastics o+ o o o o o o ¢ o 118
‘ & Propellers L T R T T T S S A N I N R R N 69, 70
' 4 ' Prototypa Equipnent N I S S T TS S S S S S SN N S S N} 1
g Proximi.ty PUZO o o o ¢ o ¢ o o ¢ 00 ¢ 0 ¢ 086 0 0 0 o0 ) 32’ 91
E‘; Pullins Messrs Re Be o ¢ o o ¢ ¢ o 5 4 5 ¢ 08 0 0 ¢ a4 30’ 6‘!, 105’
§ 106, 107, 108
K -R~
P
& RAGID ¢ o o o o ¢ o o 2 0 ¢ 0 6 6 0 0 6 68 08 v 00090 28, 45
= Raduated Nolse Moasuromonts « « o ¢ s o s v o o ¢ o o « o “68
: Radio Components Standardisation Committes o+ o o o o o @ 115
' 1 Radiogl‘aphio Equipment R S S N S S S S S S S S S S S Y 42
B R.AE, Farnborough v e s 8 5 0 2 8 8 L 8 s e 0 s s 2 &y 62
H 5?,- RAKE Technique L S T T T R S R S S T S R N I ) 13
éﬁ Range Prodiction o+ o ¢ o o o ¢ o s 0 ¢ s o 6 s 0 0 0 00 97
‘ ﬂ( Ranges L R R S S T O S T T T T T S S S R S S 26
E R&y Caloulabol o o o o ¢ o o o 6 s 56 0606 06 06 00 00 s 1
Recorder; Preoision Graphie o o o . o ¢ s ¢ o o o o o 59, 60
5: Recording; ActionData o o o « o s ¢ 4 ¢ 0 060 s 0 00 21
’ ’ Recoraing; Data o o+ ¢ o ¢« v 60 0 e 0 v 0 0 b 000 0 27, 45
v Reoording; Depth R S IR I I R T B ST S S 13, 14, 59
e . Recording; Graph'lc I T S S S S S S S S S S S S S S Y ’ 60
% Recording; Megnebtlo « o o o s 0 o 0 0 6 8 6 0 8 v 0 s 1, 26, 33, 64,
3 1
E Recording MIN® o ¢« o o ¢ o ¢ o ¢ 6 ¢ o ¢ 0 06 060 60 o3 103
k & Recording; PON s o ¢ o s 6 6 4 s 6 b e 0 6 0 0 s s v s 4', 64
? Recording; Range R T T T S N T I T Y k1l
{? Recording; SWwell o« v v ¢ o o 6 6 66 0 ¢ s 066 060 0 41
£, Reinforced Plastics Propeller Blades o« « o - o o o o o o 118
= ReSEBAYCR 4 v 4 ¢ o s s o 2 0 6 0 5 68 6.0 06 0 8 06 0 8 0 47
h ;%i Reverboraticnl o « o ¢ ¢ ¢ ¢ o 6 ¢ ¢ o 0 ¢ ¢ 0 06 6 06 0 0 0 1, 6, 7, 16,
& 31, 50, 51, 52,
7 51
2 Revarberalion Moasurements .« ¢ » « o « o ¢ ¢ 4 o 0 o o 1, 15
ﬁ:f Reverberation; Propexties of ¢ o ¢ o o 2 2 ¢ ¢ o o s o o 97
&i’g; Risk to ‘Minesweepers e ¢ 0 5 % 9 6 e 2 4t e 3 2 0 s 0 v e 1.03
i ~-S-
Sa.linity Hoter o ¢ o o o o 6 o ¢ o 0 v 06 0 a0 o 0 0 0 62
Salve Firing of TKARA Missiles 4 o« ¢ ¢ ¢ ¢ s ¢ s ¢ o o o 92
SCOtt; BESAT8 o o v o ¢ o ¢ 5 6 6 0 8 ¢ 06 6 060 0.6 0 0 24
Sea T‘rials ¢ & & & & 2 6 3 @ % 2 ¢ 0 & & & 3 O & 0 o ¢t 0 1, 6
Sector Bisplay ¢« 4 8 8 & &t e 8 o e 5 3 ¥ e e e 0 e s o 0 1
S. G. Brownt HOSSTS o ¢ o ¢ o o o ¢ o ¢ ¢ ¢ s 06 0 2 o o 113
Shaped Chal‘ge C‘.!tting Outfit ¢ o 8 8 4 0+ & & 8 9 9 8 a @ 42
Ship Installation € e 8 & % 8 T u 6 & ¢ 2 0 e e v 0 8 b @ 119
137~

g T e R VT ee—




PTRELY

BT VO DB WA AP o i = e e et S

e — o o

70 ooy

Ships?

A.C.S.
A.C.S.
E.T.V.
E.T.V.
E.T.V,
H.ﬁ.s.
H.a.s.
H.M.S.
H.K.8.

H.M.5.
H'MOSQ
H.M.S.
H.M.8.
HeMd.S.
HoMoS,
H.M.5.

H.M.S,
H.M.8,
H.M.S.
H.K.S.
H.M.S.

HJM.S.
H.M.S.
H.M.S.
H.Y.S.
H.MQS.
H.M.S.
H.M.S.
H.M.S.
H.M. 8,
H.M.S.
H.M.G,
H.M.S.
HoM.S,
T.E.S.
H.M.8.
H.MOS.
H.M).S.
H.M.S.

BULLFINCH . .

ST MARGARRTS
ICEMHALE . .
SAREFTA . . &
WHIMBREL . .
AGINCQURT o
AICIDE + & &
ALLIANCE . .
ASHANTY , ., ,
BERWICK « + &
BI:AKE L 2B 2 Y
BRINKLTY . .
BRCCKLESBY
BRONINGTON .
BULWARK « » &
CACHALOD .,
CHEDISTON o o
COLLINGWCLY .
DALRYMPLIE . .
DOLPHIN + « &
DREADNCUGHT .
EAGLE e o o o
EASTBOURNE®
NRTH LN )
GLASSERTON .
GOSSAMER . .
GRAFTLN « »
GRAMPUS . . .
HARDY LRI S}
HERMES . . .
HIGHBURTON .
KIRELISTON .
LEANDER + o+ o
LION o o 0
1CATDONDERRY o
LOYESTOFT + .
HKATDSTONE . .
NARWHAL « + &
OCELOT LI Y
OLYMPUS + » &
ORACLE .+ « &
ORPHEUS + . .
UI‘TER LTI )
O?IEN ¢ o o 0
PENELCPE . .

PORPGIST

ALPHABETICAL _INDEX (Contd)

* o o o = o =

e o 5 o o

® @ ¢ o o 0 0 o o o & e 2 o & s & @

® @ o o o o o ¢ o

e & ¢ o o

® ® & o o o 0 O o o * e e s e e o o

® © & o © o+ o o »

* o o e o o o

®» o o o

€ o & o o 9 2 2 e

» o o o o o o

* 2 o » o

® ¢ ¢ o ® o o o & o o @ * o o e e »

¢ o o
. o
s o 0
e s o
¢ ¢ @
.« o 0
*« o
* 8 8
"« e
e & &
¢« o o
s ¢ ¢
* e o
¢ & o
e« & 0
¢ o @
L I ]
* ¢ &
. v 2
L I
* &
LI I
e o @
LI I
* & @
e o 0
s s ®
e o
LI 2
LI N
* o o
¢ 2 8
e o @
3 e 0
o s 0
. s ®
¢ o 2
* 3
* o 0
¢ o &
.

v e @
o o o
LI }
e o &

e o & & o % o
¢ o o » o o o
e e o o 9 0 o
¢ & 0 ¢ O 2 ¢
* A4 ¢ o ¢ 8 0
¢ & ¢ 0 0 0 0
¢ o & & 0 O 0
3 6 ¢ > 0 * 0
¢ o ¢ & o 0 0
® & 0 ¢ 0 0
? o 8 & o ¢ @
¢S ¢ 8 ¢ & ° @
¢ ¢ ¢ o & °
¢ o 0 0 ¢ 0
*® 0 o & & 4 0
® o & 0 & 8 0
o o o 0 0 0 @
LT S I I )
¢« 9 0 ¢ » 2
* e o 2 0 0
® o & o & P 0
® & & o & 8 ¢
s e & " s o
» ¢ o o & & 3
e« o 4 s & o o
* o 0 » & 0 0
o & o 9 o o @
e 6 ¢ 2 0 & =
¢ & v o o ¢ @
® & ¢ 0o o 0o @
¢ 0 s 0 s s 0
* 8 o & s 0 0
® & & o 0 5
® ¢ o ¢ o ¢ o
¢ o o 0o o o o
¢« 8 0 0 o 0 0
* o 5 s 0 e
e s s o o 2 »
$ & & 0o 9 o

Page

62, 121
121
10, 11
123 -
26, 123
105, 106
15

24
28, 65, 66, 69,
106

65, 66
105

120
21, 36, 107,
120
120
10
59
4y
15,25 3y 4, 5
19. 25, 33, 34,

35
120
45, 120

21, 107, 109,
120
24, 25
24
36
23, 24, M, 35
13




ALY

ot SRR G U 2 DR ertoy WIS ERTSRT IO 00 TR WOPIAM TSI, IR RIRIN A

(.4

<)

P PR R FETTE I F PRy

G

< »f:ﬁ?-‘f?ﬂ?iﬁ vt i

o

r}?(ﬁr‘

s 5

1
1

s

i
i r

[l

O

e
5

)

e
f'l?:‘é?;%(

ig
2

Shipss H.M.S.

-
.

-
munnnnn

.
.

BrE RRExER

s % @

o i~ a8 = -] ::::x:.mm:t:::::r:
m:'nm

DoV,

: VIDAL o ¢ ¢ o o

ALTHABEIICAL. INDEX (Contd)

RELENTLESS .

SCARBOROUGH ¢ 4 & &
SEALION . L ] . * L] * L]
SERAPH o ¢ o ¢ o ¢ ¢ o
SHOULTON & o o« ¢ o o o
TRIUMPH o o o o s o o
l\i‘?" . L ] [ ] . LI ) L ] .
TRUNGHEON L] * L ] . . L]
UNDAUNT@ . . e . *
URCHIN + « + - vte 0 e
il VAI‘IMW L ] * . L] * L] L3
VENUS ¢ o o » 3 .
VERNON o ¢ ¢ ¢ o o o o
VERULAM o o o ¢ o o o

WALRUS o &
YAXHAM o o o &
FRATHER ADVISER
VEATHER MONITOR
WEATHER REPORTER

WEATHER SURVEYOR

DUCHESS OF ARGYLL

¢ »

SAREPTAII « o o o »
TIDESPRING « ¢ o o »

Ships: PForeign: RMDEN EFed. Gor,

FULDA (Fed. Ger-.;

Shipst Typa oft BLACKWOOD Class .

Simulator, Radar « « ¢« & . + &
Simulator, Torpedo .+ + « ¢ o o

Shoxrt Scops Buoy «+ ¢ o s ¢ o 5> o .
Solartron: MessTs o v e 0 e v

.

Jo PARLEY o o o o o o
s

LBANDER Class « + »
OBFERO! Class « + »
PORPOIZE Clacs o+ »

Post-LEANDER (lass
ROTHESAY Class .« .

Tribal Class .+ o+ .
VWHITBY Class .+ + »
Ajreraft Carriers .
c.M.si 3 + L] * L] .
D'LOGO [ ] * LN . -
G.X. Destroyers . .
I.M'sl . . [ L] * .
MOCOMO * * L] L L] L]
Sur‘ley ¢ e 0 [
1968 Frigate .

* « o * o o o o ¢ o+ o
® @ *» o ¢ o » @ o o o
* * 2 ° e o & e o & »
® o @ @ © ¢ ¢ ® o o+ o
® © e O o & & O & e
® & o v e e o o e ¢
® * & o & * v & o » o
® & o e & o ¢ ¢ 4 o o
® ¢ & %+ e o ® & 4 o o

3
.
.
.
.
[

* e
. o
v e
* o
o o
s o

® & & & w e 2 2 e e & s o+ = s @
@ & o ® ¢ o e o o v O o + o o @
® ® & 9 ¢ e 6 O o & & & ¢ ° w0
® © ® 4 o+ o © @ @ o © ° e s a2 .
® ® o & & & & o 6 ¢ o & o2 o o o
* o © o © o & o o o * e s e o
® & & @ & o o & o 4 0 ° ¢ ° o o
® @& o ¢ & 2 O i @ & 0 O + o e
® & & & © & ¢ 6 o O 6 ° o o o @

® 6 » o o o e & +» e » e .

-
.
-
.
.
-
-

@ @ A &6 & o 6 & o © o © o + &
@ ® @ o @ o ® o o v o 2 e s o
® e o @ & o ©® o o 6 & * o * o
4 ® 6 +« @ o ©* o ® o e o o o o
¢ 6 ® o6 o o & & & & + & 06 & @
e 6 ® o & 4 @ 9 & & o & o o @
e ¢ e o ¢ e & o o o & o ° o »
« o @ @ & @& o o & o o @ o e o
e @ &4 ® o o o o o © o o & o o
¢ & & 8 o e © o 6 & & ¢ ° e+ o

Fage

120
59
1, 120
3
13
140

24, 110
68, 105, 120
65, 6 :

Dy
1, 5, 33, 106,
109

65, 67
43, 123
1y 2y 3, 5y 65
18, 121
59, 120
23
68
62, 121
62, 121
52, 121
61, 62, 121
123
123
123
120

28, 112, 120
35, 36, 109,
110,111, 120
31, 36; 109;
110, 111, 120
28, 32
28
28, 29, 112
28

28
16, 122
28
8, 120
16




mmmxr.,. _INDEX (Contd)

———- ,.—.—--‘

Sonar; Aotive o o ¢« s ¢ o 6 ¢« 6 0 s o

Sonar Detection; Theoretical Analysls « o o o « o o o & 96
Sonar Equiment L T S R S S S S ST ST R TS S S S A ] 1
Sonar FAXA8 o o + o o o v o 6 o s ¢ 0 v 0 e 4 s 4 0 w s 89
: Sonar; PasBive 1 o o o ¢ ¢ 6 ¢ ¢ € 4 0 s e s e s s 0 s 1, 95
Sonar Post Design LI O I I R R e e N LR ] 105
Sonar Prediction « « ¢ o o ¢ ¢ 1 o vt 0 s 08000 e 9?
Sonar Techniques and Porformantsd « o o « o o o 6 o o o « 95
H Sonar: 'I‘ype 199D o o 6 0 o ¢ ¢ o ¢ 6 o 0 8 s 0 0 1 0 e 10:!
! Type 162 L R T e . I N R T ST B ) 119
T:;pe 170 381'198 ¢ 8 8 &t & 8 e 9 " 4 4 " Ve 10, 105’ ‘-‘19
Type 176 ® ¢ 6 4 6 6 6 . f W % 8 8 8 8 2 s s s o & 105, 119
4 Type 17T ¢ o v 6 0 6 ¢ o v 60 0 0 8 6 0 0 0 8 ¢ 6’ 14 28’ 5“’
} ) 31, 86, 105, i3
.f. Type 181 4 o o ¢ o o o 0 ¢ ¢ v 5 ¢ 6 06 6 5 0 & » 105’ 119
Type 182 4 ¢« 0 6 0 v s b " 2 e e b e e e 105
Type 183 D R T T SRR S S ST S BRI S S S S ) 106’ 119 '
Type 184 D R R T S I R S S S S S S A 6’ 7' i, 78,
g 8o, "85, 119
E Type 185 308 3 3 . % 3 1 3 v oY T ot e e 4 s & a